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Editorial on the Research Topic

Generic skills in higher education

Over the past decade, the importance of generic skills, such as collaboration, critical

thinking, problem solving, and communication skills has gained increased interest in

educational policy discourses and in practice of higher education. Previous research has

shown that generic skills are related higher education students’ learning processes, academic

achievement as well as learning of disciplinary knowledge and skills (Arum and Roksa,

2011; Tuononen et al., 2017; Hyytinen et al., 2021). Students need generic skills to construct

and apply of their domain-specific knowledge and understanding (Hyytinen et al., 2019).

To take an example, communications skills, enable students to make their ideas and

conclusions visible to others (Braun, 2021; Kleemola et al., 2022). Together with domain-

specific knowledge, generic skills are also vital in working life (Tuononen and Hyytinen,

2022; Iqbal et al., 2023). In transition to working life, generic skills are found to be related to

development of expertise (Tuononen et al., 2017).

Although there is a growing consensus on the importance of generic skills, there is

evidence many higher education students face challenges in generic skills. There is also

a large variation in students’ level of generic skills. Students’ level of generic skills are

associated with prior academic performance and by their socioeconomic background (Arum

and Roksa, 2011; Kleemola et al., 2022). Surprisingly little is known to what extent and how

these skills develop during higher education studies. Furthermore, there are no consensus the

processes of implementing generic skills in teaching and learning in programmes (Hyytinen

et al., 2019). Additionally, there is no unanimous agreement about what is meant by the

concept of generic skills in the research community (El Soufi and See, 2019). Therefore, there

is a wide variety of definitions and skills that researchers consider generic skills.

This Research Topic with twelve articles from different countries and research projects

advocates better understanding about learning and teaching generic skills at the context

of higher education. The aim of this Research Topic is to bring together research papers

covering different aspects of generic skills, including theoretical or empirical papers that

explore and outline the development of generic skills in various fields of education, empirical

papers that investigate the learning and teaching environments that support the learning

generic skills, papers that focus on the assessment of generic skills, and systematic review

related to the topic of the Research Topic. Thus, the rationale for this Research Topic is to

strengthen the current state of international research on generic skills with a view to the

fundamentals established so far and to bring new insights into research on generic skills.

This Research Topic also contributes to discussions about the importance of generic skills in

the higher education.
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In this special issue, theoretical, conceptual andmethodological

aspects and topics are addressed, including issues related to the

validation and adaptation of a performance-based assessment

of generic skills (see paper by Ursin et al., Nagel et al.) and

value of assessing tertiary students’ ability to reason relationally

(Alexander et al.). Furthermore, this Research Topic includes

a review study that examines theoretical, methodological, and

empirical viewpoints on learning generic skills and synthesizes

the current empirical evidence about the factors that enhance and

impede student learning of generic skills (see Tuononen et al.). The

majority of the articles in this Research Topic focus on learning and

development of generic skills as well as what kind of role of teaching

and learning environment and different learning experiences play

in learning generic skills (see papers by Nielsen et al., Räisänen

et al., Virtanen et al., Lee and Lee, Muukkonen et al., Slišāne

et al.). The Research Topic also offers insights into the variation

and challenges is generic skills (Kleemola et al.) and the fit between

learning opportunities for generic skills available at universities

and skills required in working life (Lohberger and Braun). The

studies use various methods from a small-scale qualitative analysis

of think-aloud data to the quantitative analysis of follow-up data.

Taken together, this issue of generic skills will serve a reference

for articulating future directions in research and practice in the

context of higher education. The papers included in this Research

Topic also highlight new perspectives for the future research.

For example, intervention and longitudinal studies focusing on

the development of generic skills are needed. Moreover, in order

to become more coherent research field new valid research

instruments to measure generic skills are required.
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The Challenge of Position-Taking in
Novice Higher Education Students’
Argumentative Writing
Katri Kleemola* , Heidi Hyytinen and Auli Toom

Centre for University Teaching and Learning, University of Helsinki, Helsinki, Finland

Argumentative writing is the central generic skill in higher education studies. However,
students have difficulties in basic argumentation skills. Novice students do not
necessarily receive adequate guidance, and their prior education may not have
supported the requirements of higher education writing. Position-taking is at the core
of argumentation, but students are often hesitant to make their point. Furthermore, they
may have an incorrect and one-sided perception about an argument, leading them to
avoid alternative positions in their argumentative writing. The study aims to explore
starting level skills of novice students’ argumentative writing, namely their position-
taking. The participants were 196 first-year students from diverse fields of study in
two Finnish higher education institutions. They were required to solve a problem and
write an argumentative essay based on five documents that were given to them. The
essays were analyzed using qualitative content analysis applying abductive approach.
Substantial variation was detected in students’ position-taking. We identified four groups
of writers based on their position-taking. First two groups were more or less explicit
in their position-taking. Most of the students (72%) belonged to these two groups.
However, a minority of them were consistent in their position-taking. Writers in the
third group (15%) implied their position, and writers in the fourth group (12%) stuck
to summarizing sources without position-taking. The findings invite teachers to support
novice students in their basic argumentation. Co-operation between faculty teachers
and writing teachers is encouraged.

Keywords: argumentative writing, higher education, novice students, generic skills, position

INTRODUCTION

Generic skills have been considered vital for success in higher education studies (Barrie,
2006; Shavelson, 2010; Hyytinen et al., 2019). They are universal expert skills, such as
communication, problem solving and argumentation, and they are equally important in all
fields, enabling learning discipline-specific skills and knowledge (Hyytinen et al., 2021a).
The central generic skill is argumentation (Andrews, 2009; Mäntynen, 2009; Wolfe, 2011;
Wingate, 2012). Argumentation, and more specifically argumentative writing, is required
of the students from the moment they apply and enter a higher education institution,
until graduation, in the form of essays, examinations, and dissertations (see Wolfe, 2011;
Wingate, 2012). Even more important, it is not just a technical skill, to pull through
assignments, but argumentation also facilitates learning (Asterhan and Schwarz, 2016; Iordanou
et al., 2019; Kuhn, 2019). Research on generic skills often focuses on clusters of skills,
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their importance, and students’ experiences of them (e.g., Barrie,
2006; Tuononen et al., 2019; Virtanen and Tynjälä, 2019).
However, such an approach offers few practical insights for
higher education teachers who often struggle between teaching
discipline-specific knowledge and supporting students in their
generic skills. Instead, gaining a more detailed understanding of
students’ strengths and weaknesses in each generic skill, such as
argumentation, will help in developing tools for teachers.

Several studies show that even advanced higher education
students have gaps in their basic argumentation skills, such as
combining claims and evidence, or presenting diverse viewpoints
(Marttunen, 1994; Ivanič, 1998; Andrews et al., 2006; Laakso
et al., 2016; Hyytinen et al., 2017, 2021b; Breivik, 2020). Students
may be unsure about what an argument is (Andrews, 2009;
Wingate, 2012; Breivik, 2020). They may also have difficulties
in identifying rhetoric situations and their expectations and
adapting their writing for the requirements of each assignment
(Zimmerman and Risemberg, 1997; Johns, 2008; Roderick,
2019). It has been suggested that prior education does not
provide sufficient argumentative skills, but students in higher
education still feel that they do not receive adequate guidance
or instructions on elements of argumentative writing (Andrews,
2009). Teachers often assume that students either already master
these skills or learn as they go. Surprisingly, even though
argumentative writing has been thought to be the Achilles’
heel in the transition to higher education, little research has
focused on actual novice students’ starting level skills. We
know a lot more about advanced students’ or even senior
scholars’ argumentative skills. The present study focuses on
novice students’ basic skills in argumentative writing, namely
describing the variation in the ways of their position-taking,
which is viewed as the core of argumentation (Andrews et al.,
2006; Wingate, 2012).

Argumentation and Argumentative
Writing in Higher Education
The objective of an argument is to support one’s claims and
conclusions with reasons or evidence (Toulmin, 2003; Halpern,
2014). In academic contexts, the claims and conclusions are
backed with prior research and/or empirical data (Swales, 1990;
Wolfe, 2011). In argumentative guidebooks, an argument is
often presented as a simple one or two sentence structure,
but in practice it is often integrated in broader entities such
as written essays or articles, or spoken addresses or debates
(see Andrews, 2009). Most assignments that a higher education
student—across disciplines—encounters during their studies
require argumentative writing (Wolfe, 2011). Assignments that
require argumentation have also been considered a valuable
tool for learning. Such assignments have been found to be a
particularly advantageous method when learning about complex
topics with diverse viewpoints and complex skills such as critical
thinking (Asterhan and Schwarz, 2016; Iordanou et al., 2019;
Kuhn, 2019).

There is no template for constructing an argumentative text,
but the writer must identify the requirements of the situation,
and the best ways to fulfill those requirements (see Johns, 2008).

A major decision in argumentative writing is related to choosing
the placing of claims or conclusions and evidence. These
rhetorical strategies are culture-specific to some degree; in other
words, one strategy may be favored over another, across genres
and communities. For instance, Finnish writers have been found
to prefer to present all evidence and elements of uncertainty
before their conclusion (final focus), in contrast to Anglo-
American writers who prefer to present their inference first
and then proceed to evidence (initial focus) (Mauranen, 1993;
Mikkonen, 2010; see also Perelman and Olbrechts-Tyteca, 1969).

In addition to variation across cultures, argumentative skills
have also been suggested to be, at least in part, discipline-specific
(Andrews, 2009, 2015). Accordingly, there are disciplinary
differences in the epistemologies that influence how to evaluate
an argument (e.g., Hetmanek et al., 2018). However, beyond the
varying conventions of cultures and disciplines, arguments and
argumentative texts have more generic features. This includes
development and presentation of one’s position (Andrews,
2009; Wingate, 2012), and micro- and macrostructures of
argumentation, such as claim or conclusion and evidence, and
introduction, counterarguments, and discussion (Kuhn, 1991;
Toulmin, 2003; Breivik, 2020). To learn the discipline-specific
conventions of argumentation, it is necessary to master the
generic features. Consequently, the ability to use generic features
of argumentation is eminently important for novice students
who are new to higher education. They are not yet integrated
in their study program or academic writing community (Swales,
1990; Donald, 2002). However, despite the lack of relevant skills,
novice students receive little guidance in argumentative writing.
In the absence of proper guidance to academic requirements,
they are tapping into the skills they have learnt in their prior
education (Bereiter and Scardamalia, 1987; Andrews et al., 2006).
In Finland, it has been suggested that argumentation is not
sufficiently emphasized in the upper secondary school, and its
final exams, the Matriculation Examination (Mäntynen, 2009;
Komppa, 2012). However, evidence-based information about
Finnish novice higher education students’ argumentative writing
is scarce. While we know that they have some problems in
consistency of their arguments (Hyytinen et al., 2017), there is
no research on more generic features in argumentative writing.

Position-Taking in Argumentative Writing
Taking a position is at the core of argumentation (Andrews, 2009;
Wingate, 2012). Typically, the position is seen as the viewpoint
the writer intends to support, or the main point the writer intends
to make. The position conveys the writer’s explicit presence in the
text (Mauranen, 1993; Hyland, 2005). Additionally, to strengthen
the argument, the position can be challenged with alternative
positions (see Andrews, 2009). Failing to take a position can lead
to problems in higher education studies where argumentation
skills are vital (e.g., Wolfe, 2011). Such problems often go hand in
hand with problems in deep learning and meaning construction
(Biggs, 1988; see also Petrić, 2007).

In argumentative writing, the position is often expressed as a
thesis, a holistic main claim that summarizes the writer’s point
of view (Kakkuri-Knuuttila and Halonen, 1998; Mikkonen, 2010;
Wolfe, 2011). However, the position is not always expressed
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as explicitly as a thesis. Indeed, it has been found that higher
education students have challenges in emphasizing their position,
and instead, they may lean toward research sources, as well as
summarizing, and attributing (Lea and Street, 1998; Petrić, 2007;
Mäntynen, 2009; McCulloch, 2012; Laakso et al., 2016; Lee et al.,
2018). Consequently, they do not take a position, but they rather
display their knowledge on the topic (see Petrić, 2007). Higher
education students can feel inadequate for making a strong point
(Ivanič, 1998; Andrews, 2009; Mendoza et al., 2022). They may
avoid making a holistic statement like a thesis by making so
called local arguments. These are claims that encompass a short
proportion of the text, and do not summarize the point of view of
the entire text (Mauranen, 1993; Wolfe, 2011). However, writers
may also imply their position in more subtle ways than stating
an explicit thesis or even making local arguments. Linguists talk
about interactional features, referring to elements that convey
writer’s relation with their text (Hyland and Tse, 2004; Hyland,
2005). Writers might withhold (hedge) or emphasize (boost) their
commitment, express their affective attitudes (attitude marker),
or use first-person forms to remind reader of their presence in
the text (self-mention) (Hyland, 2005).

Discussion of diverse viewpoints, i.e., alternative positions,
is an important yet challenging part of argumentation (Kuhn,
1991; Andrews, 2009; Wingate, 2012; Kuhn et al., 2016b). In its
strongest form, a rebuttal, an explicit position is taken against
some evidence. Just as they may be hesitant in their position-
taking, as discussed above, even advanced higher education
students may have challenges in introducing alternative positions
in their argumentation (Laakso et al., 2016; Hyytinen et al., 2021b;
Kuhn and Modrek, 2021). Even acknowledgment of alternative
positions is difficult for many, not to mention rebutting them
(Kuhn, 1991). This tendency has been called my-side bias,
indicating an inability to see other alternatives (Perkins, 1989).
However, these challenges may not be about an inclination to
emphasize one’s own opinion but instead they reflect the writer’s
incorrect perception of an argument (Wolfe and Britt, 2008;
Wingate, 2012). Writers may see a good argument as a one-sided
construction, and so they bring out all the supporting evidence,
and leave out any contesting facts. The ability to develop rebuttals
requires a basic understanding of position-taking, and usually,
the presence of rebuttals is an indication of a higher overall
quality of argumentation (Wolfe et al., 2009; Kuhn et al., 2016a).

The variation in position-taking can be a consequence of
either hesitancy or uncertainty (Ivanič, 1998; Andrews, 2009; Lee
et al., 2018) or an incorrect perception about position-taking
and the characteristics of an argument (Wolfe and Britt, 2008;
Andrews, 2009; Breivik, 2020). However, research has pointed
out other reasons students may avoid position-taking. Cultural
conventions, such as inclination to minimize writer presence in a
text, can add to the challenge (Mauranen, 1993). Furthermore,
the tendency to reward students for showing what they know
instead of constructing new meanings discourages writers from
developing their own positions (Bereiter and Scardamalia, 1987;
Andrews, 2009). Overall, some writers intend to present all
available evidence, in contrast to writers who intend to construct
new information based on available evidence (Bereiter and
Scardamalia, 1987; Biggs, 1988). Some interesting contrasting

findings suggest that assignment directions could be a culprit
behind the challenges. The writer may not correctly identify
the requirements of an assignment. It has been found that even
when explicit requests are made for position-taking, writers may
fall back on a strategy of summarizing sources (Macbeth, 2006;
Andrews, 2009; Paldanus, 2017). However, when the directions
come across, higher education students and even younger
adolescents are able to present an explicit position (Marttunen,
1994; Marttunen and Laurinen, 2004; Mikkonen, 2010).

The Research Gap and Objective of the
Study
Argumentative writing is demanding, and novice students cannot
be expected to master the conventions and hidden rules of
the academic context (Swales, 1990; Ivanič, 1998; Macbeth,
2006; Johns, 2008; Andrews, 2009). To understand where
novice students stand in their argumentative writing skills, all
dimensions of argumentation need to be studied; implementing
logic, rhetoric, and dialectic approaches. A tendency in the
research of argumentation in the higher education studies is to
focus on the validity and quality of arguments (cf. Andrews,
2009; Wingate, 2012). However, if students do not understand
what an argument is or are not able to formulate their
arguments on a textual level, teaching more abstract and often
discipline-specific aspects of argumentation, such as validity,
may be futile. Furthermore, novice students’ preparedness
for argumentative writing in the academic context has been
questioned, but research-based understanding of the matter is
insufficient. Thus, the present study investigates novice students’
argumentative writing on a very basic level, namely focusing on
their position-taking skills. Such investigation will bring insights
into supporting novice students in their studies. The growing
understanding of novice students’ starting level skills will help not
only writing teachers, but all teachers in higher education who are
involved in giving writing assignments.

The aim of our study was to explore starting level skills
of novice higher education students’ argumentative writing. In
more detail, we investigate how they take a position in an
argumentative essay, and how they present alternative positions.
Our specific research questions were:

RQ1: What kind of variation is there in students’ presentations
of their position?

RQ2: What kind of variation is there in students’ presentations
of alternative positions?

RQ3: What types of argumentative writers can be identified
based on the findings in RQ1 and RQ2?

MATERIALS AND METHODS

Context of the Study
Higher education admissions in Finland are extremely
competitive (OECD, 2019). Until recently, all applicants
have participated in discipline-specific entrance examinations,
but recently more emphasis was put on academic achievement
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in prior education (Kleemola and Hyytinen, 2019). The upper
secondary school in Finland consists of a general and a vocational
track. The aim of the general track is to give students extensive
general knowledge and to prepare them for further education
either in higher education or in vocational training. While the
general track introduces all subjects to all students, different
emphases are allowed, such as mathematics, natural sciences,
or languages. In contrast, the vocational track aims to give
students vocational competence in their chosen field. Some
general subjects are taught, but the focus is on vocational skills.
It is noteworthy that both general and vocational tracks give
eligibility for higher education admissions. Thus, novice students
in higher education have varied academic backgrounds.

Participants and Data Collection
The data were collected in accordance with the ethical principles
of research with human participants by the Finnish National
Board on Research Integrity (2019). Students gave their consent
to participation. The data were collected in a national project
on higher education students’ generic skills (Ursin et al.,
2021). Based on instructions and templates provided by the
project, administrators, and teachers in participating institutions
invited students via e-mail. Approximately 25% of the invited
students participated. In the national project, 1538 first-year
students participated in the early stages of their first study term.
Participation was voluntary, and students could withdraw from
the research at any time. Sixty-nine students did not complete
the assessment, and they were not included in any analyses. For
the purposes of the present study, a subsample of the data was
selected. The aim was to sample a subgroup that would represent
a wide range of disciplines, and the variation in argumentative
writing within the whole data. With these aims in mind, two
large multidisciplinary higher education institutions in southern
Finland were selected to represent the data. The selection of
students in two institutions instead of a random sample across
the 18 participating institutions ensured that there was not too
much contextual variation in the students of the subgroup.
One of the institutions was a research-intensive university
(99 students) and one was a university for applied sciences
(97 students). The subgroup of 196 Finnish-speaking students
covered the whole range of performance levels in the national
project, assessing generic skills. Thus, it was assumed that
the subsample would represent the variation in argumentative
writing within the whole data. Students represented a diversity
of study fields, including healthcare, humanities, biosciences,
engineering, natural sciences, and social sciences, covering most
of the key disciplines. While it is possible that study fields attract
students with different skillsets, the present study does not report
disciplinary differences, as participating novice students were not
yet exposed to different disciplinary cultures. Students’ mean age
was 24.83 (SD = 6.85) and median age 22.00. While this is slightly
older than the average starting age, it is worthy to note that Finns
typically start in higher education older than in other countries
(OECD, 2019). The majority of the students (84%) had completed
the general track in the upper secondary school.

Participants completed a computer-based Collegiate Learning
Assessment (CLA +) that includes an open-ended performance

task and a multiple-choice section. The open-ended task, used
in the present study, required students to think critically and
argue for their response in writing (see Klein et al., 2007;
Kleemola et al., 2021). The task at hand was designed to activate
argumentative writing skills in participants. Furthermore, it was
suitable for assessing argumentative writing in the academic
context: participants were required to develop a position by
means of leaning on documents that were provided in the task.
Thus, the task simulated the reality of academic contexts in that
the text should be embedded in the existing research literature
(see e.g., Swales, 1990). Performance tasks in general have been
found to be motivating for students (Kane et al., 2005; Hyytinen
and Toom, 2019; Hyytinen et al., 2021c). The task that was used
in the study is confidential, but similar tasks are introduced
by Shavelson (2010) and Hyytinen and Toom (2019). In the
task, students were asked to take a role of an intern in a city
government, where they would have to solve a problem and
give a report concerning different life expectancies in two cities,
Woodby and Brookdale. They were provided five documents,
namely a blog post, a podcast transcript, a memorandum, a
newspaper article, and an infographic. They were asked to give
their response to the problem as an essay, and their proposals
for action. They were reminded to discuss any counterarguments,
and to support their own claims with information in the available
documents. Students had 60 min to complete the task. The length
of the responses ranged from one sentence of about 10 words to
several pages of about 800 words.

Data Analysis
Qualitative content analysis was used to investigate students’
texts. An abductive approach (e.g., Timmermans and Tavory,
2012) was adopted, namely the analysis was theory-driven to start
with, but researchers kept an open mind to new discoveries based
on the data. Both a group-level approach (RQ1 and RQ2) and an
individual-level approach (RQ3) were used to gain a multifaceted
view on the topic. The investigation proceeded in six main
phases that are presented in Table 1. The process was non-linear
in that the authors discussed findings and issues continuously
during the process.

In the first phase of the analysis, all three authors became
familiar with the data by reading students’ responses. During
this phase, general observations were made about the data and
were discussed. In the second phase of the analysis, theory-
based analysis criteria for identifying the position and alternative
positions were created by the first author. The criteria are
described in detail below. In phase three, the analysis criteria were
implemented by the first author. In addition, data-based, novel
features were noted. The episodes with positions and alternative
positions were located and their variation was explored and
reflected in light of existing research. In phase four, the second
author analyzed independently 25% of the essays that were
randomly selected. The first and second authors discussed
the findings, negotiated their differences, and adjusted analysis
criteria where needed and integrated the data-based findings
in the criteria. In phase five, the first author re-analyzed the
data according to the adjusted criteria from phase four. Finally,
in phase six, all authors discussed the findings, and remaining
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TABLE 1 | The main phases of the data analysis.

Aim Actions Investigator

Phase 1 To become familiar with the data The data were read and discussed All authors

Phase 2 To prepare for the analysis Analysis criteria were created based on theory and observations of the data First author

Phase 3 To test and apply analysis criteria The data were analyzed according to analysis criteria, variation, novel features,
and problems were spotted

First author

Phase 4 To adjust analysis criteria and gain
new perspectives

The data were analyzed by another investigator, findings and differences were
discussed and negotiated; criteria were adjusted

First and second
authors

Phase 5 To apply adjusted criteria The data were re-analyzed First author

Phase 6 To synthesize findings The findings were discussed, final adjustments were made, and writer groups
were created

All authors

analysis challenges. Additionally, groups of argumentative writers
were identified on the basis of the findings.

The analysis criteria were created and adjusted during phases
two and four. The criteria aimed for describing the variation
in the students’ texts instead of creating exclusive categories.
To respond to RQ1, writers’ positions were analyzed, and two
types of episodes were traced, namely explicit thesis-statements
and other position-indicating expressions (see also Table 2 in
“Results” section). The thesis was defined as the response for
the main question (Mauranen, 1993). In academic texts, the
question is the research question or research aim. In the present
study, the task question “what is the reason for the different
life expectancies in the two cities?” was considered to be the
relevant question. Furthermore, the thesis should be a holistic
claim, summarizing the main point of the whole text (Mauranen,
1993). During the analysis in phase three, it was found that some
of the essays included a thesis-like statement that responded to
a more generic question than the actual task question, having
a different orientation (see more in “Results” section). In phase
four it was determined that these were included as a thesis, but
thesis orientation was to be examined. According to theories and
prior studies, the thesis location could be in the introductory
section of the text (initial focus), in the conclusion section of
the text (final focus) or both (Nestorian order) (Perelman and
Olbrechts-Tyteca, 1969; Mauranen, 1993). Thus, the thesis was
traced in these sections. Expressions such as “in conclusion” were
first looked for, but as Finnish writing tends to include less such
metatext (Mauranen, 1993), the content of the sentences was
examined more carefully. Consequently, typical expressions were
“is caused by,” “significant factors are,” and “the reason behind—
is.” A closer analysis of the variation in the thesis-statements
revealed that the thesis precision varied, and thus, it was integrated
in the analysis criteria in phase four and examined. It was found
that some thesis-statements were vague, and some included
hedges that are interactional elements implying uncertainty
(Hyland, 2005). In philosophical theories, such expressions have
been considered to be modal qualifiers (Toulmin, 2003) that
assess the degree of probability of the statement, namely how
likely they think the statement to be true.

If a thesis could not be found, other position-indicating
expressions were traced. Interactional elements (Hyland, 2005)
were traced, namely attitude markers and self-mentions that
appear without a thesis. Affective, and attitudinal expressions,
such as “positive,” “unreliable,” “questionable,” and “cannot be
trusted” were traced. In addition, the first-person forms of

pronouns “I” and verbs “I recommend” (Finnish verbs have an
integrated first-person form which does not require the pronoun)
were traced. During the analysis, it was found that in some essays
there were explicit claims that could nevertheless not be identified
as a holistic thesis. These were recognized as local arguments
(Mauranen, 1993; Wolfe, 2011), that indicate a position while not
expressing it holistically, in the way that the present study defined
the thesis. Local arguments were integrated in the analysis criteria
in phase four. Finally, in some essays we found no position-taking,
neither explicit thesis nor other position-indicating expressions.

In analyzing alternative positions (RQ2), we traced episodes
where the writer showed their awareness on rival explanations to
the task question, namely “what else could be the reason behind
the different life expectancies, but maybe is not true?” (see also
Table 3 in “Results” section). Such episodes show that the writer
accepts the possibility of diversity in the positions, while they
do not necessarily always express an explicit position against
the evidence (Kuhn, 1991). Thus, we traced both rebuttals and
expressions of contradictory positions. To trace these episodes,
we looked for contrasting expressions such as “however,” and
“on the other hand.” Furthermore, we looked for rebuttals, such
as “is not significant,” “does not affect,” and “I can’t agree.”
Additionally, as mentioned above in thesis-identification, content
of the sentences was examined beyond metatext. Structures such
as “X says Y, Z says not Y” were noted. During the analysis,
variation was detected in the rebuttals, namely in the reasoning,
hesitancy, and attitudes. These features were integrated in the
analysis criteria in phase four.

To respond to RQ3, findings of RQ1 and RQ2 were
examined carefully. At this point, the variation in the degree of
writer’s presence through their position-taking was recognized
as the guiding theme. Four groups were created examining the
aspects of position-taking, their differences, and similarities. The
differences between the groups culminated in explicitness of their
position. The process of creating the groups is also presented in
the “Results” section (Figure 1).

Investigator triangulation was used in the data analysis
(Denzin, 1970). Becoming familiar with the data in the first
phase allowed all authors to evaluate findings in light of the
entire dataset. While the first author performed the analyses
in phases three and five, all authors discussed and evaluated
findings and considered challenging features throughout the
process. Additionally, in phase four, the independent analysis by
the second author and discussions that followed ensured that all
authors interpreted the analysis criteria similarly.
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The excerpts that are presented in the “Results” section are
translations from Finnish to English. Any typos were omitted
in translations as they were not relevant to the present study.
Some details concerning the content have been altered in order
to preserve confidentiality of the task. These alterations do not
influence the analysis of the position-taking that is the focus of
the present study.

RESULTS

Variation in the Presentations of Writer’s
Position
Position-indicating episodes were identified in the essays and
variation was analyzed. The sources of variation are summarized
in Table 2. An explicit thesis was detected in 125 (64%)
essays. The thesis-statements varied in their orientation, location,
and precision. An explicit thesis could not be detected in 71
essays (36%). However, in some of these essays, a degree of
writer presence and position-taking could be detected, namely
interactional elements and local arguments.

Thesis Orientation
We first examined the orientation of the explicit thesis-
statements. A thesis that adhered to the original definition,
responding to the task question (explanation behind different
life expectancies in two cities) was found in 88 essays (45%).
A typical thesis is presented in example 1. A typical thesis
that was oriented toward the task question explicates that the
statement is about differences in the life expectancy in the two
cities or about Woodby’s higher life expectancy compared with
that of Brookdale. Furthermore, a typical thesis lists the most
important factor or factors behind the life expectancy. The thesis
is underlined in the examples.

TABLE 2 | Variation in presentation of writer’s position.

Thesis
explicitness

Aspect of
position-taking

Source of variation F

Explicit thesis 125

Thesis orientation Thesis that responds to the
task question.

88

Thesis-like statement that
responds to a generic question

38

Thesis location Initial focus thesis 62

Final focus thesis 61

Nestorian order 2

Thesis precision Uncertainty 12

Vague thesis 13

No explicit thesis 70

Position through
interactional
elements

Critique 4

Commentary and reflection 23

1st person expressions 22

Position through
local arguments

Thematic organization 26

No writer presence 29

(1) — Factors that influence Woodby’s higher life expectancy are
exercise and the level of education. —

However, during the data analysis, it was discovered that some
essays had a slightly different orientation. They included a thesis-
like statement, making a holistic, summarizing statement based
on the evidence, which did not respond to the task question.
These thesis-statements (F = 38, 19%) responded to a more
generic question of factors that influence life expectancy instead
of addressing the differences between the two cities. Writers of
these essays would write about the factors that help individuals
live longer (example 2), or that shorten the life expectancy.

(2) — In summary, it could be said that the level of education, sleep,
exercise, and nutrition are keys to a long life.

These students may have falsely understood the question,
or they may have failed to analyze the task materials, as
responding to the actual task question required deeper problem-
solving across available documents. Furthermore, they may have
assumed that this generic question was in fact, what was asked,
due to most of the materials addressing it. In further analyses
in the present study, both thesis orientations were treated as an
explicit thesis.

Thesis Location
Next, we examined the variation in the thesis location. Half
of the essays with an explicit thesis (F = 62) were using
initial focus strategy, namely the thesis was situated in the
introductory section of the essay. These thesis-statements were
located either in the very beginning of the essay or after an
orientating introduction. Some writers would open their essay
by stating the reasons behind different life expectancies (example
3) and proceed by presenting the detailed evidence behind this
statement. In contrast, some essays with the initial focus strategy
opened with an introductory section where writers would
describe general background information about the situation
(example 4) or state their objectives of the text. After the
introduction, they proceed to their thesis-statement, and follow
with the detailed evidence.

(3) It seems that two factors are above the rest behind the higher life
expectancy of Woodby: exercise and the level of education. —

(4) In the region of Brookdale-Woodby, the changes in life
expectancy and reasons behind it have been followed for a long time.
At the moment, there is a lot of discussion about actual reasons why
people in the Woodby region live longer than the average. Based on
research findings, we also can give Brookdale residents tips on how
to increase their life expectancy.

There are many reasons for the long life expectancy in Woodby
region. According to research findings, the two most significant
differences between residents of Woodby and Brookdale are exercise
and the level of education. —

The other half of the essays with an explicit thesis (F = 61)
had a final focus strategy, namely the thesis was situated toward
the end of the essay, as a conclusion (examples 5 and 6). Such
a thesis was mostly preceded with the presentation of evidence
that supports the thesis. In some essays, an alternative position
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was presented after the supporting evidence, but before the thesis.
In such cases, writers first listed the evidence that they thought
was relevant to their own position and then listed the evidence
they rebutted or considered inconsequential to the task question
(see in more detail below in section “Variation in Presentations of
Alternative Positions”). The thesis-statements with a final focus
strategy may have been at the very end of the essay (example 5).
However, most often it was followed by the proposals for action
(example 6), namely what should the cities and their citizens do
about the difference in life expectancies.

(5) — It can be concluded that especially the large amounts of
exercise and the high level of education seem to lengthen the life
expectancy and are probably contributing to the differences in life
expectancy in Woodby and Brookdale.

(6) — In other words, since Woodby residents are getting more
exercise and have a higher level of education, they also live longer.

Therefore, I recommend Brookdale residents to live healthier. —

In two essays, a Nestorian order was used, namely the thesis
was repeated in the beginning and in the end (example 7).
While the thesis was reworded, it was similar in contents in the
beginning and in the end. Thesis-statements in the Nestorian
order essays were not different from the above descriptions
of initial and final focus strategies. However, with only two
occurrences, inferences about thesis-statements in Nestorian
order need to be taken with caution. Some of the essay text has
been omitted from the example to save space.

(7) Woodby has a higher life expectancy compared to its
neighboring town of Brookdale. The strongest contributing factors
seem to be the residents’ level of education and the amount of
exercise they are getting. In the Woodby that has the higher life
expectancy, a larger proportion of residents —

[supporting evidence]

[rebuttal of alternative positions]

— Neither seems the sleep they are getting to be significant
contributor to the difference in the life expectancy: volume of sleeps
seems to be equal in both towns.

Based on the materials, it seems that the longevity of Woodby
residents has to do with healthy exercise and the level of education.
Therefore, I recommend the Brookdale residents to focus on their
exercise in accordance with instructions by the personal trainer
Maria. In addition, the educational level of Brookdale residents
should be raised.

Thesis Precision
The final aspect of the explicit thesis-statements to be examined
was their precision. In most essays, the thesis-statements were
plainly stating the conclusion. However, in a few rare cases
interactional elements, namely hedges, were found (examples 8
and 9). Hedges are modal expressions that the writer uses to
define either their uncertainty about the statement, or the degree
of probability, namely how likely they think the statement to be
true. Hedges such as probably, perhaps, or likely were identified
in the essays. The hedges are outlined in the examples.

(8) — I have been able to define two variables that most likely cause
the difference in life expectancies, namely the amount of exercise
and the level of education. —

(9) — The higher life expectancy in Woodby is probably mainly
caused by the higher educational levels. —

While the hedges often convey uncertainty of the writer,
in some cases the thesis was very vague as an example 10
(many reasons). Such statements may have indicated uncertainty
as well, but it was not expressed in an explicit way as in
the hedges above. The vague thesis-statements complicated
distinguishing between an essay with and without a thesis. While
the writer of the example 10 is vague in their response, the
writer in example 11 does not explicate the factors that are
influencing the life expectancy, but instead refers to the rest of
the essay, the evidence.

(10) — There are possibly many reasons for the higher average life
expectancy in Woodby compared with Brookdale. —

(11) — In my report, I examine factors that point to a longer life
expectancy in Woodby, compared with Brookdale residents. —

In such cases the deciding factor was that to be an explicit
thesis, the sentence should stand for itself without the rest of the
essay. Thus, the example 11 was considered not a thesis while the
example 10 was a thesis.

Position Through Interactional Elements
Many essays lacked an explicit thesis. We could not identify
a thesis in altogether 70 (36%) essays. However, when we
analyzed how these writers related themselves to the available
evidence, we found considerable variation. While some essays
were strict summaries of available documents, some included
various degrees of writer presence.

Even though no thesis could be identified, in a few of these
essays, writers took a strong position toward reliability of the
materials. For instance, in example 12, the writer questions the
trustworthiness of the author of a document.

(12) — In addition, it is notable that Doctor Dave’s identity is
open to question and therefore, his information is not reliable as
a source. —

Some essays with no thesis included a commentary or
reflective sections. In example 13, the writer expresses their
hesitancy about the evidence they are referring to by using the
word “apparently.” In contrast, in example 14, the writer reflects
on their opinion of the facts that they cited, characterizing them
as “positive.” These are interactional elements, attitude markers
to be precise. Such elements convey the writer’s affective stand
toward the facts, thus implying a position.

(13) — Apparently the air quality in Woodby is excellent. —

(14) — The amount of sleep is according to statistics similar in both
towns —. This is a very positive observation. —

In several essays—despite having no thesis—the writer used
first-person expressions, as in examples 15 and 16. It is worth
mentioning that such essays also contained passive statements of
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facts, so the first-person form did not cover the whole essay. First-
person expressions are interactional elements similar to attitude
markers. Such self-mentions indicate the writer’s presence in
the text. Self-mentions are vaguer in their position-taking than
attitude markers. However, it is possible to interpret that the
writer agrees with the facts in the first-person sentences.

(15) — I would recommend Brookdale residents to exercise, to get
an education and eat healthily. —

(16) — I noticed that all sources I browsed through, always
mentioned the same problem. —

Position Through Local Arguments
More than a third of the essays without an explicit thesis had a
thematic organization where the writer considered each theme
in the materials at a time. For instance, they dealt first with
all aspects of exercise that are related to the life expectancy
in the two cities, and then moved on to the next theme. In
these essays, local arguments were made, but no holistic thesis,
summarizing their findings, was present (example 17). The local
arguments are underlined.

(17) During the last 20 years, the Brookdale university has followed
life expectancies in Woodby and Brookdale. The data shows that the
life expectancy in Brookdale is 79 and in Woodby 84. What causes
the 5-year difference in the life expectancies?

Research shows that getting less exercise increases the risk for a
premature death. In Brookdale, 35% of the residents do not exercise
at all. Instead, in Woodby, 31% of residents exercise daily, and
29% of the residents exercise regularly. This surely has a positive
influence on the life expectancy in Woodby.

The educational level of residents has also a bearing. According
to research, 21% of Brookdale residents has a degree in higher
education, compared with 34% of Woodby residents. The difference
is not that large, but the higher educational level of Woodby
residents very likely influences the life expectancy.

If Brookdale residents want to lengthen their life expectancy, they
should exercise more, and get a better education.

In essays with local arguments, the writer clearly takes a
position. However, they fail to summarize their observations
in a holistic manner. They may consider local arguments to
be sufficient as a response to the task, leaving the reader to
make a synthesis.

Challenges in Distinguishing Between a Thesis and
No Thesis
A complication for the thesis identification was the second part of
the task, asking for recommendations for Brookdale residents to
improve their life expectancy. A couple of writers had integrated
their conclusions and recommendations like in example 18.

(18) — Basing on the information presented above, I recommend
Brookdale residents more exercise and going back to school.

These cases were interpreted as no thesis, since the
response to the task question was not explicit. However, it
is feasible to assume that such statements implicate students’
response and position.

TABLE 3 | Variation in presentation of alternative positions.

Nature of
alternative
position

Aspect of
position-taking

Source of
variation

F

Rebuttal 53

Reasoning behind
the rebuttal

Rebuttal with
thorough reasoning

18

Rebuttal because
research says so

24

Rebuttal without
reasons

7

Hesitant rebuttals Unsure rebuttal 8

U-turn afterward 6

Attitudinal rebuttals Beliefs 2

Irony 4

Contradictory
positions

Summarizing
opposite sources

43

Variation in Presentations of Alternative
Positions
In line with the research questions, the variation in ways that
writers used to present alternative positions were analyzed. The
findings are summarized in Table 3.

Alternative positions were presented in altogether 95 (48%)
essays. Two main types of presenting alternative positions,
namely rebuttals and contradictory positions, were identified. In
rebuttals, the writer explicitly took a position against a piece
of evidence within the materials. Of the essays that included
alternative positions, 53 (56%) presented a rebuttal. In contrast,
the rest of the essays presented contradictory positions. In
this type of essay, the writer summarized opposing positions
from different sources without taking a personal position
toward the issue.

Variation in Rebuttals
In a stereotypical case, a rebuttal included a presentation of the
piece of evidence, and an explicit rebuttal, and thorough reasons
behind the writer’s choice to dismiss the evidence (example 19).

(19) — The amount of sleep seems to have a bearing on the
life expectancy. — Nevertheless, when statistics about Brookdale
and Woodby residents are examined, it turns out that there is no
significant difference in their sleeping habits and therefore, it is not a
sufficient reason to explain the higher life expectancy in Woodby. —

However, not all essays that were identified as presenting
a rebuttal were this explicit in their position. Some of the
essays with rebuttals simply stated their refutation without
expressing reasons behind that position, as an example 20. Often
writers considered that “research” was a sufficient reason to
rebut a piece of evidence, as an example 21. The rebutting
expressions are underlined.

(20) — The clean air in Woodby does not influence life expectancy
despite news reports. —
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(21) — According to the Woodby Times article, their air quality
increases their life expectancy. There is no research proof on this, so
I can’t agree with the claim. —

Interestingly, in a few of the essays the writer rebutted a piece
of evidence, and afterward they made a U-turn, proceeding to
rationalize, why that evidence could still be valid. Such is the
case in example 22. This may indicate hesitancy about their
position. In a similar vein, some writers were very unsure about
their rebuttal, using word the hardly (example 23). This type of
expression can be seen as an interactional hedge, even though in
the example 22, the hedge is not expressed with a single word.

(22) — It is worth mentioning, that in according to a rumor
in Woodby their air quality is rejuvenating. The air quality
is undeniably good, but research has not proven that the high life
expectancy could be explained by the air. A good-natured belief
about a distinctive quality of air does probably not harm the
residents. It could even boost their moral and encourage them to
take care of themselves, which would increase the life expectancy. —

(23) — The air quality of Woodby hardly has any significant
influence on the life expectancy. According to research there is no
essential difference, and residents’ claims are based on individual
cases instead of scientifically relevant data. —

Another type of interactional rebuttal was presented by some
writers who reasoned via attitudes. For some writers their
own opinion was a sufficient reason for rebuttal (example 24).
In addition, some writers took an ironic position toward the
evidence they were rebutting, as did the writer mentioning
“magical air” in example 25. While these are not attitude-markers
in the sense of linguistic expressions, their aim is similar.

(24) — In Woodby Times there is a claim that the air quality of
Woodby could be the reason behind Woodby’s long life expectancy.
Of course, it could be beneficial compared with polluted air, but
hypothetically I don’t believe it is so much different from Brookdale
air. —

(25) — A long life expectancy requires versatile nutrition instead of
magical air. —

Contradictory Positions
In contrast to the rebuttals, there was not a lot of variation in
the essays with contradictory positions. The lack of variation was
probably due to the summarizing nature of these statements. In
addition, there was often minimal paraphrasing of the sources.

Typically, in these essays, the writer stated that one of the
sources said something that another source opposed (example
26). Sometimes, writers presented more detailed evidence, as an
example 27. However, in these cases the wording followed quite
closely the original wording in the source documents, indicating
problems in paraphrasing (see Hyytinen et al., 2017).

(26) — The amount of sleep increases life expectancy according
to Smith’s memorandum, but Doctor Dave says otherwise. Need to
investigate more. —

(27) — However, there is contradictory information about Woodby
region’s air quality. According to local Environmental Services unit,
the air is rich in oxygen. In other towns with similar air quality,
residents live longer than average. In their research, Woodby

University has not found support on the theory about the air quality
as the source for longevity, but they agree that the air is very fresh. —

The distinction between a rebuttal and contradictory evidence
was mostly straight-forward, but few cases proved challenging.
Above in the example 21, the writer had rebutted the evidence
citing research. A different wording changes the interpretation. In
example 28, the writer cites a source that rebuts the claim instead
of rebutting it themselves.

(28) — An article in Woodby Times contemplates on the Woodby
air quality as the secret of long life, but the claim is rebutted by a
study on the air. —

Using passive voice could also indicate hesitancy as in
examples 22 and 23 above, and thus, analysis of such statements
is not easy. In the present study, a strict view on explicit position-
taking was adopted.

Types of Argumentative Writers
Based on the analysis of variation in presentations of position
and alternative positions in students’ essays, we identified
that the degree of writer’s presence in the text through
their position-taking was a guiding theme across the findings.
Therefore, we identified four kinds of writers. Variation in all
detected aspects of position-taking was taken in consideration,
however, the explicitness of position-taking was found to be the
differentiating feature. The process of creating writer groups, and
the differentiating features are presented in Figure 1.

Based on the analysis, we labeled the first group as Writers with
strong position. These writers were consistently explicit in their
position-taking. In this group, writers took an explicit position
toward the evidence, stating an explicit thesis and an explicit
rebuttal. Altogether 37 essays represented this group. There
was variation in thesis orientation, both types were detected.
Likewise, the thesis location varied. In regard to thesis precision,
the majority of these essays presented an exact rather than
a vague thesis (see example 10 above). Additionally, few of
the thesis-statements in this group included hedges, expressing
uncertainty. In addition to presenting a thesis, some of these
essays also presented local arguments about each theme they
discussed. There was more variation in rebuttals in the group.
Rebuttal reasoning was varying, some writers presented more
comprehensive reasons for their rebuttal than others, and some
were more hesitant than others (see examples 19–23). All in
all, interactional elements were present in most of the essays in
this group. However, interestingly, some writers in this group
withheld any other indications of their presence apart from the
explicit thesis and the explicit rebuttal.

We labeled the second group as Writers with volatile position.
These writers did take an explicit position but were more
inconsistent compared to the first group. Writers either presented
an explicit thesis or a rebuttal, but not both. Altogether 105 essays
represented this group. The majority (F = 89) of these essays
included only a thesis, but interestingly, some essays (F = 16)
presented a rebuttal but not a thesis. Thesis orientation and
thesis location varied in these essays just as in the first group.
However, there was a difference in thesis precision. There was
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FIGURE 1 | Differentiating features between the writer groups: the process of creating the groups.

more vagueness and uncertainty compared to the first group. Half
of those essays that presented only a rebuttal, had local arguments
(see example 17), indicating that writers were willing to take a
position, but they did not do it in a holistic manner as a thesis. The
reasoning behind rebuttals were varied just as in the first group.
Interestingly, most of the essays in this group that did not present
a rebuttal, did not present any contradictory positions either. The
presence of interactional elements was varied in this group.

The third group was labeled as Writers with implied position.
Instead of being explicit in their position-taking as did writers
in the first and second groups, these writers instead showed
their presence in their essays using various ways to imply
their position. They did not take an explicit position either in
the form of a thesis or a rebuttal. Instead, the essays in this
group included some interactional elements that implied their
association with the evidence. Altogether 30 essays represented
this group. Typically, these essays included critique (example
12), commentary or reflective sections (examples 13–14), and
first-person expressions (examples 15–16). Approximately half of
these essays had some local arguments (see example 17), implying
some position toward the evidence. Additionally, about half of
the essays in this group presented some contradictory positions.

Finally, the fourth group was labeled as Summarizing writers.
These writers did not show their position toward the evidence in
their essays, but they instead summarized the source materials,
either by document or by theme. In other words, no thesis,
no rebuttal, and no interactional elements were detected in the
essays. Altogether 24 essays represented this group. The only
indications toward their presence may have been the choice of
summarized documents: if they thought some evidence was not
relevant for the task question, they omitted it. Nevertheless, some
of these essays included contradictory evidence (examples 26–
27). This showed that at least some of these writers acknowledged
the importance of diverse viewpoints.

DISCUSSION

The present study gives unique insights into novice students
basic level argumentative writing that has received little focus in

earlier research. Findings show that there is a large variation in
novice students’ position-taking. On the bright side, the majority
of the students are not entirely clueless about position-taking,
but show inclinations to express their viewpoint, which is vital
for argumentation. Some guidance by informed teachers might
help these students improve their argumentative writing greatly.
The findings invite higher education teachers to support novice
students in their basic argumentation instead of assuming that
they already master all relevant skills.

The findings are in line with earlier studies indicating that
some higher education students find aspects of argumentative
writing extremely difficult (Petrić, 2007; Laakso et al., 2016;
Hyytinen et al., 2021b; Kuhn and Modrek, 2021). Most writers
in the present study showed some position-taking regarding
their supporting evidence, namely they presented a more or
less comprehensive, explicit thesis, or at least made local
arguments. Some degree of position-taking was detected in all
the writer groups, except for Summarizing writers group. The
variation in the degree of position-taking was not surprising.
Earlier, it has been suggested that Finnish writers are more
implicit in their argumentation, compared with Anglo-American
writers (Mauranen, 1993). While being implicit is not always
a disadvantage, as Mauranen (1993) points out, writers should
be aware of requirements and consequences of their texts.
Being implicit, namely letting the reader make conclusions, is
an efficient way to activate reflectivity in the reader. However,
when the writer needs to be sure that the reader comes to
the intended conclusion, as in the present study, an explicit
thesis-statement is essential. Student writers should learn to
be aware of the requirements of each situation. Furthermore,
they should learn to be able to identify each situation in
order to fulfill its requirements (see Johns, 2008). It was
expected that novice students would find discussing alternative
positions challenging (Kuhn, 1991; Andrews, 2009; Wolfe
et al., 2009; Kuhn and Modrek, 2021). However, half of the
writers did present some version of an alternative position
in their essay, indicating that many of them understood the
importance of diverse viewpoints. In fact, the essays with
contradictory evidence were detected in all four writer groups,
while explicit rebuttals were much less frequent, and were
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detected only in the Writers with strong position group and
few of the essays in the Writers with volatile position group.
Writers often incorrectly perceive alternative positions to be
a shortcoming for an argument (Perkins, 1989; Wolfe and
Britt, 2008; Wolfe et al., 2009), and learning how diverse
viewpoints strengthen the message would benefit most students
in all writer groups. Additionally, understanding similarities in
position-taking regarding supporting and contradicting evidence
could be helpful.

It is worth pointing out that in the present study, students
used both initial focus and final focus strategies in their essays.
This was surprising, as earlier studies have shown that Finnish
writers have a strong preference on the final focus strategy
(Mauranen, 1993; Mikkonen, 2010). It is possible that the format
of the task with a direct question influenced this outcome:
initial focus strategy may simply have sprung out of an urgency
to respond to the task question. An alternative, intriguing
explanation to this finding could be that the globalization and
exposure to Anglo-American texts with initial focus may have
influenced Finns’ rhetoric preferences. However, further research
with up-to-date data needs to be conducted in order to draw
such conclusions.

Pedagogical Implications
The present findings invite higher education teachers to focus
not only on advanced questions of argument validity but also
on basic questions concerning how to build argumentation on a
textual level, how to identify requirements in each situation, and
how to introduce alternative explanations. All higher education
teachers, not just writing teachers, should be aware that not all
students have learnt basic argumentation in their prior education.
Argumentation is difficult, and students need adequate, explicit
guidance that focuses on basics (Andrews, 2009; Wingate, 2012;
Paldanus, 2020). Fortunately, studies show that even small
interventions such as tutorials or exposures to multifaceted
texts can help students in their argumentative writing (Wolfe
et al., 2009; Kuhn and Modrek, 2021). For instance, analysis of
texts with explicit position-taking and summarizing strategies
(see Paldanus, 2020), and asking guiding questions about the
writer’s position could be helpful (see Wingate, 2012). Such small
interventions would nudge the Writers with strong position and
Writers with volatile position toward stronger argumentation.
However, interventions are not a magic bullet. If students
have deficiencies in the basics of composition, as did students
in the Summarizing writers group, they require more work
and guidance. Furthermore, some of the challenges students
have in their position-taking may be due to their self-doubt.
Novice students—and even senior students—may feel they
are not competent in expressing any position (Ivanič, 1998;
Andrews, 2009; Mendoza et al., 2022), and teachers should
address such perceptions. Giving more space for discussions
and debates would benefit all students in developing their
expertise and self-confidence. A vital task of higher education
is not only to build expertise but to strengthen the sense of
expertise in students.

Co-operation between faculty teachers and writing teachers
could be beneficial in integrating learning of argumentation with

discipline-specific studies. Supporting students in their position-
taking and argumentation has wide-ranging benefits to other
generic skills that are needed in higher education. Argumentative
skills help in developing students’ critical thinking, academic
writing, and overall communicative skills, in addition to
supporting knowledge acquisition (Wingate, 2012; Asterhan and
Schwarz, 2016; Iordanou et al., 2019; Kuhn, 2019). However,
argumentative assignments are not beneficial for learning if
students do not receive guidance in the basics of argumentation
(Iordanou et al., 2019).

Higher education teachers should be aware that prior
education may give little guidance to argumentation and
rhetoric (Andrews, 2009). The emphases are culture-
specific, and for instance in the Finnish context, the upper
secondary education does not focus on such skills (Marttunen
and Laurinen, 2004; Mäntynen, 2009; Mikkonen, 2010;
Komppa, 2012). The consequence of this shortcoming is
that higher education students need even more support
in their academic writing, and teachers should not
assume that novice students are fully prepared to take on
the academic genre.

In the present study, some students did not answer the
question prompted in the task, but their response reflected a
broader and more generic topic. Earlier research has similar
observations. Students may have difficulties in understanding
task assignments and what is expected of them (Bereiter and
Scardamalia, 1987; Macbeth, 2006). Understanding principles of
the argumentation is futile if students cannot identify situational
requirements (Swales, 1990; Mauranen, 1993; Johns, 2008).
Consequently, teachers across disciplines are encouraged to focus
on clear and precise directions when giving assignments. Giving
students opportunities to discuss assignment requirements can
help in facing novel situations (see Johns, 2008).

Methodological Reflections
In the present study, two types of triangulation were used, namely
investigator triangulation and theory triangulation (Denzin,
1970), strengthening the findings. In investigator triangulation,
multiple researchers participated in the data analysis, ensuring
that any alternative interpretations were considered and
integrated in the analysis. In theory triangulation, multiple
theoretical approaches were integrated, namely pedagogical,
linguistic, and philosophical theories. This allowed for a practical
approach, to support higher education teachers, and not to limit
to one theoretical framework.

In the study design and the implementation of the assessment,
some limitations were observed. In future studies, these points
need to be addressed. The possible ambiguity of assignments
needs to be acknowledged in the future. In the present task,
students were prompted to write an essay, which is an ambiguous
concept at best (see Johns, 2008), and is often associated with
study assignments, or exams. While the intention of the task
was for the student to take the role of an intern in a city
government, the use of the word “essay” may have led some
students to associate the assignment with their studies. Such
association may have activated a knowledge-display mode instead
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of argumentative writing (e.g., Bereiter and Scardamalia, 1987;
Petrić, 2007). On the other hand, the task was not a part of
students’ real studies, and thus, not assessed as an assignment
related to their studies. This may have had influence on students’
motivation and effort they have put to the task. Additionally,
students worked under time pressure, having 60 min to complete
the task. This may have influenced their performance as they may
have run out of time. The time limitation could even discourage
students from engaging in complex cognitive processes (Bereiter
and Scardamalia, 1987; Paldanus, 2020). In future studies of
argumentative writing, students should be allowed to take their
time, to obtain a realistic picture of their skills. However, working
under time pressure may possibly reveal about which skills
students can effortlessly use in a tight situation and which
skills come less easily to them. In any case, all participants in
the present study had the same time constraint. Finally, it is
important to recognize that a study of end products, i.e., finished
texts, does not tell us about strategies and processes students
use while writing the text or decisions they make (e.g., Bereiter
and Scardamalia, 1987; Hyytinen et al., 2021c). For instance,
based on our findings, we do not know, if the Summarizing
writers made a conscious decision about not expressing their
position, or if Writers with strong position stumbled across
their thesis-statement instead of goal-oriented writing. In future,
combining study of texts with cognitive laboratories allowing
investigating cognitive processes during writing, would bring
a more thorough understanding of argumentative skills and
strategies of novice students.
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This qualitative study investigated the various linguistic, contextual, and experiential
equivalence issues embedded in a performance-based instrument aimed at assessing
generic skills in higher education. A rigorous translation and adaptation process
(American English to Finnish) was conducted on one instrument, namely Collegiate
Learning Assessment (CLA+) International. The data were obtained from cognitive
laboratories (n = 13), with think-alouds and follow-up interviews conducted among
Finnish undergraduate students. Content logs were created, and the data were analyzed
thematically. The findings revealed that linguistic and contextual equivalence issues were
more prominent than experiential ones. The findings underline how important – and
potentially problematic – it is for a test to measure the same construct in a different
language and culture. To achieve adequate measurement equivalence, a detailed
qualitative analysis of linguistic, contextual, and experiential equivalence should be
conducted as part of test adaptation.

Keywords: cross-cultural adaptation, equivalence, higher education, translation, performance-based
assessment, generic skills and competences

INTRODUCTION

International (comparative) assessments of learning outcomes such as generic skills have become
popular in many countries. Several such assessments have been conducted by the Organization for
Economic Co-operation and Development (OECD), including the Programme for International
Student Assessment (PISA), and the Programme for the International Assessment of Adult
Competencies (PIAAC). In higher education there have also been initiatives to measure learning
outcomes from a comparative perspective, notably the OECD Assessment of Higher Education
Learning Outcomes (AHELO), which investigated what students at the end of their first (bachelor
level) degree know and are able to do (see Tremblay et al., 2012). The AHELO was a performance-
based assessment that included two complementary components to assess generic skills: selected-
response questions (SRQs), and an open-ended performance task (PT). Nonetheless, the AHELO
measurement of generic skills has been criticized as being inadequately contextualized and as
disproportionately “American” in an international context, with consequent issues of content
validity and reliability (Tremblay et al., 2012; Shavelson et al., 2019). In fact, such challenges
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are typical of cases in which assessments are developed in a given
country and then transferred to other contexts.

Despite this, adapting an existing test has many advantages
as opposed to developing and validating a completely new
instrument, bearing in mind the resources required, such
as high-level expertise in the skills or knowledge being
assessed, deep contextual and cultural understanding, and time
and money (Ercikan and Lyons-Thomas, 2013; Schendel and
Tolmie, 2017). Adapted tests are therefore used frequently,
especially in cross-national comparative studies (Hambleton and
Patsula, 1998; Hambleton and Lee, 2013). Nevertheless, it is
impossible to evaluate such studies and draw conclusions on
the findings without a carefully implemented and fully reported
translation and adaptation process, with careful attention to
equivalence issues (van Widenfelt et al., 2005; Borsa et al.,
2012). To successfully adapt a test instrument from one cultural
setting to another requires more than merely translating the
original test into the target language on a word-for-word
basis (Borsa et al., 2012; Ercikan and Lyons-Thomas, 2013;
Ercikan and Por, 2020; Ronderos et al., 2021). Typically,
the translation and adaptation process includes phases of
translation, reconciliation, back translation, expert reviews,
pretesting, and evaluation of the final structure (e.g., Karlgren
et al., 2020). Especially in selected-response question formats,
the evaluation of the final structure is often conducted via
factor analysis. However, such a quantitative approach is
insufficient as a sole indicator of validity when applied to
inherently complex performance-based test instruments that
include detailed instructions and a number of complex reference
documents. Qualitative analyses are therefore needed in efforts
to adapt performance-based assessments of generic skills, having
in view possible culturally embedded meanings that are difficult
to detect by purely statistical means (Ronderos et al., 2021).
In fact, most previous studies on the adaptation and validity
of performance-based assessments of generic skills in higher
education have been quantitative in nature (e.g., Zlatkin-
Troitschanskaia et al., 2019; Kleemola et al., 2021), with only a
few qualitative analyses of validity (Schendel and Tolmie, 2017;
Karlgren et al., 2020).

The present study sought to fill this gap. It did so by
analyzing students’ response processes while they were carrying
out assessment tasks, relating these to the various linguistic,
contextual, and experiential equivalence issues embedded in a
performance-based instrument aimed at measuring generic skills,
namely the Collegiate Learning Assessment (CLA+) International.
This measures undergraduate students’ generic skills, including
problem solving, reasoning, critical reading and evaluation,
and written communication. The instrument was originally
developed in the United States, then implemented in the Finnish
higher education context. Here, linguistic equivalence refers to
the notion that words should mean the same thing in the target
language. Contextual equivalence refers to an instrument and
its parts having the same relevance and being understood in
a similar fashion irrespective of the context, and experiential
equivalence means that instrument and its parts need to have a
similar intention or function in the target culture. Our research
question was as follows: What kinds of linguistic, contextual,

and experiential differences can be found in the adaptation of the
CLA+ International into Finnish higher education?

THE CROSS-CULTURAL ADAPTATION
OF A TEST INSTRUMENT

In order to obtain reliable results and improve the validity of
generic skills measurements, the instrument must be adapted
with great care to ensure its usability in a new cultural context.
It has often been noted that adapting a test instrument from one
cultural setting to another requires more than just translating the
original test into the target language on a word-for-word basis
(Hambleton, 2005; Borsa et al., 2012; Ercikan and Lyons-Thomas,
2013). Hence, test adaptation aims “to maintain equivalence
in content and cultural meaning between the original and
the translated/adapted test, thus fostering the comparability of
scores across individuals from [. . .] different cultural groups”
(Hernández et al., 2020, p. 390).

Test translation and test adaptation are intertwined as
concepts and processes. However, according to Hambleton
(2005), they refer to different things. Test adaptation has been
understood as a broad term referring to the various activities
that are needed when preparing to use a test in another
language and culture; by contrast, test translation can be seen
as merely one phase of this process (Hambleton, 2005; Ercikan
and Lyons-Thomas, 2013; International Test Commission, 2018).
This aspect is dealt with in greater detail by Ronderos et al.
(2021; see also Hambleton and Patsula, 1998), with translation
being seen as the creation of linguistically equivalent versions
of a test, in contrast with adaptation, which involves cultural
considerations such as equivalence of the construct, similarity of
test administration, speed of response, and familiarity with the
item format. For its part, the term cross-cultural adaptation can
be used to describe a process in which not just language, but
also other aspects related to cultural adaptation, are taken into
consideration in translating and adapting a test instrument to a
new cultural context (Beaton et al., 2000; Ercikan and Por, 2020).

The research literature presents a large number of guidelines
and suggestions for adapting test instruments for use in another
culture and for evaluating the quality of this process (see Beaton
et al., 2000, 2007; Hambleton, 2005; Gudmundsson, 2009; Borsa
et al., 2012; Ercikan and Lyons-Thomas, 2013; Hambleton and
Lee, 2013; International Test Commission, 2018; Oliveri and
Lawless, 2018; Hernández et al., 2020). Nonetheless, researchers
have noted that there is no clear agreement on the ideal
adaptation method (Borsa et al., 2012; Epstein et al., 2015). The
test adaptation process may vary depending on the instrument
and its intended use (Gudmundsson, 2009; Borsa et al., 2012;
Hernández et al., 2020).

Typically, test adaptation includes the phases of (1)
considering whether the measured construct can be captured
by a test in another cultural context, (2) translating/adapting
the test (by competent translators) and deciding on the kinds
of accommodations needed in order to use the test in another
language and culture, (3) evaluating the quality and equivalence
of the translations, and (4) pretesting the adapted test (see
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Beaton et al., 2000, 2007; Hambleton, 2005; Borsa et al., 2012).
The first step refers to how far the intended construct has a
similar meaning in different cultures (Hambleton, 2005). Such
construct equivalence between source and target cultures is
crucial, as without it, cross-cultural comparisons are impossible
(Hambleton, 2005; Ercikan and Lyons-Thomas, 2013).

Secondly, test adaptation guidelines emphasize the
importance of an accurate translation process. The
recommendation is to use multiple trained translators who
are familiar with both the source and the target languages and
cultures (Hambleton, 2005; Beaton et al., 2007). To obtain
translation accuracy, translators should be provided with
sufficient information on the nature of the instrument being
adapted (Hambleton, 2005; Arffman, 2013). In addition to
forward translation, there have been recommendations also
to use back translation (i.e., having the adapted test translated
back into its original language) as a step to evaluate the quality
and validity of translations (e.g., Beaton et al., 2000, 2007;
Borsa et al., 2012). However, in their review regarding cross-
cultural adaptation methods and guidelines, Epstein et al.
(2015) noted that back translation has generated considerable
controversy: some practitioners have regarded it as an essential
part of cross-cultural adaptation whereas others make no such
recommendation, especially in cases where the adaptation team
speak both the source and the target language.

Thirdly, different translations made independently by
translators should be synthesized and then evaluated by an expert
group (Beaton et al., 2000, 2007; Borsa et al., 2012). In this way,
possible equivalence issues and sources of translation/adaptation
errors can be identified. The equivalence between two language
versions of the test may be lacking for a variety of reasons. For
example, translations may change the content or meaning of test
items. In order to maintain item equivalence, it is essential to
consider to what extent and in what way this change has taken
place (Ercikan and Lyons-Thomas, 2013). The aim of translations
is not just to find words but also expressions and concepts that
have both linguistically and culturally similar meanings in the
target culture (Hambleton, 2005). Literal translation is unlikely
to be the optimal way to proceed, as it can lead to errors in terms
of test content, linguistic, or cultural factors (van Widenfelt et al.,
2005; Karlgren et al., 2020) – a phenomenon also referred to
as “unwanted literal translation” (Arffman, 2012). Indeed, all
translation requires some degree of adaptation, as translations
depend on characteristics of the target language including
“its interplay with the intended meaning of a test item and
the features of the source and target culture and population”
(Ronderos et al., 2021, p. 66).

Finally, the adapted test and its functionality should be
pretested in practice within the intended target group (Beaton
et al., 2000, 2007). In addition to examining the content and
characteristics of test items, pretesting makes it possible to
evaluate other factors related to the test, such as the functionality
of the instructions (Borsa et al., 2012; Hambleton and Lee,
2013). Indeed, pretesting an instrument is particularly crucial for
performance-based assessments of generic skills, which include
open-ended questions (such as performance tasks), detailed
instructions, and several qualitative background documents on
which students must base their answers. Properly conducted

pretesting of a performance-based assessment will help to
reveal possible sources of error that might threaten the validity
of the instrument. In the performance-based assessment of
generic skills it is pivotal that the questions should not contain
unfamiliar words or complicated structures that would produce
comprehension problems (Johnson et al., 2009).

As indicated above, equivalence is imperative in translation
and in the adaptation of a test from one culture to another.
Equivalence refers to the requirement that different language
versions should be comparable to each other, and measure the
same construct (Arffman, 2013). Overall the literature presents
various forms and categorizations of equivalence. According
to Karlgren et al. (2020; see also Borsa et al., 2012) one
needs to check whether words mean the same thing (semantic
equivalence), whether colloquialisms or idioms need to be
replaced (idiomatic equivalence), and whether the “same” word
holds a different conceptual meaning in the culture (conceptual
equivalence). Experiential equivalence is also important. This
means that items have to be replaced by something addressing
a similar intention or function in the target culture; for example,
knife and fork may need to be replaced with chopstick if that is the
common utensil used for eating in target culture. Furthermore,
participants in different cultures may not be equally familiar
with certain test item types, such as selective-response questions
(Hambleton and Patsula, 1998; Hambleton, 2005; Ercikan and
Por, 2020). This aspect relates to item equivalence (Herdman
et al., 1998). The structure of the test instrument or the way
in which the test is administered are also important factors
to consider from the perspective of cultural adaptation (e.g.,
Herdman et al., 1998; Hambleton, 2005; Schendel and Tolmie,
2017). This is known as operational equivalence (Herdman et al.,
1998). In addition, measurement equivalence – meaning that the
two versions should not differ significantly in their psychometric
properties – is often viewed as a distinct form of equivalence
(Herdman et al., 1998; Epstein et al., 2015).

Because the concept of equivalence has various forms and
meanings and many of them are closely linked to each other,
we see is as useful to summarize the forms of equivalence that
we apply. These are: (1) linguistic equivalence, incorporating
elements from semantic, idiomatic and conceptual equivalence
and referring to the notion that words should mean the same
thing in the target language, (2) contextual equivalence, meaning
that an instrument and its parts have the same relevance and
are being understood in a similar fashion irrespective of the
context, and (3) experiential equivalence, based on the notion that
an instrument and its parts should have a similar intention or
function in the target culture.

COLLEGIATE LEARNING ASSESSMENT
INTERNATIONAL AS A
PERFORMANCE-BASED TEST
INSTRUMENT

This study utilized the test instrument Collegiate Learning
Assessment (CLA+) International. CLA+ International is a
subject-independent performance-based assessment developed
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by the United States-based Council for Aid to Education (CAE),
which measures undergraduate students’ generic skills. For our
part, we understand generic skills as universal expert skills needed
in studies and working life. In higher education, higher-order
skills such as analytical reasoning skills and problem-solving
skills are typically valued more highly than practical generic
skills. Performance-based assessment aims to cover generic
skills in an authentic manner by giving an opportunity for
students to demonstrate their skills measured in the assessment
task (Shavelson, 2010; Hyytinen et al., 2021). Performance-
based assessment refers to a variety of task types, such as
open-ended performance-task and document-based selected-
response questions. Typically, a performance-based assessment
will challenge students to use their higher-order thinking skills
to create a product or to complete a process (Braun et al., 2020).
Indeed, a performance assessment can be viewed as “an activity
or set of activities that requires test takers [. . ..] to generate
products or performances in response to a complex, most often
real-world task” (Davey et al., 2015, p. 10). Thus, students actively
participate in the problem-solving exercise and may even learn
during the performance-based assessment (cf. Kane, 2013), rather
than passively selecting answers (Palm, 2008; Hyytinen et al.,
2021).

In line with this definition of performance-based assessment,
CLA+ International includes three components. First of all, a
student has 60 min to respond to a performance task which
measures analysis and problem solving, writing effectiveness,
and writing mechanics. The performance task includes an open-
ended question in which students are asked to produce a justified
solution to a presented real-life problem, utilizing in their written
response different source materials from an online Document
Library. Responding to the performance task requires students
to simultaneously use a range of generic skills, as they need
to analyze and evaluate information, make conclusions, and
provide evidence for their own solution or recommendation
(Shavelson, 2010; Zahner and Ciolfi, 2018; Hyytinen et al., 2021).
In this study, the performance task was about comparing life
expectancies in two cities, and students had to consider whether
some measures were needed to increase the life expectancy in
one of the cities. In their responses, the students had to present
a solution to the problem and to give a recommendation for
possible measures. The source materials that students needed in
order to formulate their response contained five different source
documents: a blog text, a transcribed podcast, a memorandum, a
newspaper article, and infographics (see Ursin et al., 2021).

Thereafter, students had 30 min to answer 25 selected-
response questions. Ten of the questions were relevant to the
background document, which dealt with the secretion of proteins
in the brain. These questions measured scientific and quantitative
reasoning. A second set of ten questions, based on a letter
about nanotechnology sent by a reader to an imaginary journal,
measured critical reading and evaluation. The last five questions,
which related to an opinion piece on women in combat, assessed
the student’s ability to analyze arguments, including possible
logical fallacies. At the end of the test, the students filled in
a background information survey (Ursin et al., 2021). Because
the test tasks are still used internationally, the performance task

and selected-response questions used in this study cannot be
published or described in a more detailed manner. However,
similar test tasks are presented by Shavelson (2010) and Tremblay
et al. (2012).

TRANSLATION AND ADAPTATION OF
COLLEGIATE LEARNING ASSESSMENT
INTERNATIONAL TO THE FINNISH
CONTEXT

The CLA+ test was translated into Finnish. The translation
and adaptation of the test progressed through four main steps
as specified in the guidelines of the International Translation
Committee (International Test Commission, 2018; cf. Hambleton
and Patsula, 1998). In the first phase, the test was translated from
English into Finnish by a qualified translator with knowledge
of large-scale assessments in the field of education. In the
second phase, two trained translators in Finland reviewed,
confirmed and, if necessary, proposed changes or corrections to
the translations independently of each other. In the third phase,
the project team in Finland decided on the final versions of
the translations on the basis of the translators’ proposals. The
reconciled revisions were then verified by the test developer
in the United States. The translated test was then pretested in
Finnish in “cognitive laboratories,” ensuring that the translation
and adaptation phase had not changed the meaning, the level of
difficulty, or the internal structure of the test (see Ursin et al.,
2021). The suitability of the test for the Finnish context was
ensured in detail. The translation and adaptation of the test
instrument did not include a phase of back translation, since,
as noted above, previous studies (e.g., Epstein et al., 2015) have
indicated that it may not be a necessary step, especially if the
research personnel speak both the source and the target language,
which was the case in this study.

AIMS, MATERIALS, AND METHODS

The main aim of the study was to identify various equivalence
issues in adapting the CLA+ International instrument. More
specifically, we focused on the differences to be found in the
adaptation of CLA+ International from the United States context
to Finnish higher education (cf. Hambleton, 2005; Borsa et al.,
2012; Karlgren et al., 2020), in line with our categorization of issue
types. We see the differences as involving:

(1) Linguistic issues (whether words mean the same thing in
the target language);

(2) Contextual issues (whether an instrument or its parts has
the same relevance and are being understood in a similar
fashion irrespective of the context);

(3) Experiential issues (whether the instrument or its parts
have a similar intention or function in the target culture).

The data came from 13 cognitive lab events with think-
alouds and follow-up interviews, conducted on a target
group of students (Table 1). The participants, who all were
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TABLE 1 | Demographics of the participants in the cognitive labs.

Gender Field of study Type of higher education
institution

Male Humanities and Arts University

Female Humanities and Arts University

Male Science University

Female Science University

Male Humanities and Arts University

Female Health and Welfare University of Applied Sciences

Female Health and Welfare University of Applied Sciences

Female Health and Welfare University of Applied Sciences

Female Services University of Applied Sciences

Male Engineering, manufacturing,
architecture, and construction

University of Applied Sciences

Male Arts University of Applied Sciences

Female Arts University of Applied Sciences

Female Arts University of Applied Sciences

white Caucasians, represented two large multidisciplinary
higher education institutions in southern Finland. One of the
institutions was a research-intensive university, and the other
was a professionally oriented university of applied sciences.
Participation in the research was voluntary, and informed
consent was obtained from the participants. The cognitive
labs made it possible to collect authentic data on participants’
ongoing thinking processes and behaviors while they were
working on a task (van Someren et al., 1994; Leighton, 2017,
Leighton, 2019). The data were collected individually from all
the participants by following a similar procedure. At the start of
each lab, the participants were instructed and trained to think
aloud as they were solving the tasks. Verbalization took place
when the participant first completed the performance task, and
thereafter during 25 selected-response questions in a secured
online environment. To avoid bias in the data collection, a
neutral form of the think-aloud protocol was used (van Someren
et al., 1994; Leighton, 2017). It follows that the participants were
not interrupted while they were performing the tasks. “Keep
talking” was the only probe given during the lab if the participant
was silent for a long time. The researchers sat in the back of
the room and kept their distance from the participants while
they completed the tasks. The neutral form of the think-aloud
protocol ensured that the probing questions were not asked
until the follow-up interview. In the second phase, after the
think-aloud, a short follow-up interview was conducted. This
included both targeted questions (based on the observations
during the think-aloud phase) and general questions posed to
all participants (covering notably the clarity of the instructions,
the comprehensibility of the test, how interesting the test was,
the strategy used for answering). The first- and second-named
authors collected the data.

Each lab lasted around 2 h and was videotaped and recorded
by a camera and a table microphone. In addition, notes were
taken by the researchers. The verbalizations of each participant
during the cognitive labs were transcribed verbatim. After that,
content logs were created in which accurate descriptions of

non-verbal actions, a summary of events, and transcriptions
of the verbalizations of each participant were combined into
one text file (Oranje et al., 2017; see Table 2). A content log
provides an overview of the video data, and it can be used
to locate sequences and events for further analysis. The log
externalizes and visualizes participants’ thinking processes and
behaviors associated with the assessment constructs and progress
in the task. A strength of the log is that it encompasses all
the input provided by a test-taker, i.e., direct quotes, assertions,
behavior, and actions that took place during the think-aloud
process. The log includes information on the sequence, timing,
and variety of the test-taker’s response behaviors and actions.
Furthermore, it combines both verbal and non-verbal response
processes (Hyytinen et al., 2014; Oranje et al., 2017).

The transcripts and content logs were analyzed using a
thematic approach in which, initially, similar notions were
systematically coded under preliminary content categories.
Subsequently, final categories were formed on the basis of
a relational analysis (Braun and Clarke, 2006). Finally, the
preliminary categories were further elaborated on a theoretical
basis, with special attention paid to issues of contextual, linguistic,
and experiential equivalence (Hambleton, 2005; Borsa et al.,
2012; Karlgren et al., 2020). Furthermore, numbers of occurrence
were calculated in order to reach an understanding of how
typical a given category might be. The first and third author
of this paper did the initial coding; this was then revised
against the coding made by the second and fourth authors.
Thereafter, the final categories were discussed and agreed with
all the authors. Translated and anonymized excerpts from
the cognitive laboratories were selected for each category for
illustrative purposes.

RESULTS

All of the participants (n = 13) experienced equivalence
issues while taking the test. The analysis identified several
linguistic, contextual, and experiential issues (Table 3). The
equivalence issues identified related mainly to how questions
were formulated, and how materials were comprehended; also to
how the instructions were presented, and how certain concepts
were understood.

Linguistic Equivalence
Most of the issues related to linguistic differences between
Finnish and English. By linguistic equivalence we refer to the
notion that the meaning of the words and phrases should not
have altered in the translation and adaptation from English into
Finnish. One language-related difference concerned the phrasing
of the questions. Efforts had been made to keep the equivalence
between English and Finnish phrases as close as possible, but
this occasionally created situations where it was difficult for a
student to understand the translated question. An example from
a cognitive lab reads as follows:

[The participant] reads the question, ponders for a moment what
it says (“the following criteria, that is, these [criteria] except one of
them, is that so?”) (SRQ item 3 – ID17).
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TABLE 2 | An example of a content log (Hyytinen et al., 2021).

Time Duration Code of student: ID2

0:00:00–0:00:27 0:00:27 Logging into the test plus the privacy notice
Glances through the privacy notice and asks how to move on. Asks the same thing also at the summary of the test. Glances
through the summary of the test

0:00:27–0:08:14 0:07:47 Performance task

0:00:27–0:01:08 0:00:41 Reads and glances through the general instructions for the performance task

0:01:08–0:08:14 0:07:06 Moves to the actual performance task. First, quickly reads the task instruction and some of the documents. Moves directly to
writing the answer, does not plan it beforehand. Browses the documents. Concentrates on the infographic. Using that as a basis,
says that “the physical activity habits of the residents should be improved.” Does not substantiate the answer more precisely,
compare the information in the documents, or evaluate the reliability of their content aloud. Completes the answer in no more than
8 min and moves on to the SRQ items
Written response:
The physical activities of Brookdale’s inhabitants should be improved. The inhabitants must be told about a healthy diet. The
education level must be improved

0:08:14–0:59:52 0:51:38 SRQs

0:08:14–0:10:39 0:02:25 Moves to the SRQ section. Browses through the SRQ instructions. Asks for help on how to move on

0:10:39–0:15:32 0:04:53 Glances at the first question and items, then the document provided for the first SRQ set. Moves back to the first question and
items, then identifies the relevant section from the source document. Compares the items to the document. Thinks aloud which
item (A–D) would most weaken the main claim of the document. Says that “option A could be true based on the document, hence
A is not the right answer.” Selects option D. Moves to the second question

TABLE 3 | Linguistic, contextual, and experiential equivalence issues in the data (with number of occurrence).

Linguistic equivalence (n = 29) Contextual equivalence (n = 20) Experiential equivalence (n = 4)

Questions (n = 19) Phrasing of the questions (n = 19)

Materials (n = 17) Difficulties in understanding the text
(excessive use of abbreviations) (n = 6)

Differences in understanding a reliable source of
information (n = 6)

Proper interpretation of a figure (map) (n = 5)

Instructions (n = 13) Difficult linguistic expressions (n = 4) Multitude of instructions (n = 5)

Usefulness of instructions (n = 4)

Concepts (n = 4) Difficulties in understanding the meaning of
concepts in the Finnish context (n = 4)

The way the question was posed was not a typical way of
presenting a question in Finnish, thus making it rather difficult to
understand. Nonetheless, changing the formulation of question
into a more “Finnish” formulation might also have impacted
on the difficulty of the question (made it less difficult). Hence,
no substantial changes were made to the formulation of this
particular question.

Another language-related issue was how the instructions were
given in the online test environment. This resulted in situations,
for example, where students were unsure how to move forward in
the test platform because they were confused about the linguistic
expression and symbol represented (in the original) by “mark
complete.” The following excerpt from a cognitive lab exemplifies
this:

[The participant] is wondering for a moment how to move forward
from the instructions, until she clicks on “mark complete” (SRQ –
ID19).

“Mark complete” was initially translated into Finnish (literally)
as “merkitse valmiiksi” which is not a typical (although a
possible) way of expressing that one can now move on
to the next page in the online platform. To make the
instruction more understandable it was ultimately changed

to the more conventional “valmis” (meaning “completed” in
English), thus avoiding the pitfall of unwanted literal translation
(Arffman, 2012).

The final language issue related to the background materials
used in the test instrument. These were required for a student
to answer the questions. Typically, Finnish does not use
abbreviations as readily as English. One of the SRQ documents
(regarding secretion of proteins in the brain) included an
excessive use of difficult abbreviations (from the point of view
of the Finnish language) making it challenging and occasionally
frustrating for students to understand the text. This is reflected
in the following excerpt from a cognitive lab: [The participant]
notes that she is too tired to concentrate on a text filled
with abbreviations – (SRQ item 1 – ID14). Although some
other students also reported challenges related to the use
of abbreviations, this example of frustration emerged as an
extreme case, and ultimately no changes were made to the
background document.

Contextual Equivalence
Several context-related equivalence issues became visible in the
analysis. By contextual equivalence we refer to the requirement
for an instrument and its parts to have the same relevance and

Frontiers in Education | www.frontiersin.org 6 May 2022 | Volume 7 | Article 88582526

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles


feduc-07-885825 May 5, 2022 Time: 19:11 # 7

Ursin et al. Equivalence Issues in Performance-Based Assessments

meaning in the target culture as it has in the culture of departure.
The first contextual equivalence issue related to the background
materials on which the students had to base their answers. On
a few occasions the students wondered what a reliable source of
information might actually be ultimately leading to a question
whether reliable source of information is comprehended similarly
among undergraduate students in United States and in Finland.
One of the participants felt that some of the documents were
ridiculous, almost to the point of neglecting the document
altogether:

Wonders aloud about those [documents]; notes that the articles,
on the basis of which the report should be made, seem a
bit “silly.” Questions the relevance of Document 4, does not
find it a reliable/relevant source and is going to ignore it
(Performance task – ID12).

This had an impact on the quality of the answer, as
students were informed in the instructions for the performance
task that their answers would be judged on how thoroughly
the information was covered, including mention of potential
counterarguments. Hence, completely ignoring some of the
documents might have resulted in poorer test scores. Another
example relating to contextual equivalence concerned the
interpretation of the figures in one of the background documents.
Thus, in order to interpret one of the figures correctly, a student
should be familiar with the intermediate compass points (such as
South-East) on a map representing the United States. As the use
of intermediate compass points to describe Finland as a country
is not as typical as it is in the United States, this led to challenges
for some students in attempting to answer a question. One of the
students reacted as follows:

[R]eads the question and examines the figure. Is not sure about the
compass points and comments that this task makes no sense if you
don’t recall [the compass points] (SRQ item 10 – ID3).

The second contextual equivalence issue related to how
instructions in the background documents were formulated.
As compared to common practice in the United States, in
Finland matters are typically presented without much guidance
or orientation to the reader. Consequently, metatext tends to
be used much less in the Finnish context than in the Anglo-
American context (see Mauranen, 1993). In several background
documents, multiple instructions were given, including lengthy
guidance. This caused confusion to some of the participants. The
following example from a cognitive lab illustrates the challenges
due to the excessive use of orientation text:

[The participant] moves on to the instructions for the performance
task, reads/goes through it. Notes that there is much to read in the
instructions (Performance task – ID13).

Another participant was uncertain whether all the instructions
in the test were actually needed or relevant:

[The participant] is reading the privacy notice and asks [from the
researchers carrying out the cognitive lab] if one can just accept it.
Reads the summary of the test and asks for specifications about task
duration. Asks if the instruction section can be skipped (ID3).

Experiential Equivalence
There were also some experiential equivalence issues found
in the data. By experiential equivalence we mean that the
instrument and its parts should have a similar intention or
function in the target culture. There were a few concepts
such as “drinking water” and “ordinary diet” which might
have been experienced differently by the Finnish participants.
In Finland, drinking water is typically the same as tap water
(which is high-quality, drinkable, and of similar taste across
the country), but this is not the case in the United States.
Although this point was not particularly crucial from the point
of view of answering the question posed in the performance
task, it might have led to a different understanding of the
concept of “drinking water” depending whether one was an
undergraduate student in the United States or in Finland. One
of the participants pondered what the “ordinary Finnish diet”
mentioned in Document 5 might actually mean (Performance
task – ID13). “Ordinary” was initially translated as “tavallinen”
in Finnish, but was ultimately changed to “perinteinen,” meaning
“traditional” in English. Nonetheless, the issue remained whether
an ordinary/traditional diet means the same thing in the
United States and in Finland.

DISCUSSION

By analyzing students’ response processes during tasks, our study
aimed to identify various linguistic, contextual, and experiential
equivalence issues embedded in the CLA+ International
translation and adaptation process from the United States
to the Finnish context. In our study, linguistic and cultural
equivalence issues emerged interestingly as more crucial than
experiential ones (cf. Hambleton, 2005; Borsa et al., 2012;
Karlgren et al., 2020). The issues of linguistic equivalence were
associated with the formulation of questions, difficulties in
understanding some linguistic expressions in the instructions
of the test, and challenges in comprehending one of the SRQ
documents due to an excessive use of abbreviations. Contextual
equivalence issues were related to the interpretation of a figure
(how to make sense of a map of the United States), and to
the abundance and utility of the instructions posed in the
test instrument, with difficulties also in understanding what a
reliable source of information could consist of. There were only
a few issues of experiential equivalence, linked to difficulties
in comprehending the meaning of certain concepts (such as
“drinking water”) in the Finnish context. Nevertheless, our
findings show that linguistic, contextual, and experiential factors
need to be taken into account in interpreting the performance-
based assessment of generic skills. All these aspects affect
how students interpret the task, instructions, questions and
materials used in assessments, and how they formulate their
responses (Ercikan and Por, 2020). If students face unfamiliar or
completely new ways of presenting a test in a situation, this may
demand additional capacity from them, and thus influence their
performance in the test.

The findings confirm previous notions of what is needful for
translations: not merely to find words, but also expressions and
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concepts that have both linguistically and culturally a similar
meaning and intention in the target culture (Hambleton, 2005;
Arffman, 2012; Ercikan and Por, 2020). An example of this
occurred in the way a student was given instructions when
answering questions. Because Finnish texts tend to include only
minimal explicit metalanguage to orient the reader, as compared
to Anglo-American texts (Mauranen, 1993; Kleemola et al.,
2022), the multitude of instructions in some instances raised
concern over whether the instructions actually embodied the
same intention in Finnish cultural context. Some of these findings
may seem minor, but they could have a considerable impact in the
test situation and on students’ test performance.

Our findings also indicated the extent to which equivalence
issues can be intertwined. For example, how a word or term
is translated (linguistic equivalence) might also change how it
is understood in different contexts (experiential equivalence).
An example in our data was the term “ordinary diet,” which
was confusing to Finnish participants, and led to a revision
of the translation (to “traditional diet”) in the final version
of the test. One can then ask whether undergraduate students
in United States higher education would understand the term
“traditional diet” in a similar fashion to their counterparts
in Finland. Another example of the intertwined nature of
equivalence issues in our data was about how the Finnish
undergraduate students can make sense of a map of United States
when the use of intermediate compass points in Finland is
not as typical as in the United States. While this is contextual
equivalence issue (whether the map of the United States has
the same meaning in Finland as in the United States) this is
also “experiential” issue insofar as it relates to geography, and
the large area of the American land mass, and the geographical
variations it contains. This experience of United States as a
country is something that the Finnish participants are lacking.
Overall, our findings showed the extent to which the translation
and adaptation of CLA+ International from American to
Finnish context involved a process of carefully balancing between
content, language, and experiential factors (see van Widenfelt
et al., 2005; Karlgren et al., 2020).

Our findings contribute to the assessment literature by
suggesting a need for greater recognition of equivalence and
validity issues in translated and adapted performance-based
assessments of generic skills in higher education. This is
important in order to guarantee collecting high-quality research
data. This is of crucial importance as opposed to pure selected-
response questions, performance-based assessments typically
include a complex set of background documents and instructions.
As shown in our study also, these increase the likelihood of
cultural, linguistic, and experiential equivalence issues in the
test instrument (cf. Ercikan and Por, 2020). Consequently,
in performance-based assessments it is crucial to identify
equivalence issues if one is seeking to diminish their effect on
participants’ test-taking. Our findings importantly support the
notion that to ensure that a test measures the same construct
in a different language and culture, a qualitative analysis of
equivalence issues is a necessary part of test adaptation, together
with psychometric evidence (e.g., Ercikan and Pellegrino, 2017).
However, it is important to note that without cognitive laboratory

data, it would not have been possible to gather authentic data
on participants’ ongoing response processes while they worked
on a task. A key observation of our study to the assessment
literature is that qualitative analyses of cognitive laboratory
data are of enormous help in revealing possible challenges in
the validity and equivalence of an adapted test instrument. In
the long run, such research is crucial for the development of
the generic skills research field, which at present lacks robust
replicable instruments (Braun et al., 2012; El Soufi and See, 2019;
Tuononen et al., 2022).

LIMITATIONS OF THE STUDY AND
FUTURE RESEARCH

The findings of our study can be used to improve the quality of
a translated and adapted generic skills assessment instrument.
However, certain limitations in the study should be taken into
account. The first of these relates to the relatively small amount
of data obtained, given that the data comprised 13 cognitive labs
with think-alouds. This nevertheless resulted in around 26 h of
recorded data, and it can be claimed that saturation was reached
in terms of sufficiency of the data. In the future, cognitive labs
could be carried out with a more versatile group of undergraduate
students (i.e., from different disciplinary backgrounds), though
one has to bear in mind that the setting up of cognitive labs
followed by detailed analysis of the data (including the creation
of content logs) requires considerable resources. A further
limitation concerns the think-aloud method. It is possible that the
participants’ ability to verbalize their thoughts might have biased
the think-aloud data. Note, however, that in order to minimize
bias in the data collection, we followed a formalized procedure.
This included instructions and explanations to participants on
thinking aloud, a brief training session, and a neutral protocol
that avoided probing questions. In this way, we endeavored to
ensure the reliability of the verbal data (van Someren et al., 1994;
Leighton, 2017). A third limitation is related to the three forms of
equivalence (linguistic, contextual and experiential) that we used
in our paper. The different forms of equivalence are intertwined
to the extent that it is difficult to make a clear-cut analytical
distinction between the different manifestations of equivalence.
Furthermore, contextual and experiential equivalence is strongly
related to the characteristics of the participant; if participants
represent a sub-culture or belong to a particular ethnic group,
they may have a different understanding of an instrument (or
parts of it) from that of the majority of the population in the target
culture. A fourth limitation is linked to the fact that the translated
and adapted test instrument included only one performance
task and one set of selected-response questions. A more reliable
picture of the equivalence issues would have been obtained by
including more than just one of each type of task. Hence, in future
it would be important to study the equivalence issues pertaining
to different kinds of performance tasks and selected-response
questions, since these might enter into the performance-based
assessment of generic skills in higher education. Furthermore,
it would also be important to develop tasks in an international
context by a knowledgeable team of experts, and to study whether
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such tasks would include fewer equivalence issues than those
developed in a single country. Note also that linguistic, cultural,
and experiential equivalence issues appear to be closely bound
up with the methodological and technical aspects of a test
instrument (Hambleton, 2005).
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The goal of this article is to demonstrate the value of incorporating relational reasoning
assessment and training in tertiary education. To accomplish this, the authors organize
the article into three sections. The first section overviews the nature of relational
reasoning, and its different forms, developmental trajectories, and assessment. How
relational reasoning predicts performance in various academic domains and fields of
practice is also considered. The second section focuses on the role that relational
reasoning plays in the scientific domains that are foundational to tertiary education
and professional practice—the natural, social, applied, and formal sciences. In the
final section, the authors describe an ongoing design experiment in which relational
reasoning assessment and training are integrated into a university course.

Keywords: relational reasoning, analogy, anomaly, antinomy, antithesis, tertiary education

The purpose of this article is to demonstrate the theoretical, empirical, and practical value of
assessing tertiary students’ ability to reason relationally by means of a novel and fluid measure
(Diamond, 2013). Further, we will draw on the extant literature and an ongoing classroom-based
design experiment to illustrate how the assessment of relational reasoning and its subsequent
training in the context of a university course can serve multiple purposes. Specifically, we will
describe how the administration of a generic and fluid measure can result in a profile of tertiary
students’ analogical, anomalous, antinomous, and antithetical reasoning capabilities. Moreover,
with their profile as a starting point, tertiary students can be given explicit instruction in the forms
of relational reasoning and the underlying cognitive processes they require. They can also be shown
how their ability to reason relationally can bolster their academic performance in specific domains
and be invaluable to their future career success. As a starting point for this discussion, we explain
what it means to reason relationally and the distinct forms of this cognitive ability that have been
identified. We also describe how relational reasoning develops and what this capability predicts in
learning and achievement.

AN OVERVIEW OF RELATIONAL REASONING

Relational Reasoning Defined
In the neuroscience, developmental, cognitive science, and psychological literature, relational
reasoning is defined as the ability to recognize complex, meaningful patterns within bodies of
seemingly unrelated information (Spearman, 1927; Cattell, 1940; Singley and Bunge, 2014). The
student taking classic English literature who sees parallels in Shakespeare’s Julius Caesar and
contemporary political intrigues; the physics major who grasps the underlying association between
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the calculus and physics; or medical residents who conclude
that the case they are diagnosing cannot be classified as juvenile
diabetes are all exhibiting relational reasoning. Gentner and
Gentner (1983) and Dumas et al. (2014) distinguish the higher-
order patterns associated with relational reasoning from simpler,
linear patterns like number sequences (e.g., 3, 8, 13, 18 ____)
by noting that these higher-order patterns must be based on
relations-among-relations (e.g., 3: 21: 4: ____). In essence, the
identification of multiple associations must occur for any of the
aforementioned “insights” to emerge.

Alexander and Baggetta (2014) also differentiate between
relational thinking and relational reasoning, because thinking
relationally may transpire without awareness or intentionality
on the part of the individual. When a young child intuitively
recognizes that an unfamiliar animal (chihuahua) is, in fact,
a dog, that child has recognized a link between some new
creature and the idea of “dog.” Yet that realization was more or
less unconscious and involved little cognitive effort. Relational
reasoning, in contrast, requires the effortful and intentional
harnessing of information that can result in an intricate
association between objects, ideas, or events that extend and
deepen understanding (Alexander and Baggetta, 2014). Scientists
puzzling over whether Pluto was a planet or not had to wrestle
with the presence or absence of determinative attributes before
concluding that this astronomical body should be classified as a
“dwarf planet.” These scientists’ intentions and the level of effort
it took to appropriately classify Pluto clearly position this example
as relational reasoning.

Although our focus in this article is squarely on relational
reasoning, we want to make clear that relational thinking is
also essential for human functioning (Alexander, 2019). Further,
the more intuitive or System 1 thinking works in concert with
the more effortful System 2 processes implicated in relational
reasoning (Stanovich, 2010). What is core to relational thinking
and relational reasoning is their dependency on the perception
of and attention to similarities and dissimilarities among objects,
ideas, or events—some subtle and some dramatic; some concrete
and some abstract (James, 1893; Cattell, 1940). As we will see, the
nature of these similarities and dissimilarities is what defines the
forms of relational reasoning.

Relational Reasoning Classified and
Categorized
Within the neuroscience, developmental, cognitive science, and
psychological literature, relational reasoning is conceptualized
in a fairly consistent manner that corresponds to the definition
we proffered earlier. Differences within those literature
including how relational reasoning is positioned within the
neurological architecture, its development over the lifespan, and
its operationalization in empirical research have direct relevance
to the assessment and training of relational reasoning in higher
education (Dumas et al., 2013; Alexander, 2016). For example,
there are those who regard relational reasoning ability as a higher-
order executive function that continues to develop into early
adulthood with the myelination of the prefrontal cortex, a region
associated with complex problem solving and decision making

(Dumontheil et al., 2010; Krawczyk et al., 2011; Diamond, 2013).
Therefore, based on their neurophysiological development, those
enrolled in colleges and universities seem well positioned to
benefit from relational reasoning assessment and training.

There is also some dispute in the literature over the degree
to which relational reasoning ability is affected by social and
educational experiences, as well as by neurophysiological changes
(Carlson, 2009; Bunge and Leib, 2020). Decoupling neurological
and biological factors from what is concomitantly occurring
socially and educationally continually proves challenging. The
lack of a single measure of relational reasoning that can be reliably
used with differently aged participants further complicates this
matter. Recently, Chae and Alexander (2021a) found themselves
in a unique position to shed some light on this conundrum
when they were able to test the relational reasoning capabilities
of three groups of South Koreans who varied significantly
in age and in the course of their formal education. These
researchers administered the same fluid ability measure, the
Test of Relational Reasoning-Junior (TORRjr; Alexander and
The Disciplined Reading and Learning Research Laboratory
[DRLRL], 2018), to young adolescents in school, older adults
(ages 50+) whose schooling happened in a typical timeframe, and
older adults (ages 45+) now completing their middle-school or
high-school education.

These researchers hypothesized that if social and educational
factors are not significant forces in relational reasoning
development, then the two groups of older adults should perform
comparably. On the other hand, if social and educational
experiences do play an important role in relational reasoning
development, then the older adults who did not attend school
until decades later should perform the worst of the three
groups—which is precisely what Chae and Alexander (2021a)
found. This outcome implies that college students who are not
only nearing their neurophysiological prime but who also are
furthering their education should have ample opportunities to
reason independently and collaboratively.

Relational Reasoning Forms
Despite the largely shared conceptualization of relational
reasoning that populates the literature, the manner in which
this cognitive capability has been operationalized is far more
contentious (Alexander et al., 2016a; Baggetta and Alexander,
2016). For the most part, the operationalization of relational
reasoning has focused only on analogical reasoning or the
discernment of patterns of similarity (Dumas et al., 2013).
Similarly, the assessment of relational reasoning has largely been
relegated to one measure, the Raven’s Matrices (Raven, 1941),
a fluid ability measure composed entirely of figural analogy
problems. Consequently, minimal data have been gathered
on salient patterns that also place differential emphasis on
dissimilarities.

To address this significant shortcoming, Alexander and The
Disciplined Reading and Learning Research Laboratory [DRLRL]
(2012) and Alexander et al. (2016a) set out to devise a fluid
measure that gauged individuals’ ability to recognize multiple
relational forms. Drawing on cross-disciplinary literature,
including philosophy, mathematics, logic, and intellectual
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assessment (e.g., James, 1893; Cattell, 1940; Russell and
Lackey, 1973), four relational forms were identified: analogies
(similarity), anomalies (aberrance), antimonies (exclusivity), and
antitheses (opposition). With these forms identified, the process
began to construct novel, figural items that could reliably and
validly capture those relational manifestations. The outcome of
this multi-year effort was the Test of Relational Reasoning (TORR;
Alexander and The Disciplined Reading and Learning Research
Laboratory [DRLRL], 2014). The TORR is a psychometrically
sound standardized instrument suitable for adolescents and
adults that has been shown to be invariant for females and
males from diverse cultural and ethnic backgrounds (Dumas and
Alexander, 2016, 2018).

The TORR consists of four 8-item scales, each representing
one form (see Figure 1). The analogical reasoning scale, as with
the Ravens, is composed of figural problems displayed in a 3 × 3
matrix. Respondents are directed to find the option that conforms
to the pattern indicated. The anomalous reasoning problems
the identification of the figure within a given set that deviates
from the others. Antinomous reasoning is defined as the ability
to recognize a true binary distinction, where ideas, objects, or
events either fit within a specific category or not (e.g., living
versus non-living objects). For each antinomous reasoning item,
respondents are shown a set of related figures. They are then
directed to find the set from among the options that can have no
figure in common with the given set. The final scale of the TORR
assesses antithetical reasoning. While comparisons made on the
antinomous reasoning scale represent binary or dichotomous
distinctions, those on the antithetical reasoning scale capture
opposing but continuous differences (e.g., tall versus short). The
antithesis items, therefore, depict certain features of a given figure
(x) being switched to create a new figure (y). Respondents are
asked to select the option that represents the reverse of the
process conveyed in the given problem.

Developmental Trends by Form
The value of assessing multiple forms of relational reasoning
rather than relying solely on the measurement of analogical
reasoning extends beyond achieving a more accurate conceptual-
operational mapping of this foundational ability. Particularly as it
pertains to the assessment and training of tertiary students, there
is evidence that these forms reveal important trends by age and by
domain of study. While we will reserve discussion of relational
reasoning forms and academic domains for later in this article,
here we want to highlight findings that speak to performance
trends by form for samples that run the gamut from young
children to senior citizens. The studies to which we will refer
all assessed analogical, anomalous, antinomous, and antithetical
reasoning, albeit by means of diverse methodologies.

For instance, Jablansky et al. (2016, 2020) analyzed
longitudinal data on relational reasoning collected from
New Zealand students in kindergarten through Grade 12. The
children and youth were participants in a project designed to
promote their technological literacy. What Jablansky et al. (2016,
2020) documented was a salient shift in the reasoning forms
that were more or less prevalent in the language of younger and
older students as they discussed the more and less familiar tools.

Specifically, even though students at each grade level engaged in
analogical, anomalous, antinomous, and antithetical reasoning
to some extent, younger students relied primarily on analogical
and anomalous reasoning. The older students, conversely,
made greater use of antinomous and antithetical reasoning
when analyzing the two technological tools. Interestingly, when
presented with a familiar tool, younger students were able to
show some ability to reason antinomously and antithetically,
while older students found far less reason to reason analogically
or anomalously (Jablansky et al., 2016, 2020). These findings
suggest that while reasoning relationally may require some
relevant background knowledge if experiences are too familiar or
routine there may be limited impetus to reason relationally.

More recently, Chae and Alexander (2021b) and Zhao et al.
(2021) also had the opportunity to examine relational reasoning
performance in students at different grade levels. For both
investigations, students completed the TORRjr translated into
Korean or Chinese, respectively. These studies showed shifts in
reasoning performance by form that paralleled the longitudinal
study by Jablansky et al. (2020). Younger students performed
higher for analogical and anomalous reasoning than for
antinomous and antithetical reasoning, whereas older students
performed higher for antinomous and antithetical reasoning.

Finally, the investigation by Chae and Alexander (2021a)
that looked at the relational reasoning among adolescents and
typically schooled and atypically schooled older adults reinforced
the pattern seen across this collection of studies by suggesting that
analogies may represent the easiest mode of relational pattern for
participants of all ages. Even the atypically schooled adults in the
Chae and Alexander (2021a) study, whose overall performance
was significantly below that of the young adolescents and
typically schooled adults, scored near the midpoint on the
analogy scale. Further, the young adolescents and typically
schooled adults scored comparably on the TORRjr. However, the
current students performed significantly better than these older
adults on the antinomy scale, while the reverse was true for the
anomaly scale where the older, typically schooled adult prevailed.

Overall, these developmental trends would suggest that, based
on their age and educational background, tertiary students
would be expected to possess the ability to reason analogically,
anomalously, antinomously, and antithetical to at least an
adequate degree. Of course, we would expect that there would
be variability in performance across the scales, with somewhat
greater difficulty exhibited for the antinomous and antithetical
items over the analogy and anomaly items prior to any training.

IMPORTANCE OF RELATIONAL
REASONING IN TERTIARY EDUCATION

As we indicated in the prior overview of relational reasoning,
students populating colleges and universities are well positioned
to benefit from the assessment and training of this essential
cognitive ability. For one thing, the myelination of the prefrontal
cortex, the brain region central to problem-solving, decision-
making, and self-regulation, is nearing an end (Dumontheil
et al., 2010; Krawczyk, 2012). For another, these tertiary students
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are expanding their knowledge and are routinely engaged in
academic and social interactions that may require them to reason
relationally (Carlson, 2009; Bunge and Leib, 2020). Moreover,
during this period of their lives, college students are determining
which career paths to pursue and then preparing for those
careers. Relational reasoning assessment and training can be
invaluable for examining the higher-order thinking abilities of
these students (Alexander, 2016). Their scores on the TORR can
serve as an initial profile of their relational reasoning strengths
or areas of need. Further, students’ specific reasoning profiles can
be compared to those who are already studying or practicing in
their chosen fields (Dumas et al., 2014; Fountain, 2016; Jablansky,
2020).

It is important to keep in mind that relational reasoning,
as with any cognitive or intellectual capacity, is malleable (Hsu
et al., 2014; Alexander et al., 2016b). Thus, performance for
the different forms of relational analysis can be improved
through training, relevant experiences, and repeated practice.
Consequently, as we will discuss in the final section of this article,
it is only a first step to assess the relational reasoning abilities of
college and university students. It is quite another to use those
resulting data to help these students hone their abilities to reason
analogically, anomalously, antinomously, and antithetically.

Relational Reasoning in Domains and
Disciplines
Those engaged in relational reasoning research have investigated
the degree to which this ability predicts performance in
specific academic domains (mathematics or literacy) or fields
of practice (medical diagnosis or engineering design). Within
higher education, academic domains correspond roughly to fields
of study around which content and learning experiences are
organized and delivered. For example, mathematics curricula
and courses are often sequenced to capture the increasing
complexity of underlying concepts and procedures (Schmidt
et al., 2005). Thus, precalculus is taken before calculus, and a
statistics course on general linear models likely precedes a course
on multivariate mixed models. Other domains such as history
or literature may have content structured chronologically or by
genres (Orrill and Shapiro, 2005).

There can be noticeable differences in how students experience
the content that has implications for relational reasoning, as
well. In some fields like mechanical engineering or architecture,
where professionals often work in teams, university students
may work on projects with other students under the guidance
of knowledgeable instructors (Dumas et al., 2016; Kavousi
et al., 2020). Further, laboratory experiences or simulations can
be integral to domains where tertiary students learn specific
techniques or procedures viewed as central to a future career, as
in nursing training or chemistry. In contrast, other fields such as
journalism or history may be more focused on individual learning
and production with fewer structured group collaborations.

Also, the kinds of prototypic problems that populate courses
from different domains can differ markedly. For instance,
there may be more reliance on memorization, recall, and well-
structured problems (i.e., clearly has a right/wrong answer) for

students in the biological sciences, and more interpretative and
evaluative tasks (i.e., ill-structured problems) for students in the
social sciences (Alexander, 2006; Reed, 2016). Such variations
in the structure or delivery of content can mean that certain
forms of relational reasoning occur more often than others or
unfold in a different pattern (Dumas et al., 2014; Jablansky, 2020).
However, it can be presumed that all forms of relational reasoning
have a role to play in learning and performance within tertiary
education. Here we will look at the studies that have explored the
association between relational reasoning overall and by form in
selected fields of study and professional practice.

Given the enormity of domains that tertiary students can
pursue, we have chosen to organize this brief exploration
around four branches of science; the natural sciences that deal
with nature in some fashion; the social sciences, which focus
on people, society, and culture; the applied sciences such as
engineering, statistics, architecture, and medicine; and the formal
sciences that include theoretical mathematics, logic, philosophy,
and theoretical linguistics. Before delving into where relational
reasoning comes into play within each of these areas of study,
we want to forward an important caveat. Specifically, the four
categories of domains we identify herein and the variety of
studies that aligned with each of those areas represent only
one possible configuration that could be considered. There
are innumerable classifications of academic domains that have
been proposed and even the courses identified within those
organizational schemes can vary. Our decision to focus on these
four domain areas was driven, in part, by our desire to keep the
comparisons and contrasts among the areas as simple as possible,
while still allowing for the utility of relational reasoning to be
adequately described.

Natural Sciences
As noted, natural sciences deal with the physical world and
all that exists therein. Those studying or working in the
natural sciences are generally concerned with carefully observing,
accurately describing, systematically classifying, or predicting
phenomena (Harris, 2014). The execution of these core processes
necessitates that those studying or working in the natural sciences
rely on empirical evidence derived through observation or
direct experience that can be substantiated or disproven through
experimentation that adheres to the scientific method. There are
many ways in which the forms of relational reasoning are integral
to learning and performance in the natural sciences and, thus, to
tertiary students studying in these fields.

For example, in his treatise on analogical arguments,
philosopher Bartha (2019) contends that analogies have long
been a critical feature of scientific reasoning and a contributor to
scientific discoveries. To support this contention, Bartha quotes
Joseph Priestley, a renowned 18th century expert in chemistry
and electricity who is created with the discovery of oxygen,
who claimed that “analogy is our best guide in all philosophical
investigations; and all discoveries, which were not made by mere
accident, have been made by the help of it” (Priestley, 1767,
p. 443–444). Similar claims for the power of analogical reasoning
populate the history of science (Hofstadter, 1979; Dunbar and
Blanchette, 2001; Gentner, 2002).
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Despite the value that analogical reasoning holds in the
natural sciences, it cannot stand alone to explain what must
transpire when observing, describing, classifying, or predicting
phenomena in this domain. As observations are made and
empirical evidence gathered, scientists must attend to critical
dissimilarities that emerge, as well. For one, anomalous reasoning
is an essential tool for scientists or students in the natural
sciences, because it results in the perception or identification
of salient discrepancies or deviations from the expected or
typical (Chinn and Brewer, 1993; Chinn and Malhotra, 2002).
The presence of anomalies can be difficult to explain, and they
can even bring tentative hypotheses or accepted theories into
question. Under certain circumstances, anomalies can become
the catalyst for alternative hypotheses or theories. Whether
anomalies are treated as noise in a data set or give rise to new
hypotheses or theories, may be dependent on scientists’ ability to
construct a cogent and compelling explanation for their existence
(Lightman and Gingerich, 1992).

The act of labeling, classifying, or categorizing natural
phenomena likewise demands more than noticing and cataloging
similarities. Without analysis of meaningful differences within
and between phenomena, their true nature would not be
captured. In some instances, those differences take the form of
scales that capture levels of a particular feature such as scales for
water hardness or softness, wind speed, or soil types. Although
the data on which they are based are continuous, these scales are
often banded and labeled, which involves antinomous reasoning
to determine distinct groupings. In other instances, the categories
are meant to capture ontological distinctions that are considered
discrete, as with the Hertzsprung–Russell system for classifying
stars or the five biological kingdoms into which all living things
are sorted. The precise categories that are formed in these
instances arise through antinomous reasoning.

Social Sciences
The primary distinction between the natural sciences and social
sciences—the study of nature versus humans—translates into
significant differences in what is studied and how studies
are undertaken (Nowotny, 2005). Consequently, the forms of
relational reasoning can manifest in varied ways and to varying
degrees in each domain. For one, much of what concerns
social scientists are not directly measurable as is the case in
natural sciences (Borsboom and Mellenbergh, 2002). There are
certainly explicit behaviors of individuals and groups that can
be documented and analyzed. Nonetheless, the questions often
posed by social scientists are about the unseen or underlying
forces, factors, or conditions that give rise to those behaviors. As
a result, there is potentially much more that must be inferred
from gathered data. The techniques and measures that must be
created as well as the data analytic approaches can be quantitative,
qualitative, or some combination of both (Mertens, 2019).

In light of this characterization of social sciences, how do
the forms of relational reasoning come into play? We can look
back at the opening discussion about the nature of relational
reasoning for guidance on this matter. For instance, all manner of
human reasoning lies buried in the mind of an individual or some
societal group (James, 1893). Therefore, discerning patterns of

similarity or dissimilarity requires social scientists to be attentive
to any external markers that can suggest what is transpiring
consciously or unconsciously within the individual, group, or
society (Harris, 2014). The words individuals or groups utter,
the behaviors they display, the decisions or choices they make,
and even biophysiological indicators can prove invaluable to
recognizing meaningful patterns (West et al., 2008; Kaplan and
Berman, 2010).

When it comes to the forms of relational reasoning, analogical
reasoning allows those in these fields to recognize important
consistencies or commonalities across individuals, societies, or
cultures. Developmental theories, for example, are predicated
on assumed shared characteristics among individuals of similar
age (Halford, 1992). Similarly, socioeconomic models look for
predictable outcomes based on the level of wealth or poverty
experienced at the level of the individual, group, or society
(Hackman and Farah, 2009). Thus, what analogical reasoning
can offer in such instances is a framework or starting point
that captures common or typical conditions, as we discussed in
terms of neurophysiological maturation and relational reasoning
capability. As in the natural sciences, analogical reasoning is an
important process for tertiary students pursuing careers in the
social sciences to hone.

Of course, unearthing similarities in people’s thoughts, actions,
or experiences is only a portion of what social scientists seek
to investigate. They are also invested in understanding how
individuals, groups, or societies differ from one another and
the nature of those differences (Fischer and Silvern, 1985;
Beattie, 2002). Fields like special education, clinical psychology,
criminology, expertise, and many others are focused on those
who exhibit ways of thinking and acting that deviate in non-
trivial ways from what is regarded as the norm (Samuel and
Widiger, 2008; Sullivan and Bal, 2013). In effect, there is
something that is perceived as anomalous about these individuals
or groups that social scientists may set out to explain through
their research and perhaps to ameliorate or amplify those
differences through treatments or interventions.

Further, while classifying and categorizing occurs in the social
sciences as in the natural sciences, there is a major distinction
between these fields that must be appreciated. Specifically,
because of the nature of the data or evidence that can be
gathered in the natural sciences, there is the potential to uncover
true dichotomies (Alexander, in press a). Through antinomous
reasoning, compelling, and seemingly incontrovertible evidence,
discrete categories such as living and non-living matter or
animals and plants can emerge in the natural sciences. In
the social sciences, however, ontological distinctions of this
type are rare. For most of the social sciences, there are more
designations that are generated on the basis of continuous or
variable characterization (Lehtinen, 2012; Alexander, in press
a). When sociologists consider political, socioeconomic, racial,
and class distinctions, there are no unambiguous categories that
result, and many distinctions between individuals, groups, or
societies shift over time. For example, bigenderism that once
prevailed has given way to more fluid gender distinctions—
more antithetical than antinomous in form (Gilbert, 2009).
Therefore, it seems critical that those engaged in describing and
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classifying humans for the purpose of the study should recognize
that antithetical reasoning is more central to their fields than
antinomous reasoning.

Applied Sciences
Within tertiary education and professional practice, there
are fields that are devoted to the application of knowledge
and procedures garnered from research in the natural and
social sciences to critical real-world problems. This focus
on the use of existing knowledge and procedures to deal
with pressing problems—be they structural, aesthetic, moral,
physical, educational, social, or cultural—is why these domains
are referred to as applied sciences. Fields that fall in this
category include medicine and health, engineering, teaching,
counseling and clinical psychology, computer science, and
applied statistics/mathematics. As this litany suggests, domains
that are regarded as applied can be extremely challenging
and can require years of preparation and practice to master
(Patel et al., 1999).

Among the essentials for performing well in any applied
science are a breadth and depth of domain-specific knowledge
and procedural capabilities (Alexander, 2003, in press b). For
example, a breadth of engineering knowledge might include what
one knows about the many fields of engineering, whereas a
depth of civil engineering knowledge might relate to what one
knows specifically about bridge construction. What goes hand in
hand with such domain-specific competencies are more general
competencies such as the ability to reason, think critically, make
sound decisions, and collaborate with others (Alexander, 2004,
in press b). Those in the applied sciences must also be able
to recognize, analyze, and classify the nature of problems they
will likely encounter, not only in terms of their surface features
but also their underlying structure (Albanese and Dast, 2014).
Moreover, those in these applied fields have to envision viable
techniques or approaches to addressing those problems in order
to be successful (Dumas et al., 2016). Finally, among the critical
competencies associated with the applied sciences are strategies
for monitoring the situation and evaluating the effectiveness of
the actions being taken, which includes a judgment of one’s own
performance (McConnell et al., 2012).

With this general picture of the applied sciences in place,
we will now turn our attention to the significance of relational
reasoning in these fields. Within the applied sciences, in
particular, there have been numerous empirical studies of
relational reasoning’s contributions to professional performance,
especially in medicine, health, and engineering.

Medicine and Health
Research studies have shown that relational reasoning provides
professionals in medicine and health with the necessary tools
to solve complex problems in their field. For example, Dumas
et al. (2014) captured many instances of relational reasoning
that punctuated the exchanges between an expert attending
physician and the residents he was mentoring. Those exchanges
occurred as the residents were analyzing details of their patients’
conditions in order to make accurate diagnoses. Dumas et al.
(2014) found that while all four forms of relational reasoning

were present in the doctors’ real-time problem-solving, those
forms unfolded in a patterned way. For instance, when the
residents were first presenting their cases, they relied heavily on
anomalous reasoning to delineate patients’ atypical symptoms.
This delineation eventually gave way to analogical reasoning,
as the residents began to speculate on what conditions those
symptoms may suggest. At this point in the process, antinomous
reasoning was introduced as the attending physician or one of
the residents noted that some essential features in the case made
the proposed diagnosis untenable. This reasoning cycle repeated
until an acceptable diagnosis was reached.

Critical thinking and decision-making within health
professions are imperative as doctors and nurses engage in
diagnosing and treating patients. A study of maternity nursing
students and practicing nurses by Fountain (2016), for instance,
revealed that relational reasoning was a significant contributor
to their critical thinking, beyond domain knowledge, individual
interest, and years of experience. Even though relational
reasoning was a significant predictor of critical thinking skills,
Fountain (2016) found that there were no significant differences
in the four forms of relational reasoning between more or
less experienced nurses. This finding was interpreted by the
researcher as evidence that professional experience alone
was not sufficient to advance relational reasoning abilities
among the nurses.

Engineering
Engineering is a frequently studied domain by relational
reasoning researchers (Dumas et al., 2016; Jablansky et al., 2020).
What makes this domain appealing for these researchers are the
nature of the problems and the fact that engineers often work
in teams when designing and carrying out projects. Engineering
provides unique opportunities to study relational reasoning,
because students and practicing professionals are required to
consider the feasibility of designs based on established principles
in mathematics and physics. Further, there are frameworks such
as the Theory of Inventive Problem Solving (TRIZ; Altshuller and
Shapiro, 1956) that students and those practicing in the field can
use to assess the creativity and viability of potential designs.

Interestingly, Dumas and Schmidt (2015) and Dumas et al.
(2016) found that after engaging in the TRIZ intervention,
students were likely to produce fewer but more innovative design
ideas. As it pertains to the focus of this article, these researchers
also determined that students who were the most creative both
before and after the TRIZ intervention scored high on the
TORR. Further, the students who were more receptive to the
TRIZ intervention were those who were strong in antinomous
reasoning. It would seem that for engineers, there needs to be a
determination as to whether or not a project design will function
or not. There is no room for error when calculating whether
a bridge will stand or the foundation of a building will hold.
Antinomous reasoning, along with analogical, anomalous, and
antithetical reasoning, appears to be essential tools that engineers
must apply when working in their field.

Finally, engineering like medicine is often a collaborative
process and, thus, the relational reasoning that occurs among
group members can greatly affect both the problem-solving
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process and the resulting outcome. Jablansky (2020) followed
several teams of senior mechanical engineering university
students tasked with designing a creative but highly functional
product for an existing problem. She videotaped these students’
weekly meetings to document how members of the group
contributed and when, including but not limited to how they
applied relational reasoning to achieve their goals. Jablansky
(2020) found evidence of relational reasoning patterns that
differed not only by person but also by the task that they set out
to complete each week. These reasoning patterns were mapped
onto data representing the social and regulatory dynamics
within teams that afforded a rich picture of the engineering
design process. Studies of this nature within any collaborative
undertaking among tertiary students in applied sciences can be
invaluable to those overseeing course content or guiding the
learning of these students.

Formal Sciences
The formal sciences may be a less familiar grouping of
domains than the natural, social, or applied sciences, but
are a particularly fast-growing area, especially because of
technological advancements in the ability to create complex
models and systems (Treur, 2021). Philosophy, logic, theoretical
mathematics, systems theory, theoretical computer science,
artificial intelligence, information theory or informatics, game
theory, computational linguistics, and theoretical linguistics are
among the academic domains that fit within the formal sciences.
What distinguishes the formal sciences from the prior domain
groups we overviewed are their aims and methods. In effect, the
non-formal sciences involve gathering evidence about nature or
about people to better describe what is observed or documented.
Such evidence or data can then be subjected to analysis in order
to support or reject researchers’ hypotheses. For the applied
sciences, the knowledge gained from studies in the natural and
social sciences is put to work on real-world problems. In contrast,
the aim of the formal sciences is to generate abstract macro-
models or theoretical systems meant to explain the phenomena
investigated by natural and social scientists or the outcomes
observed by applied scientists (Löwe, 2002).

Rather than the tools of empiricism or the scientific method,
students and professionals in formal sciences employ logic,
reasoning, and symbolic systems of mathematics and language to
formulate and test explanatory models or systems. According to
de Laplante (2006), the formal sciences aid the natural and social
sciences by providing information about the structures used to
describe the physical world, and about what inferences may be
made about these structures. For that reason, there is a certain
domain-generality to the formal sciences since the models and
systems formulated in this arena often are applicable to natural,
social, and applied sciences.

Further, the methods through which the formal sciences
support or disprove macro-models and can be quite varied
and complex. Those methods can take the form of formal
mathematical proofs, critical analysis of any underlying
principles or axioms, or the explanatory power of the proposed
models or systems. Cramer and Dauphin (2020) also suggested
that structured argumentation, which is a mode of scientific

argumentation, is an invaluable tool applied by those trying
to evaluate the viability or credibility of proposed models
and systems. These structured arguments are tantamount to
high-level debates focused on premises, procedures, or principles
represented in the proposed models or systems.

So, where do relational reasoning and its four manifestations
fit within the formal sciences? Because of the weight placed on
abstract and complex models or systems that are represented
in mathematical or linguistic symbols, relational reasoning is
critical. For instance, one crucial ability that requires analogical
reasoning is envisioning how elements or components that may
exist separately in nature or society display similarities that allow
for their convergence into more macro-level theoretical models
(Tsoukas, 1993). Similarly, conceiving of a theoretical model or
system likely requires individuals to recognize how patterns that
repeat in nature (e.g., snowflakes or leaves) or in human systems
(e.g., circulatory system or brain cortex) at one level of generality
may iterate at a higher or lower level.

Those who are familiar with Mandlebrot’s (1982) theory on
fractal geometry in nature will understand the aforementioned
reference to iterations. An iteration is a recognizable version of a
pattern without being exactly the same—not a perfect replication
(Bringsjord et al., 2017). For instance, we can recognize a
snowflake by its features, while understanding that no two
snowflakes are exactly the same. This reminds us that perceiving
differences in the formal sciences remains as important as
discerning similarities. Those working in the formal sciences
must be able to capture the theorized or modeled patterns in
natural or human systems linguistically, mathematically, or in
computer codes. This ability to capture phenomena symbolically
again brings analogical reasoning into play since there is an
essential association between the symbolic notions and the
phenomena they are depicting (Hummel et al., 2014).

Of course, articulating a theoretical model or system is not
the end point of the formal science. Once articulated, these
hypothetical or abstracted models or systems must be tested,
argued, or scrutinized. This process of proving or disproving a
resulting model or theory will call upon analogical, antinomous,
antithetical, and antinomous reasoning. Analogical reasoning
is needed to map the underlying similarities of the individual
model components, while anomalous reasoning is essential to
demonstrate that some aberrant iteration still fits with the
established system. Antithetical reasoning is used to mark the
boundaries of the features that define the model or system,
whereas antinomous reasoning is involved when some identified
instance fails to fit within the parameters of a proposed system.
If such a fundamental failure is identified, some variation
of the proposed system must be derived, or an alternative
must be considered.

To this point in the article, we have provided a general
overview of relational reasoning and an explication of its specific
forms. We also described how relational reasoning and its
particular manifestations—analogical, anomalous, antinomous,
and antithetical—undergird learning and performance in a range
of academic domains and professional practices. To support that
argument, we first organized the discussion around four clusters
of fields found within institutions of higher education: the natural
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FIGURE 1 | Sample items from the analogy (A), anomaly (B), antithesis (C), and antinomy (D) scales of the test of relational reasoning.

sciences, social sciences, applied sciences, and formal sciences.
Then, we offered a brief explanation of what distinguishes each
of these clusters and described the role that relational reasoning
plays in each. In the remaining section, we want to move more
abstracted discourse on relational reasoning into a real-world
context—a university course in which relational reasoning it
assessed and trained.

EMBEDDING RELATIONAL REASONING
IN HIGHER EDUCATION: AN
ILLUSTRATIVE CASE

Learning How to Learn (LHL) is a general education course
designed and taught by the first author and where we have
embedded relational reasoning. This course was expressly
developed to (a) improve tertiary students’ understanding of the
complexity and processes of learning and (b) prepare them for the
diverse professions they will enter upon graduation. In Table 1,
we overview the three phases of our instructional procedure.
Specifically, we describe how students’ relational reasoning
abilities are initially assessed (Phase 1); how they are then taught

about relational reasoning and its underlying processes (Phase
2); and how this new conceptual and procedural understanding
becomes an anchoring point for subsequent instruction in crucial
learning topics such as transfer, critical reading, and quality
discussion (Phase 3).

Phase 1: Assessment
The ability to forge meaningful relations within any information
stream (i.e., relational reasoning) occurs in any medium in
which information can be conveyed—words, pictures, sounds,
figures, or numbers (Dumas et al., 2013). When individuals
notice that a musical sequence in a composition reappears in
a different key or at a different tempo; when certain themes
in a painting can be identified in an alternative art form; or
when researchers recognize outliers in their dataset, relational
reasoning is demonstrated (Hofstadter, 1979; Loughlin et al.,
2015). Over the past decade, Alexander and colleagues have
created valid and reliable measures of relational reasoning that
not only consist of figural representations but are also composed
of sentences (Verbal Test of Relational Reasoning or vTORR;
Alexander et al., 2016c) and single words (Relational Reasoning
with Words or R2W2; Zhao and Alexander, 2022).
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TABLE 1 | Embedding relational reasoning within a higher-education course.

Relational reasoning training procedure

Instructional events Details

Phase 1: assessment

Students’ relational reasoning
capabilities assessed

TORR is administered to gauge students’ ability to reason analogically, anomalously, antinomously, and antithetically Fluid
measure used to limit influence of students’ background knowledge or experiences

Students receive TORR results Students automatically receive performance data upon test completion Their total score is reported by raw score and by
relational reasoning quotient (M = 100, SD = 15) Raw scores for each of the scales (M = 4) are also reported to form students’
reasoning profiles No additional feedback on correctness or incorrectness of responses by individual items is given

Phase 2: explication

Nature and importance of relational
reasoning explained

Relational reasoning is defined and its essential nature to learning and performance is overviewed

Four forms are differentiated and
illustrated

Analogy, anomaly, antinomy, and antithesis are compared and contrasted using various examples

Underlying component processes are
introduced and practiced

Componential processes of encoding, inferring, mapping, and applying are explained and used to solve analogy problems
These componential processes then used with anomaly, antinomy, and antithesis sample problems

Phase 3: extension and transfer

Domain-specific exploration Students meet in major or disciplinary groups to identify the role of analogical, anomalous, antinomous, and antithetical
reasoning in their fields of study

Multiple-document research Students carry out research on a controversial topic using multiple documents and prepare an argumentative essay that
integrates content across the identified sources After completing this task, students engage in quality discussion on the
controversial topic

Transfer activity Students are tasked with finding and categorizing instances of transfer that they can find in 24 h The key similarities and
differences that triggered transfer are then analyzed vis-à-vis forms of relational reasoning

However, when measuring the relational reasoning capability
of tertiary students, the decision was made to employ the TORR
over other measures like the vTORR or R2W2 because it is a fluid
rather than a crystallized measure. Cattell (1940, 1963) is credited
with drawing the distinction between fluid and crystallized
mental assessments (Carpenter et al., 1990; Schipolowski et al.,
2014). What characterizes a fluid ability measure like the TORR
or the Raven’s (1941) is the presumption that respondents have
access to all that is needed to complete the problem or task
within the problem itself. In effect, there is no specific body of
conceptual knowledge or procedural skills that the students in
LHL would need to have acquired in order to perform well on
the TORR over and above their ability to reason relationally.
On more crystallized measures, like vTORR and R2W2, students
would have to be familiar with words and their subtle meanings to
demonstrate their reasoning abilities. Those differences between
fluid and crystallized measures can be seen by comparing the
sample TORR items in Figure 1 to sample items from the vTORR
and R2W2 displayed in Figure 2.

Another reason to assess relational reasoning with a generic
measure like the TORR is because students enrolled in LHL
are pursuing majors in the natural, social, applied, and formal
sciences (Alexander, 2019). Such domain diversity means that
these students’ knowledge and skills are expected to vary.
The use of a generic measure, therefore, creates a more level
playing field when making judgments about these students’
relational reasoning capabilities. Further, the TORR remains a
strong predictor of achievement in varied academic fields and
professional practices (Dumas and Schmidt, 2015; Dumas et al.,
2016; Fountain, 2016; Baggetta, 2019).

After completing the 32 items on the TORR, the students
enrolled in LHL receive their results reported as a standardized

relational reasoning quotient (RRQ) with a mean of 100 and
a standard deviation of 15 (Dumas and Alexander, 2016). The
students also receive performance data for each of the four 8-item
scales that represent the four reasoning forms. The mean for each
scale is 4. Students receive no additional feedback on the specific
items nor are they given any explanation of how items in the
scales should have been analyzed.

Phase 2: Explicit Instruction in Relational
Reasoning
Once students have taken the TORR and have their profile
recorded, we share with them a definition of relational
reasoning and explain briefly what each form captures in
terms of its underlying pattern: analogy (similarity), anomaly
(aberrance), antinomy (exclusivity/binary), and antinomy
(opposition/continuous). The gist of this relational reasoning
overview was presented in the first section of this article. In
sharing this general information about relational reasoning
with the students, we never refer to any of the problems on
the TORR or deal with figural problems similar to those items.
Not only would that be unacceptable, since the TORR items
except for the sample problems, are proprietary information, but
also because we want students to see how relational reasoning
permeates all academic domains. One or two examples of each
form are provided representing different domains. For instance,
to exemplify analogies we might display a ratio problem such
as “3:9 is equivalent to 4:?” or a classic verbal comparison
like “ocean: bay: continent: _X_.” In this initial phase of
instruction, we also establish the predictive power of relational
reasoning as demonstrated in the research and describe the role
that this higher-order cognitive ability plays in the students’
academic domains.
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The second phase of explicit instruction involves introducing
and then practicing the four essential componential processes
critical to any form of relational reasoning (Sternberg, 1977):
encoding, inferring, mapping, and applying. Alexander and
colleagues have conducted explicit training in analogical
reasoning with very young children through young adults
using the componential processes as the framework (White
and Alexander, 1986; Alexander et al., 1987a,b; Pate et al.,
1989). Simply defined, encoding entails examining elements
of a problem or problem space to ensure understanding of
any givens, whereas inferring requires finding connections
between individual elements based on whatever meaning
was derived from encoding. These two processes thus result
in a meaningful association essential for any pattern, even
a simple linear sequence. However, unlike simple linear
patterns, relational reasoning forms involve “relations among
relations.” Mapping is the componential process that is required
to link the initial pattern just inferred to another set of
associated elements that represent a related pattern. The
final componential process, applying, involves completing the
problem and recognizing the underlying structure, which could
then be iterated.

To illustrate these componential processes, we let students
see how they function in a simple analogy problem like “ocean:
bay: continent: _X_.” Students begin by encoding the term ocean
and identifying its salient attributes (largest body of water) and
then encoding the term bay (inlet of water connected to a
larger body of water like an ocean and surrounded by land
on three sides). Next students must infer a relation between
ocean and bay (both are bodies of water, but bays are smaller
and open to oceans on one side and surrounded by land on
the remaining sides), To complete the mapping, students must
form a meaningful association between ocean and continent
(both are the largest geographical bodies of water and land,
respectively). Finally, applying means that students must identify
the critical attributes of the missing element that would parallel
the relation of ocean to bay. Specifically, they need to recognize
that they are looking for a small body of land, connected to a
continent on one side and water on the remaining three sides
(answer: peninsula).

While the componential processes of encoding, inferring,
mapping, and applying were conceptualized with only analogical
reasoning in mind (Sternberg, 1977), Grossnickle et al. (2016)
found that those same processes were core to anomalous,
antinomous, and antithetical reasoning, as well. Moreover, these
researchers found that lower performing students exhibited
difficulties inferring and mapping on problems representing all
relational reasoning forms. Thus, once students had practiced
using the componential processes on verbal analogy problems,
they were introduced to verbal problems tapping anomalous,
antinomous, and antithetical reasoning. As with the analogy
problems, they were directed to encode, infer, map, and
apply while solving these problems and received feedback
on their performance. When this training and practice phase
concluded, our goal was to demonstrate the importance of
relational reasoning to other key facets of academic learning and
performance beginning with transfer.

FIGURE 2 | Sample items from the verbal test of relational reasoning analogy
scale (A) and the relational reasoning with words antinomy scale (B).

Phase 3: Expansion and Transfer
Transfer, “the process of using knowledge or skills acquired in
one context in a new or varied context” (Alexander and Murphy,
1999, p. 561), has the well-earned reputation of being one of the
most challenging cognitive abilities for students to master (Gick
and Holyoak, 1980; Detterman and Sternberg, 1993). Indeed, the
literature is replete with evidence that students are typically poor
at transferring knowledge and skills from one formal learning
environment to another or to situations in the world outside
the classroom (Perkins and Salomon, 2012). This indictment
notwithstanding, transfer remains a foundational ability for all
students, especially tertiary students, to develop and hone if
they are to be successful both in their university studies and
their chosen professions. Many factors or conditions have been
proposed as barriers of transfer such as the contention that the
initial learning was not substantive enough to foster transfer
(Dinsmore et al., 2013). It could also be that the new context
appears quite dissimilar to the context in which the knowledge
and skills were acquired. Learners’ individual characteristics can
also foster or frustrate transfer including their perceptiveness,
motivations, or metacognitive and strategic abilities (Corkill and
Fager, 1995; Billing, 2007; Dinsmore et al., 2013).

Because of the importance of transfer for learning in higher
education and for future career success, this area is stressed in
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LHL. We concur with Billing (2007) that transfer is more likely
to occur when principles of reasoning are taught in conjunction
with academic content. Thus, when we introduce this topic to
students, we stress that learning to transfer will “bootstrap” the
knowledge and skills they are working hard to acquire. Yet,
we acknowledge the difficulty of developing a habit of transfer.
A first step in forming this habit of mind is for them to become
perceptive and alert to transfer opportunities—a process that can
be aided by their use of relational reasoning. We share evidence
with them that shows that analogical reasoning ability can be
a key to transfer (Reeves and Weisberg, 1994; Richland and
McDonough, 2010).

As Alexander and Murphy (1999) argued, transfer and
analogical reasoning are related processes. Unless students can
perceive similarities between a specific task they learned with
another task encountered in a different context, they will not be
primed to engage in transfer. Further, the more these students
can look beyond the surface features of those tasks and contexts
and find underlying similarities, the better they can make use
of what they already know and can do, which is where their
relational reasoning, and especially analogical reasoning can be
most helpful (Richland and McDonough, 2010). We also alert
students to be aware of the dissimilarities between the initial tasks
and contexts and these transfer opportunities, so they can iterate
or modify their problem-solving processes appropriately. When
this instruction on transfer coupled with relational reasoning
has been completed, students in LHL are given the task of
documenting as many instances of transfer as they can within a
24-h period. The cases of transfer the students record are then
discussed in class for added reinforcement.

Critical Reading is another basic skill for students in tertiary
education, as they are required to read about what they are
studying. For students majoring in certain fields, such as history,
philosophy, psychology, and sociology, the reading required can
be quite extensive. In LHL, for instance, students are reading,
summarizing, and comparing articles and chapters routinely.
They also are required to carry out a multiple-source use
(MSU) project for which they conduct an online search on a
controversial topic (e.g., The effects of overuse of social media on
students’ academic, social, physical, and emotional well-being).
The students then select and summarize appropriate sources to
use as the basis for an argumentative essay. The students’ prior
training in relational reasoning becomes relevant to these tasks
in several ways.

For one, we recognized early in the rollout of this course that
many of these tertiary students did not have effective strategies
for dealing with course readings in an integrative manner. Thus,
when they were tasked with writing a comparison of two readings
that offered different perspectives on an issue (e.g., expertise),
many had no clue how to begin. Drawing on their relational
reasoning training, we suggested that they could chart key
similarities and dissimilarities between the readings and then use
that relational analysis to organize their written comparisons.
This deep analysis technique was also advantageous when the
students had to integrate information across multiple documents.
Again, by thinking relationally about the documents in terms
of core similarities and dissimilarities, the students were better

prepared to integrate the positions, arguments, and evidence
presented in their selected sources. The resulting analysis could
help them formulate their own position on the controversial issue
and provide them with evidence to support their position when
composing their argumentative essay.

As with their writing, we were somewhat surprised to find
that a good number of the tertiary students enrolled in LHL
were stymied in their ability to carry out quality discussion.
Frequently what we witnessed were students voicing points that
were unconnected to what others had already been said or they
did not make it clear whether their statement was meant to
support or counter what others had previously expressed. In
effect, what should have been a discussion became a string of
separate statements. Thus, what we did to improve the quality
of class discussions was to share the research illustrating how
professionals like medical doctors diagnosing their patients or
engineering students working collaboratively on a project design
would use relational reasoning in their discourse to work toward
a shared outcome. We also had students read an excellent
piece by Murphy et al. (2017) that describes how instances of
relational reasoning in students’ discourse served to reinforce,
conditionalize, or counter others’ comments. Tertiary students
in LHL then tried their hands at carrying on a discussion
based on their MSU research, and the ideas expressed in
their argumentative essays. We saw a marked improvement
in discussion quality following this brief intervention with
many more uptakes. Murphy et al. define uptakes as direct
acknowledgments of what others have contributed and an explicit
indication of how one’s response is related.

In this final section of the article, we have attempted to
show how theory and research in relational reasoning can easily
and effectively be embedded in instruction within a university
classroom. Of course, we do not know if those students who
were part of LHL carried the lessons from this unique course
into the rest of their tertiary education or into their continued
professional development. That remains our hope and the subject
for future empirical research.

FINAL THOUGHTS AND FUTURE
DIRECTIONS

An overarching goal we set for this treatise on relational
reasoning was to establish its value as a higher-order cognitive
ability for tertiary students’ current learning and performance
as well as their future success in their chosen professions. To
support that claim, we not only shared what is known about the
nature, forms, and development of relational reasoning, but also
its contributions to a range of human activities and academic
domains. Finally, we looked at how relational reasoning was
woven through the content of one university course—from its
assessment and training to its expansion into other topics of
importance such as transfer, critical reading, and writing abilities.
There is no question that higher education has a mission of
equipping students with the knowledge and skills they will need
to function in their lives, including in their chosen professions.
It is also presumed that tertiary education will contribute to
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students’ ability to reason deeply and effectively and to manifest
habits of mind and habits of action that are indicative of a well-
educated mind. But how is this ability to reason deeply and
effectively explicitly developed within tertiary education? Our
contention is that the assessment, training, and expansion of
relational reasoning is one significant step in the right direction.

Of course, what we have shared in this article is one
humble case of what could be done within tertiary education.
There is much more that must be done before the potential
value of relational reasoning in tertiary education can be
more fully assessed and more fully realized. Nonetheless,
we would like this overview to be an opportunity for
others to explore relational reasoning as an essential
component within higher education; one that can foster
the habits of mind and habits of action that we seek
to instill in students who currently populate universities
and will become tomorrow’s doctors, scientists, teachers,
counselors, and engineers.
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The research field on generic skills in higher education has expanded rapidly. In

addition, the importance of generic skills has been highlighted both in educational

policy discourses and in practice of higher education. The present study reviews

theoretical, methodological, and empirical viewpoints on learning generic skills and

synthesizes the empirical evidence about the factors that enhance and impede student

learning of generic skills. Altogether 116 articles were included in the analysis. The

systematic analysis revealed remarkable variation in concepts, research methods, and

operationalization of generic skills. These findings suggest that research in this field is

still incoherent. According to the results, contextual factors that enhance or impede

higher education students’ learning of generic skills were investigated more often than

individual factors. Furthermore, the articles included in this review emphasized learning

of work-oriented professional skills over higher-order thinking skills. To ensure the

development of research on generic skills, it is important to focus on more coherent

theorization and operationalization of the various generic skills. More longitudinal studies

with methods that genuinely capture actual skills and their development are also needed

to advance the field. The results can be used for future discussions on theorization,

empirical research, and practical development of student learning of generic skills.

Keywords: generic skills, learning, higher education, systematic (literature) review, enhancing and impeding

factors

INTRODUCTION

Generic skills, such as critical thinking, collaboration, communication, argumentation, and
problem-solving skills, usually refer to cognitive skills and higher order thinking skills, as well
as twenty-first century competence and future citizens’ literacy. Learning generic skills is widely
singled out as the key aim of higher education in addition to domain-specific knowledge and skills
(e.g., Arum and Roksa, 2011; Hyytinen et al., 2019; Shavelson et al., 2019). The importance of
generic skills has been also highlighted in the transition phase to work and later in working life
(Tuononen et al., 2019). Similarly, generic skills are considered essential for citizens of the twenty-
first century in various policy papers and reports (Strijbos et al., 2015; OECD, 2019). As part of
a discussion on educational policy, several lists of the key generic skills of higher education have
been compiled (European Parliament Council, 2008; OECD, 2019). For example, the European
Parliament Council (2008) has determined the key generic skills that should be included in higher
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education degrees. Consequently, generic skills are found as
learning objectives in almost all higher education curricula today.
Naturally, the aim is to organize teaching so as to enhance student
learning in the best possible way. Therefore, it is not surprising
that higher education students’ generic skills have also attracted
remarkable interest from researchers, and become an expanding
field of research.

Unfortunately, this broad interest in generic skills and
proliferation of studies involves some disadvantages. The
interests, intentions, and perspectives of various stakeholders
have influenced the research on generic skills and especially
the development of research instruments (Strijbos et al., 2015;
Muukkonen et al., 2019; Toom et al., 2021). Thus, the research
field is at risk of fragmentation. Recent evidence suggests that
there is conceptual incoherence in the research field of generic
skills as well as a lack of clear theoretical frameworks and robust
instruments (e.g., Barrie, 2006; Braun et al., 2012; El Soufi and
See, 2019). Another disadvantage is related to research designs
andmethods. It seems that previous research has reliedmainly on
indirect methods and materials, such as self-reports of learning,
in the investigations of generic skills, and only a limited number
of studies have applied performance-based methods and focused
on learning generic skills in authentic situations (Braun et al.,
2012; Zlatkin-Troitschanskaia et al., 2015). In addition to the
scattered research on student learning of generic skills, systematic
research on the characteristics of the learning environment or
other factors contributing to student learning of generic skills
is scarce. This may be related to the laborious research designs
that the studies would require, or the lack of robust and valid
research instruments to measure generic skills and characteristics
of the learning environment. In order to obtain a more coherent
picture of the status of generic skills research, there is a need for
the systematic analysis of the methods and concepts utilized in
the studies.

Through a systematic review, this study aims to contribute to
existing theoretical, methodological, and empirical viewpoints on
learning of generic skills. This study reviews and synthesizes the
empirical evidence about higher education students’ generic skills
and the factors that enhance and impede their learning of generic
skills. Moreover, this study explores methods that are used in the
empirical studies and elaborates on concepts related to learning
generic skills. The research questions are as follows:

1) From the perspective of student learning in higher education,
which generic skills are explored in empirical research, and
how are they explored?

2) How do higher education students learn generic skills during
their studies?

3) Which factors have been identified to enhance or impede
student learning of generic skills?

MATERIALS AND METHODS

A combined literature search in the electronic databases of
EBSCOHost, Scopus, and Eric was carried out to identify peer-
reviewed journal articles in English. The three main keywords
utilized in the search were “student learning,” “generic skills,”
and “higher education,” but the searching of databases included

the combination of words and phrases such as learning or
“student learning” and “generic skills” and “higher education”
or “university.” The search included all disciplines. We searched
online and empirical research articles from 2014 to 2019,
resulting in over 907 articles. After that, the first and second
authors went through the titles and abstracts, and selected
those studies that specifically addressed higher education student
learning of generic skills. Therefore, the articles focusing solely
on teachers’ or employers’ perspectives on learning generic skills
were excluded. In addition, educational policy articles related to
generic skills, quality assurance, curriculum analysis, theoretical,
and review articles were excluded. Finally, 393 articles were
selected for the first phase of review. During this phase, the first
and second author read the articles and ensured that the articles
met the inclusion criteria. The following inclusion criteria were
used: (1) the study was retrieved from a peer-reviewed journal,
(2) it was written in English, (3) the study was conducted in the
context of higher education, and (4) the study reported empirical
evidence on students’ learning of generic skills. In addition,
duplicates were removed in this phase. After that, a total of 273
articles were included in the analysis. In the second phase of
review, the first and sixth author went through the articles and re-
checked that they met the criteria. Especially the fourth criterion
was at the focus in this phase of article selection. After these
thorough reading rounds, 116 articles were finally included in
the analysis. In the Figure 1, flow selection process is presented.

Analysis
Qualitative content analysis was adopted for the analysis of
the articles (Elo and Kyngäs, 2007). First, all articles were
read through to gain familiarity with the data and to identify
the concepts that were utilized in the studies focusing on the
higher education students’ learning of generic skills. Each article
was analyzed separately and systematically. We found extensive
conceptual variation. The articles were categorized based on
the concepts utilized in the articles. We identified two types of
articles based on the focus of the articles (see Table 1). The first
type of article focused on sets of generic skills while the others
concentrated on specific generic skills. In total, analysis revealed
six different specific generic skills. Below, we consider these two
types of articles in greater detail.

In the second phase of analysis, the first author further
analyzed which generic skills were measured in the first type of
article, namely those that focused on sets of generic skills. The
measured skills were categorized into 17 main categories based
on the analysis. These categories (see Table 2) were subsequently
reviewed and refined through discussion between all authors. In
the third phase, the articles of both types were further analyzed
in terms of the research methods used in the studies. In addition,
during this phase, learning of generic skills as well as enhancing
and impeding factors in learning generic skills were identified
from the results sections of the articles. Descriptions of the
qualities analyzed were written for each article and collected
in Excel worksheets. The fourth and final phase consisted of
final interpretations discussed by all the authors. All authors
participated in all the phases of analysis, except the second phase
which was conducted by the first author.
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FIGURE 1 | Flow diagram of selection process.

TABLE 1 | Phases of analysis.

Phase of

analysis

Familiarizing

oneself with

the data

116 generic skills articles

First phase Set of generic skills articles

(n = 70)

Specific generic skills articles

(n = 46)

- Critical thinking skills

- Communication skills

- Collaboration skills

- Creativity and problem-

solving skills

- Self-regulation skills

- Ethical skills

Second phase Operationalization of

measured skills → 17

categories

Third phase Research methods, learning

of generic skills, enhancing

and impeding factors

Research methods, learning

of generic skills, enhancing

and impeding factors

RESULTS

Measured Skills and Methods in the
Reviewed Articles
Our first aim was to explore, from the perspective of student
learning in higher education, which generic skills are explored
in empirical research, and how they are explored. The final
sample included studies that had various objectives, and that were

conducted using a wide variety of research methods. There was
great variation in the number of the participants in the studies
reviewed, from six students to 74,687 students. As mentioned
above, there was remarkable variation in the generic skills
investigated in the articles (see Table 1). There were two types
of articles, namely, those focusing on a set of generic skills and
those focusing on a specific generic skill at a time. Most of the
articles (60%, n = 70) focused broadly on sets of generic skills.
These studies described their focus as generic skills, or a similar
concept, such as employability skills, transferable skills, soft skills,
graduate attributes, generic competencies, learning outcomes,
academic competencies, core competencies, and non-technical
skills. In addition, the rest of the studies framed their research
with generic skills but focused on more specific generic skills
(n = 46), namely critical thinking skills, communication skills,
collaboration skills, creativity and problem-solving skills, self-
regulation skills, or ethical skills. Due to the difference in the
approach the studies adopted, in the following section we report
separately the studies that focused on sets of skills and the studies
that focused on a specific generic skill. Hence, section Sets of
Generic Skills reveals the variation identified in studies focusing
on a set of generic skills and, respectively, section Specific Generic
Skills concentrates on articles that focus on specific generic
skills by describing the identified skills and the methods used to
investigate these skills.

Sets of Generic Skills

In the articles that focused broadly on sets of generic skills,
the definitions of generic skills and the methods that were used
to measure those skills were varied. Based on the information
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TABLE 2 | Sets of generic skills: the main categories and subcategories of

measured generic skills.

Main category of

generic skills (f)

Subcategories (f)

Professional skills (93) Professionalism (32), leadership (24), managerial (16),

entrepreneurial skills (11), information management (6),

project skills (4)

Analytical skills (66) Critical thinking (23), analytical thinking (20), creative

thinking/innovation (18), systems thinking (5)

Applying knowledge

(59)

Problem-solving (34), decision making (16), applying

theory to practice (9)

Communication skills

(59)

Communication (43), writing skills (16)

Collaboration skills (51) Collaboration skills, teamwork (51)

Time-management

skills (29)

Time-management, planning (29)

Study skills (29) Lifelong learning (10), information searching (8), study

skills (5), ability to understand theories (4), knowledge

building (2)

Self-knowledge (25) Self-knowledge including confidence, self-regulation

skills, ability to manage emotions and stress, reflection;

knowing what study methods are suitable for me; sense

of worth and world view; self-criticism (25)

Information technology

skills (23)

ICT, computer skills and social media skills (23)

Ethics and

responsibility (18)

Research ethics including work ethics, professional

moral quality, social responsibility, treat customers data

confidentially (18)

Globalization (17) Globalization, community and citizenship (13),

multidisciplinary (4)

Research skills (15) Research skills, analyze and use numbers and data

accurately (15)

Adaptability (10) Adaptability including adapting to new situations; ability

to understand and adapt environment, ability to make

changes, flexibility (10)

Personal attributes (10) Dedication, right personality, perseverance, frankness,

open-mindedness, curiosity, resilience, persistence (10)

Foreign language skills

(10)

Foreign language (10)

Career skills (5) Career skills including career planning CV; job

applications, interviews, grant applications (5)

Feedback (2) Utilizing and providing feedback (2)

available about the surveys used, we analyzed which skills were
measured as a part of the sets of generic skills (see Table 2).
The number of skills measured varied from three to 89. These
skills were categorized into 17 main categories. The skills most
often measured were professional skills (f = 93), including
professionalism, leadership, project skills, and entrepreneurial
skills. Next, analytical skills (f = 66), applying knowledge (f =
59), communication skills (f = 59), and collaboration skills (f
= 51). After these, time-management (f = 29), study skills (f
= 29), self-knowledge (f = 25), and ICT skills (f = 23) were
included in the instruments. Ethics (n = 18), globalization (f
= 17), research skills (f = 15), adaptability (f = 10), foreign
language skills (f = 10), and personal attributes (f = 10) were
also measured in numerous studies. Additionally, career skills (f

= 5) and giving and receiving feedback (f = 2) were measured
in a few studies. However, it is important to note that not
all articles reported the survey instrument used at all, or the
instrument was not reported accurately. In Table 2, categories
and subcategories of the measured generic skills are presented in
greater detail.

Most of the these studies that measured sets of generic
skills utilized surveys (e.g., Jackson, 2014a, 2015; Pita et al.,
2015; Prokofieva et al., 2015; Abayadeera and Watty, 2016;
Joseph et al., 2016; Monteiro et al., 2016; He et al., 2017;
Burch et al., 2018; Akhmetshin et al., 2019; López et al.,
2019). Control and experimental groups were also used in
study designs (Guo, 2019; Tomasson Goodwill et al., 2019). In
addition, five articles used qualitative methods (Viviers, 2016;
Kridiotis and Swart, 2017; Sonnenschein et al., 2017; Nastiti
et al., 2018; Lee et al., 2019), and mixed methods (Bellew and
Gabaudan, 2017; Dinning, 2017; Sarkar et al., 2017; Ssegawa
and Kasule, 2017; Tran, 2017; Tomasson Goodwill et al.,
2019), and one was a mixed-method study using performance-
based assessment and interviews (Feldon et al., 2016). In
these articles various generic skills were measured using scales
including several items or one-item measures (Yin et al.,
2014, 2016; Abayadeera and Watty, 2016; Jackson, 2016a; Liu
et al., 2017; Yin and Ke, 2017; Guo, 2018; Tuononen et al.,
2019).

Specific Generic Skills

The articles that focused on specific generic skills explored critical
thinking (10), communication skills (10), collaboration skills (9),
creativity and problem-solving skills (8), and self-regulation skills
(6). Furthermore, there were a few articles that studied ethical
skills (3). These studies utilized various research methods that are
presented in greater detail in the following.

Critical Thinking
Studies measuring critical thinking used a variety of methods. In
some studies, performance-based assessments were used. These
included multiple-choice tests and a few open-ended tasks. Some
of the performance assessments used standardized tests (Al-
Thani et al., 2016; Ding et al., 2016; Nedelova and Šukolova,
2017; Stone et al., 2017), and in some studies, researchers had
created their own performance tasks or used regular examination
tasks or course assignments (Sotiriadou and Hill, 2015; Calma,
2017; Utriainen et al., 2017; Lespiau and Tricot, 2018). Many
of the studies investigated used self-report surveys to investigate
experiences and opinions (Kim, 2015; Sotiriadou and Hill, 2015;
Danczak et al., 2017; Ibrahim and Jaaffar, 2017a). One study used
an interview as a method (Kim, 2015). In two studies, mixed
methods were used, combining two of the above-mentioned
methods (Kim, 2015; Sotiriadou and Hill, 2015). In investigating
the development of critical thinking, various designs were used.
A cross-sectional design was used to compare junior and senior
students (Al-Thani et al., 2016), and students in different groups
or study fields (Ding et al., 2016; Lespiau and Tricot, 2018). In
a few studies, a longitudinal design was used, comparing pre-
course and post-course measurements (Kim, 2015; Sotiriadou
and Hill, 2015; Stone et al., 2017).
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Communication Skills
Many of the studies that focused on students’ communication
skills also used self-report surveys (Jackson, 2014b, 2016b;
Tun Lee-Foo et al., 2015; Mercer-Mapstone and Matthews,
2017; Ibrahim and Jaaffar, 2017a). Typically the studies on
students’ communications skills utilized multi-method designs,
for example combining a survey with written reports (Drury and
Muirb, 2014), and writing assignments (Rayner et al., 2016), or
multiple-choice tests with long answer questions (Hryciw and
Dantas, 2016) and performance assessments (Van Ginkel et al.,
2015). In addition, some studies utilized even more complex
designs, for example, including dialogue circles, videoing, and
team performance measures (Pöysä-Tarhonen et al., 2016), or
student surveys, teacher interviews, and student performance in
communication tasks (Mercer-Mapstone and Kuchel, 2016).

Creativity and Problem-Solving
Most of the studies that explored creativity and problem-
solving used self-report surveys (Wood and Bilsborow, 2014;
Techanamurthy et al., 2018; Keinänen and Kairisto-Mertanen,
2019; Mareque et al., 2019). However, there were exceptions as
well, especially regarding problem-solving skills. For example,
an online game-based assessment tool (Seow et al., 2019),
problem-solving tests (Klegeris et al., 2017) and evaluation
rubrics were used. Furthermore, many studies explored the
influence of some specific factor on the development of the
skills, such as innovation pedagogy (Keinänen and Kairisto-
Mertanen, 2019), experiential learning pedagogy (Seow et al.,
2019), participating in leisure activities (Mareque et al., 2019),
or engaging students in complex learning activities (in this case,
design-based research) (Wood and Bilsborow, 2014). Mostly the
studies focused on exploring students’ own perceptions of the
level of their skills during studies or upon graduation (Tahir et al.,
2017; Techanamurthy et al., 2018) or after a specific pedagogical
intervention (Keinänen and Kairisto-Mertanen, 2019; Mareque
et al., 2019). Seow et al. (2019) used a quasi-experimental
design with a control-group and pre-post test design to explore
differences in performance after a specific intervention between
the groups. Klegeris et al. (2017) used a cross-sectional design
to compare the problem-solving abilities of first- and upper-
year students.

Collaboration Skills
Studies measuring collaboration skills utilized surveys (Bravo
et al., 2016; Ibrahim and Jaaffar, 2017b; Sridharan et al., 2018;
Christensen et al., 2019). Some studies used pre- and post-
design to explore students’ collaboration skills (Christensen
et al., 2019). In addition, evaluation rubrics were used to assess
teamwork competencies, including identity, communication,
implementation, and regulation (Cela-Ranilla et al., 2014b).
Collaboration skills were also explored qualitatively through
students’ reflection about teamwork.

Self-Regulation Skills
Self-regulation skills were often explored using self-assessments,
such as surveys and learning diaries (Ibrahim and Jaaffar,
2017b; Tseng et al., 2019). In addition, evaluation rubrics were

used to evaluate self-management skills including planning,
organization, development, and assessment (Cela-Ranilla et al.,
2014b).

Ethical Skills
Studies investigating ethical skills utilized surveys and students’
written reflections as research methods (Howells et al., 2016;
Steur et al., 2016; Taplin et al., 2018).

Higher Education Students’ Learning of
Generic Skills During Their Studies
Our second aim was to explore whether students learn generic
skills in higher education. First, we present the results of the
studies that focused on sets of generic skills and then the studies
that focused on specific generic skills.

Sets of Generic Skills

Most of the articles that investigated sets of generic skills explored
students’ perceptions of learning of generic skills. The results
showed that the students had learnt the generic skills under
investigation well (Bonesso et al., 2015; Joseph et al., 2016;
Pirog, 2016; Yin et al., 2016; Guo et al., 2017; Larraz et al.,
2017; Sarkar et al., 2017; Tahir et al., 2017; Rozlin et al., 2018;
López et al., 2019; Skaniakos et al., 2019). A study of Spanish
university students showed that students reported to have learnt
best the basic general knowledge in the field of study, learning,
information management, problem solving, teamwork, concern
for quality and motivation to achieve objectives (López et al.,
2019). Martínez-Clares and González-Morga (2018) found that
students evaluated that they had developed themost in teamwork
as well as in ethical and social commitment. Dinning (2017)
showed that 60% or more of the students reported improvements
in creativity, problem-solving, persuading and influencing, team
work, project management, verbal communication, developing
new ideas and making things happen, time management, and
flexibility. Similarly, Ssegawa and Kasule (2017) found that
students reported having learnt skills well, especially adapting to
new environments and willingness to learn new ideas. Another
study found that students had learned the ability to articulate
employability skills (Tomasson Goodwill et al., 2019). Sarkar
et al. (2017) found that students’ awareness of employability and
underpinning skills increased. Students perceived themselves as
capable of working independently (Pop and Khampirat, 2019).

Some of the studies that focused broadly on sets of generic
skills found that students had not learned generic skills very
well (e.g., Perdigones et al., 2014; Monteiro et al., 2016) or
learned only a few of them (Abayadeera and Watty, 2016). Some
articles listed generic skills which students experienced that they
had learnt the least. These skills included time management,
oral communication, negotiation, coping with stress, creating
viable solutions, and meeting deadlines, ability to use computers,
and teamwork (Perdigones et al., 2014; Jackson, 2016a; Ssegawa
and Kasule, 2017). In addition, the generic skills that students
perceived having had least learning in included entrepreneurial
cooperation, leadership skills, IT skills, and cooperation with
people from different cultures (Pirog, 2016), speaking andwriting
in a foreign language (Conchado et al., 2015; Pirog, 2016;
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Martínez-Clares and González-Morga, 2018), as well as conflict
management (Bonesso et al., 2015). Chan and Fong (2018) found
that students generally rated their current competency level lower
than the perceived importance of the generic skills to their
future career.

Some articles also found differences in generic skills between
the students. For example, students’ perceptions of generic
skills were the highest for students who were satisfied with
the guidance and who had progressed well in their studies
(Skaniakos et al., 2019). Disciplinary differences were also found,
showing that students from the Faculty of Education had the
highest scores, while the lowest means were from students in the
Faculty of Mathematics and Science and in the Faculty of Social
Sciences (Skaniakos et al., 2019). In addition, it was revealed
that students with different motivations as well as students
from different university types, disciplines, and university years
engaged differently with developing generic skills (Tran, 2017).
Students in the flipped group reported higher scores for generic
skills than students in traditional lecture courses (Guo, 2019).
Kirstein et al. (2019) found that students from poorer quality
schools perceived that the education program developed their
generic skills more than students from better quality schools.
Furthermore, they found that male and African students had
lower perceptions of the development of generic skills than
female and white students. However, no statistically significant
differences were found between students with different home
languages (Kirstein et al., 2019).

Specific Generic Skills

Critical Thinking
The findings relating to learning and development of critical
thinking skills were contradictory, depending on the study
design, methods and sample size. For example, Al-Thani et al.
(2016) found that senior students performed better in a thinking
test than junior students. However, Ding et al. (2016) did not
find differences across different study years, across fields, or
across university tiers. Kim (2015) reported in her case study that
both graduate and doctoral students tended to show low critical
thinking under minimal and enhanced scaffolds. Sotiriadou and
Hill (2015) found that students reported some improvement
in their critical thinking. However, at the same time, the most
versatile levels of critical thinking were challenging to develop
(Sotiriadou and Hill, 2015). Danczak et al. (2017) found some
development of critical thinking during a course, but it seems that
their findings could be explained by the time that the students
used in completing their test. In sum, based on the studies
covered here, it seems that the development of critical thinking is
uncertain or limited (Kim, 2015; Ding et al., 2016; Danczak et al.,
2017).

Communication Skills
Studies on communication skills focused on both oral and
written communication. Students were found to manage oral
communication skills better than their counterparts in working
life (Tun Lee-Foo et al., 2015). It was also found that third-year
students perceived significantly higher levels of improvement of

oral communication skills than students in the first or second
year of studies (Mercer-Mapstone and Matthews, 2017).

Several articles reported improvement in students’ scientific
writing skills during their studies (Drury and Muirb, 2014;
Hryciw and Dantas, 2016; Pöysä-Tarhonen et al., 2016; Rayner
et al., 2016). Physiology students were found to improve
their performance especially in writing laboratory reports,
comparing information from different sources, proposing further
experiments, constructing logical arguments, interpreting results,
as well as writing hypotheses, introductions, discussions, and
conclusions (Drury and Muirb, 2014).

Collaboration Skills
The studies that focused on collaboration skills emphasized the
importance of collaboration (Chydenius and Gaisch, 2016; Salleh
et al., 2016, 2017) and teamwork skills (García et al., 2016). Many
studies found that the students in higher education developed
a good level of performance with regard to teamwork skills
(Cela-Ranilla et al., 2014b; Tynjälä et al., 2016; Sridharan et al.,
2018; Christensen et al., 2019). Bravo et al. (2016) found that
students perceived improvement in their understanding of how
teams work.

Creativity and Problem-Solving Skills
The studies that focused on exploring students’ learning and level
of the skills showed contradictory results. Some studies showed
that the students had learnt problem-solving and creativity skills
well during their degrees (Klegeris et al., 2017; Tahir et al.,
2017; López et al., 2019), whereas in some studies this was true
only to a certain extent (Calma, 2017; Techanamurthy et al.,
2018). Some studies explored whether the learning of these skills
could be enhanced with various pedagogical approaches. Most
of the studies indicated that the learning of problem-solving and
creativity skills can be positively enhanced (Wood and Bilsborow,
2014; Mareque et al., 2019; Seow et al., 2019). An exception
to this was a study where only some of the students felt that
their skills had improved, whereas others did not (Keinänen and
Kairisto-Mertanen, 2019).

Self-Regulation Skills
Studies focusing on self-regulation, self-management, and self-
monitoring showed that students were learning these skills. First-
year students reported learning timemanagement, learning skills,
and self-monitoring skills (Mah and Ifenthaler, 2018). It was also
found that senior students report higher performance in self-
management skills compared to freshmen (Cela-Ranilla et al.,
2014a; Tseng et al., 2019). The students developed a good level of
performance with regard to self-management (Cela-Ranilla et al.,
2014a).

Ethical Skills
There were some studies that investigated student learning of
ethical skills during higher education, and a variety of concepts
were utilized. Students in teacher education studies were found
to develop in terms of their social responsibility skills (Howells
et al., 2016) as well as scholarship and moral citizenship (Steur et
al., 2016).
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Factors Enhancing or Impeding Student
Learning of Generic Skills
The third aim of this review study was to identify factors that
enhance or impede student learning of generic skills. First, the
enhancing and impeding factors of the studies focusing on sets of
generic skills are presented, followed by the results of the studies
focusing on specific generic skills.

Sets of Generic Skills

Both enhancing and impeding factors were identified in the
studies that focused broadly on sets of generic skills. Most of
the studies highlighted that good and well-organized teaching
(Boahin and Hofman, 2014; Guo et al., 2017) and various active
learning methods, such as project-based learning (Dinning,
2017; Lee et al., 2019), problem-based learning (Bautista, 2016;
Joseph et al., 2016; Martínez-Clares and González-Morga, 2018;
Adriaensen et al., 2019; Deep et al., 2019), cooperative learning
(El Tantawi et al., 2014; Canelas et al., 2017; Kridiotis and Swart,
2017; Larraz et al., 2017; Martínez-Clares and González-Morga,
2018), flipped classroom (Ng, 2016; Canelas et al., 2017; Guo,
2019), and workshops (Krassadaki et al., 2014; Sarkar et al.,
2017) enhanced the learning of generic skills. It was found that
students’ generic skills developed in disciplinary courses that
intentionally integrated the learning of generic skills (Windsor
et al., 2014; Rocha, 2015). Additionally, satisfaction with the
guidance (Skaniakos et al., 2019), group work (Prokofieva
et al., 2015), peer interaction (Guo, 2018), interaction with
tutor, and defining the teamwork rules (Carvalho, 2016) were
positively related to generic skills learning. Positive course
experiences, including appropriate workload, good teaching,
clear goals and standards, and emphasis on independence were
related to positive evaluations of generic skills development
(Liu et al., 2017). In addition, constructively aligned and
continuous assessment was found to be positively related to
the learning of generic skills (Murdoch-Eaton et al., 2016;
Ruge and McCormack, 2017). Peer assessment, feedback, general
study guidance, and portfolio (Adriaensen et al., 2019) or other
reflection tasks (Tomasson Goodwill et al., 2019) also enhanced
the learning of generic skills.

Some studies found that games (Fitó-Bertran et al., 2015;
Hermnandez-Lara et al., 2018), role playing (El Tantawi et al.,
2014), business simulations (Kelton and Kingsmill, 2016; Levant
et al., 2016; Buil et al., 2018), and online tools or competitions
(Viviers, 2016; Abdulwahed and Hasna, 2017) enhanced the
learning of generic skills. Some studies showed that different
kinds of work-integrated learning environments enhanced the
learning of generic skills (e.g., Jackson, 2015). For example,
work-integrated learning curricula (Jackson, 2015; Smith and
Worsfold, 2015; Rambe, 2018), work experience and internships
(Levant et al., 2016; Bellew and Gabaudan, 2017; Sonnenschein
et al., 2017), service learning (Kao et al., 2014), and workplace
simulations (Bautista-Mesa et al., 2018) were perceived to
enhance student learning of generic skills. The importance of
a mentor during work-integrated learning was highlighted in
a few studies (Jackson, 2015; Bellew and Gabaudan, 2017).
Furthermore, social media use for employment purposes was
positively related to generic skills and internship served as a

mediating mechanism through which social media use affects
generic skills (He et al., 2017).

Students’ own personal activities also contributed to the
learning of generic skills (Ssegawa and Kasule, 2017). Student
engagement (Guo, 2018), deep approach to learning, interest, and
flow experiences (Buil et al., 2018) were mentioned as promoting
factors. A few studies also found that higher initial skills levels
was a promoting factor for learning more new skills during
the academic year compared to those whose initial skills levels
were lower (Feldon et al., 2016) and for students’ entrepreneurial
intentions (Bonesso et al., 2018).

Some of the studies that we reviewed identified factors
that impede or challenge student learning of generic skills.
Most of the impeding factors were associated with the learning
environment. More precisely, teacher-focused instruction (Guo,
2018), students’ passive role in teaching (Guo, 2018), lack
of teacher-student interaction (Guo et al., 2017), and overly
rapid pace of teaching impeded the learning of generic skills
(Viviers, 2016). Poor working life and practice experiences as well
as mismatches between employers’ and students’ expectations
were also found to be challenging factors for generic skills
development. Tran (2017) found five inhibiting factors: students’
working part-time, a lack of information about extra-curricular
activities, students’ beliefs about participating bringing no
benefits, competition with curriculum-based activities, and
unprofessional organization of these activities. Additionally, it
was shown that students’ surface approach to learning (Guo et al.,
2017), surface motives and poor study strategies (Yin et al., 2016)
were related to their poor learning of generic skills.

Specific Generic Skills

Critical Thinking
Asking students about their experiences on factors that enhance
their learning of critical thinking, one study found that inquiry-
based learning methods were helpful (Danczak et al., 2017).
It has also been suggested that instruction that takes critical
thinking into account could be a powerful tool for enhancing
students’ level of critical thinking (Al-Thani et al., 2016). For
example, scaffolding and sequential assignments have been found
to improve students’ critical thinking skills in some studies
(Sotiriadou and Hill, 2015) but not always (Kim, 2015). Research
on performance-based assessment has shown that students’
primary knowledge enhances performance and motivation in
reasoning (Lespiau and Tricot, 2018).

Communication Skills
In several studies, various e-learning resources were found
to enhance students’ written communication skills. A specific
e-learning environment that provides resources for learning
discipline-specific content and writing was found to improve
both students’ written communication skills and content
understanding (Drury and Muirb, 2014). A scaffolded learning
approach including both online writing tasks and active-learning
lectures, small-group discussions, and collaborative workshops
improved students’ scientific literacy skills (Hryciw and Dantas,
2016). Additionally, role models in terms of communication
skills, feedback on performance (Van Ginkel et al., 2015),
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mentoring, and peer collaboration were found to be influential
factors for student learning (Jackson, 2014b, 2016b). Also, explicit
teaching of science communication skills embedded in courses
was found to be influential (Mercer-Mapstone and Kuchel, 2016).

Collaboration Skills
Studies focusing on collaboration skills indicated that factors
related to teaching and learning environments were found to
enhance the learning of generic skills. Team-based learning in
accounting courses enhanced student perceptions of their ability
to work effectively in diverse teams, as well as other teamwork
abilities such as cultural diversity, leadership and planning, and
implementation (Christensen et al., 2019). Students were found
to learn collaboratively when working on their study task in a
culturally mixed small group (Daly et al., 2015). Bravo et al.
(2016) showed that teamwork processes have significant effects
on improvements in teamwork skills, and thus teachers should
use assignments that require managing these teamwork processes
rather than focusing solely on the success of the assignment.
Students perceived six factors that contribute to positive student
teamwork experiences: shared team goals; cultural diversity;
adaptable work skills; challenging task context; collaborative
research; cross-functional teams (Volkov and Volkov, 2015).
Sridharan et al. (2018) found that peer assessment improved
collaboration skills. Digital games provide an excellent online
learning environment for students to work in and improve their
teamwork skills (Cela-Ranilla et al., 2014b). Online learning
environments utilizing problem-based learning, and providing
versatile support and encouragement for continuous assessment,
were reported to enhance students’ teamwork skills (García
et al., 2016). Work-integrated learning helped undergraduates to
develop their interpersonal skills (Ibrahim and Jaaffar, 2017a).

Creativity and Problem-Solving Skills
Most of the studies explored the effect of implementing
different pedagogical approaches or interventions to enhance
students’ learning of problem-solving, innovation, and creativity
skills. For example, a design-based research approach was
found to improve students’ creativity skills (Wood and
Bilsborow, 2014). Innovation pedagogy enhanced students’
learning of different innovation competences, and introducing an
experiential learning pedagogy was found to improve students’
problem-solving skills (Seow et al., 2019). Various arts-related
leisure activities were found to be positively related to creativity
(Mareque et al., 2019). Incorporating generic skills (including
creativity and problem-solving) within curricula and academic
courses was found to be correlated with students’ satisfaction in
learning those skills (Tahir et al., 2017). Some studies also indicate
that students’ problem-solving skills evolve along with university
experience, further suggesting that some instructional methods
might be especially beneficial in enhancing the learning of those
skills (such as problem-based learning, case studies, team-based
learning) as opposed to traditional lecture-style courses (Klegeris
et al., 2017).

Self-Regulation Skills
Several enhancing factors of self-regulation skills were indicated
by the studies. The use of teaching and learning materials

improved the attitude of learners to the development of self-
and social competencies (Edeling and Pilz, 2016). In addition,
work-related factors such as work-integrated programs (Ibrahim
and Jaaffar, 2017b) and the training company enhance students’
learning of self-management skills (Edeling and Pilz, 2016).
Furthermore, it was also found that a 3D simulation learning
environment and digital games (Cela-Ranilla et al., 2014a,b)
enhanced student learning of self-management skills.

Ethical Skills
It was found that reflective writing tasks as well as other learning
and assessment experiences provided during the course enhanced
student teachers’ learning of social responsibility skills (Howells
et al., 2016). Taplin et al. (2018) found that use of role-play
enhanced student learning of ethical skills.

DISCUSSION

Our systematic review study contributes to the research on
generic skills by structuring the current research in the field,
elaborating the concepts and theories related to learning generic
skills, and clarifying the methods utilized in the empirical studies.
The study revealed the remarkable variation in concepts and
their definitions, research methods, and the way generic skills
were measured. The conceptual variation manifested itself in
many different ways. Most of the reviewed studies investigated
sets of generic skills and used the term generic skills or other
similar concept, such as employability skills, transferable skills,
soft skills, graduate attributes, or generic competencies. These
results reflect those of Lizzio et al. (2002) and Barrie (2006),
who also found that generic skills are known by several other
terms. The number of generic skills explored ranged from one
or two skills to several dozen. The present study thus clearly
shows that “generic skills” is used as an umbrella term, which can
include various wide-ranging skills. Some of the articles framed
their research with generic skills but focused more specifically on
individual specific generic skills. The studies exploring specific
skills had their focus on one of six generic skills. These skills
were critical thinking, communication skills, collaboration skills,
creativity and problem-solving skills, self-regulation skills, and
ethical skills. Similar skills have been found in a previous review
study that explored generic competences and found that the
most frequently appearing generic competences were a set of
conceptual skills, people skills, and personal skills (Strijbos et al.,
2015).

It was somewhat surprising that the studies that focused on
sets of generic skills most often measured professional skills
such as professionalism and leadership skills. These skills are not
higher-order thinking skills, which are outlined as the key skills
and aims of higher education (Strijbos et al., 2015; OECD, 2019).
The high amount of professional skills in the articles studied may
be due to the emphasis on working life. Consequently, in many
studies the learning of generic skills was justified by the need for
these skills in working life. After the professional skills, analytical
skills, applying knowledge, communication, and collaboration
were most often operationalized as generic skills in the surveys.
These skills can be considered higher-order thinking skills and
important for professionals in various fields. There is surprisingly
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little research on generic skills and their relation to learning
processes, although these skills are needed in quality learning and
studying (Badcock et al., 2010; Arum and Roksa, 2011; Tuononen
and Parpala, 2021). In addition, these skills are important for
lifelong learning.

A more accurate analysis of the articles focusing on sets of
generic skills showed inconsistency in the instruments used.
Almost every study introduced its own survey instrument to
measure generic skills. In these studies, the operationalization
of the measured skills was often incoherent, and they failed to
give an explicit definition of generic skills. The present review
study confirmed the previous findings, which have demonstrated
several problems in surveys in the research field of generic skills.
For example, abstract or vague expressions and double-barreled
items in the questionnaires have been found (Braun et al., 2012).

Most of the studies in this review used self-report methods
with a cross-sectional study design. The studies with a
longitudinal design focused mostly on a short period of
time, e.g., one course or one semester. While the methods
chosen may reflect a lack of long-term research resources,
more thought should be put into methods to capture actual
skills and their development. Self-report measures only capture
students’ perceptions and experiences, while performance-
based assessments would enable a deeper understanding of
students’ competency (Zlatkin-Troitschanskaia et al., 2015).
Furthermore, while cross-sectional studies do not inform us
about the development of generic skills, even longitudinal
designs that focus on short periods of time can provide
inaccurate information about actual development of skills. The
learning of generic skills takes time (Arum and Roksa, 2011;
Hyytinen et al., 2019; Muukkonen et al., 2019), and such
designs may not be able to capture the development, or the
development that they capture may not be lasting. Additionally,
only a few studies used performance-based assessments to
explore generic skills. This was somewhat surprising, since
investigating skills with performance-based assessment would
be ontologically and methodologically reasonable (McClelland,
1973; Ercikan and Oliveri, 2016; Hyytinen et al., 2021).
Additionally, more performance-based assessments of generic
skills with larger data sets are needed (Al-Thani et al., 2016).
One another methodological aspect relates to the level of
analysis. Most of the articles utilize group-level analysis, which
may not reveal individual variation in perceptions of learning
generic skills.

Conceptual and methodological shortcomings make
it difficult to compare studies, and build a cumulative
understanding about the status of generic skills in higher
education. Additionally, each of the studies focuses on different
sets of skills, which complicates the matter. The studies that focus
on specific individual skills such as critical thinking, problem-
solving or collaboration skills are often more advanced in their
theoretical and conceptual framework, as well as methods,
compared with studies that focus on a varied set of skills. This
is probably due to the conceptual clarity in the field of the
respective skill, e.g., critical thinking. In order to contribute to
higher education research, studies of generic skills need to strive
for increased clarity and coherence.

Our aim was also to explore how higher education students
have learned generic skills during their studies. A coherent
picture of the learned generic skills is relatively challenging to
capture because the articles have focused on different sets of
generic skills with various surveys. Although students in many
studies perceived that they had learned generic skills well, some
studies indicated that their learning of generic skills was limited.
Additionally, some studies indicated that there were differences
between the students in learning generic skills, for example,
regarding their discipline. Furthermore, it is also important to
remember that most of the studies reviewed mainly explored
students’ own experiences in learning generic skills, not their
actual level of generic skills (cf. Braun et al., 2012; Zlatkin-
Troitschanskaia et al., 2015). However, it is noteworthy that
there was also contradictory evidence about students’ generic
skills learning based on the studies that used performance-based
assessment and whether these skills develop during studies.

The present review study also identified enhancing and
impeding factors that were found to be associated with learning
generic skills in the studies. The results indicated that most
of these factors were contextual, relating to the teaching and
learning environment, rather than focusing on individual factors.
Active learning methods that emphasize students’ activity and
role in the learning process were most often found to be
enhancing factors. In addition, the role of different digital
learning environments such as games and online tools in the
learning of generic skills was investigated, and they were usually
perceived as useful. Work-based learning and work-related
projects were also perceived as useful. It was interesting that
previous knowledge and initial skill level were related to the
learning of new generic skills. This finding supports evidence
from previous studies (e.g., Richardson et al., 2012). In addition,
students’ own personal activities, such as student engagement,
deep approach to learning, and interest were individual factors
that were found to enhance the learning of generic skills (cf.
Arum and Roksa, 2011). The impeding factors were also mainly
associated with the learning environment. For example, teacher-
focused instruction, lack of interaction, and poor working life and
practice experiences were found to be negatively related to the
learning of generic skills.

LIMITATIONS

Some limitations of this review study have been identified. First,
these articles were searched for using the term generic skills, not
specific skills. Therefore, the sample of critical thinking studies,
and certain other skills, does not represent all research in the field.
Second, we only included articles for 5 years in the analysis, and
thus the sample does not comprehensively describe the research
of generic skills and how generic skills research has developed
during the 2010s. The number of studies published was so large
that we were not able to include more years in this review study.
Third, the enhancing and impeding factors found in the studies
were based mainly on self-reports. Thus, how much they actually
enhance or impede the learning of generic skills has not been
explored in these studies.
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CONCLUSIONS

The present study shows that there is a lot of research activity
in this area, indicating the importance and relevance of generic
skills research. To ensure the development of research on
generic skills, it is essential to enhance the dialogue between
theoretical, methodological, and empirical perspectives to extend
previous work in the field. The results of the present study
demonstrate that the challenges in exploring generic skills are
both methodological and theoretical in nature (cf. Barrie, 2006;
Braun et al., 2012; El Soufi and See, 2019). The problem is
that the results do not accumulate because so many different
theoretical frameworks, concepts, definitions, and instruments
are used. Therefore, we suggest that existing valid instruments
should be utilized when new studies are constructed. In this
way, the definition of concepts will become clearer and valid
instruments will evolve. Generic skills can be explored using
self-reports if valid instruments are used. In addition, self-
reports can be used to develop students’ reflection skills and help
students to recognize and evaluate their generic skills (Kyndt
et al., 2014). However, this review study showed that intervention
and longitudinal studies are needed but such study designs
are demanding and require greater resources. In the future, it
would be interesting to explore how the learning of generic
skills progresses during studies and how a high level of certain

skills can promote the learning of other skills. This review study
advances new research on higher education student learning of
generic skills and also contributes to the practical development
of teaching and learning in higher education by indicating the
enhancing and impeding factors.
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Future health professions need generic skills in their working lives, such as knowledge
analysis, collaboration, communication and problem-solving skills. The teaching and
learning environment is crucial in the development of generic skills when studying at
university. The aim of this research was to examine students’ perceptions of learning
generic skills during their first study year and how the teaching and learning environment
related to their learning perceptions. The data were collected from first-year students
(medicine n = 215, dentistry n = 70 and psychology n = 89) who completed a
questionnaire at the end of their first study year. Two cohorts of first-year students from
2020 and 2021 were combined. The teaching and learning environments in medicine,
dentistry and psychology differed from each other. The results showed that learning
of problem-solving, communication and collaboration skills were emphasized more
among medical and dental students, whereas analytical skills more among psychology
students. There were no statistically significant differences in perceptions of the teaching
and learning environment. Perceptions of generic skills and the teaching and learning
environment were positively related to each other. In medicine, the strongest predictors
of generic skills were peer support and feedback and in dentistry, peer support, interest
and relevance. In psychology, the strongest predictors were interest and relevance. The
results emphasize the relevance of the teaching and learning environment in learning
generic skills.

Keywords: generic skills, teaching and learning environment, university students, health professions education,
higher education, first-year experience

INTRODUCTION

Learning Generic Skills
Learning academic generic skills, such as analyzing skills, problem-solving, and collaboration
and communication skills, in addition to domain specific knowledge and skills, is a key goal of
higher education (Tuononen, 2019). Generic skills refer to skills that are general and important in
any discipline, although the skills that are required and emphasized in different disciplines vary
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(Barrie, 2006). These skills are crucial both for students and
their learning in higher education as well as their learning
and development throughout their careers. Generic skills are
referred to by using several terms, such as key skills, transferable
skills, working life skills, core skills, academic competencies,
meta-competencies and general characteristics (Barrie, 2006;
Tuononen, 2019; Girotto et al., 2021).

There is no coherent definition of generic skills (Barrie, 2006;
Chan et al., 2017). The present study focuses on most frequently
cited core generic skills: analytical skills, problem-solving skills,
collaboration skills, and communication skills (Piróg, 2016; Chan
et al., 2017; Liu et al., 2017) which all graduates should achieve
and that are important for healthcare professionals (Batalden
et al., 2002; Breen et al., 2003; Winston et al., 2012; Joseph et al.,
2016; Hamilton et al., 2018; Schot et al., 2020).

University students perceive that collaboration skills develop
the least during their studies, even though they are important
working life skills (García-Aracil and Van der Velden, 2008;
Tuononen et al., 2019a), whereas analyzing skills are well learned
at university (Murdoch-Eaton et al., 2016; Tuononen et al.,
2019a). Generic skills are also needed in learning, and medical
students need them for their academic success (Murdoch-Eaton
and Whittle, 2012; Winston et al., 2012; Burch et al., 2018).
Therefore, it is important to examine how students perceive the
learning of generic skills in health professions education.

Previous research has shown that students learn generic skills
better when intertwined with disciplinary content and contexts
rather than in separate courses (Bath et al., 2004; Star and
Hammer, 2008; Murdoch-Eaton and Whittle, 2012; Virtanen and
Tynjälä, 2018). Analytical skills refer to the ability to analyze and
critically appraise information, present arguments, and examine
things from different perspectives (Winston et al., 2012). In health
professions education, analytical and problem-solving skills are
needed in clinical reasoning and making decisions about patient
care (Monteiro and Norman, 2013; Young et al., 2019; Cooper
et al., 2021).

Collaboration and communication skills are crucial for all
students, but they are key competences for students graduating
from healthcare professions (Cuyvers et al., 2015; Reeves
et al., 2015, 2016). Collaboration skills, and in particular,
interprofessional collaboration skills are pivotal and should be
systematically enhanced during the study years (D’Amour et al.,
2005; Bridges et al., 2011; Haddara and Lingard, 2013; Reeves
et al., 2017). At the heart of the healthcare professionals’ work
is good communication with patients, their significant others
and the interprofessional team. Indeed, communication skills
studies have become an established part of medical education
worldwide (Berkhof et al., 2011; Deveugele, 2015; Moura et al.,
2021). Specific learning methods have been developed to improve
students’ communication skills, such as simulated patients
followed by reflective feedback discussions (Lane and Rollnick,
2007; Bokken et al., 2009; Cleland et al., 2009; Koponen et al.,
2012; El Tantawi et al., 2014; So et al., 2019).

Active and collaborative learning strategies such as problem-
based learning (Hmelo-Silver, 2004; Dolmans et al., 2005;
Dolmans and Schmidt, 2006; Trullàs et al., 2022), team-based
learning (Parmelee and Michaelsen, 2010; Parmelee et al., 2012),

case-based learning (Krupat et al., 2016; McLean, 2016) and the
flipped classroom (Prober and Khan, 2013; McLaughlin et al.,
2014; Hew and Lo, 2018) have been developed to involve students
in interactive learning processes in which they collaboratively
seek solutions to problems arising from the real-world. What
all these learning methods have in common is collaborative
learning in small groups, the activation of the learners’ existing
knowledge, and the application of newly acquired information
to the solution of relevant problems and cases. Studies show
that problem-based learning (PBL) contributes in many ways to
the development of generic skills (Joseph et al., 2016), improves
students’ communication and collaboration skills, problem-
solving skills and development into self-directed learners (Trullàs
et al., 2022). However, students need to practice collaboration and
teamwork skills to become an active participant in PBL tutorials
(Aarnio et al., 2010). One important way to motivate students
to learn collaboration skills is to show the connection between
collaboration skills and their future working life. Problem-solving
skills develop in case-based and problem-based learning (Razzaq
and Ahsin, 2011; Gade and Chari, 2012; Karantzas et al., 2013).
Critical thinking skills, knowledge acquisition skills (e.g., Joseph
et al., 2016; Knipprath, 2017) and the ability to relate knowledge
to a range of subjects (basic sciences with preclinical and clinical
subjects) improve in active teaching and learning environments
(Gade and Chari, 2012). In addition, students perceive that
they have learned collaboration and communication skills, the
ability to apply clinical reasoning skills, and presentation skills in
problem-based learning (Schwartz et al., 1997; Khan and Fareed,
2001). Research among psychology students have shown that
generic skills have been learned in working life (Golding et al.,
2019). However, generic skills have been examined less among
psychology students.

The Interaction Between the Teaching
and Learning Environment and Learning
Generic Skills
The concept of the teaching and learning environment is used
to describe the various elements of the academic environment
that support students’ quality learning (Entwistle et al., 2003).
The teaching and learning environment has been examined
through: (1) interest in and relevance of study programs, (2)
alignment in teaching, (3) support from other students, and (4)
feedback from teachers (Parpala et al., 2010). These elements are
related to generic skills and to facilitate students’ engagement
in deep learning (Entwistle et al., 2002; Parpala et al., 2010;
Karagiannopoulou and Milienos, 2018; Utriainen et al., 2018).

A range of elements of the teaching and learning environment
support generic skills learning (e.g., Tynjälä et al., 2016;
Virtanen and Tynjälä, 2018), such as the use of authentic
and complex tasks, combining theory and practice, teacher-
student and student-student interaction, peer collaboration,
and feedback (Kember and Leung, 2005; Murdoch-Eaton and
Whittle, 2012; Virtanen and Tynjälä, 2018). Studies of students’
experiences of the teaching and learning environment have
shown that peer support encourages their learning the most
and constructive feedback and alignment in teaching the least
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(Asikainen et al., 2014; Herrmann et al., 2017). The interest and
relevance of the subject matter affect students’ time and
effort management (Parpala et al., 2017). In addition, positive
experiences of feedback and support from teachers and other
students increase their interest (Hidi and Renninger, 2006) and
a stimulating teaching and learning environment leads to high
quality learning outcomes (Mikkonen et al., 2009).

The term constructive alignment in teaching and learning
refers to instruction in which teachers clearly articulate the
intended learning outcomes for students and design learning
activities and assessment in a way that directs students toward
the learning outcomes (Biggs, 2003). Clear goals and standards
(Hongbiao and Zheng, 2017; Liu et al., 2017; Ruge and
McCormack, 2017), peer support (El Tantawi et al., 2014;
Kridiotis and Swart, 2017), and systematic feedback all foster
the development of students’ generic skills and improve their
interprofessional collaboration skills (Chesluk et al., 2015;
McGinness et al., 2019). Unfortunately, medical students have
expressed that they get too little feedback about their generic skills
(Mubuuke et al., 2016).

Aims of the Study
Still today, little is known about the students’ perceptions of
the various elements of teaching and learning environment and
about the way in which they are related to their perceptions
of learning generic skills in health professions education. At
the university we are studying, our target groups are students
in medicine, dentistry and psychology who study on the same
campus. Our research provides keys to how these trainings
could be further developed in the health care teaching and
learning community.

The aim of this study is to explore how students in medicine,
dentistry, and psychology perceive generic skills learning during
their first year of study and what are the different dimensions of
the teaching and learning environment that are related to generic
skills learning. Our specific research questions are as follows:

1) What perceptions do students in medicine, dentistry and
psychology have about learning generic skills and their
teaching-learning environment at the end of their first study
year?

2) What are the differences in perceptions of learning generic
skills and teaching-learning environment among students
in medicine, dentistry and psychology?

3) What is the relationship between the perceptions of
the teaching-learning environment and the learning of
generic skills among students in medicine, dentistry and
psychology?

MATERIALS AND METHODS

Context
In the current research-intensive university, the Faculty of
Medicine educates healthcare professionals, such as physicians,
dentists, and psychologists. The degree programs prepare them to
become licensed health care professionals. Students in medicine

and dentistry pursue a licentiate degree of medicine and dentistry.
Studying medicine lasts for 6 years and five and a half years for
dentistry. The degrees consist of a biomedical preclinical phase
(1st and 2nd years of study) and a clinical phase (from 3rd to
6th years of study). Psychology students complete a bachelor’s
degree (3 years) and a master’s degree (2 years) in about 5 years.
Graduates of the Master of Psychology degree receive a license
to operate as a healthcare professional (psychologists). Students
of psychology also have an opportunity to complete a master’s
degree that does not lead to the profession of a psychologist.

The Faculty of Medicine implements student-centered,
mutually supportive learning methods, strives to reconcile theory
and practice, and uses practical professional situations as the basis
for teaching and learning. The preclinical phase is largely the
same for both medical and dental students, and teaching is largely
based on problem-based learning (Norman and Schmidt, 1992;
Dolmans et al., 2005; Dolmans and Schmidt, 2006). About 200
medical and dental students are divided into groups of ten, with
one or two dental students in each group. In addition to PBL
tutorials, students have complementary lectures, assignments and
laboratory work. When studying psychology, the first academic
year includes basic and intermediate level material as well
as material related to research methods in psychology. More
detailed descriptions of the used teaching and learning methods
are presented in Table 1. Because of the COVID-19 pandemic,
teaching and learning in medicine, dentistry and psychology was
to a great extent organized remotely in 2020 and 2021.

Participants
The study involved 374 first-year students of medicine, dentistry
and psychology. The students completed the HowULearn
questionnaire (Parpala and Lindblom-Ylänne, 2012) at the end
of their first year of study. The questionnaire was sent to the
students electronically using the Unihow system which is a
digital reflection tool and feedback system. Students fill in the
questionnaire as a part of their studying, and are provided
with individual feedback for their learning and studying. The
response rate was 91.4%. Students were asked for informed
consent to use their responses for research purposes. Overall,
76.8% of the students agreed, and only their responses were
used in this study. The study combined data from two academic
years and cohorts: medical students in 2020 (n = 108) and in
2021 (n = 107), dental students in 2020 (n = 35) and in 2021
(n = 35), and psychology students in 2020 (n = 41) and in 2021
(n = 48).

TABLE 1 | Disciplines and used teaching and learning methods.

Discipline Teaching and learning methods

Medicine Problem-based learning, lectures, laboratory work,
assignments

Dentistry Problem-based learning, lectures, laboratory work,
assignments

Psychology Activating lectures, small group teaching, group work, case
and observation tasks, experimental tasks and tasks which
require application of knowledge
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Materials
The HowULearn survey (Parpala and Lindblom-Ylänne, 2012)
is used by the university we undertook this study at to provide
feedback to students about their learning and to provide the
university with information on how to support student learning
(i.e., searching for evidence, relating ideas, understanding and
systematic learning, workload, and paid employment while
studying) throughout their studies until graduation. In this study,
the HowULearn questionnaire (Parpala and Lindblom-Ylänne,
2012) was used to measure students’ perceptions of generic skills
and teaching-learning environment. The measures are presented
in Table 2. The students were asked how they had developed
generic skills, such as analyzing skills, problem-solving skills
and collaboration and communication skills. The instrument
included eight items. The items originated partly from a review
of the literature and partly from the investigation of previous
inventories [Course Experiences Questionnaire (CEQ); Wilson
et al., 1997; Tuononen et al., 2019b]. The items used in the
present study have not been used, and thus detailed analysis was
conducted (see section “Analysis”).

Students’ perceptions of their teaching-learning environment
were examined using fourteen items. The scale of the teaching-
learning environment included four dimensions: perceived
interest and relevance, alignment in teaching, peer support and
constructive feedback. The scale originated from the Experiences
of Teaching and Learning Environment Questionnaire (ETLQ;
Entwistle et al., 2003). The instrument has been validated in other
research and found to be robust across contexts (Parpala and
Lindblom-Ylänne, 2012; Parpala et al., 2013; Karagiannopoulou
and Milienos, 2018; Parra-González et al., 2021). The students
responded to all items in this study on a 5-point Likert-type
scale ranging from 1 = totally disagree to 5 = totally agree. Items
and scales measuring generic skills and different elements of the
teaching and learning environment are presented in more detail
in Supplementary Appendix A.

Analysis
Firstly, Exploratory (EFA) and Confirmatory Factor Analysis
(CFA) were performed to investigate the factorial structure
of the measures of generic skills. EFA was conducted using
SPSS (version 28.0) and CFA was conducted using MPlus
(version 8.6; Muthén and Muthén, 1998–2012). EFA using

principal axis factoring and promax rotation was conducted
to explore the structure of the items measuring generic skills
because the instrument was new and it had not been tested
and validated in this context. Based on the factor analysis,
a three-factor solution was the clearest. All loadings were
above the desired 0.32 mark (Tabachnick and Fidell, 2014).
Communalities varied from moderate to low and one item
remained below the desired 0.40 (Costello and Osborne,
2005). This result was further supported by the results of
the testing of a three-factor CFA model (CFI = 0.951,
SRMR = 0.044, RMSEA = 0.070). The Comparative Fit
Index (CFI), the Standardized Root Mean Square Residual
(SRMR) and the Root Mean Square Error of Approximation
(RMSEA) were used to assess the overall quality of the model.
Cronbach’s alphas were 0.77 for knowledge analyzing skills,
0.61 for problem-solving skills and 0.81 for collaboration and
communication skills.

The four scales which measured perceptions of the teaching
and learning environment were examined with the CFA. The
Comparative Fit Index (CFI), the Standardized Root Mean
Square Residual (SRMR) and the Root Mean Square Error of
Approximation (RMSEA) were used to assess the overall quality
of the model. The fit model with the scales was good (CFI = 0.961,
SRMR = 0.055, RMSEA = 0.062). Cronbach’s alphas were 0.79 for
interest and relevance, 0.77 for alignment, 0.63 for peer support
and 0.70 for constructive feedback.

A one-way ANOVA was used to analyze differences in generic
skills and perceptions of the teaching and learning environment
among students in medicine, dentistry and psychology. All the
generic skills, except collaboration and communication skills
and problem-solving skills were normally distributed. In order
to ensure the reliability of the findings, we conducted both
parametric and non-parametric tests. These tests yielded similar
results. All dimensions of the teaching and learning environment
were normally distributed. The relationship between generic
skills and teaching and learning environment was explored
using Pearson’s correlations. A linear regression model (stepwise
method) was used to analyze which teaching and learning
environment factors had the strongest relationship to generic
skills. Separate analyses were conducted for each generic skill,
using generic skill as a dependent variable and factors of teaching
and learning environment as independent factors. SPSS version
28 was used to conduct the analyses.

TABLE 2 | The scales, factors, number of items and an example item for each factor.

Scale Factor Number of items Example item

Generic skills Knowledge analyzing skills 3 I have learnt to see things from different points of view.

Problem-solving skills 2 My studies have developed my problem-solving skills in
practical situations.

Collaboration and communication skills 3 My studies have developed my collaboration skills.

Teaching- learning environment Interest and relevance 3 I can see the relevance of what we are taught.

Alignment 4 It is clear to me what I am expected to learn in courses.

Peer support 3 Talking with other students helps me to develop my
understanding.

Feedback 4 The feedback given helps me to improve my ways of
learning and studying.
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RESULTS

Perceptions of Generic Skills and the
Teaching and Learning Environment
Among Students in Medicine, Dentistry
and Psychology at the End of the First
Study Year
Regarding generic skills, the results showed that all the students,
the students in medicine, dentistry and psychology, received the
highest scores for skills related to analyzing knowledge. Medical
and dental students also scored highly on collaboration and
communication and problem-solving skills.

In terms of perceptions of the teaching and learning
environment, the students in medicine, dentistry and psychology
received the highest scores on peer support. Interest and
relevance also received high scores, whereas alignment in
teaching and feedback were scored the lowest by the students.
Table 3 presents the means and standard deviations of students’
perceptions of learning generic skills and perceptions of the
teaching and learning environment among students in medicine,
dentistry and psychology.

Differences in Perceptions of Learning
Generic Skills and the Teaching-Learning
Environment Among Students in
Medicine, Dentistry and Psychology
The results of ANOVA showed statistically significant differences
in students’ perceptions of generic skills among students in
medicine, dentistry and psychology (Table 3). The results showed

statistically significant differences in knowledge analyzing skills
[F(2, 371) = 1.143, p = 0.030, η2 = 0.02], problem-solving skills
[F(2, 371) = 7.541, p = 0.000, η2 = 0.07] and collaboration
and communication skills [F(2, 371) = 8.697, p = 0.000,
η2 = 0.04]. The effect size in knowledge analyzing skills as well
as collaboration and communication skills can be considered
small and the effect size in problem-solving skills can be
considered medium (Cohen, 1988). The Bonferroni post hoc
test was used. The pairwise comparisons showed that students
in psychology scored higher than students in dentistry on
skills related to analyzing knowledge (p < 0.05). Both medical
and dental students scored higher than psychology students
on problem-solving skills (p < 0.001), and medical students
scored higher than psychology students on collaboration and
communication skills (p < 0.001). There were no statistically
significant differences in students’ perceptions of the teaching and
learning environment.

The Relationship Between Perceptions
of the Teaching and Learning
Environment and Learning Generic Skills
Among Students in Medicine, Dentistry
and Psychology
The analysis of the data showed that students’ perceptions of
the teaching and learning environment and learning generic
skills were mostly statistically significantly positively related
to each other (Table 4). The relationship between interest
and relevance and all generic skills as well as feedback
and all generic skills was statistically significantly positively
related among students in medicine, dentistry and psychology.

TABLE 3 | Means and standard deviations of generic skills and elements of the teaching and learning and differences among Finnish students in medicine,
dentistry and psychology.

1. Medicine (n = 215) M (SD) 2. Dentistry (n = 70) M (SD) 3. Psychology (n = 89) M (SD)

Perceptions of generic skills

Knowledge analyzing skills 3.78 (0.54) 3.71 (0.63) 3.94 (0.59)

Problem-solving skills 3.48 (0.67) 3.48 (0.63) 3.01 (0.89)

Collaboration and communication skills 3.76 (0.66) 3.64 (0.82) 3.38 (0.77)

Perceptions of teaching and learning environment

Interest and relevance 3.98 (0.64) 3.91 (0.66) 3.88 (0.77)

Alignment 3.63 (0.61) 3.62 (0.56) 3.59 (0.67)

Peer support 4.12 (0.64) 4.00 (0.78) 4.16 (0.67)

Feedback 3.27 (0.72) 3.23 (0.62) 3.12 (0.75)

Bonferroni’s test. Knowledge analyzing skills 3 > 2* Problem-solving skills 1 > 3**, 2 > 3**. Collaboration and communication skills 1 > 3**. *p < 0.05. **p < 0.001.

TABLE 4 | Correlations between perceived generic skills and perceptions of the teaching and learning environment among Finnish students in medicine (n = 215),
dentistry (n = 70) and psychology (n = 89).

Knowledge analyzing skills Problem-solving skills Collaboration and communication skills

Medicine Dentistry Psychology Medicine Dentistry Psychology Medicine Dentistry Psychology

Interest and relevance 0.30** 0.54** 0.54** 0.21** 0.52** 0.24* 0.27** 0.49** 0.30**

Alignment 0.29** 0.19 0.35** 0.22** 0.21 0.29** 0.11 0.30* 0.25*

Peer support 0.30** 0.50** 0.30** 0.21** 0.52** −0.01 0.43** 0.42** 0.24*

Feedback 0.32** 0.43** 0.34** 0.36** 0.36** 0.32** 0.14* 0.31* 0.32**

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).
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Peer support was significantly positively related to all generic
skills among students in medicine, dentistry and psychology
except to problem-solving skills among students in psychology.
Alignment was significantly positively related to all generic
skills among students in psychology but not among students in
medicine and dentistry.

The linear regression analysis showed that students’
perceptions of the teaching and learning environment were
differently related to perceptions of generic skills depending
on the skill among students in medicine, dentistry and
psychology. Knowledge analyzing skills were positively related
to alignment (p < 0.05), peer support (p < 0.001) and
feedback (p < 0.001) in medicine, interest and relevance
(p < 0.001), peer support (p < 0.05) and feedback (p < 0.05) in
dentistry, and interest and relevance (p < 0.001) in psychology.
Problem-solving skills were positively related to peer support
(p < 0.05) and feedback (p < 0.001) in medicine, interest
and relevance (p < 0.001) and peer support (p < 0.05) in
dentistry, and interest and relevance (p < 0.001) in psychology.
Collaboration and communication skills were positively
related to peer support (p < 0.001) and feedback (p < 0.05)
in medicine, interest and relevance (p < 0.001) and peer
support (p < 0.001) in dentistry and peer support (p < 0.05)
and feedback (p < 0.001) in psychology. In Table 5, the
relationships between generic skills and perceptions of the
various elements of the teaching and learning environments
among students in medicine, dentistry and psychology are
presented in more detail.

DISCUSSION

This study focused, firstly, on the perceptions that students in
medicine, dentistry and psychology had about learning generic
skills and their teaching-learning environment at the end of
their first study year, and secondly, how their perceptions about
generic skills and teaching and learning environment differed,
and thirdly, how the perceptions of the teaching and learning
environment were related to perceptions of learning generic
skills. Our results showed that the students in medicine, dentistry
and psychology scored the highest on knowledge analyzing skills,
although other skills were also relatively highly evaluated. The
results are in line with previous studies that have shown that
university students feel that analyzing skills are well learned at
the university (Murdoch-Eaton et al., 2016; Tuononen et al.,
2019a).

Our research showed that for students in medicine, dentistry
and psychology, the most important element perceived in the
teaching and learning environment was peer support. A similar
observation has been made in previous studies, which show that
peer support was reported the highest of the various elements
of the teaching and learning environment among university
students (Asikainen et al., 2014; Herrmann et al., 2017). Among
the respondents of this study, interest and relevance also received
high scores. However, students rated alignment in teaching and
feedback the least, meaning we obtained similar results as in
previous studies (Asikainen et al., 2014; Herrmann et al., 2017).
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There were differences in the perceptions of learning
generic skills between the students in medicine, dentistry
and psychology. Learning problem-solving, communication and
collaboration skills were more emphasized among medical
and dental students, while learning analyzing skills was more
pronounced among psychology students. One explanation for
the results may be that the teaching and learning environments
in medicine and dentistry differ from the learning environment
in psychology, and that different environments support the
development of different generic skills. Studies in psychology
include more lectures, i.e., traditional instruction during the
first study year, whereas studies in medicine and dentistry
include problem-based learning. It should be noted that the
differences among the students were rather small although they
were statistically significant.

There is evidence that problem-based learning promotes the
development of generic skills better than traditional teaching
among medical students (Joseph et al., 2016). More precisely,
research has shown that problem-based learning fostered the
learning of collaboration and problem-solving skills (Razzaq and
Ahsin, 2011; Karantzas et al., 2013). It seems that the active
learning methods, such as problem-based learning in health
professions education, enable students to learn generic skills
as they include a variety of active and collaborative learning
activities. Such integration of generic skills into disciplinary
courses has proven to be a better way to learn these skills than
separate courses (Bath et al., 2004; Star and Hammer, 2008;
Virtanen and Tynjälä, 2018).

In addition to problem-based learning (PBL), other active
learning methods, such as team-based learning (TBL), case-based
learning (CBL) and Flipped Classroom, have been developed
and implemented in education for health professionals in recent
decades (Parmelee et al., 2012; Prober and Khan, 2013; McLean,
2016). What all of these learning methods have in common is the
use of authentic problems as stimuli for learning, collaboration
and communication in small groups to solve the problems given.
They provide a well-designed and student-centered approach to
learning, take advantage of small-group work in large groups,
and thus provide resource efficiency for teaching (Burgess et al.,
2020). In addition to these learning methods, health professions
education involves communication skills studies to enhance the
future professionals’ communication with patients (Berkhof et al.,
2011). Surprisingly, there has been little research on the active
learning methods except for problem-based learning and generic
skills learning, so we cannot answer the question of whether
team-based learning, case-based learning, flipped classroom, and
communication skills studies promote students’ generic skills
learning, and if so, how. Therefore, we suggest further studies
be undertaken on how different active learning methods foster
generic skills learning.

A surprising finding in our study was that there were
no statistically significant differences in students’ perceptions
of the different dimensions of the teaching and learning
environment. In other words, despite the differences in their
learning environments, they perceived different elements in the
teaching and learning environment (interest and relevance of the
programs, alignment in teaching, support from other students

and feedback from teachers) in the same way. As in a previous
study (Tynjälä et al., 2016), students in different courses perceived
pedagogical elements similarly. In this study, this may be due to
the fact that these elements could also be included in traditional
lecture courses.

According to our study, the different dimensions of the
teaching and learning environment were positively related to
students’ perceptions of learning generic skills. In medicine,
the strongest predictors of generic skills were peer support and
feedback, whereas in dentistry, the strongest predictors were
peer support and interest and relevance, and in psychology,
interest and relevance. These results indicated that interest and
relevance, peer support, and feedback were related to perceptions
of learning all generic skills, whereas alignment was only related
to analyzing skills. Similarly in previous research, peer support
was found to be related to generic skills (Myllykoski-Laine et al,
2022).

Limitations
There are some methodological limitations that should be
considered when interpreting the results of the present
study. First, the results of this study are based entirely on
students’ self-reports regarding their perceptions of learning
generic skills and perceptions of their teaching and learning
environment. Although self-reports have been widely used
in assessing students’ generic skills, through self-reports it is
difficult to ascertain the students’ actual performance in real-
life environments (Braun and Mishra, 2016). The assessment of
students’ actual level of generic skills would require performance-
based assessment (Zlatkin-Troitschanskaia et al., 2015; Hyytinen
et al., 2021). However, self-reports enable students to recognize
and evaluate their generic skills and thus develop their reflection
skills (Kyndt et al., 2014). Second, it was not possible to draw
conclusions about the impact of the specific learning method,
i.e., problem-based learning or different elements of teaching
and learning environment, on the learning of generic skills.
This would require the use of different research design and
data, for example, observational data. Third, the factor analysis
showed acceptable fit for generic skills instruments, although
the Cronbach’s alpha for the problem-solving skills scale was
relatively low. This could be because the scale included only two
items. In addition, one factor measured both collaboration and
communication skills, which could be problematic if students
perceived learning these two skills differently (Tuononen, 2019).
Therefore, a coherent and valid instrument for measuring generic
skills should be developed. Fourth, the participants of this study
represented students in health care professions. Therefore, the
findings cannot be directly generalized to students’ perceptions
in other disciplines. Finally, the study was conducted at one
university in one country.

Conclusion
To conclude, this study contributes to the research into generic
skills as well as the interaction between the teaching and learning
environment and generic skills learning by highlighting the
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importance of different elements of the teaching and learning
environment in the learning of generic skills. Learning problem-
solving, as well as collaboration and communication skills were
more emphasized among medical and dental students, whereas
analyzing skills were more pronounced among psychology
students. Students’ perceptions of learning generic skills were
related to perceptions of teaching and learning environment.
These differences could be explained by the different teaching and
learning environments.

Practical Implications and Future
Research
It is important that students have an opportunity to study
in active and collaborative learning environments and practice
diverse skills and that they are provided with an opportunity
for peer support. The study showed that students’ perceptions
of different elements of the teaching and learning environment,
were related to perceptions of learning generic skills. Therefore,
they should be considered in teaching and developing curricula.
The teachers should pay greater attention to the relevance of
the subject matter, as it supports the development of generic
skills (Parpala et al., 2017). For example, highlighting the clinical
relevance of collaboration skills, motivates students to learn
these skills (Aarnio et al., 2010). For students, it is crucial to
understand the relevance of generic skills to their studying and
future working life so that they are motivated to learn them
(Chan and Fong, 2018; Tuononen et al., 2019b). It is also
essential that students are given feedback on their development
during the courses.

The students, who participated in the study, were first-
year students. It is important that students’ generic skills are
developed from the early phases of university studies. Therefore,
it is essential to examine students’ perceptions of their generic
skills and the relationship between students’ perceptions of the
teaching and learning environment and generic skills already
during the first study year. When interpreting the results it
is important to take into account that the results could be
different among higher grade students. In the future, it would
be important to examine students’ perceptions in different
phases of their studies and to conduct longitudinal studies on
how perceptions of learning generic skills change during the
study program. In addition, the actual level of generic skills
among students in medicine, dentistry and psychology could be
examined in more detail through performance-based assessment,
through simulations (Boursicot et al., 2021) and authentic patient

encounters (Norcini et al., 2003). Furthermore, it would be
intriguing to study the relationship among generic skills, teaching
and learning environment and academic achievement.

Finally, it is important to consider what different degree
programs could learn from each other about students’ generic
skills learning. In the design and implementation of curricula
it could be considered whether generic skills could be learned
through interdisciplinary courses that would enhance students’
interprofessional communication and collaboration, skills that
are essential to them in the working life (Reeves et al., 2015, 2016,
2017).
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Critical thinking is a common aim for higher education students, often described as
general competencies to be acquired through entire programs as well as domain-
specific skills to be acquired within subjects. The aim of the study was to investigate
whether statistics-specific critical thinking changed from the start of the first semester
to the start of the second semester of a two-semester statistics course, where
the curriculum contains learning objectives and assessment criteria related to critical
thinking. The brief version of the Critical Thinking scale (CTh) from the Motivated
Strategies of Learning Questionnaire addresses the core aspects of critical thinking
common to three different definitions of critical thinking. Students rate item statements
in relation to their statistics course using a frequency scale: 1 = never, 2 = rarely,
3 = sometimes, 4 = often, and 5 = always. Participants were two consecutive year-
cohorts of full-time Bachelor of Psychology students taking a two-semester long
statistics course placed in the first two semesters. Data were collected in class with a
paper-pencil survey 1 month into their first semester and again 1 month into the second.
The study sample consisted of 336 students (ncohort 1 = 166, ncohort 2 = 170) at baseline,
the follow-up was completed by 270 students with 165 students who could be matched
to their baseline response. To investigate the measurement properties of the CTh scale,
item analysis by the Rasch model was conducted on baseline data and subsequently on
follow-up data. Change scores at the group level were calculated as the standardized
effect size (ES) (i.e., the difference between baseline and follow-up scores relative to the
standard deviation of the baseline scores). Data fitted Rasch models at baseline and
follow-up. The targeting of the CTh scale to the student sample was excellent at both
timepoints. Absolute individual changes on the CTh ranged from −5.3 to 5.1 points,
thus showing large individual changes in critical thinking. The overall standardized effect
was small and negative (−0.12), with some variation in student strata defined by, gender,
age, perceived adequacy of math knowledge to learn statistics, and expectation to need
statistics in future employment.
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INTRODUCTION

Critical thinking is a central concept in higher education, and
as it has become relevant at both the individual and societal
level it will not only improve students’ academic success but
also the quality of education (Ren et al., 2020). The scientific
literature has investigated the responsibility of educational
institutions in training students in competencies that enables
them to be future citizens ready to be an acting part of the
society by making them critical thinkers (Kuhn, 1999; Paul and
Elder, 2005). Thus, there has been a growing interest in the
incorporation of critical thinking in the education curricula
making critical thinking one of the main aims (Lau, 2015;
McGuirk, 2021). With regard to the outcome of higher education,
critical thinking is predominantly construed as generic, as
it is described in terms of the competencies, students are
expected to possess at the completion of a degree program
(see Supplementary Appendix 2 for the competency description
for a degree program in this study). However, in terms of
incorporating critical thinking into higher education programs,
this appears rarely to be in the form of independent courses
teaching critical thinking. More often critical thinking seems
to be implemented through teaching methods and specifically
designed activities within subject courses thus construing critical
thinking as domain-specific, or simply by using the term critical
thinking in the curriculum description without clear definitions,
program- or course-determined approaches to teaching toward
critical thinking (c.f. Supplementary Appendix 2 for the current
study). These two levels of implementing critical thinking in
higher education tie to the discussion of critical thinking as
generic/general or domain- and subject-specific.

There are different ways of understanding critical thinking
that involve different implications for practice, so there is
no consensus on a single definition (Moseley et al., 2005).
Commonly in the literature, there is a distinction between
thinking or cognitive skills and dispositional aspects of critical
thinking, but as two sides of critical thinking and not
separate positions. Two prevalent authors in the field, whose
definitions or instruments many draw on in their research,
are Facione and Halpern. Facione (1990) conducted a large
Delphi study to narrow down the components of critical
thinking, and the panel reached a consensus conceptualization
of critical thinking as consisting of two dimensions: cognitive
skills and affective dispositions. He further defines critical
thinking as “the purposeful, self-regulatory judgment which results
in interpretation, analysis, evaluation, and inference, as well
as explanation of the evidential, conceptual, methodological,
criteriological, or contextual considerations upon which that
judgment is based” (Facione, 1990, p. 3). Halpern (2014)
understand critical thinking as “the deliberate use of skills and
strategies that increase the probability of a desirable outcome”
(p. 450) and that critical thinking is involved in “solving
problems, formulating inferences, calculating likelihoods, and
making decisions” (p. 8), and thus also refer to both skills and
dispositions. Facione and Halpern also make the distinction
of critical thinking skills being assessed as the abilities to
demonstrate critical skills in tasks or assignments, while critical

thinking dispositions are assessed by self-report instruments.
However, in the empirical studies in the field, there is no
consensus on this. Thus, studies using self-report instruments
have claimed to assess critical thinking skills (e.g., Ricketts and
Rudd, 2005), studies employing critical thinking dispositions self-
report instrument has claimed to assess critical thinking skills
with this (e.g., Kanbay et al., 2017), and lastly, studies claiming to
assess abilities are doing this through to some degree subjective
teacher evaluations using short rubrics1 (e.g., Ralston and Bays,
2015). See the following sections for more details on these studies.
At a general level, there appears to be a conceptual shift toward
using the term skills and then differentiating between assessed
and self-report. Thus, in the remainder of this article, we simply
use the term critical thinking skills, while recognizing that we
use a self-report instrument to assess this, thus assessing students’
perceptions of their critical thinking skills.

Critical Thinking as Generic/General
Skills or Domain-Specific Skills
One particularly pertinent discussion in the field is whether
critical thinking skills are generic/general skills or whether they
are domain-/subject-specific (Tiruneh et al., 2017).

The view of critical thinking as a generic set of skills
applicable across domains is based on the common features
of critical thinking tasks across a wide variety of domains
(e.g., Halpern, 1998; Kuhn, 1999). While Halpern (1998) is a
proponent of critical thinking as a set of generic skills, her
“Four-Part Model for Enhancing Critical Thinking” to teach
critical thinking acknowledges that critical thinking takes place
within a knowledge domain and should be taught within this
domain. However, this does not mean that Halpern considers
critical thinking as domain-specific, but rather that the domain
is the learning context for skills, which can be applied more
universally across domains after being mastered. The view of
critical thinking as domain-specific emphasizes that different
domains have different criteria relating to critical thinking and
thus the skills required inevitably vary across domains (e.g.,
McPeck, 1992; Moore, 2011). The issue is more likely not an
either/or issue, but an issue of both in combination, as content
and critical thinking tasks and skills might differ across domains
as they are invariably linked to the domain-knowledge, but there
are also commonalities across domains, due to the cognitive
processes involved in critical thinking (e.g., Bailin et al., 1999).
As such, critical thinking may be regarded as a set of domain-
specific skills of which some also belong to the set of generic or
general critical thinking skills. Whether there is in fact a transfer
effect from the domain-specific learning of critical thinking skills
to other domains or adding on to generic critical thinking skills,
as suggested in some of the literature, is another pertinent issue
in the critical thinking field. However, this is not a central topic
in the current study, as we are concerned with domain-specific

1Subjective in the sense that the rubrics have so few categories and the descriptions
of categories are so general that even an identical scorings can ensure that the
behavior or products rated by the teachers as indicating critical thinking is the
same (c.f. Ralston and Bays, 2015).
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critical thinking skills and their development in the first part of
university studies.

Critical Thinking Skills in First-Year
University Students and Their
Development
First-year university students are particularly interesting when
it comes to studying critical thinking skills and how they
develop, as many higher education teachers and researchers
concur that “first-year students often enter higher education
without the ability to use higher-order thinking skills to master
their studies” (De Jager, 2012, p. 1374). Much of the research
into critical thinking skills of first-year university students and
the development of critical thinking skills during university,
has been focused on the development of teaching models and
methods to enhance critical thinking, assessing their effects, and
comparing how different teaching methods affect the critical
thinking of the students. One example is Saenab et al. (2021)
who developed the ReCODE model (Reading, Connecting,
Observing, Discussing, and Evaluating) to improve first-year
Biology students’ acquisition of critical thinking. The outcome
was positive with regard to enhancing students’ critical thinking
over the course of 3 months, however, it was only used
on 38 students. Thomas (2011) developed the “Embedding
generic skills in a business curriculum”-program consisting of
activities and assessment resources for university teachers to
develop critical thinking skills with their first-year students,
and emphasize that these skills should be developed in the
first year. The suggestions were not tested. On a similar note,
Hammer and Green (2011) redesigned a written assessment
in the form of a case-based business report for first-year
management students in order to facilitate better development
of critical thinking as this was part of the requirements for
passing. The authors used the percentage of passing students
to evaluate the success of the redesign – this went from 78.8
to 84% – but details of the teachers’ assessments were not
provided, and thus how critical thinking was assessed was not
divulged beyond its being a teacher assessment. Ralston and
Bays (2015), on the other hand, found that Engineering students’
(n = 182) critical thinking increased during the course of their
undergraduate studies, which had purposely been designed to
incorporate assignments focused on critical thinking. A four-
point, holistic critical thinking rubric was designed for the
purpose of the study to evaluate domain-specific critical thinking.
As a final example, Tiruneh et al. (2017) compared both
domain-specific and general critical thinking skills for first-year
students in an introductory Physics course (n = 143), using the
Halpern Critical Thinking Assessment (HCTA; Halpern, 2015);
a standardized scenario-based instrument with 25 everyday
scenarios assessing general critical thinking skills by means
of computerized scoring in combination with trained grader
scoring. The study compared three different instructional designs
and found that students in what they termed immersion and
infusion designs (intervention) outperformed students in the
control design significantly with regard to domain-specific
critical thinking as well as course achievement. However, neither

of the intervention designs fostered the acquisition of general
critical thinking skills.

It is evident that there is an abundance of studies on various
methods to enhance students’ critical thinking skills in the
first year and over the course of university studies. However,
critical thinking in first-year students has also been investigated
with regard to its “natural” development over time (i.e., no
particular design implemented to enhance critical thinking)
and how critical thinking is related to other psychological and
educational constructs, e.g., emotional intelligence (Kaya et al.,
2017; Sahanowas and Halder, 2020) and perceived academic
control (Stupnisky et al., 2008). Sahanowas and Halder (2020)
used the University of Florida - Engagement, Cognitive Maturity
and Innovativeness assessment (UF-EMI, Ricketts and Rudd,
2005), which is a self-report instrument measuring generic
critical thinking, in a cross-sectional study with the first-year
students in various disciplines (n = 500) found that emotional
intelligence was positively related to critical thinking. Kaya
et al. (2017) in their study of Nursing students find that they
possess a low level of critical thinking at the start of the
first academic year, and while critical thinking was positively
associated with emotional intelligence at the start, neither
developed over the course of the year. Kaya et al. (2017)
made use of a Turkish translation of the California Critical
Thinking Disposition Scale (Facione et al., 1998), which is
a self-report measure of generic critical thinking. Stupnisky
et al. (2008) conducted a longitudinal study with Psychology
students (n = 1,196) with the Motivated Strategies for Learning
Questionnaire (MSLQ; Pintrich et al., 1991), which contains a
domain-specific self-report critical thinking scale, and found a
reciprocal relationship between critical thinking and perceived
academic control, so that students perceived academic control
1 month into the first year predicted critical thinking 6 months
later, while critical thinking 1 month into the first year also
predicted perceived academic control 6 months later. Another
example, of a study on the “natural” development of critical
thinking over time, is Kanbay et al. (2017) who assessed critical
thinking in Nursing students (n = 46), with the (California
Critical Thinking Disposition Scale, see above) at the start of
the first year and at the end of the second, third and fourth
years of study. Their results revealed a medium level of critical
thinking at the beginning and no improvement in critical
thinking across the four-year period of time, not statistically
and not at the absolute level. In a qualitative study, Özelçi and
Çalışkan, 2019, interviewed 11 teacher candidates two times
about their critical thinking. The results showed no change
in self-perception in critical thinking from the first to the
fourth year of study.

Development of Students’
Statistics-Related Critical Thinking
Turning to the domain-specific concept of statistics-related
critical thinking, several studies have been conducted. Bensley
et al. (2010) studied the acquisition of critical thinking skills in
instructional different groups of students enrolled in a research
methods course by the psychological Critical Thinking Test
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(Bensley and Baxter, 2006), which is a domain-specific multiple-
choice test. More specifically they compared the acquisition of
critical thinking skills for analyses of psychological arguments
students who had critical thinking skills infused directly into their
course with students where this was not the case. The infusing
of critical thinking skills consisted of using a methodologically
oriented textbook as well as a critical thinking textbook, as well
as examples and practice of critical thinking through exercises
and corrective feedback. The non-infusing courses used another
textbook that embedded statics instruction within a research
design and methodology discussion. The study found that the
group of students who had received instruction aimed explicitly
at critical thinking showed significantly greater gains in argument
analysis skills than the students who had received no explicit
critical thinking instruction. Contrary to this, Goode et al.
(2018) compared how critical thinking was expressed in early
and late writing assignments using specific critical thinking
learning objectives recommended by the American Psychological
Association (i.e., effective use of critical thinking, use of reasoning
in argument, and problem-solving effectiveness) for psychology
students assigned at random to a face-to-face and a blended
learning versions of a statistics and research design course. Goode
et al. (2018) developed a domain-specific scoring rubric with
three areas being scored from ‘does not meet expectations’ to
‘far exceeds expectations’ for the teachers’ assessment of critical
thinking. The difference between the two instructional designs
was simply that the blended learning version of the course was
taught as a 50/50 flipped hybrid of the face-to-face course. Thus,
in the blended learning hybrid, students attended face-to-face
classes once a week rather than two, and for the second weekly
class, they viewed online lectures and worked with other materials
outside of the class setting. There was no significant difference
in the development of critical thinking between students in
the face-to-face and students in the blended learning design.
However, an instructor effect was found, showing that student
assigned to classes by two instructors increased their critical
thinking significantly more than students assigned to two other
instructors, and for one instructor both randomly assigned
groups of students had a decline in critical thinking during the
course. Setambah et al. (2019) evaluated how the critical thinking
skills of teacher preparation students in their second semester
developed in a basic statistics course employing Adventure-
Based Learning (ABL) compared to a control group not receiving
ABL. They found that after 10 weeks there was no significant
difference, while there was weak evidence for a difference
favoring the experimental groups after a further 8 weeks.
Lastly, Cheng et al. (2018) showed how the critical thinking
of undergraduate students taking introductory statistics classes
within various degree programs increased across semester-
long courses incorporating assignments, in-class discussion, and
Socratic dialog. Cheng et al. (2018) designed a domain-specific
rubric with four dimensions related to critical thinking to be
scored by domain-specialists and as well as a student self-
report survey to assess students’ perceptions of improvement in
critical thinking.

With regard to the domain-specific statistics-related critical
thinking, there appears to be a lack of studies on the “natural”

development over time, i.e., without implementation of any
specific teaching methodology. As Tiruneh et al. (2017) suggest
that “meaningful instruction in every subject domain inherently
comprises the development of CT skills, and therefore, proficiency
in CT skills can be achieved as students construct knowledge
of a subject-matter domain without any explicit emphasis on
the teaching of general CT skills during instruction” (p. 1067),
such studies might contribute to the knowledge of the “natural”
development of statistics-related critical thinking.

The Current Study
Drawing on the previous research, the present study intends to
contribute to the field by studying specifically the development
of statistics-related critical thinking in first-year psychology
undergraduate students in a Danish university, where no
particular emphasis on teaching critical thinking skills is reflected
in the curriculum, but rather implicit references are given and
critical thinking is mentioned in the assessment criteria (c.f.
Moore, 2011). The primary aim of the study is to investigate
whether statistics-related critical thinking changes from the start
of the first semester to the start of the second semester of a two-
semester-long statistics course, where the curriculum contains
learning objectives implying critical thinking and assessment
criteria explicitly requiring critical thinking.

At the overall level, we expected all students to have an
increase in critical thinking, based on the general goal and
performance orientation of these students2 in combination with
the implicit mention in the learning objectives and particularly
the explicit mention of critical thinking in the assessment
criteria for the first semester of the course. However, such an
overall change might mask differentiated subgroup changes, and
subgroup changes in opposite directions might also result in no
change at the overall level. With regard to subgroups, we expected
that the overall change in critical thinking would differ for
subgroups of students dependent on their baseline perception of
the adequacy of their own mathematical knowledge for learning
statistics as well as their expectation to need statistics in their
future employment, as would the students’ baseline level of
critical thinking. Specifically, we expected:

Students who perceived their mathematical knowledge to
be inadequate for learning statistics were less inclined toward
critical thinking at baseline compared to students who perceived
they had an adequate level of mathematical knowledge, due to
their lack of insight into the field. We had no set expectation
with regard to the direction of difference in the change in
critical thinking dependent on the perception of the adequacy of
mathematical knowledge, as this could go both ways. For some
students, a perceived lack in the prerequisite knowledge required
would be a motivating factor making them engage more and thus
possibly increase more in critical thinking compared to the other
student group. But the opposite is also likely for some students,
i.e., perceiving a lack of prerequisite knowledge might be further
dis-engaging leading to a smaller increase in critical thinking

2In Denmark, psychology is one of the top-10 most difficult higher education
degree program to be admitted to, as there are a limited number of vacancies to
compete for, and thus it requires almost perfect grades to be admitted.
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or even a decrease for this subgroup. In addition, students
perceiving adequacy in prerequisite knowledge could be expected
to engage more due to their insight and thus increase more
in critical thinking than students perceiving their pre-requisite
knowledge as inadequate.

Students who did not believe they would need statistics in their
future employment were less inclined toward critical thinking
at baseline and compared to students believing they would be
needing statistics, as they would not be as likely to engage in the
cognitively demanding critical because it would be perceived as
unnecessary. We would not expect that students’ beliefs about
their future employment to change much over the cause of the
first semester of study, and thus we expected that the largest
increase in critical thinking would be seen for the students
believing to need statistics in the future, as they would engage
more in the subject.

The secondary aim is to investigate further the psychometric
properties of the brief version of the Motivated Strategies of
Learning Questionnaire critical thinking scale (MSLQ; Pintrich
et al., 1991) resulting from a recent validation study, which
critically considered the content and construct validity of
this scale as well as its cross-cultural validity (Nielsen et al.,
2021). As this brief critical thinking scale (CTh) was shown
to fit the Rasch model both with a Danish and a Spanish
sample of psychology students and have reliability for the
Danish sample at the level of those obtained with the original
scale, we found the CTh scale to be a good candidate for
the current study.

MATERIALS AND METHODS

Instrument
The Critical Thinking scale (CTh) employed in the present
study is a brief version of the critical thinking scale from the
Motivated Strategies of Learning Questionnaire (MSLQ; Pintrich
et al., 1991) resulting from a recent validation study, which
critically considered the content and construct validity of this
scale as well as its cross-cultural validity (Nielsen et al., 2021). The
MSLQ is a multi-scale questionnaire intended to measure aspects
of students’ motivational orientation and learning strategies in
high school and higher education (Pintrich et al., 1991). One
of the scales included in the MSLQ is a five-item course-
specific critical thinking scale with a seven-point response scale
anchored for meaning only at the extremes. Of all the short
scales in the MSLQ, the critical thinking scale was originally
reported as having one of the highest reliabilities (Cronbach’s
alpha 0.8) with the development sample of 380 Midwestern
college students (Pintrich et al., 1991). More recently, Holland
et al. (2018) in their meta-analysis found the reliability of
the critical thinking scale to be similar across 344 samples
(N = 27,619) stemming from 32 countries and 14 languages
(mean Cronbach’s alpha 0.78).

In their study of the cross-cultural validity of the critical
thinking scale from the MSLQ, Nielsen et al. (2021) analyzed
thoroughly the content validity of the scale and found
that only three items actually measured critical thinking.

Content validity was considered both with a theoretically
based approach, i.e., analysis of the item content in relation
to three different and prevalent definitions of critical
thinking (Facione, 1990; Pintrich et al., 1991; Halpern,
2003), and a statistical and psychometric approach, i.e.,
analysis of local independence and dimensionality (Kreiner
and Christensen, 2004). Both approaches reached the
conclusion that two items (the same) should be eliminated
in order to improve content validity by eliminating
construct contamination.

In addition to eliminating two items, Nielsen et al. (2021)
also employed an adapted five-point response scale with meaning
anchors for all categories with the brief CTh scale in order to
pre-assign the meaning that respondents should infer from the
categories and thus prevent a random assignment of meaning to a
row of numbers, which would affect the validity in interpretation
and reliability (Krosnick and Fabrigar, 1997; Maitland, 2009;
Menold et al., 2014). This approach was further supported
empirically in previous validity studies of other scales from
the MSLQ, e.g., Nielsen (2018) with the motivation scales;
Nielsen (2020), Nielsen et al. (2017, 2022) with the self-efficacy
scale, where a similar adaption of the response scale had no
noteworthy effect on the reliability of the scales compared to the
original version.

The three-item CTh scale with the adapted response scale
(see below) resulting from the study by Nielsen et al. (2021) had
reliability at the level of the original five-item scale with seven
response categories for a Danish sample of psychology students
(0.82), while slightly lower for a Spanish sample of psychology
students (0.73).

The items of the brief CTh scale employed in the present study
address the purposeful and inquiring aspect of CTh common
to three different definitions of critical thinking (Facione, 1990;
Pintrich et al., 1991; Halpern, 2003): how often the student
questions things and decide about them (item: I often find
myself questioning things I hear or read in this statistics course
to decide if I find them convincing); how the student decides
about a theory, interpretation or conclusion (item: when a
theory, interpretation or conclusion is presented in the statistics
course or in the readings, I try to decide if there is good
supporting evidence); how the student looks for alternatives
(item: whenever I read or hear an assertion or conclusion in
this statistics course, I think about possible alternatives) (see also
Supplementary Table A1 in Supplementary Appendix 1). Thus,
the CTh scale does not cover all aspects of critical thinking,
but it covers the core aspects, and more importantly, it is not
“contaminated” by items not measuring critical thinking (Nielsen
et al., 2021). As with the MSLQ, students rate how they feel
that the item statements in the brief CTh scale describe them
in relation to a specified course (in this case statistics) in terms
of frequency of the thinking described in the items: 1 = never,
2 = rarely, 3 = sometimes, 4 = often, and 5 = always. The
Danish item texts can be seen in Supplementary Appendix
1 with the English equivalents (Supplementary Table A1). In
this article, CTh items are referenced with their original order
from the MSLQ to facilitate comparison to other studies with
item-level data.
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At baseline, students also provided information on gender and
age, whether students perceived their mathematical knowledge to
be adequate for learning statistics, and whether they believed they
would need statistics in their future employment.

Participants and Data Collection
Participants were two consecutive year-cohorts of first-semester
students enrolled in a full-time Bachelor of Psychology program
in a major Danish university. The students were all taking a two-
semester-long statistics course placed in the first two semesters
of the bachelor’s program. The course consists of weekly lectures
and weakly exercise classes. The learning objectives for the first
semester of the course contain implicit references to critical
thinking (see Supplementary Appendix 2). The course has a
separate exam in each of the two semesters, and the first-
semester exam is an on-campus written exam assessed as pass/fail
using a set of specified criteria. As part of these criteria are
both implicit and explicit references to critical thinking (see
Supplementary Appendix 2).

The students completed the CTh scale as part of a larger survey
1 month into their first semester of the course and again 1 month
into their second semester of the statistics course. Data were
collected in class with a paper-pencil survey. The data collections
were arranged with the responsible lecturer before the start of the
course. Students were informed ahead of the lecture that the data
collection would take place and that it was voluntary to complete
the survey. At the point of the data collection, students were
informed of the purpose of the overall study, that participation
was voluntary, that their data would be treated according to the
prevailing data protection regulations, and that they could ask to
have their data deleted up to a specified point in time where they
would be anonymized. In addition, students were provided with a
written information sheet providing the same information as well
as contact information for the responsible researcher.

The study sample consisted of 336 students at baseline
(ncohort 1 = 166, ncohort 2 = 170), while the follow-up was
completed by 270 students with 165 students who could be
matched to their baseline response. The matching rate was
determined by circumstances related to student enrollment
(drop-out and new enrollment), the matching design (asking
students for their student ID in handwriting if they wanted to
participate again), and chance (students present in the lecture
where data were collected). Thus, as various factors contributed
to the missingness of data at follow-up, it could not with any
certainty be determined whether data were missing at random
or not, though the number of contributing factors makes it
more likely that they were missing at random. Likewise, the
missingness could not be considered in terms of selection bias,
due to the external contributing factors. The mean age of the
students at baseline was 22.7 years (SD 4.99) and 81% of
the 336 students in the baseline sample identified as female,
which is a close match to the official gender distribution of
the student admitted to the two particular year-cohorts was
81.3% female students (Ministry of Higher Education and
Science, 2021). The gender distribution did not change at follow-
up, i.e., 82% of the 165 students in the follow-up sample
identified as female.

Statistical Analyses
First, we conducted item analysis using the Rasch measurement
model (RM; Rasch, 1960) to establish the psychometric properties
of the CTh scale both at baseline and at follow-up. The Rasch
model was chosen, as Nielsen et al. (2021) have shown the CTh
scale to fit the Rasch model in both a Danish and a Spanish
sample. Second, we assessed the changes in CTh scores from
the start of the first to the start of the second semester as
standardized effect sizes.

Item Analyses by Rasch Models
To investigate the measurement properties of the CTh scale (the
secondary issue of the study), item analysis by the Rasch model
was conducted first on the baseline sample and subsequently in
the follow-up sample to confirm the results. The RM provides
optimal measurement properties of scales fitting it (Kreiner, 2007,
2013). These properties include:

1. Unidimensionality – the scale measures a single latent
construct (Critical Thinking).

2. Local independence of items (no LD) – responses to a CTh
item depends only on the level of Critical Thinking and not
on responses to any of the other items on the scale.

3. Optimal reliability, as items are locally independent.
4. Absence of differential item functioning (no DIF) – responses

to a CTh item depends only on the level of critical thinking
and not on persons’ membership of subgroups such as
gender, age, etc.

5. Homogeneity – the rank order of the item parameters/item
difficulty is the same for all persons.

6. Score sufficiency – the sum score is a sufficient statistic for the
person’s parameter estimates of Critical Thinking.

Homogeneity and sufficiency are properties only provided by
the Rasch model, not any other IRT model. The property of
sufficiency is particularly desirable when using the summed raw
score of a scale, as it is the usual case with the CTh scale. However,
fit to the Rasch model facilitates the use of the person parameter
estimates resulting from the measurement model (sometimes
termed Rasch-scores), and thus either these or the raw scores
can be used in subsequent analysis, as preferred by the individual
researcher for their specific purpose.

The overall tests of global homogeneity by comparison of
item parameters in low and high scoring groups and overall
tests of invariance were conducted as overall tests of fit using
Andersen (1973) conditional likelihood ratio test (CLR). The fit
of individual items to the Rasch model was tested by comparing
the observed item-rest-score correlations with the expected item-
rest-score correlations under the RM (Kreiner, 2011). Local
independence of items and the assumption of no DIF were tested
using Kelderman (1984) conditional likelihood ratio test. DIF was
tested in relation to five background variables year cohort (1, 2),
gender (female and male), median-split age groups (21 years and
younger, 22 years and older), as well as baseline perception of
the adequacy of mathematical knowledge to learn statistics (not
adequate, adequate), and baseline expectancy to need statistics in
future employment (yes, maybe, and no).
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Reliability was calculated as Cronbach’s alpha (Cronbach,
1951). Targeting (whether items provide information in the
area of the scale where the sample population is located) was
assessed graphically by item maps as well as numerically by
two target indices (Kreiner and Christensen, 2013): the test
information target index (the mean test information divided by
the maximum test information for theta, and the root mean
squared error (RMSE) target index (the minimum standard
error of measurement divided by the mean standard error of
measurement for theta). Both indices should preferably have a
value close to one, as this would indicate the degree to which
maximum information and minimum measurement error were
obtained, respectively. The target of the observed score and
the standard error of measurement (SEM) was also calculated.
Items maps are plots of the distribution of the item threshold
locations against weighted maximum likelihood estimations of
the person parameter locations as well as the person parameters
for the population (assuming a normal distribution) and the
information function.

Critical values were adjusted for false discovery rate (FDR)
arising from conducting multiple statistical tests (i.e., controlling
type I errors), whenever appropriate (Benjamini and Hochberg,
1995). As recommended by Cox et al. (1977), we distinguished
between weak (p < 0.05), moderate (p < 0.01), and strong
(p < 0.001) evidence against the model, rather than applying a
deterministic 5% critical limit for p-Values.

Analysis of Differences at Baseline and Analysis of
Change
To investigate the primary issue of the study, namely changes
in critical thinking, the person parameter estimates resulting
from the Rasch models, which have equal distance between any
two values, were rescaled to the score range of the instrument
and used for baseline differences and in the analysis of change.
Differences in mean scores for subgroups of students at baseline
were tested within the framework of multiple analyses of
variance framework to be able to include grouping variables
with more than two categories and test for interaction effects.
The change was tested using a paired samples t-test approach
and change scores at the group level were calculated as the
standardized effect size (ES) (i.e., the difference between baseline
and follow-up scores relative to the standard deviation of
the baseline scores) (Lakens, 2013; Beauchamp et al., 2015).
Subgroups of students were defined by our primary independent
variables of interest, i.e., perception of the adequacy of their
own mathematical knowledge for learning statistics as well
as the students’ expectations to need statistics in their future
employment. As secondary subgroupings, we included gender
and age groups, in order to show whether there were any effects
of these on baseline levels of critical thinking or on changes that
might be imposed on the primary issues.

Software
The item analyses by Rasch models were conducted using
DIGRAM (Kreiner, 2003; Kreiner and Nielsen, 2013), while R
was used to produce the item maps. Analyses of variance and

t-tests were conducted using SPSS. Effect sizes were calculated
using Excel.

RESULTS

Psychometric Properties at Baseline and
Follow-Up
Results of the item analyses (the secondary research issue)
showed that the baseline data fitted the Rasch model, and this
was also the case with the follow-up data. Thus, there was no
evidence against global homogeneity or invariance (Table 1),
nor was there any evidence against the fit of the individual
items to the Rasch model (Table 2). In addition, we found no
evidence against local independence of items (Supplementary
Table A2 in Supplementary Appendix 1) and no evidence of
differential item functioning relative to year cohort, students’
baseline perception of the adequacy of mathematical knowledge
to learn statistics, students’ baseline expectancy to need statistics
in future employment, gender, or age (Supplementary Table A3
in Supplementary Appendix 1). Information on Item thresholds,
locations, difficulties, targets, and information is also provided in
Supplementary Appendix 1 (Supplementary Table A4).

The targeting of the CTh scale to the student sample was
excellent at both baseline and follow-up; slightly better at follow-
up with a target information index of 86% at follow-up versus
83% at baseline (Supplementary Table A5 in Supplementary
Appendix 1). The level of information is highest where most
students are located on the CTh scale at both time points
(Supplementary Figure A1 in Supplementary Appendix 1).
The reliability of the CTh scale was satisfactory for the
purpose of statistical analyses at both baseline and follow-
up; 0.72 and 0.75 respectively (Supplementary Table A5 in
Supplementary Appendix 1).

The conversion from the summed raw scores of the CTh scale
to the estimated person parameters resulting from the Rasch
model, as well as these person parameters, estimate rescaled to the
original range of the CTh scale are provided in Supplementary
Appendix 1 (Supplementary Table A6). This allows users of
the scales to choose between using the sum scores, which uses
the unit of the scale, or to convert these to any of the person
parameters estimates, which are continuous and equidistant
scores, as preferred for whatever purpose of use.

Differences in Statistics-Related Critical
Thinking at Baseline and Changes in
Critical Thinking
The primary research question of the study concerned changes
in statistics-related critical thinking from the start of the first
semester (baseline) to the start of the second semester (follow-
up). As we expected the overall change in critical thinking to
differ for subgroups of students dependent on their baseline
perception of the adequacy of their own mathematical knowledge
for learning statistics as well as their expectation to need
statistics in their future employment, we first tested baseline
differences. To test whether the expected baseline subgroup
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difference in critical thinking could be confirmed, we conducted a
multivariate analysis of variance using a backward models search
strategy, which included the primary independent variables (i.e.,
perception of mathematical knowledge as adequate or not and
expectation to need statistics in future employment) as well as
gender and age and all possible two-way interactions between
the independent variables. The results showed that only the
two primary independent variables defined significant differences
for subgroups of students, and there was no interaction effect.
Thus, we present simple tests for differences in critical thinking
mean scores for subgroups defined by all four of the background
variables in Table 3. As expected, students who perceived their
mathematical knowledge to be inadequate for learning statistics
scored lower on statistics-related critical thinking scores at
baseline compared to the students who perceived they had an
adequate level of mathematical knowledge (p < 0.001). Also as
expected, students who did not believe they would need statistics
in their future employment scored the lowest on statistics-related
critical thinking compared to students who thought they might
need or would definitely need statistics in future employment
(p < 0.001).

We then proceeded to analyze the changes in critical thinking.
Absolute individual changes on the CTh scale ranged from
−5.3 to 5.1 points on the rescaled logit scale (Supplementary
Table A6 in Supplementary Appendix 1), thus showing large
individual changes in critical thinking from the first to the
second semester (Figure 1). The overall standardized effect
was small and negative (−0.12), and while there were some
variations for student strata defined gender, age, perceived

adequacy of math knowledge to learn statistics, and expectation
to need statistics in future employment, effect sizes remained
small for all subgroups (Table 4). Thus, while there were large
absolute changes in the equidistant scores resulting from the
Rasch models at the individual level, effect size estimates show
that there were only very small and predominantly negative
effects. Our expectation that students overall would increase in
critical thinking was rejected. The same was the case with our
expectation that students, who at baseline did not expect to
need statistics in their future employment would increase less in
critical thinking than students expecting to need statistics. Only
two subgroups of students showed an increase, though small, in
critical thinking. These were the male students and students who
at baseline perceived their mathematical knowledge as inadequate
for learning statistics.

DISCUSSION

The main aim of the study was to explore changes in statistics-
related critical thinking from the start of the first semester to
the start of the second semester of a two-semester-long statistics
course, where the curriculum contains learning objectives
implying critical thinking and assessment criteria explicitly
requiring critical thinking. The results showed that the student
group as a whole has a low mean score of statistics-related
critical thinking at baseline (i.e., a mean score of 8.05 within
the possible range of 3 to 15) and that there were no significant
differences related to gender or age at baseline. In a previous

TABLE 1 | Global tests of homogeneity and invariance for the Critical Thinking Scale at baseline and follow-up.

Tests of fit Baseline Follow-up

CLR df p CLR df p

Global homogeneitya 9.0 11 0.622 6.4 11 0.844

Invariance

Year cohort 16.4 11 0.128 9.8 11 0.553

Math adequacy 10.9 11 0.449 7.4 11 0.768

Stat in Future work 40.8 22 0.009+ 30.2 22 0.113

Gender 14.2 11 0.220 7.3 11 0.775

Age groups 17.4 11 0.097 6.7 11 0.824

CTh, Critical Thinking Scale; CLR, Conditional Likelihood Ratio test.
aThe test of homogeneity is a test of the hypothesis that item parameters are the same for persons with low or high scores.
+The Benjamini-Hochberg adjusted critical level for false discovery rate at the 5% level was p = 0.0083 and at the 1% level p = 0.0017.

TABLE 2 | Item fit statistics for the Critical Thinking Scale at baseline and follow-up.

Baseline Follow-up

Items Observed γ Expected γ P Observed γ Expected γ p

CTh1 0.47 0.51 0.438 0.61 0.58 0.665

CTh2 0.62 0.52 0.035+ 0.64 0.58 0.336

CTh5 0.47 0.52 0.389 0.51 0.58 0.246

γ = Item-rest score correlations in the form of Goodman and Kruskal’s rank correlation for ordinal items.
+The Benjamini-Hochberg adjusted critical level for false discovery rate at the 5% level was p = 0.0111 and at the 1% level p = 0.0011.
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TABLE 3 | Mean statistics-related critical thinking scores at baseline.

Group (n) Mean SD p

All students (336) 8.05 1.90

Gender

Male (51) 8.36 1.73

Female (272) 7.97 1.92 0.172

Age groups

21 years and younger (199) 8.13 1.82

22 years and older (131) 7.99 2.00 0.500

Math knowledge to learn statistics

Not adequate (53) 7.01 1.89

Adequate (281) 8.25 1.85 <0.001

Expect to need statistics in future work life

Yes (86) 8.49 1.69

Maybe (196) 8.07 1.81

No (52) 7.13 2.06 <0.001a

p-Values for “math knowledge to learn statistics” and “expect to need statistics in
future work life” are one-sided, due to expectations on the direction of differences.
aPost hoc pairwise tests showed that it was the group not expecting to
need statistics in their future employment that differed significantly from the
remaining two groups.

FIGURE 1 | Distribution of differences in Critical Thinking scores (rescaled
person parameter estimates) from baseline to follow-up. Differences are
shown as follow-up minus baseline so that positive values show an increase
and negative values show a decline in critical thinking over time. Distances
between any two scores are equal.

cross-cultural study employing the same instrument, statistics-
related critical thinking scores were reported at the same level
for both Danish and Spanish psychology students, while the
mean personality psychology-related critical thinking scores were
markedly higher for Danish psychology students, but not the
Spanish students (Nielsen et al., 2021). This might very tentatively
suggest that domain-specific critical thinking at the start of a
semester course varies not only with specific domains with the
same academic discipline but also with culture. Two other studies
report statistics-related critical thinking at higher levels at the
start of a semester course in statistics using different instruments.

Bensley et al. (2010) report medium-level scores on one of their
subscales for critical thinking, i.e., the argument analysis scale, at
the start of a semester prior to introducing different instructional
methods to enhance critical thinking in a research methods
course for psychology students. Cheng et al. (2018) report high
baseline scores on four single items tapping into four dimensions
of critical thinking at the start of introductory statistics classes for
students from various academic disciplines. The current results
open interesting new avenues of research into domain-specific
critical thinking in higher education and its development, both
within and between academic disciplines, and across cultures.

Furthermore, we found strong evidence that the baseline
statistics-related critical thinking scores differed dependent on
students’ perception of the adequacy of their mathematical
knowledge for learning statistics as well as whether they expected
to need statistics in their future work life. Thus, students who
perceived their mathematical knowledge to be inadequate for
learning statistics had a lower level of critical thinking than
students perceiving their mathematical knowledge as adequate.
The Danish psychology program requires level B mathematics3

for being admitted to the program but does not require a
particular grade for admittance, and thus students can enter
with a “just pass”-grade of 02 (see Supplementary Appendix
2 for the Danish grading scale). As the psychology program
is very hard to get into and there is a fixed number of places
available, however, only students with a very high-grade point
average get in. We assumed that the lack of insight into the
field of statistics presents just 1 month into the statistics course
and their first semester in the Bachelor of Psychology program
might be reflected in their perception of their mathematical basis
as adequate or inadequate for learning statistics, and thus also
for their inclination toward statistics-related critical thinking at
this early point. However, in hindsight, more information on
this issue should have been gathered. With regard to baseline
differences dependent on the students’ expectations to need
statistics in their future work life, results were also in line with
our assumption, i.e., that confidence in needing statistics in
the future would be associated with an enhanced inclination
toward statistics-related critical thinking compared to students
who were confident they would not need statistics in the future.
The results not only confirmed our assumptions but also showed
that it was the group of students that were certain to not
need statistics in their future work life, who had significantly
lowered inclination toward critical thinking compared to both
students thinking they might need statistics and students who
were sure they would need statistics in the future. The results
even showed that there was an ordered relationship in the mean
scores for the three groups so that students who expected to
need statistics in their future employment had the highest CTh
scores, and students who did not expect to need statistics in
their future employment had the lowest CTh scores and students
who thought they might need statistics scored in between. This
finding leads us to suggest that future research might explore
how the interaction between expectancy-to-need statistics and
initial inclination toward statistics-related critical thinking might

3Levels are A, B and C, with A being the highest.
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TABLE 4 | Overall and stratified mean differences in critical thinking and effect sizes over time.

Group (n) Mean difference (p) Effect size (95% CI)

All students (165) 0.23 (0.050) −0.12 (−0.33 to 0.10)

Gender

Male (25) 0.23 (0.313) 0.09 (−0.46 to 0.65)

Female (136) −0.29 (0.018) −0.16 (−0.40 to 0.07)

Age groups

21 years and younger (104) −0.26 (0.069) −0.14 (−0.41 to 0.14)

22 years and older (60) −0.16 (0.233) −0.08 (−0.44 to 0.27)

Math knowledge to learn statistics

Not adequate (29) 0.09 (0.405) 0.05 (−0.46 to 0.57)

Adequate (136) −0.29 (0.021) −0.15 (−0.39 to 0.09)

Expect to need statistics in future work life

Yes (45) −0.46 (0.089) −0.24 (−0.66 to 0.17)

Maybe (101) −0.09 (0.283) −0.05 (−0.32 to 0.23)

No (19) −0.40 (0.145) −0.22 (−0.85 to 0.42)

Mean differences are shown as follow-up minus baseline so that positive values show an increase and negative values show a decline in critical thinking over time. P-values
are one-sided). CI, Confidence Interval. Effect sizes are calculated using the rescaled person parameter estimates, as the distance between any two scores is equal.

be related to the outcome of statistics courses, but also to the
actual need for statistics in the first employment of the graduates.

Turning to the main results of the study, namely the lack
of an overall increase in statistics-related critical thinking in
the first semester, this was the opposite of what we expected.
Previous research on the development of statistics-related critical
thinking has mainly focused on comparing teaching methods
designed to enhance critical thinking with “usual” teaching
methods not designed for this purpose, or by simply evaluating
the enhancing effect of purposely designed teaching methods.
While methods for measuring statistics-related critical thinking
differ across studies as does the teaching methods evaluated
results are also ambiguous, as some find no effect of the
purposely designed teaching compared to the usual teaching
without clarifying whether this means there was an effect
or no effect for both groups (Goode et al., 2018; Setambah
et al., 2019), and others a positive effect for only the students
receiving the purposely designed teaching and no change for
the students receiving the usual teaching (e.g., Bensley et al.,
2010). On the same note, one study evaluating just the effect
of a purposely designed teaching method in itself found this
to enhance the statistics-related critical thinking of the students
(Cheng et al., 2018). The lack of increase in the statistics-related
critical thinking in the current study is thus only supported
by Bensley et al. (2010), who did not find any change for
their control group of psychology students. The current study
is not enough to refute that meaningful instruction within
a subject domain inherently will entail the development of
critical thinking skills even if these are not purposely targeted
with teaching activities, as suggested by Tiruneh et al. (2017).
However, the current study does show that even the students
have a low level of critical thinking at baseline and thus ample
room for improvement, one semester’s worth of university-level
teaching in statistics with lectures as well as small exercise
classes, where assessment criteria explicitly mention critical
thinking (Supplementary Appendix 2), does not enhance the

critical thinking of the students as a whole. Thus, Tiruneh
et al.’s (2017) notion cannot be supported by our research, as
we do not find an overall positive effect on statistics-related
critical thinking over the semester. Our study, however, points
to the need for developing further research to explore the
factors involved in the development of statistics-related critical
thinking skills.

The subgroup results in the current study also showed small
effects for all subgroups, and thus did not divulge any clear
patterns with regard to student factors related to the development
of statistics-related critical thinking. The findings, which might
suggest areas of interest for future research are the differences
in the direction of the development in statistics-related critical
thinking found across gender and across perceptions of the
adequacy of mathematical knowledge for learning statistics,
even if these differences in direction might be random results
due to small group sizes. Thus, future research should include
additional student characteristics to explore this further, e.g.,
characteristics such as dispositional characteristics such as
personality, e.g., conscientiousness which has consistently been
found to be positively associated with academic success in
higher education (Richardson et al., 2012; Vedel, 2014), an
association, which in relation to learning statistics might very
well be mediated by statistics-related critical thinking. Motivation
and academic self-efficacy, as both have been linked to student
performance (Richardson et al., 2012) and student anxiety
(Tahmassian and Jalali Moghadam, 2011; Nguyen and Deci,
2016) and statistics-related anxiety is well-documented among
students from other disciplines taking statistics courses and the
detrimental effect of anxiety on learning is well-known. We thus
propose that motivational factors as well as the belief in one’s
own ability to learn statistics might moderate the development of
statistics-related critical thinking and that this is certainly worth
investigating in the future.

Dispositional measures and other student characteristics
might also be successfully employed in future studies of increases
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and decreases at the individual level, and preferably with more
points of measurement (three to six), as they might then
contribute to explaining individual student trajectories with
regard to statistics-related critical thinking and whether these
are one-directional across multiple points of measurement. Such
student characteristics might also be useful with larger samples
to explore whether certain student profiles are associated with an
increase and certain profiles with a decrease in statistics-related
critical thinking. In addition, future studies might link to the
current research and expand these by including students from
other academic disciplines than psychology.

The study has four major strengths. The first strength is
that the results concerning change stand on a very strong
psychometric foundation as the CTh scale fitted the Rasch model
both at baseline and at follow-up and as the scale was very well
targeted to the study population of first-year Danish Psychology
Bachelor students taking their statistics course. As such, we know
that the CTh scale possesses the psychometric properties, we
aimed for and that the results of the change analyses and both
the differences at baseline and the effect sizes are not biased due
to a general lack of invariance or differential item function. The
second strength lies in the use of standardized effect sizes to
assess changes in statistics-related critical thinking, as this makes
it possible for future studies using the same instrument under
different conditions to compare the results. The third strength
of the study is its contribution to the body of knowledge on
the so-called “natural” development of domain-specific critical
thinking, by showing that there was no overall increase in
critical thinking. The contribution is important, as it showed
that even though critical thinking was explicitly mentioned in
the assessment criteria and implicitly in the learning objectives
for the course as well as the overall competencies to be achieved
through the program, no overall increase was found nor were
there subgroup-specific increases of any significance. However,
equally important is the finding that there were rather large
absolute changes in critical thinking at the individual level, both
in the form of increases and decreases, as are the findings of
baseline differences dependent on students’ perception of the
adequacy of their mathematical knowledge for learning statistics
and their expectancy to need statistics in their future work life.

Likewise, the study has three limitations. The first is the sample
size and the subgroup distributions in the longitudinal sample, as
this did not allow us to explore any possible interaction effects by
stratifying on more than one grouping variable at a time. Thus, it
was not possible to explore with any certainty how the differences
in statistics-related critical thinking at baseline might affect the
development. The second limitation might be considered to be
the CTh scale itself, as it only comprises three items covering
the purposeful and inquiring aspect of CTh common to three
major definitions of critical thinking. However, as thoroughly
demonstrated with the content and construct validity analyses
conducted by Nielsen et al. (2021), there is no loss in content
validity by eliminating two items from the original scale from the
MLSQ, as these did in fact not measure critical thinking – not
content-wise nor when considering the dimensionality issue. As
the brief version, we employed in this study, furthermore fitted
the strictest measurement model (i.e., the Rasch model) and was

well targeted to the student population in this study and the
cross-cultural sample in the study by Nielsen et al. (2021), we do
not find the brief version to be inferior to the five-item version
from the MSLQ, rather the contrary. However, we do recognize
that other and longer instruments might be preferred by other
researchers and that such instruments, if appropriately validated,
can offer more precise measurement. The third limitation is that
we did not collect any qualitative and detailed information from
the professor or the students, which might have contributed
to a better understanding of the lack of overall increase in
statistics-related critical thinking as well as the results at the
individual level.
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The purpose of this study is to examine what kind of role does positive

atmosphere play in learning generic skills. The study was carried out in the

final year of Finnish physical education (PE) teacher education where teachers

of this study module have developed their pedagogical practices for a long

time to foster and maintain the positive learning atmosphere of the course.

In this study the learning atmosphere was examined from the perspectives

of students addressing the following research questions: (1) How do the

students perceive and experience the constructed learning atmosphere? (2)

What generic skills do PE students report to learn during the final year study

module? (3) What kind of relationship exists between the perceived learning

atmosphere and learning generic skills? The data of this study were collected

via an internet questionnaire (N = 189, n = 125) and interviews (n = 19) and

analyzed applying qualitative content analysis and using statistical methods.

According to the results, the PE students felt that the learning atmosphere of

their final year study module was warm and conversational; it was easy to get

their own voice heard during the final year. The PE students reported that they

had learned versatile and plenty of different generic skills, particularly various

social skills. There were statistically significant associations between positive

atmosphere and some generic skills, such as the development of creativity,

but they were not very strong. To understand this finding, the instruments of

the study are discussed, especially from the perspective of the development

of the questionnaire statements. Although the relationship between perceived

positive atmosphere and learning generic skills was only moderate, the

findings are promising. For example, the good practices documented in this

study, such as how to construct a warm educational atmosphere, may be

applied when developing other study modules.
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Introduction

Generic skills in the world of work and
education

Generic skills (also referred to as generic attributes, generic
capabilities, key skills, or soft skills), such as critical thinking
skills, problem-solving skills, social skills, and skills concerning
creativity, are greatly needed and sought after in today’s world of
work and education (Kember, 2009; Lavi et al., 2021; Virtanen
and Tynjälä, 2022). Kember (2009, p. 52), one of the most
influential researchers of generic skills, has stated aptly that “few,
if any, would disagree with the need for graduates to possess a
range of generic capabilities to equip them for lifelong learning
in today’s knowledge-based society.” In the world of work, the
need for generic skills is seen, for example, in competency
mappings about the current occupational requirements (e.g.,
Rekola et al., 2018; Sudirman et al., 2020), in studies on
requirements of graduates (Kalfa and Taksa, 2015; Clarke, 2018;
Cotronei-Baird, 2020), and in lists and models that describe
the needs and demands of future work life (e.g., Fadel et al.,
2015; Forbes, 2020). In education, generic skills are integrated
into different national and international frameworks (e.g.,
Gordon et al., 2009; EQF, 2018; P21, 2020; ATC21S, 2022).
These frameworks have been formulated for the evaluation,
comparability, and development of education programs. Based
on these frameworks, generic skills, or twenty-first century skills
(Tight, 2021), are incorporated into many countries’ curricula
(e.g., Ahonen and Kinnunen, 2015).

Although the need for generic skills is recognized in
both working life and education, little is known about how
these skills are learned and how they should best be taught.
Specific generic skills, such as presentation skills and scientific
writing, can be prepared as separate courses. In recent years,
however, it has been demonstrated that learning generic skills
has an interrelationship with the pedagogy used (Kember,
2009; Anthony and Garner, 2016; Virtanen and Tynjälä, 2019,
2022). In other words, generic skills can be learned as a
part of regular teaching, but certain forms of teaching and
learning are needed. For example, according to Kember (2009),
students’ intellectual capabilities develop well when teaching
activities demand critical thinking, self-managed learning,
and problem-solving. Similarly, Virtanen and Tynjälä (2019)
found that the pedagogical practices in which students assess
knowledge critically support the development of students’
critical thinking skills.

Group work and other methods that demand working
together foster students’ collaborative skills (Kember, 2009;
Kostiainen et al., 2018; Mäkinen et al., 2022; Virtanen and
Tynjälä, 2022). This is a logical and self-evident finding, but
it is worth stressing for developing teaching and pedagogical
practices in different educational institutes. Tuononen et al.
(2019) found that the graduates most often mentioned

challenges related to their social and presentation skills which
they felt were not taught well enough in their institutions.
Research has shown that pedagogy that utilizes interactive and
collaborative work fosters not only the learning of social skills
but also other generic skills. For example, Virtanen and Tynjälä
(2019) found that teaching that requires working together
develops students’ decision-making and problem-solving skills.
In their study, acting at the interface between theory and practice
also played an important role in explaining students’ learning
of generic skills. Anthony and Garner (2016) found similar
results. They noticed that assignments involving real-world
applications and examples, and projects that engaged students
or had practical applications, were the most helpful activities for
business students to learn generic skills.

The studies presented above are in line with Kember’s
statement: “It might be noted that a very common model of
university teaching—a professor lecturing to students who sit
listening—does not provide practice in the generic capabilities”
(2009, p. 53). In contrast, the practices that seem to support
and foster the learning of generic skills demand students to
participate rather than just sit and listen. Many studies also
suggest that, in interactive and collaborative learning and
teaching, teachers must put effort into constructing a positive
and safe learning atmosphere (Vila et al., 2012; Kiuru et al., 2015;
Mäkinen et al., 2022). Next, we will review research on the topic.

The role of a positive and safe
atmosphere for learning

Feeling safe is a prerequisite for all learning. Recent findings
support the view that the quality of the learning atmosphere
has an even greater impact on learning than the ability of
the learner (Pakarinen et al., 2014; Ratmawaty, 2018; Calavia
et al., 2021; Visiers-Jiménez et al., 2021). For example, a study
carried out in six countries reported that the quality of the
supervisory relationship and pedagogical atmosphere in which
learning took place were closely linked to the students’ learning
success and their satisfaction with their education (Visiers-
Jiménez et al., 2021). A positive and safe atmosphere can affect
a student’s attitude toward learning, which is considered the
most important factor for improving their achievement and
confidence (Ratmawaty, 2018; Suyatno et al., 2019). Therefore,
increased attention is being paid to the atmosphere in which
learning will take place.

In many studies on the learning atmosphere, particular
attention is paid to the teacher-student relationship (e.g., Pianta
et al., 2008; Kember, 2009; Kiuru et al., 2015; Kostiainen et al.,
2018; Pöysä et al., 2019). For example, Ratmawaty (2018) states
that a good classroom atmosphere is characterized by a pleasant
interaction between the teacher and student during the learning
process. In studies of work-related learning, it has been shown
that it is the job supervisor rather than the teacher who has the
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role of the important person (e.g., Visiers-Jiménez et al., 2021).
In other words, the construction of a learning atmosphere seems
to emanate from the adult that guides the student’s learning; for
example, from a teacher or job supervisor.

Positive and safe atmosphere offers the basis for productive
collaboration (e.g., Alles et al., 2019), and as we concluded
above, the learning of generic skills seems to require interactive
and collaborative pedagogy. However, we found only a limited
number of studies on the relationship between learning
atmosphere and the learning of generic skills. For example,
Zeng (2021) found that there is a positive association between
the two; this association, however, was not very strong.
Calavia et al. (2021) perceived that a positive learning
atmosphere fosters students’ creativity, which Virtanen and
Tynjälä (2019) also confirmed.

The aim of this study is to examine more closely the
relationship between a positive learning atmosphere and
learning generic skills. The study should be, then, carried
out in such an environment where the learning atmosphere
is known to be good. Therefore, this study was conducted
in a context where extensive development has resulted in
a learning atmosphere where students would feel safe, trust
each other and have the courage to take part in class by
engaging in discussion with the teacher and other students.
This kind of developmental work is in line with current
studies on a positive learning atmosphere, which emphasizes
trust, general appreciation (i.e., talking to each other politely,
listening to each other, and letting each other finish speaking)
and pleasant teacher-student and student-student interactions
during the learning process (Kiuru et al., 2012; Ratmawaty,
2018; Alles et al., 2019; Suyatno et al., 2019). The above-
mentioned characterization also describes how a positive
learning atmosphere is understood in this study. Next, the
context of this study and the developmental work concerning
the learning atmosphere will be described in depth.

Context of the study

The research context was the final year of Finnish physical
education (PE) teacher education, when most PE students carry
out the major part of their pedagogical studies. In Finland,
PE teacher education is a master’s degree program (300 ECTS
credits), which is highly valued; only 5–6 percent of applicants
are accepted annually. PE students carry out one-third of
their pedagogical studies in their own faculty where they are
integrated as a part of their own major subject, sport pedagogy.
Two-thirds of the pedagogical studies are taken in the Faculty
of Education, in the Department of Teacher Education. This
study focuses particularly on the separate pedagogical study
module that PE students carry out at the Department of Teacher
Education in their final academic year. It is a large study module
(28 ECTS credits) and lasts one academic year. There are 45–60

students in these modules annually, taught by two professors
(later in this text called teachers).

The final-year study module consists of three theoretical
courses and three practical training periods, taken
simultaneously. The final module has been developed over
several years (Klemola et al., 2013; Tynjälä et al., 2016;
Lauritsalo et al., 2019). As this final-year study module is a key
component in the professional development of teachers, all
courses and training periods have been developed in a way that
best supports the developing teacher.

The pedagogical practices of the final year study module
are based on self-determination theory (Ryan and Deci, 2000)
and Gordon’s (2003) interaction model (Lauritsalo et al., 2019).
Feeling safe and belonging to the community are core feelings
that teachers hope students experience during the pedagogical
practices of the final year. Therefore, they consciously
constructed the final year study module to incorporate practices
that support and foster a sense of community and solidarity.
For example, at the beginning of the year, the teachers assigned
different duties and responsibilities to their students. While one
PE student group was responsible for the wellbeing of peer
students, another was in charge of guiding students’ learning
tasks and a third organized the party at the end of the year. In
addition, one female student was elected and named “mama”
and one male student “papa” for the year. The mama and the
papa of the final year acted as messengers between the students
and the teachers. The aim of these above-mentioned examples
of the responsibilities was to support and maintain a sense of
community throughout the year.

Teachers stressed that student commitment to the
pedagogical practices in the final year was important because
there were only two teachers for every 45–60 students annually,
and their teaching in the final year occurred primarily through
discussion and collaboration. As such, students were required
to trust and work with each other throughout the year. The
teachers considered the first week of the final year critical.
During that time, they implemented plenty of instruction and
face-to-face teaching and included several practices to help
the students trust and get to know each other better. The
teachers conveyed that the work and actions in this first week
were crucial to the success of the entire study module. After
the first week, nurturing the learning atmosphere is a goal in
every teaching situation throughout the year. Students were
asked to take care of their peers and organize different activities
supporting the learning atmosphere also in their spare time.

At the beginning of the final year, teachers also introduced
students to the Three K model, which is a pedagogical practice
based on three different values. Values are respect (kunnioitus),
encountering (kohtaaminen), and presence (kiireettömyys) (the
letter “K” refers to the first letter of each word in Finnish).
The model’s values were carried out in all formal and informal
situations and meetings throughout the year. Respect referred
to every person’s importance and value: “I’m important, you’re
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important, and we’re important;” encountering the described
thought, “With an open mind and interest, I watch other people
and new things. I ask for help, and I give help;” and presence
denoted the presence of all students and teachers in all formal
and informal situations: “I’m present right now.” Teachers
returned to this model several times throughout the year to
remind the class of its existence.

Aim and research questions of the
study

Teachers of this final-year study module have done a
lot of work to develop the learning atmosphere, making
this a suitable context for this study which aim is to
examine the relationship between the learning atmosphere
and learning generic skills. Before examining this relationship,
the experiences of PE students with the learning atmosphere
and the learning of generic skills during this final year study
module are investigated. More specifically, we addressed the
following research questions: (1) How do the students perceive
and experience the constructed learning atmosphere? (2) What
generic skills do PE students report to learn during the final year
study module? (3) What kind of relationship exists between the
perceived learning atmosphere and learning generic skills?

Materials and methods

This study was carried out in a collaboration between
teachers and researchers. Teachers planned and took care
the teaching, whereas researchers conducted the study (data
gathering, analyses). Despite having these different tasks, our
experience was that we conducted this study together. For
example, teachers helped the researchers to collect data as a
part of their own teaching, analysis was discussed jointly and
teachers felt that they had received valuable information for the
development of their teaching.

This study’s data were collected via an internet questionnaire
and interviews. Participation in this study was voluntary. The
questionnaire data was gathered from all PE students (N = 189)
of four final year study modules during four different years; 125
of them (66%) answered the questionnaire. The questionnaire
has been developed and tested in different educational contexts
over the course of many years (e.g., Tynjälä and Virtanen,
2005; Virtanen et al., 2014; Virtanen and Tynjälä, 2019). The
questionnaire consisted of two different themes: (1) learning
outcomes, which included questions about learning generic
skills; and (2) learning processes, which included questions
related to the integration of theory and practice, assessment and
feedback, the nature of teaching and learning, and the learning
atmosphere. In the study, only certain parts of the themes of the
questionnaires were used: the 20 highest-scoring generic skills

from the theme of learning outcomes, and statements relating to
the learning atmosphere from the theme of learning processes.

The questionnaire was analyzed using different statistical
methods (e.g., a comparison of the mean values, Pearson’s
correlation coefficient, and regression analysis). First, using a
five-point scale, students were asked to assess the learning
atmosphere of their final year study module with the help of
six statements. Statements are based on current studies on a
positive learning atmosphere, which emphasize trust, general
appreciation and pleasant teacher-student and student-student
interactions during the learning process (Kiuru et al., 2012;
Ratmawaty, 2018; Alles et al., 2019; Suyatno et al., 2019).
These statements, with their received mean values and standard
deviations, are presented in Table 1. For further analysis, the
aggregate scale “Positive learning atmosphere” (α = 0.68) was
formed from the statements shown in Table 1. This aggregate
scale was used in the correlation analysis (Pearson correlation
coefficient), where the relationship between positive learning
atmosphere and learning generic skills was examined. This
relationship was also assessed via regression analysis in a
confirmatory setting. In this design, the seven generic skills (see
Table 2) were the dependent variables and the aggregate scale
“Positive learning atmosphere” was the independent variable.
The regression analysis followed a stepwise pattern so that the
final model included only the variables that were associated
with strong explanatory factors. Only the highest coefficient of
determination is reported, as all others were minor (R2 = 0.91–
0.96). Second, students were asked to assess their learning of
generic skills during the final year study module on a five-
point scale (1 = nothing, 5 = a great deal). Altogether, the
list of generic skills included 55 different skills. It included
22 basic academic skills (BAS), such as critical thinking skills,
problem-solving skills, and skills for knowledge acquisition; 12
social skills (SS), such as interaction skills, collaboration skills,
and the ability to listen to others; and 19 other skills (OS),
such as independent working skills, the ability to operate in

TABLE 1 Mean values of statements describing the learning
atmosphere of the final year study module assessed by PE students.

Statements concerning learning
atmosphere of the final year
study module

Mean values
min. 1, max.

5

Standard
deviations

(SD)

Communication with the teacher felt
natural.

4.81 0.40

We had good team spirit in this course. 4.75 0.44

Collaboration with other students was
smooth.

4.74 0.44

The threshold to ask for clarifications was
low.

4.71 0.59

It was easy to get one’s own voice heard
during the final year.

4.58 0.64

It was easy to share one’s own opinions
and thoughts.

4.48 0.78
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TABLE 2 Associations between a perceived positive learning
atmosphere and learning of the generic skills (Pearson
Correlation Coefficient).

Generic skills Correlations with
positive learning

atmosphere

Resourcefulness, innovativeness, or creativity (OS) 0.404**

Planning one’s own career (OS) 0.310**

Basic skills of one’s occupation/field (BAS) 0.309**

Continuing learning skills (OS) 0.308**

Written communication skills (BAS) 0.307**

Oral communication skills (BAS) 0.304**

Project-work skills (BAS) 0.302**

BAS, Basic academic skills; SS, Social skills; OS, Other skills; **p < 0.01.

TABLE 3 Mean values of variables describing perceived learning of
generic skills among PE students during their final year study module
(n = 119).

Generic skills Mean values
(min. 1,
max. 5)

Standard
deviations

(SD)

Interaction skills (SS) 4.48 0.68

Holistic thinking (BAS) 4.39 0.65

Ability to listen to others (SS) 4.36 0.70

Seeing things from the perspective of
others (SS)

4.31 0.67

Increased awareness of one’s know-how
(OS)

4.26 0.71

Taking responsibility for one’s work (OS) 4.24 0.77

Developing an overall picture of one’s field
(BAS)

4.18 0.75

Collaboration skills (SS) 4.18 0.78

Ability to apply learned skills and
knowledge in different situations (OS)

4.17 0.68

Assessing one’s own work (OS) 4.17 0.68

Ability to operate in new situations (OS) 4.14 0.71

Planning and organization skills (BAS) 4.14 0.76

Basic skills of one’s occupation/field (BAS) 4.14 0.78

Deep understanding of things learned
(BAS)

4.13 0.70

Increasing one’s self-confidence (OS) 4.07 0.75

Ability to evaluate the actions of others
(SS)

4.01 0.76

Oral communication skills (SS) 4.00 0.75

Independent working skills (OS) 4.00 0.83

Critical thinking skills (BAS) 3.97 0.79

Continuing learning skills (OS) 3.97 0.80

BAS, Basic academic skills; SS, Social skills; OS, Other skills.

new situations, and increasing one’s initiative. In addition, our
questionnaire included two negative outcomes: disadvantages of
the field and bad practices. Due to our extensive list of generic
skills, we reported only the 20 highest scores of generic skills
assessed by students (Table 3).

Interviews (n = 19) with PE students involved three
different final year study modules. Teachers asked volunteers
for the interview. The researcher contacted the prospective
interviewees, informed them of the purpose of the study and
carried out the interviews, each of which lasted about 45–
60 min. These interviews were collected 6 months after the
end of the final year study module. Student interviews were
intentionally carried out several months after the final year study
module in order to make sure that students would have an
overall impression of the final year. Student interviews included
questions about structure, forms of activities, teachers, learning
atmosphere, assessment and feedback, practical training of the
final year, and the role of the final year as a part of the PE
qualification. Specific pedagogical practices covered in the final
year, such as the Three K model, and different duties and
responsibilities of PE students, were discussed in the interviews
as well. All interviews were transcribed verbatim.

The transcribed interviews were analyzed by applying
qualitative content analysis (Elo and Kyngäs, 2008). Students’
answers to questions concerning the learning atmosphere
and the Three K model were extracted from the interview
transcripts. The analysis focused on the same issues that
the teachers assessed as significant for the construction of
a positive learning atmosphere. These included descriptions
of the students’ experiences and views of their duties and
responsibilities, the first week of the final year study module and
the Three K model. Summaries of these views may be found in
the results of this study.

Results

RQ1: Learning atmosphere of the final
year study module—Students’
perspectives

As shown in Table 1, all mean values of the statements
concerning learning atmosphere were rather high (4.48–4.81,
max. 5). Thus, the students perceived the final year’s learning
atmosphere as positive. For example, PE students felt that the
communication with the teacher (4.81) and with other PE
students (4.74) were natural and smooth.

The findings from the student interviews are in line with
the quantitative analysis regarding the learning atmosphere of
the final year assessed by PE students above: the students
experienced that the teachers succeeded in their goal
of constructing a positive atmosphere for learning and
professional development. The students reported that the
learning atmosphere was warm, dialogic, and interactive. For
example, one participant described the learning atmosphere of
the final year: “I had such a warm and safe feeling here.”

According to the students, the teachers not only put effort
into the learning atmosphere at the beginning of the final year
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but maintained it in various ways throughout the whole year.
For example, one student said that, at the start of almost all
lessons, the teachers asked the students for news or carried out
certain exercises that required them to take part in action or
in discussion. After this kind of active beginning, the students
found it easier to take part in the interactive and collaborative
work required for their lessons.

While the students initially felt that the responsibilities they
received were slightly separate from their other studies and the
work required of them for their final year, they found that they
became naturally connected to the pedagogical practices and
actions of their studies. One student said, “Responsibilities were
one part of the sense of community during our final year. We
were all responsible for how things happened during the year.”
Moreover, students said that teachers gave them responsibility
over their own learning, helping them feel that the teachers
completely trusted them.

According to the students, the Three K model was highly
visible and present during the final year. The students felt that
the teachers themselves manifested the model they developed.
An excerpt from an interview with one student illustrates this
perspective:

. . .Teachers are so warm. They convey very strongly
that they are interested in us, and they want to help
us. And we [the students and teachers] are working
together this year. They do not always have the right
answers or solutions, but they are ready to work and
think together with us. . . When they said that they
would like to foster such things [the student is referring
to the Three K model], it is clear in their actions. For
example, if they talk about interaction skills and say
that active listening is very important in interactions,
they themselves use active listening. In other words,
they don’t just say that this is the thing that you
must learn but act on the lessons and elsewhere they
teach (Student 4).

As noted in the excerpt above, the students recognized that
the teachers themselves acted in line with their own demands.
The students also claimed that they would like to emulate their
teachers in the future.

RQ2: Perceived learning of generic
skills among physical education
students during their final year study
module

As shown in Table 3, among the 20 highest scores for skills
were eight generic skills from the category “other generic skills,”
as well as six generic skills from the “basic academic skills” and
“social skills” categories. These categories are represented by the
following abbreviations: BAS, basic academic skills; SS, social

skills; and OS, other skills, and are included with each generic
skill provided in Table 3.

According to the PE students’ assessments, the highest
scores were given to various social skills: interaction skills (mean
value was 4.48, max. 5), ability to listen to others (4.36), seeing
things from the perspectives of others (4.31), and collaboration
skills (4.18). From the BAS category, students particularly
reported learning holistic thinking (4.39) and developing an
overall picture of one’s field (4.18). From the OS category,
students assessed that they learned increased awareness of one’s
know-how (4.26) and taking responsibility for one’s work (4.24).
Thus, the pedagogical practices of the final year study module
seem to offer opportunities to develop versatile social skills and
increase students’ awareness of themselves as professional agents
(increased awareness of one’s know-how) and their profession
in the wider context (developing an overall picture of one’s field,
holistic thinking).

RQ3: Relationship between perceived
learning atmosphere and learning
generic skills

As shown in Table 2, it was established that a positive
learning atmosphere was associated with the learning of
resourcefulness, innovativeness, creativity; ability to plan
a career; basic field-specific occupational skills; continuing
professional development, and few generic academic skills (i.e.,
written and oral communication skills, project-work skills).
These associations, however, were not strong (p < 0.01).

Due to moderate associations between the generic skills
and the positive learning atmosphere, the coefficients of
determination were also minor. The highest coefficient of
determination was for “resourcefulness, innovativeness or
creativity” (R = 0.404, R2 = 0.163, F = 15.768, p < 0.001)—that
is, the positive learning atmosphere explained 16 percent of the
learning of resourcefulness, innovativeness or creativity.

Discussion

In this study, the role of a positive learning atmosphere for
learning generic skills was examined during the final year of
Finnish physical education (PE) teacher education. This context
was suitable for examining this topic because teachers of the
module have developed their pedagogical practices for a long
time and were therefore able to foster a sense of community
and solidarity in the class (e.g., Tynjälä et al., 2016; Lauritsalo
et al., 2019; Mäkinen et al., 2022). The study focused on (1)
PE students’ experiences of atmosphere during the final year
of the module, (2) their assessments of learning generic skills,
and (3) the relationship between perceived atmosphere and
learning generic skills.

The results concerning the atmosphere indicate that
the teachers succeeded in their objective of constructing a
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positive environment for PE students’ learning and professional
development. Students reported that the atmosphere was warm
and conversational; they also felt that it was easy and natural
to speak their minds. It could be said that the students felt
equal to their teachers. They felt that their teachers trusted them
completely, giving them considerable responsibility in terms of
their own learning, thinking and collaboration.

Furthermore, perceived learning of generic skills was very
strong. In this study, only the 20 most learned generic skills
were reported. The mean values for all of them were rather
high; almost all had a 4 or above, with a maximum of 5.
In other words, PE students assessed they learned these skills
considerably well during the year. Earlier studies have shown
that interactive and collaborative teaching practices particularly
support and foster the learning of generic skills (Kember, 2009;
Anthony and Garner, 2016; Virtanen and Tynjälä, 2019). This
study supports those findings as teaching in the course was
interactive and the PE students reported learning many different
social, basic academic and other skills.

There were associations between positive learning
atmosphere and some generic skills, such as the development of
creativity, but the correlations were only moderate (p < 0.01).
This finding is also in line with earlier, limited number of
studies on the topic (e.g., Zeng, 2021). For example, Virtanen
and Tynjälä (2019) and Calavia et al. (2021) also found that a
perceived positive atmosphere supports creativity. We discuss
our findings more closely below.

During the final year, the module in question aimed to
support, above all, the professional growth of PE teachers,
whereas the learning of different generic skills is not
the primary goal.

The teachers created a positive and safe atmosphere to
foster their students’ professional development. According to
the findings of this study, the teachers succeeded in their aim
of constructing a positive and safe learning atmosphere for their
students. In further studies it would be interesting to examine
whether a strong relationship exists between perceived positive
atmosphere and professional development of student teachers.
However, the findings do not show how the learning atmosphere
of the final year study module should be developed in order to
support and foster the learning of generic skills.

The relationship between learning atmosphere and learning
generic skills was examined via a questionnaire. Although
the analysis of the questionnaire data shows that PE students
assessed the learning atmosphere very highly, the statements
(see Table 1) were related to the atmosphere in a rather general
way. For example, they did not investigate the teacher-student
relationship in detail despite the fact that it has been found
to be a significant factor in constructing a positive learning
atmosphere in earlier studies (e.g., Kiuru et al., 2015; Kostiainen
et al., 2018; Pöysä et al., 2019). Kember (2009) found that
an interactive teacher-student relationship was associated with
the development of higher-order thinking capabilities. For
this reason, the questionnaire statements should be further

developed so that they may more accurately convey the teacher-
student relationship.

As to limitations of the study, attention can be paid to
the fact that the results of the analysis of the questionnaire
data are based on the respondents’ self-assessed answers.
As a method, self-assessment has been criticized because
assessments of one’s own actions are considered unreliable
(e.g., Paulhus and Vazire, 2007). For example, Braun and
Brachem (2017) state that self-reported competences cannot
be equivalent to an objective assessment of competences.
In the Finnish educational context, however, an interesting
phenomenon has been found. For example, Virtanen (2013)
found in her doctoral thesis that Finnish students assessed their
learning and professional development during their workplace
learning periods more critically than their teachers or workplace
trainers did. Moreover, in her study, the workplace trainers
saw the learning and professional development of students at
workplaces in the most positive light. A strong correlation
between assessments by teachers and students has also been
demonstrated in other studies (e.g., Falchikov and Goldfinch,
2000; Wang et al., 2009; Asikainen et al., 2014). It is also
noteworthy that the questionnaire used in this study has been
developed, tested and applied over a long period of time across
several studies (e.g., Tynjälä and Virtanen, 2005; Virtanen et al.,
2014; Virtanen and Tynjälä, 2019). Reliability of the research
findings can also be supported with the use of triangulation of
the methods. The learning atmosphere findings were examined
with the help of both interviews and questionnaires and both
results were completely in line with each other.

To conclude, although this study found only moderate
relationship between perceived positive atmosphere and
learning generic skills, its other findings are promising.
The research context’s atmosphere was considered very
positive and safe. Moreover, the learning of generic skills was
assessed as strong and versatile. Therefore, the good practices
documented in this study, such as how to construct a warm
educational atmosphere, may be applied when developing
other study modules.
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This study employs the term knowledge work competence to address

generic aspects of higher education graduates’ expected learning outcomes.

Twenty-eight higher education courses were investigated: 1069 students

responded to the Collaborative Knowledge Practices (CKP) questionnaire to

rate their self-evaluated competence development. From the same courses,

56 teachers provided descriptions of the course pedagogical practices.

First, students’ self-reported generic collaboration competence gains were

analyzed statistically for differences between courses. Second, qualitative

categorization of the pedagogical practices based on rich description of

pedagogical designs and teachers’ reflective responses was carried out. This

offered a categorization with elaborated descriptions and a clustering to three

types of enacted pedagogical practices. Finally, the study juxtaposed these

previous two results to investigate how the pedagogical features were related

to students’ self-evaluations on collaboration competence gains. The findings

highlighted one cluster of pedagogical practices, collaborative knowledge

creation with systematic support for epistemic and group work, as most

beneficial for student competence gains. In it, professional ways of working

were explicitly modeled and practiced, teacher support for knowledge

creation during contact teaching was available, and time was reserved for

reflection with students. Such pedagogical practices are important to ensure

graduates’ fluent transition to complex knowledge work.

KEYWORDS

generic competence development, pedagogical practice, knowledge creation,
collaboration, multi-method analysis
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Conceptual background and
research questions

Higher education is expected to prepare future academic
experts for the knowledge-driven global world (Barrie, 2012;
Karlgren et al., 2020a). Successful learning and working in
today’s knowledge-based society demands competence that
exceeds individual expertise and engages individuals in joint
collaboration and knowledge creation in teams (Binkley
et al., 2012). Such competence is embedded in people’s
actions, social interaction and the socio-material affordances
of their environments as they co-develop knowledge objects
(e.g., Damşa and Muukkonen, 2020), engage in epistemic
practices (Markauskaite and Goodyear, 2017) and regulate
their collaborative learning and working as a team (e.g., Borge
et al., 2018; Splichal et al., 2018). To understand how such
competence develops in higher education, we need to examine
both the experienced competence gains and pedagogical
settings in which these competences are nurtured. Although
many different factors influence learning, there is a need to
further decipher the role pedagogical practices may have on
competence development.

Many countries are struggling to keep up with the
demands of a highly skilled workforce (OECD, 2018), and
the current COVID-19 pandemic has created sudden changes
and challenges as team members are forced to work remotely
and devise novel practices for collaboration. Professional
teamwork has taken a major shift from disciplinary to
interdisciplinary teams to respond to the growing complexity
and dynamic nature of tasks and to seek better ways to tackle
ambiguous challenges (Benoliel and Somech, 2015). However,
educational objectives and practices may not be truly aligned
with the changes in professional work (Markauskaite, 2020).
Particularly in interdisciplinary collaboration, both discipline
specific and generic (e.g., critical and analytical thinking,
problem-solving, self-management of learning, communication
skills, and information and digital literacy, Binkley et al.,
2012) competences are needed in an intertwined manner to
produce novel ideas, syntheses, designs or practices (Goodyear
and Zenios, 2007). How students are directed to engage in
learning activities is instrumental for competence development
(Goodyear and Zenios, 2007; Puntambekar et al., 2007).

A meso-level investigation of competence development
originates theoretically from sociocultural paradigm: Learning
is regarded as embedded in social processes, practices, and
tool use rather than being an individual venture (Säljö, 2010).
This study employs the term knowledge work competence
to address the generic aspects of higher education learning.
Knowledge work competence (Damşa and Muukkonen, 2020;
Karlgren et al., 2020b; Muukkonen et al., 2020) for higher
education graduates refers to capacities for advanced knowledge
work, i.e., understanding and creating knowledge, orchestrating

collaboration, and self and co-regulating performance. As such,
defining “work” for higher education graduates and exploring
the relationship between work and learning are complex
tasks considering interdisciplinarity and dynamics of external
environments across professional fields (Jung, 2022). However,
graduates from higher education need to be equipped with
competences to solve complex authentic problems regardless
of field, take part in creating knowledge in real working life
settings and promote novel solutions by using the community’s
collective, technology-mediated efforts.

This paper carries out a multi-method investigation. First,
on a dataset of self-reported student assessments of own generic
competence development, more specifically in collaborative
knowledge work competence. The self-reports were collected
following a specific higher education study unit, referred to as
a course. This offers the student perspective on which types of
competence development was central in the examined course.
Second, the study offers a framework for analyzing pedagogical
features in the same courses. The pedagogical features were
mapped through a survey to the same courses’ teachers, followed
by a categorization of the pedagogical practices based on rich
description of pedagogical designs and reflection responses
by the teachers. This offers a categorization and elaborated
description of the pedagogical practices and their clustering to
three types of enacted practices. Third, as the core result, the
study juxtaposes these previous two results to investigate how
certain types of pedagogical practices may contribute to generic
competence development, particularly collaborative knowledge
work competences. The courses represented authentic higher
education instructional practices: organized as lecture, project,
inquiry, and interdisciplinary courses, which all involved some
type of collaboration between peers. Hence it was meaningful to
examine the variation of competence development in relation to
the pedagogical practices.

Previous studies have investigated knowledge work
competence by structuring it as object-bound collaboration,
integration of personal and collective efforts, development
through feedback, persistent development, understanding of
different disciplines and related expertise, interdisciplinary
collaboration, and using flexible tools and technology (e.g.,
Karlgren et al., 2020b; Muukkonen et al., 2020; Vesikivi
et al., 2020). This builds on the theoretical background of
socio-cultural theories of learning and particularly on the
knowledge creation metaphor (Paavola and Hakkarainen,
2005). Acquisition and participation as two metaphors of
learning were put forward by Sfard (1998). The acquisition
metaphor of learning addresses assimilation of knowledge and
the individual’s mental models and strategies of learning. The
participation metaphor refers to adaptation to the existing
cultural and communal practices and the dialogical practices
of learning. As a third metaphor, Paavola and Hakkarainen
(2005) added the knowledge creation metaphor. It introduced
the presence of artifacts, products and practices i.e., objects,
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and collaboration to advance them as pivotal (Paavola and
Hakkarainen, 2005). The objects can for instance be a report or
essay co-authored together, or a procedure description, website,
or plan co-created in collaboration. Briefly expressed, object-
orientedness is a concept formulated in the cultural-historical
theory, referring to a shared motive or tangible object for a
learning or working community (Miettinen and Virkkunen,
2005). The object mediates knowledge advancement as the
participants collaborate to negotiate meanings, extend, and
version it. For students, educational activities emphasizing
knowledge creation metaphor often involve more open-ended
and complex assignments which integrate collective efforts
around iterative development of knowledge objects.

Pedagogical design includes many aspects. “Design involves
making invitations to other people to act in certain kinds
of ways. These invitations can be clear and explicit, but
they are sometimes encoded into the affordances of materials.
Designers’ knowledge has to include ways of predicting, or
at least imagining, how other people will respond to these
invitations” (Goodyear, 2015, p. 39). Making these designs
involves pre-active aspects of planning but also post-active
phases of reflection, evaluation, and assessment. Resulting
course documents (e.g., course plans, instructions, assignment
descriptions) and digital tool choices can be considered material
instantiations of the teachers’ ideas and decisions regarding the
organization of tasks, activities, and responsibilities (Goodyear,
2015; Esterhazy et al., 2021).

Next, the introduction of previous research will review
object-orientedness, role of integration of efforts in collaborative
learning, feedback, cross-fertilization, and digitalization in
higher education. Competence development and pedagogical
practices are addresses as an intertwined phenomenon, which
is further elaborated in the empirical investigation.

Object-orientedness

Evidence in higher education is building on how students
engage in meaningful interactions with peers, knowledge
resources and objects, and the social and digital-material
environment in which such activities take place (Damşa
and Muukkonen, 2020). Learning addressed as a process of
knowledge creation brings it closer to professional practices,
which takes place through interactive practices that contribute
to ideas being materialized into (shared) knowledge objects
(Paavola et al., 2011). In higher education, such objects may
be for instance reports, designs or products ideated and co-
created in student collaboration. In a study comparing two
anatomical sciences courses with different pedagogical designs,
the students reported more competence gains when they
had a shared object to prepare, the teaching presentation,
compared to just taking part in interaction with peers on an
assignment (Laakkonen and Muukkonen, 2019). The shared

knowledge object intensified the need to collaborate and learn
about planning, coordinating, and sharing responsibility during
collaboration as well as the integration of individual and
collaborative contributions.

From the pedagogy point of view, the objects are elaborated
through intermediate and mediating artifacts and tools, and
iterative development of tangible artifacts, such as draft and
sketches (Miettinen and Paavola, 2018; Damşa and Muukkonen,
2020). This requires the teacher to make specific choices about
the intensity and extend of collaboration, how collaboration is
assessed, to plan a process involving iterative cycles of feedback,
editing and monitoring the epistemic challenge.

Integration of efforts in collaborative
learning

Research emphasizes that engaging in productive co-
construction of knowledge does not happen automatically
(Baker et al., 2013). Individuals and groups vary in the extent
of their competence to collaborate with others and to respond
to the situation-specific learning and interaction challenges in
authentic educational settings (Näykki et al., 2014). During
collaboration, students are expected to negotiate task aims
and standards, to act strategically based on monitoring their
group activities, to revise processes and outcomes, to select
and use suitable digital tools, and to productively deal with
any challenges groups face (e.g., Splichal et al., 2018). Through
extended practice, successful learners and team members use
a repertoire of skills and strategies to regulate their learning
processes on cognitive, social, and emotional levels (Baker et al.,
2013; Hadwin et al., 2017).

Regarding pedagogy, Vogel et al. (2017) meta-analysis found
that computer-supported collaborative learning scripts were
particularly effective for domain-specific learning when they
prompted transactive activities in which learners build on the
contributions of peers and when additional content-specific
scaffolding such as worked examples were available. The present
study was motivated by the need to better understand content-
generic aspects of learning, and, further, aims to examine at
an elaborate detail the design of collaboration with peers and
scaffolding for generic competence development and its impact
on student collaboration competence learning.

Feedback

Student-centered methods in higher education emphasize
students’ central role in regulating their own learning. This
involves generating and soliciting feedback on their own
learning (Boud and Malloy, 2013). Further, orchestration of
collaboration extends the competence demands to proactive
feedback on both individual and collaborative learning.
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Making such a role feasible presumes that teachers
need to plan productive feedback opportunities in which
students can engage actively with and employ the feedback
for future learning. These include dialogical processes and
activities which can support and inform the student on the
task at hand, while catering for the ability to self-regulate
performance on future tasks (Carless et al., 2011; Esterhazy
et al., 2021). Similarly, regarding engagement on the shared
object, collective feedback is important for co-development
and competences for advancing collective outcomes. Further,
Esterhazy et al. (2021) showed that productive feedback
should not be understood as a prescribed model or solution
across all disciplines but contextualized in disciplinary or
interdisciplinary objectives and pedagogy.

Cross-fertilization

Modern teamwork is often organized as collaboration
in online communities, with heterogeneous and temporary
convergence (Faraj et al., 2011). Students entering work
life should be ready to act as agentic collaborators who
can participate proactively in solving interdisciplinary and
ambiguous challenges. Therefore, cultivating competence for
working in interdisciplinary teams and creating joint knowledge
objects are increasingly considered important objectives in
higher education (Cooke and Hilton, 2015).

In pedagogical practice, cross-fertilization refers to
interaction between different areas of expertise or organizations,
for instance, by collaboration, problem solving or new product
development for purposes extending beyond educational
institutions (Paavola et al., 2011). Similarly, Cremers et al.
(2016) used the term ‘hybrid learning configurations’ to
define designs which connect formal learning with workplace
experiences by integrating settings for studying and working.
Interdisciplinary co-creational activities with ill-defined
and authentic tasks are central in such configurations.
Project courses are commonly used methods by involving
various stakeholders inside and outside of educational
institutions. Projects engage students in producing tangible
and meaningful results, sometimes in cooperation with
professionals, generating, potentially, outcomes for continued
use in an organization (e.g., Viswanathan et al., 2012).

Digitalization in higher education

Two important assumptions are in need of consideration
in the digitalization of higher education: First, the assumption
that technology is an instrumental issue that is neutrally
implemented and second, that students became fluent users
of technology in a self-directed way (Castañeda and Selwyn,
2018). Both of these assumptions are tightly tied to generic

competences. The way that digital tools are integrated
to pedagogical design can have a considerable influence
on the kinds of practices that can be designed for and
enacted in collaboration. Also, students do not necessarily
have the required competence to engage in technologically
mediated knowledge work, collaboration, or expert-like
practices of writing and co-creation, without instructed and
guided engagement.

Pedagogy is inherently part of any educational technology
use in higher education (Castañeda and Selwyn, 2018)
although this is often reduced to learning management systems
serving very basic information distribution and communication
needs. Theory and pedagogy informed technology design
has had considerable efforts invested through research and
development, but the mainstream technology use remains
designed for the support of logistical processes rather than for
pedagogical change (e.g., Collis and Moonen, 2008).

Research questions

The study investigated how higher education students in
twenty-eight courses evaluated their learning and competence
gains in the generic competences of collaborative knowledge
work practices. Further, the study examined the courses’
pedagogical practices to provide a combined, juxtaposed,
understanding of how the pedagogical practices were related
to student learning. The following research question were
examined:

1. Were there differences in students’ self-assessed
competence gains between courses?

2. What kinds of design of collaboration did the courses’
pedagogical design reflect?

3. How the pedagogical features were related to students’ self-
evaluations on collaboration competence gains?

Materials and methods

The general investigative approach was an explanatory
multiple case study (Yin, 2014) and a multi-methods approach
was used in the data collection and analysis (De Laat et al.,
2007; Cresswell, 2009). The aim of the approach was to gain
a triangulated understanding of course pedagogical design,
enacted practices and student learning. Teachers were invited to
take part in the study, by answering a questionnaire on course
design and reflection responses and by passing forward a link
to an e-questionnaire to the students and encouraging their
participation. Students were asked to answer the questionnaire
at the end of their course. All participants were asked to provide
their informed consent electronically, and those responses
without a consent were excluded from the study.
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Courses and participants

The data included responses from twenty-eight courses
in two large Finnish universities. The data was not intended
to be representative of specific fields, rather, the aim has
been to involve multiple fields and types of collaboration to
investigate the variation. The fields of study included education,
educational psychology, philosophy, life sciences, law, and
economics. The courses, participants, and response rates are
detailed in Table 1. Courses typically lasted for one period
of c. 8-9 weeks and were obligatory courses in the degree
program. Courses were included which received more than 7
responses per course from students and a teacher response
was available. The response rate to the CKP questionnaire for
students was 55.9% (varied between 25-58%), as a total of
1,912 students completed these investigated courses. In total 56

teachers were included in the data, with mean age 48.5 years
and 55% female. Some courses had multiple teachers, especially
project-type courses or larger courses and thus we obtained
several teacher responses per course. In total 1,069 student
responses were included for analysis 19.8% male, 79.3% female
and 0.8% reported other or missing. 755 students were enrolled
in a first-year course, other courses were in later bachelor or
master’s degree studies. Students’ average age was 24.9 (SD = 6.6)
reflecting the rather high university starting age in Finland.

Data collection

The first data consisted of higher education students’
responses to the Collaborative Knowledge Practices
questionnaire (CKP; Muukkonen et al., 2020). The CKP

TABLE 1 Participants.

Course field Course
ID

ECTS Teacher
responses

Student
responses

Student age Student gender Total students
completing the

course

n N M SD Male Female n

Plant sciences ID02 3 1 49 24.4 6.1 15 34 60

Economics ID03 5 1 21 24.7 6.8 5 16 79

Environmental change &
economics

ID04 5 2 16 26.8 7.8 4 12 33

Economics ID60 5 1 53 22.6 3 14 39 79

Veterinary medicine ID61 4 2 34 22.8 6.6 3 31 66

Philosophy ID63 5 1 25 33.3 9.5 2 23 40

Agricultural sciences ID64 3 2 26 26.8 7.1 12 14 29

Agricultural sciences ID65 5 3 8 30 6.6 1 7 8

Aquatic sciences ID66 5 3 11 25.3 2.7 1 9 14

Agricultural sciences ID67 5 3 17 26.4 6.6 5 12 60

Veterinary medicine ID68 3 1 20 24.7 4.4 3 17 69

Veterinary medicine ID81 4 1 16 21.9 3.1 0 16 70

Philosophy ID82 5 2 25 28 8.5 2 23 51

Educational psychology ID83 5 1 7 28 5.4 2 5 25

Agricultural sciences ID84 3 3 17 23.1 3.1 3 14 26

Educational sciences ID85 5 2 71 25 7.3 9 61 70

Agricultural sciences ID87 5 6 13 26.3 5.4 1 12 15

Agricultural sciences ID88 5 3 21 24.6 8.7 3 18 71

Educational psychology ID89 5 1 17 32.3 8.3 2 15 31

Educational sciences ID91 5 5 263 24.9 6.7 32 228 375

Philosophy ID92 5 2 20 30.6 9.6 0 20 48

Law ID94 5 3 133 22.8 4.3 45 87 178

Forest Sciences ID95 5 1 40 24.1 4.6 15 25 38

Agricultural sciences ID96 3 2 34 26.1 7 6 28 41

Agricultural sciences ID97 5 3 9 31.6 12.3 4 5 10

Agricultural sciences ID110 5 3 47 23 5.6 15 29 100

Educational psychology ID111 5 1 10 25.5 4.8 1 9 27

Educational psychology ID113 3 1 46 23.5 4.5 7 39 199

Total 60 1069 24.9 6.6 212 848 1912
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questionnaire has been developed and validated for use as
a generic self-evaluation tool for students on course-based
learning outcomes on generic collaborative knowledge work
competences (Karlgren et al., 2020b; Muukkonen et al.,
2020). The CKP does not measure content learning, it thus
complements other content-related evaluation measures
employed in a given course. The scales of CKP were used
to measure course-related learning. The seven scales are:
Collaborate on shared objects, Integrating individual and
collaborative working, Development through feedback,
Persistent development of knowledge-objects, Understanding
various disciplines, Interdisciplinary collaboration, and Exploit
digital technology. Students were asked to evaluate how each
statement (27) corresponded to their competence learning
on the seven scales of the CKP. “During the course I have
learned . . .,” e.g., “to develop ideas further together with
others,” “to understand the value of commenting on work in
progress,” and “to use various digital applications and use them
together whenever needed” (please see for details Muukkonen
et al., 2020; Karlgren et al., 2020b). The statements were on a
five-point Likert-scale (1 = not at all – 5 = very much).

The second data consisted of teachers’ open answers
(N = 56) to an online questionnaire about the practices
(collaboration design, types of tasks, use of digital tools,
guidance, assessment) and reflection of experiences in 28
courses. Additional materials collected from the investigated
courses, including course descriptions, task guidelines, teaching
materials, digital platform content, lesson observations, or
students’ feedback forms, were used as complementary data in
the analysis of pedagogical practices.

Data analysis

Collaborative knowledge practices
questionnaire

Student responses were screened for outliers and seventeen
participants were removed from data due to missing data or
unvarying responses. In the first two courses, the data was
collected with an option “not applicable” (0). We replaced the
‘not applicable’ responses with “not at all” in the scale in order
to aid interpretation of the data (please see Muukkonen et al.,
2020 for details). The seven scales of the CKP questionnaire were
used to examine course related self-reported learning. The scale
reliabilities were good (Cronbach’s alpha 0.73-0.86).

Pedagogical practices of the courses
The pedagogical practices analysis aimed to examine the

design features based on identified pertinent pedagogical design
elements for collaborative practices. The variation within the
pedagogical practices was outlined by describing in detail
the pedagogical practices for every course. Initial categories
were based on related theories such as knowledge building
(Bereiter, 2002), metaphors of learning (Paavola et al., 2011), and

authentic learning (McCune, 2009) as well as empirical studies
(e.g., Lakkala et al., 2015, 2020; Ilomäki et al., 2017. The unit of
analysis was the whole course, and the analysis covered, first, the
teachers’ questionnaire answers about the course practices and,
second, all other data available from the courses. The categories
were created through abductive use of theory-informed and
data-grounded data analysis (Timmermans and Tavory, 2012).

The pedagogical design of each course was described in a
table under the initial categories. The different ways to design
collaboration, use scaffolds and modeling for collaboration
were documented. Based on these descriptions, categories and
subcategories were further elaborated. For instance, process-
like emphasis has been raised in prior literature as an
important quality of collaborative learning and knowledge
building (Muukkonen and Lakkala, 2009; Scardamalia and
Bereiter, 2014) to improve student produced contributions.
Three subcategories were identified related to this: Iterativeness
describing the longitudinal versioning and improvement of
outcomes; availability and designed points of Feedback to
support the process; and Reflection of practices explicitly
included and modeled as part of the learning process. These
sub-categories were named as features of pedagogical practices
and positioned in three exclusive levels. Level 1 not involving
the described features, level 2 to some extend and level 3
to wide extend. Four researchers created the categories and
sub-categories together in several joint analysis sessions and
made a preliminary analysis with a sub-set of 16 courses.
After the preliminary analysis, one researcher made the analysis
of all courses, after which the analysis results were, again,
discussed together between the researchers in several sessions,
clarifying unclear definitions and making decisions about the
final categorization. The discussions were carried out until
there was an agreement between two coders for the entire
data and four coders for a c. 50% of the units of analysis
as it was discussed during the development process. Category
and subcategory descriptions were written. Finally, each course
was scored with all sub-categories using levels 1-3 to explicate
the extent and nature of the pedagogical features in the
course practices (see Table 2). All the highest levels (score
3) aim to describe a pedagogical practice where the targeted
competences are modeled and supported by various design
decisions implemented in the course.

The main categories are the following (see Figure 1):

• Object-orientedness refers to the degree that the course
collaboration is organized around shared knowledge
objects, such as a report, website, design or a product. The
extensiveness of the shared object influences its role in the
collaboration. How the developed shared object is planned
to be reused by students or other stakeholders may add
re-use value to the knowledge object.

• Epistemic challenge is outlined by the wider or more
narrow problem space where the student-centered activities
are embedded in. Explicit modeling of professional
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TABLE 2 Categorization, level descriptions and examples from the analysis of pedagogical practices.

Main category Subcategory Level description Example from qualitative analysis
description

Object-orientedness Extent of tangible
outcomes to develop

(1): No artifact development, only oral discussions
or answers to teacher-defined questions

Hands-on activities for learning of an animal body and oral
conceptualization in discussions and negotiations (ID61)

(2): Several minor artifact production tasks Two group reports for answering teacher-created questions;
small group tasks during lectures; e.g., filling a worksheet
(ID60)

(3): One-two major artifact production tasks (in
addition to smaller ones)

One large project work including a project plan, presentation
and report for a real client’s challenge (ID65)

Reuse of knowledge
artifacts

(1): No re-use No explicit reuse, the reports were for course completion
(ID111)

(2): Some artifacts reusable by the students in the
course or afterward

Students made essays individually from a self-chosen topic. The
goal was that the essays can be used in their future studies (e.g.,
in master thesis) (ID82)

(3): Planned re-use across courses or by external
stakeholders

A solution made for the client to be used later; solutions from
previous courses as examples (ID04)

Epistemic challenge Problem space (1): Narrow, well-defined tasks Individual homework tasks (e.g. calculations), narrow
essay-type tasks, well-defined and same for all (ID88)

(2): Limited problem space or pre-defined task
structure (comparison, analysis, review)

Weekly applied group tasks (e.g., analyzing law cases); same
tasks for all groups (ID94)

(3): Open, ill-defined and challenging problems or
authentic task challenge

A solution applicable in an authentic context from a topic
chosen by the group and developed throughout the course
(ID95)

Student-centered activities (1): Meetings mainly based on lecturing Course meetings were mass lectures, pair essays were done
outside meetings (ID116)

(2): Meetings include both lecturing and students’
own working

Lectures, group work and visits to organizations (ID02)

(3): Practically no lecturing in meetings, mainly
students’ own working

Course meetings mainly included project work in teams (ID65)

Modeling of professional
practices

(1): Content learning practices The course was organized as a flipped teaching design for
content learning (ID03)

(2): Simulating professional practices but only in
some tasks or inadequately implemented (e.g.,
very short time, no explicit phasing or modeling)

Writing a Wikipedia article and scientific term bank definitions
in addition to other tasks (presentations, learning log) (ID02)

(3): Simulating professional and real-life working
processes with explicit modeling.

The progressive inquiry model used to simulate professional
research practices (ID83)

Process-like emphasis Iterativeness (1): Narrow tasks without versioning or
elaboration

No iterations in producing weekly case analyses (ID94)

(2): A knowledge creation process without clear
iteration points (or only one)

Solutions produced longitudinally, but only random guidance
from the teacher in course meetings; no explicit iteration phases

(3): Longitudinal process with several versioning
and iteration phases

Individual essays were elaborated, commented on in thematic
groups and improved through several iterations (ID92)

Role of feedback (1): No feedback or only joint discussions No feedback, only if the essay was not accepted, a possibility to
improve it (ID116)

(2): Random oral feedback from the teacher or
discussions with peers during or after the process

Peer evaluation of reports between groups before the final
submission; discussion of solutions in lessons (ID03)

(3): Explicit feedback from peers, teachers or
external stakeholders at several points

Repeatedly given comments from clients and lecturers affected
the progress of project work and finalization of plans and
reports (ID87)

Reflection of practices (1): No No organized reflection (ID81)

(2): Oral reflection discussions or reflection only
at the end

Students evaluated their contribution in group work at the end
(ID03)

(3): Explicit reflection activities during the process
with models and templates provided

The groups evaluated their practices through templates at the
middle of the course; the group and course practices were also
discussed in the last meeting (ID64)

Intensity of collaboration Centrality of collaboration (1): Tasks mainly individual, or small-scale group
activities in the meetings

No collaboration instead of small group activities during
lectures (ID110)

(2): A mixture of individual and group tasks Essays written individually, peer feedback in organized
thematic groups (ID82)

(3): Main course tasks based on group work Project work made in groups throughout the course (ID66)

Integration of individual
and collaborative tasks

(1): No collaboration or separate individual and
group tasks

Home exams and weekly group tasks separated; group work
based on groups’ independent regulation (ID67)

(Continued)
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TABLE 2 (Continued)

Main category Subcategory Level description Example from qualitative analysis
description

(2): Individual contribution to group tasks relevant
and expected, but not well structured, guided or
followed

Contribution in weekly group tasks expected but not followed.
Absence from group presentation had to be replaced by a
separate individual reflection task (ID94)

(3): Individual and group tasks highly integrated and
systematically structured, guided or followed

Groups were formed based on students’ interests; project work
completed in groups and division of labor had to be decided;
each student kept a log of their working hours (ID97)

Cross-fertilization Multidisciplinarity (1): No multidisciplinarity No, all students were from the same major (ID61)

(2): Integration of a couple of fields or sub-fields and
majors

Student were from different sub-majors working in mixed
groups (ID95)

(3): Fully multidisciplinary demonstrated in content
and/or group compositions

The course was organized between two faculties and
disciplines, groups were formed based on the diversity of
backgrounds (ID04)

External collaborators (1): No external collaborators No external collaborators, but three university lecturers as
experts (ID61)

(2): Some contacts, visits or interaction with external
stakeholders

Communication with an educational researcher from the
faculty: meetings, discussions and reading the researchers’
articles (ID85)

(3): Intensive or multiple type of collaboration with
external stakeholders (experts, professionals)

Collaboration with an external client in group projects (ID66)

Digitalization Use of digital tools (1): A course platform, the Web and basic office
applications in use

Moodle platform for course organization and peer
commenting, Word for individual essays (ID82)

(2): Also other apps, cloud services or professional
tools in use; freedom to choose apps to be used in
group work

Moodle platform for course organization, Wiki for sharing
materials and project work activities, and tools chosen by the
groups (ID66)

(3): Versatile and integrated use of various types of
applications for different purposes; joint agreements
and models for digital practices in groups

Moodle platform for course organization, co-authoring tools
with templates for group activities (e.g., OneDrive documents),
getting familiar with various cloud services, writing a blog post
in groups (ID84)

Assessment foci Versatility of
assessment methods

(1): No assessment or holistic assessment made by the
lecturers

Pass/fail grading by the teacher based on group work (ID68)

(2): Grading made by the lecturers based on a
combination of tasks

Assessment by the teacher based on multiple tasks (tasks in
Moodle, essays, peer-commenting) (ID84)

(3): Versatile assessment methods and assessors
(individual, group, mixed; grades or pass/fail; teacher,
peers, experts)

Grading of the group reports by the teacher; group
self-assessment (with an evaluation matrix) had an effect on
the final grading (ID111)

Assessment of generic
competences

(1): No assessment or focusing on content acquisition Assessment focusing on acquiring the course content (ID03)

(2): Learning of generic competencies included in
learning objectives and tasks, but not explicitly graded

Real project work as the object of learning but skills not
separately assessed (ID04)

(3): The learning of generic competencies (e.g., group
working, ways of commenting, argumentation)
explicitly assessed

Project work progression and working in groups assessed in
addition to the quality of outcomes (ID97)

practices is a way to support students in tackling complex
epistemic challenges.

• Process-like emphasis involves a design that includes
iterations in the process, allowing for revising and
improving outcomes. Offering and receiving feedback
during the process is a central for improvement as well as
the collective and individual reflection of practices.

• Intensity of collaboration is enhanced by design decisions
that emphasize the centrality of collaboration and employ
tasks which require the integration of individual and
collaborative efforts.

• Cross-fertilization refers to involving multiple disciplinary
expertise and professional practices in the course activities
or participants. External collaborators may also take

varying roles in the course, e.g., by giving assignments
or being clients.

• Digitality describes the use level of digital tools in a
course, e.g., for collaboration, communication, disciplinary
activities, or teaching.

• Assessment foci highlights how the pedagogical design
incorporates versatile assessment methods to support
competence development and, especially, considers also
more generic types of competences, such as knowledge
work competences.

A K-means Hierarchical cluster analysis was conducted
using the scores of sub-categories given to each course
for grouping the courses. One-way ANOVA and
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FIGURE 1

Overview of categories of pedagogical practices.

Post hoc (Tamphane’s T2) analysis were applied for
comparing cluster means.

Finally, an ANOVA analysis of variance was carried out
to examine how students’ self-evaluations about learning of
knowledge work competence were related to the three clusters of
pedagogical practices. For this comparison, we used the clusters
found for grouping the courses (RQ2) and examined how
students’ self-reported competence learning scale means and
standard deviations (RQ1) were distributed across these clusters.

Results

Students’ self-assessed competence
gains across courses

To examine whether there were differences between
students’ self-reported competence learning between courses,
scale means and standard deviations were calculated for
each course (Table 3). The evaluations showed statistically
significant variation between courses (Table 4). Scales related
to Understanding various disciplines and Interdisciplinary
collaboration were on average scored the lowest. Scales related
to learning to Collaborate on objects and Integrate efforts were
scored on average the highest.

Pedagogical features related to the
design of collaboration and student
activities

The analysis of pedagogical practices through cluster
analysis (Table 5) uncovered three prototypical types of enacted

practices (a) activating learning promoting content learning,
(b) self-directed individual or collaborative knowledge creation,
and (c) challenging collaborative knowledge creation with
systematic support (Figure 2).

Courses in Cluster 1 can be illustrated to represent
activating learning practices promoting content learning.
Courses primarily focused on the acquisition of domain
content through activating lectures and/or small-scale
individual and collaborative knowledge creation tasks both
in contact sessions and as assignments. It is noteworthy,
that all ten courses in Cluster 1 were for first year students
and there were, on average, 96.2 students in a course
(min 60, max 178). The courses were from various subject
domains: economics, biosciences, law, agricultural sciences
and education. It appeared that the pedagogical practices
were designed for large class activities, with primary
emphasis on engaging students with activating methods
on content learning.

As an example of Cluster 1, one course (ID94) was
a 5 ECTS course about legal thinking for the first-year
law students including about 180 participants. Students
had weekly group tasks to analyze law cases and write
up one own law. Groups organized their group work
time themselves outside contact sessions. In addition to
attending expert lectures, students presented their group
outcomes and/or were opponents to some other group in
contact sessions. The tasks were applied tasks, and although
the tasks were the same for all groups, the problem
space was open. Course platform Moodle was used for
sharing materials and group discussions. In addition, lecturers
demonstrated professional databases for students. Groups had
a freedom to use digital applications of their choice in
presentations. The course was graded on a scale pass-fail
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TABLE 3 Collaborative knowledge practices scale means and standard deviations.

Course
field

N Collaborate
on objects

Integrate
efforts

Feedback Persistent
development

Various
disciplines

Interdisciplinary
collaboration

Exploit
technology

M SD M SD M SD M SD M SD M SD M SD

Plant sciences 49 3.84 0.56 3.83 0.60 3.44 0.70 3.48 0.68 3.58 0.74 2.78 0.96 3.27 0.78

Economics 21 3.75 0.68 3.67 0.87 3.46 0.88 3.57 0.79 3.08 0.87 3.08 0.90 3.87 0.90

Environmental
change &
economics

16 4.45 0.73 4.34 0.58 4.27 0.74 4.27 0.58 4.05 0.74 3.92 0.67 3.42 0.85

Economics 53 3.43 0.61 3.56 0.68 3.15 0.67 3.34 0.63 2.41 0.69 2.49 0.65 3.27 0.77

Veterinary
medicine

34 3.16 0.65 3.77 0.60 2.93 0.80 3.25 0.75 2.25 0.75 1.91 0.78 2.84 0.78

Philosophy 25 2.24 0.72 2.81 0.77 3.49 0.62 2.63 0.73 1.83 0.62 1.84 0.75 1.84 0.74

Agricultural
sciences

26 3.37 0.52 3.34 0.56 2.95 0.57 3.19 0.49 2.88 0.58 3.09 0.72 3.40 0.68

Agricultural
sciences

8 4.03 0.63 4.06 0.48 3.75 0.58 4.09 0.40 3.75 0.38 3.25 0.53 3.75 0.48

Aquatic sciences 11 3.64 0.53 3.70 0.81 2.98 0.70 3.64 0.64 2.66 0.64 2.70 0.60 2.25 0.82

Agricultural
sciences

17 3.20 1.05 2.93 0.98 2.68 0.76 2.90 0.78 2.35 0.78 2.14 0.93 2.81 0.86

Veterinary
medicine

20 3.89 0.63 4.15 0.61 3.00 0.75 3.44 0.58 2.33 0.57 1.85 0.79 2.48 0.72

Veterinary
medicine

16 3.61 0.94 4.15 0.83 3.36 1.08 3.44 1.08 2.53 0.76 2.00 0.66 2.17 0.86

Philosophy 25 2.60 0.76 2.98 0.76 3.55 0.72 2.69 0.69 1.99 0.82 1.82 0.71 2.35 0.83

Educational
psychology

7 3.89 0.63 3.71 0.53 3.46 0.77 3.61 0.24 2.64 0.67 2.38 1.04 2.71 0.98

Agricultural
sciences

17 3.51 0.60 3.51 0.42 3.15 0.75 3.24 0.35 2.74 0.35 2.61 0.64 3.09 0.57

Educational
sciences

71 3.84 0.59 3.95 0.59 3.21 0.66 3.46 0.55 2.85 0.62 2.86 0.81 3.13 0.81

Agricultural
sciences

13 4.17 0.66 4.06 0.61 3.87 0.50 4.04 0.60 3.33 0.84 3.10 0.81 2.98 0.75

Agricultural
sciences

21 3.43 0.64 3.44 0.62 2.64 0.72 3.00 0.59 2.61 0.74 2.13 0.74 2.90 0.85

Educational
psychology

17 4.01 0.58 3.96 0.66 3.91 0.73 3.78 0.54 3.01 0.77 2.67 1.03 2.97 1.03

Educational
sciences

263 381 0.62 3.87 0.61 3.26 0.61 3.43 0.55 2.99 0.68 2.83 0.76 3.21 0.82

Philosophy 20 2.64 0.74 3.09 0.61 3.64 0.56 2.91 0.55 2.00 0.83 2.02 0.95 2.44 0.73

Law 132 3.41 0.66 3.35 0.72 2.87 0.69 3.25 0.64 2.56 0.67 2.11 0.77 3.05 0.78

Forest Sciences 40 3.17 0.64 3.01 0.69 2.83 0.74 2.96 0.69 2.31 0.76 2.45 0.84 2.72 0.59

Agricultural
sciences

34 3.64 0.54 3.55 0.52 3.24 0.53 3.29 0.55 2.81 0.51 2.60 0.60 3.18 0.77

Agricultural
sciences

9 4.00 0.51 3.94 0.45 3.67 0.50 3.86 0.42 3.36 0.81 3.04 0.75 3.22 0.58

Agricultural
sciences

47 2.03 0.88 2.35 0.93 2.37 0.77 2.45 0.79 2.71 0.84 2.27 0.85 2.37 0.87

Educational
psychology

10 3.98 0.51 4.08 0.73 3.80 0.60 3.83 0.46 2.88 0.60 2.23 0.94 2.85 0.87

Educational
psychology

46 3.69 0.63 3.56 0.54 2.71 0.78 3.11 0.59 2.79 0.68 2.12 0.77 2.93 0.71

Total 1067 3.61 0.82 3.58 0.78 3.15 0.76 3.30 0.70 2.76 0.80 2.52 0.88 3.00 0.86

and the evaluation was group-based. If students were absent
from the group presentations, they had to make an individual
reflection task.

Cluster 2 represents pedagogical practices that can be
described as self-directed individual or collaborative knowledge
creation practices with content-focused contact teaching. Courses
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TABLE 4 Collaborative knowledge practices scale reliabilities, one-way analyses of variance, and correlations.

Scale Cronbach
alpha

M SD F(27,1065) η2 Colla-
borate on

objects

Integrate
efforts

Feed-
back

Persistent
develop-

ment

Various
disci-
plines

Inter-
disciplinary

collab.

Exploit
tech-

nology

Collaborate on
objects

0.86 3.61 0.82 23.05*** 0.38 1

Integrate efforts 0.82 3.58 0.78 16.62*** 0.30 0.80 1

Feedback 0.79 3.15 0.76 10.54*** 0.22 0.58 0.61 1

Persistent
development

0.77 3.30 0.70 11.16*** 0.23 0.78 0.75 0.65 1

Various
disciplines

0.75 2.76 0.80 13.65*** 0.26 0.51 0.49 0.47 0.53 1

Interdisciplinary
collaboration

0.73 2.52 0.88 11.31*** 0.23 0.46 0.45 0.44 0.49 0.72 1

Exploit
technology

0.85 3.00 0.86 8.73*** 0.19 0.54 0.53 0.43 0.53 0.46 0.41 1

***p < 0.001. All correlations significant at 0.01 level.

TABLE 5 Pedagogical practices cluster analysis descriptors.

Cluster Error F Sig.

Mean square df Mean square df

Tangible object 5.845 2 0.211 25 27.70 <0.001

Reuse 3.070 2 0.463 25 6.63 0.005

Problem space 5.170 2 0.255 25 20.27 <0.001

Student-centered activities 3.288 2 0.267 25 12.31 <0.001

Modeling of professional practices 6.927 2 0.303 25 22.86 <0.001

Iterativeness 5.000 2 0.120 25 41.67 <0.001

Role of feedback 2.245 2 0.499 25 4.50 0.021

Reflection of practices 4.289 2 0.324 25 13.23 <0.001

Centrality of collaboration 2.113 2 0.351 25 6.02 0.007

Integrating individual and collaborative tasks 2.739 2 0.448 25 6.11 0.007

Multidisciplinarity 0.316 2 0.299 25 1.057 0.362

External collaborators 7.570 2 0.183 25 41.364 <0.001

Digital tools 1.345 2 0.171 25 7.863 0.002

Versatility of assessment methods 0.907 2 0.516 25 1.758 0.193

Assessment of generic competences 9.707 2 0.132 25 73.539 <0.001

included lectures or hands-on sessions and one major open-
ended individual or collaborative knowledge creation task (in
addition to smaller ones) elaborated mainly outside course
meetings. Individual students or groups received occasional
and tailored guidance from the lecturers in the meetings to
complete the tasks. Six of the courses in Cluster 2 were master
level courses, two were for second- or third-year undergraduate
students. The average number of participants in the courses was
41.1 (min 25, max 69). The domains of the courses included
education, biosciences and forest sciences.

An example in Cluster 2 is a 5 ECTS course (ID92) about the
philosophy of science for master students in education for about
25 participants by two lecturers. In the course, each student
prepared an individual theoretical essay on a topic chosen by
themselves. Students were organized in thematic peer groups
where the members commented on each other’s essays at certain

points during the course. Weekly contact sessions included
lectures with discussions and sometimes also working in the
thematic groups. The essays were elaborated and commented
on mainly as homework. A course platform Moodle was used
for sharing materials, peer commenting and task submissions,
MS Word for essay writing. The assessment was based on
grading from 1 to 5 done by the lecturers; both the quality of
essays and peer commenting activity were taken into account
in the assessment.

Cluster 3 included courses where practices represented
challenging collaborative knowledge creation with systematic
support for epistemic and group work. Courses were shaped by
one major open-ended, authentic and challenging collaborative
knowledge creation task (in addition to smaller ones) elaborated
both in contact sessions and out-of-class assignments.
Professional ways of working were explicitly modeled and
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practiced with the students. Two courses in this cluster were
for first year students, the others were targeted for third
year undergraduate students and/or master students. The
average number of students in the courses or study groups
(one course was divided in three study groups because
the total number of participants was 375) was 51.8 (min
8, max 124). The subject domains of the courses included
biosciences, agricultural sciences and education; one course was
a multidisciplinary project course.

In Cluster 3, one example of a course (ID96) is a 3 ECTS
obligatory project management and work life skills course for
third year undergraduate students including about 40 students.
During the course, students completed various assignments
relevant for their future careers. Individually they made a CV,
a LinkedIn profile and a portfolio, gave a personal elevator
pitch and interviewed a professional in the field. In groups they
made a summary of interviews as a blog post and produced a
project plan in groups through a longitudinal process including
several phases and sub-tasks. The project topic was given by
experts from another university unit, based on a real task from
an existing project. Groups competed on the best solution to
the project assignment, and the winner was chosen based on
the group report and pitching of the solution in the last course
meeting. The course was graded on a scale pass-fail, but all sub-
tasks had to be completed acceptably and many of them were
commented on and assessed both by the course lectures and
experts from other university units.

To summarize, what differentiated cluster 1 from the
remaining two clusters, based on the level analysis, was that
there was no emphasis on an artifact development, iterativeness
in the process, structured feedback during the process nor
explicit assessment of generic competences. Cluster 2 was
differentiated from cluster 3 especially by more emphasis on
lecturing and less on student-centered activities, less self-
reflection on collaboration process and fewer involvement of
external collaborators. All clusters had a rather low level of
multidisciplinarity, but quite systematic use of group work
practices. This was affected by the fact that all courses
included in the study had some type of collaboration task
included in the course, because otherwise completing the
CKP questionnaires would not have been meaningful for the
participants.

Relationship of students’
self-evaluations on competence gains
and pedagogical practices

We compared the means of the seven scales of CKP against
the cluster membership. There were 435, 164, and 467 students
in clusters 1, 2, and 3, respectively. A one way ANOVA provided
evidence that the clusters had statistically significant differences
on each of the CKP scales (F(2,1065) = 18.7 – 79.3, p < 0.

001). A Scheffe post hoc test showed that in the scales of
Integrate efforts, Persistent development, and Interdisciplinary
collaboration, clusters 1 and 2 did not have statistically
significant differences, while on the scale Feedback cluster
2 and 3 did not have statistically significant differences.
All other comparisons were statistically significantly different
(p < 0.05). Figure 3 displays the scale means by pedagogical
practices cluster.

Overall, cluster 2 self-directed knowledge creation held the
lowest average CKP scale scores, with the exception of Feedback.
The students’ self-evaluated learning of competence gains in
generic competences of collaborative knowledge work was the
highest in cluster 3 supported collaborative knowledge creation.
As described above, cluster 3 had been qualitatively analyzed
as pedagogical practices most specifically designed to support
collaborative knowledge creation.

Discussion

The study undertook an examination of generic
collaboration competences from three directions. Twenty-
eight courses in higher education contributed data to the study,
each involving some form of collaborative assignments for the
students. Further, each course had some field specific expected
learning outcomes regarding the content learning as well as
some objectives for gaining knowledge work competences,
representing generic competences in collaboration and
professional epistemic practices.

First, we investigated how the students evaluated self-
assessed competence gains across the courses. We found that
there were statistically significant differences between courses
in how students rated their learning on the seven scales of the
Collaborative Knowledge Practices CKP questionnaire.

Second, we analyzed the pedagogical design decisions
made in these courses and developed a categorization of
the pedagogical features. This enabled a more detailed
examination of how the courses were intended to model
and support complex knowledge work competences. This
analysis provided three clusters of pedagogical practices. Cluster
1 was considered to represent activating learning practices
promoting content learning. They emphasized acquisition of
domain content through activating lectures and/or small-
scale individual and collaborative knowledge creation tasks.
These were most prevalent in first year courses in the data.
Cluster 2 was named self-directed individual or collaborative
knowledge creation practices with content-focused contact
teaching. Courses included lectures or hands-on sessions and
one major open-ended individual or collaborative knowledge
creation task elaborated mainly outside course meetings.
The knowledge creation challenge was clearly present in the
assignments, but strong facilitation for how to carry it out
was missing. Cluster 3 was named collaborative knowledge
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FIGURE 2

Three clusters of pedagogical practices.

FIGURE 3

Learning of knowledge work competences by pedagogical practices.

creation with systematic support for epistemic and group work.
Professional ways of working were explicitly modeled and
practiced with the students. This third is argued to be an
important addition to current educational practices to ensure
graduates’ fluent transition to knowledge work.

Thirdly, we investigated how the pedagogical features
were related to students’ self-evaluations on competence gains.
This provided evidence that the three clusters of pedagogical
practices were related to differing student evaluations on
competence development on the seven CKP scales. Pedagogical
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practices of cluster 3 were systematically evaluated to generate
more competence gains. Comparison of clusters 1 and 2
offered interesting evidence that the activating learning practices
were considered to generate higher competence gains. Further
investigation is needed to fully understand these differences.
One explanation might be that the self-directed nature of group
tasks and shortcomings in the pedagogical support to complete
them in cluster 2 courses did not produce strong learning
experiences in collaborative knowledge work competences.
A parallel result was found in a study focusing on the
pedagogical quality of international summer courses (Lakkala
et al., 2018): Courses representing traditional teacher-centered
lecturing combined with self-directed academic studying
outside contact sessions received, on average, lower scores from
students in the course evaluation survey, compared with courses
that followed practices of activating learning or shared expertise.

The object-orientedness was raised in the qualitative
analysis in cluster 2 and 3, but related competence learning
was highlighted in cluster 3, which offers crucial information
for scaffolding and designing complex collaboration processes.
Engaging in integration of efforts is a means to initiate
and practice valuable generic competences for collaboration
highlighted here, as also pointed out in many prior studies on
co-regulation and object-oriented learning (e.g., Borge et al.,
2018; Splichal et al., 2018; Damşa and Muukkonen, 2020). But
the finding also suggested that mere setting up of collaboration
in a course is not enough without modeling and scaffolding.
Feedback and cross-fertilization between fields play a key role
in all professional practices, therefore becoming competent in
them requires effortful practice. On using digital tools in higher
education, the outcomes showed that for the most part they
were an integrated part of the pedagogical design of courses,
with few exceptions.

Theoretically, emergence of the clusters contrast various
pedagogical design prototypes for collaborative learning, where
Cluster 1 and 3 can be recommended, but cluster 2 points out
further support needs for students. The pedagogical features
framework offers a tool to examine the design features of
collaboration in a structured fashion. Specific aspects targeted
in pedagogical designs were also, on average, rated higher by the
students on competence gains namely Collaborate on objects
and Integrate efforts. The findings suggested higher education
can employ student self-evaluations as measures of generic skills
development in knowledge work competences. Furthermore,
curriculum design can benefit from a systemic approach to
mapping and specifying both the features of pedagogical
practices and expected learning outcomes on generic skills (see
this issue).

This study was conducted as a multi-methods investigation.
Contrasting the outcomes of qualitative findings on pedagogical
practices and the scaled responses enabled to juxtapose the
experienced learning of generic competences and the analyzed
pedagogical practices. The sample size of students was quite
large and included students from different study years and ages.

A limitation of the study is that the age of participants and
other background factors like previous work experience were
not included as independent variables in the analysis. Further
studies should investigate the influence of age on the outcomes.
Preliminary examinations with CKP data have suggested that
there is considerable individual variation and that a young first
year students might provide very different self-evaluation than
first year students with prior work experience, so status as
first year student is not enough information. This phenomenon
might have a relationship with that the questionnaire asks to
evaluate the extend of learning in a certain course, and if student
experiences that the learning has taken place earlier, then their
evaluation may remain moderate. This is a methodological
question pertaining to the nature of self-reports more widely.
As suggested also by Vogel et al. (2017), the development
of collaboration competence might depend on the amount of
practice in the corresponding activities, hence previous work
experience in knowledge work might influence self-evaluation
of new competence gains.

Limitations regarding self-reports of learning have been
discussed repeatedly. Although self-report measures are
considered suitable for higher education (Roth et al., 2016),
there are concerns over the self-report’s closeness to actual
behavior. Benton et al. (2013) pointed out that the validity of
student self-evaluation of learning depends on that relevant
learning objective have been identified and, further, whether
students can offer accurate evaluations of their learning. Earlier
development process of the CKP questionnaire identified and
removed those items that were ambiguous or uninformative,
thus contributing to relevance in term of targeted and validated
questionnaire. The relevance in terms of the course specific
learning objectives was evaluated by the students, which
aligned with the teacher descriptions in a theoretically and
pedagogically integrated way. Further research will need to add
parallel means to evaluate student learning, e.g., by pre-post or
teacher evaluations.

Some courses had multiple teachers and how this
teacher-student ratio influences the pedagogical choices
and abilities to support students is an important future research
question. Contextual issues have an effect on the pedagogical
decisions, e.g., in mass courses it is not often possible to
implement complex design for collaborative knowledge
practices. Nevertheless, among the investigated courses there
were also courses with large number of participants (e.g., a
course in education, about 100 participants in one teaching
group) and the courses were implemented representing
collaborative knowledge creation practices with systematic
support (cluster 3).

The transformation to fully online and hybrid teaching
is a further design challenge for higher education. Previous
research has suggested that it is rare in online learning
settings that students engage in high-quality activities or
knowledge creation spontaneously (Kobbe et al., 2007). The
current findings evidenced that for teaching collaboration and
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generic collaboration competences, there are a multitude of
pedagogical design decisions to make. The courses in cluster 3
had a distinct emphasis on modeling, offering teacher support
during contact teaching, and reserving time for reflection. This
demands significant before class preparation from teachers
and using time to introduce various tools and models, e.g.,
for expected learning outcomes for generic competence or
orchestration of multidisciplinary collaboration. It is aligned
with the call for design for learning (Goodyear, 2015), which
entails investing more heavily in the planning phase and
recognition of the primary role of design for student learning.
Further, the results point out a need for a well-structured
digital environment for sharing materials or links to other
services, practical information, and guidance about online
learning practices and assessment. These are needed to enable
students to concentrate on the learning goals instead of trying
to find out what is expected of them. Besides content learning
objectives, teachers’ social presence is especially important
for modeling demanding generic competences and interaction
around knowledge creation.
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Korean university students’
significant learning experiences
and associated generic skills: A
qualitative essay review
Ahram Lee† and Soo Jeung Lee*†

Department of Education, Sejong University, Seoul, South Korea

The purpose of the present study was to explore significant learning

experiences of Korean university students and examine associated generic

skills. The study implemented a document analysis approach to investigate

essays collected from 33 students in a 4-year university in Seoul, South Korea.

A total of 102 excerpts were coded, forming 14 sub-themes which were

categorized into five themes that describe students’ significant learning

experiences. The five themes are interacting with others, learning by oneself

and about oneself, realizing applicability to real-life, venturing into advanced

learning, and experiencing a respectful learning atmosphere. Also, 18 generic

skills were identified which were categorized into four clusters, namely

comprehensive thinking skills, information utilization skills, interpersonal

skills, and personal attributes. The results of the present study provide the

groundwork for understanding students’ perceptions of significant learning

experiences and associated generic skills.

KEYWORDS

significant learning experiences, generic skills, core competencies, document
analysis, university students

Introduction

The rapid changes of the twenty-first century are marked by factors such as the
advancement of technology and recession (Blustein, 2019), a sharp decline in the school-
age population (Ban, 2016; Kim, 2022), and prolonged COVID-19 (Karalis and Raikou,
2020), calling for university education to change. In order to meet the varying needs of
the ever-changing society, discussions on well-teaching universities have actively taken
place in South Korea since the late 2000s. Specifically, demands for university education
innovation have emerged, starting with the 2008 University Education Capacity
Enhancement (UECE) project and the 2010 Advancement of College Education (ACE)
project, focusing on enhancing the quality of education for students (Byoun, 2018).
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These projects aim to foster well-teaching universities by
establishing competencies-based education systems and
curricula (Lee, 2017). As such, the key components of the
education innovation taking place in South Korea are twofold;
to teach well and to foster core competencies. Thus, the
universities in South Korea are actively devising ways to take
part in the nationwide innovation movement in order to
provide more meaningful learning to students and to assess the
learning outcomes based on the established core competencies.

In alignment with such education innovation, it would
be imperative to first understand students’ perceptions
of what constitutes meaningful and significant learning.
Significant learning involves experiences in which students
apply knowledge across various situations, actively explore
knowledge, and immerse themselves in the learning process
(Strange and Banning, 2015). Fink (2003) pointed out that
when classes are designed to foster significant learning
experiences, students are motivated and can actively participate
in learning. However, previous studies mainly focused on
designing instructions to facilitate significant learning from the
perspective of instructors (Saulnier, 2003; Levine et al., 2008;
Trudeau and Kruse, 2014; Sanchez et al., 2020). There are only a
few studies in South Korea that examined students’ perceptions
of significant learning experiences (Han and Hwang, 2021).
Therefore, the current study intended to explore and understand
students’ own experiences of significant learning.

Moreover, the study tried to identify the generic skills
associated with students’ significant learning experiences.
Generic skills are transferrable skills that can be applied in
varying contexts beyond the boundaries of specific disciplines
(Barrie, 2006) and are also referred to as core skills or core
competencies (Bratianu and Vatamanescu, 2017; Virtanen and
Tynjälä, 2019). In South Korea, the term core competencies is
used to refer to generic skills that need to be fostered through
university education. In accordance with various government
projects that are leading the innovation of university education
in South Korea, such as the aforementioned ACE project, the
Ministry of Education and the South Korea Research Institute
for Vocational Education and Training developed the Korea
Collegiate Essential Skills Assessment (K-CESA) in order to
measure six basic competencies of university students, namely
communication competency, global competency, resource
information technology utilization competency, comprehensive
thinking competency, interpersonal competency, and self-
management competency. Individual universities have also
established their own core competencies, based on which
they assess students and rearrange the curriculum and
extracurricular activities (e.g., Park and Chung, 2017; Choi,
2020; Shin et al., 2021). Such emphasis on competencies has
led Korean universities to evaluate learning outcomes, identify
good class, and foster competitive global personnel required by
the future job market based on the core competencies that they
established (Jin et al., 2011).

While the importance of establishing core competencies or
generic skills at the university level is recognized in South Korea,
it should also be noted that the development of such skills need
to be understood in the context of students’ significant learning
experiences. The development of generic skills is inseparable
from the learning process (Drummond et al., 1998; Bath et al.,
2004). Thus, it would be important to examine generic skills that
are associated with learning experiences that students perceive
as being significant.

Thus, the current study investigated university students’
own experiences of learning generic skills in the context
of their learning process, by first exploring the significant
learning experiences identified by students, and then analyzing
generic skills entailed in those experiences. In order to
reflect the context of higher education in South Korea, in
which core competencies-based education program is recently
being emphasized, this study applied the document analysis
method to examine essays written by students studying in
a university located in Seoul, South Korea. The research
questions are as follows.

(1) What experiences do students identify as being
significant learning experiences at university?

(2) What generic skills are associated with students’
significant learning experiences?

Literature review

Significant learning experiences involve applying knowledge
across varying contexts, actively exploring new knowledge, and
being immersed in the learning process (Strange and Banning,
2015). Engaging in significant learning experiences is different
from merely cramming knowledge in that students not only
understand what they learn and apply it to real situations
but also get to know more about themselves and the world
around them (Bae and Hwang, 2021). Thus, significant learning
experiences are often discussed in relation to higher education
(Fink, 2003).

It is not easy to define significant learning experiences.
Learning is a personal, intentional, dynamic, and interactive
process that tentatively generates an output characterized by
specific knowledge produced at a given moment and context
(Agra et al., 2019). Ausubel (2000, p. 1) used the term
meaningful reception learning and defined it as “the acquisition
of new meanings from presented learning material,” and
explained that meaningful learning takes place when students
gain understanding by linking new knowledge and experiences
to what they already know. The interaction between potentially
new meanings and related ideas in the students’ cognitive
structure generates actual or psychological meanings. Since each
student’s cognitive structure is different, all newly acquired
meanings are unique in themselves. Ausubel (1963) viewed
meaningful reception learning as a result of the teacher’s
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successful leadership of the teaching-learning process. Based on
Ausubel’s theory, Joyce et al. (2000) proposed the instructional
design principles to frame learner performance into goals and
tasks, divide these tasks into small component tasks, design
training activities, and align learning events in order to promote
the transfer of prerequisite learning.

In order to provide a comprehensive understanding of
significant learning, Fink (2013) suggested dynamic linkages of
the following six elements that change students in significant
ways: (1) foundational knowledge refers to basic knowledge that
constitute the content of a course that is necessary for one to
understand and remember in a course; (2) application indicates
applying the previously learned knowledge to other situations
so that students can acquire and develop advanced knowledge
and skills; (3) integration refers to expanding one’s thinking
by linking acquired knowledge and ideas, such as identifying
similarities and differences between subjects or different
theories; (4) human dimension indicates actively interacting
with others through which one gains deeper understanding of
him or herself and the word; (5) caring is the process of changing
in feelings, interests, or values in relation to a subject, and is
also related to motivations for learning; (6) learning how to
learn refers to learning skills that help one become a better
and more self-directed learner and keep on learning even after
the course is over.

Fink (2013) mentioned that any course can apply these
six elements to create significant learning experiences. It
was reported that in the class based on significant learning
experiences with the six aforementioned elements, students
learned how to think creatively, learned together with others,
and learned how the content of the class affected them
and the world (Levine et al., 2008; Evans et al., 2016). The
significant learning experiences have strength in that they
mean a holistic learning experience in which students learn
knowledge and apply the learned knowledge to real problems
and get to know themselves and the world through them
(Strange and Banning, 2015).

However, previous studies on significant learning
experiences have mainly focused on the instructors and
how they can design and create significant learning experiences
for students across disciplines (Saulnier, 2003; Levine et al.,
2008; Trudeau and Kruse, 2014; Sanchez et al., 2020). These
studies examined significant learning experiences proposed
by Fink (2013) from the perspective of instructors. Very few
studies, to the authors’ knowledge, have examined significant
learning experiences from the students’ perspectives (e.g., Bae
and Hwang, 2021; Han et al., 2021). Therefore, the current
study intended to investigate what experiences students identify
as being significant to themselves.

Moreover, since significant learning is not simply learning
and memorizing content material but integrating knowledge
and applying it in varying life situations, such learning
experiences are closely related to generic skills. Generic skills

are transferrable skills that can be applied in different contexts
beyond the boundaries of specific disciplines (Barrie, 2006).
Such skills are also referred to as core skills, key skills, generic
attributes, core competencies, or employability skills (Bratianu
and Vatamanescu, 2017; Virtanen and Tynjälä, 2019).

While courses specifically designed for generic skills may
not be very effective (Hattie et al., 1996), there is a widespread
belief that generic skills can be developed through various
learning experiences at university (Kember et al., 2007).
Kember et al. (2007) tried to connect generic skills to the
teaching and learning environment and proposed that the
characteristics of the teaching and learning environment that
particularly developed students’ generic skills were active
learning, teaching for understanding, assessment, coherence
of curriculum, teacher-student interaction, feedback to assist
learning, assistance from teaching staff, relationship with
other students, and cooperative learning. They addressed
that the teaching and learning environment has a greater-
than-expected impact on the development of generic skills
(Kember and Leung, 2005; Leung and Kember, 2005; Kember
et al., 2007). Virtanen and Tynjälä (2019) examined the
types of pedagogical practices related to students’ learning of
generic skills and found that the learning of generic skills
was not affected by any specific pedagogical practice, but
rather required the use of various teaching methods and
pedagogical practices.

It would not be possible to provide an exhaustive list of
what constitutes generic skills. Attempts have been made to
extract core competencies and sub-elements. The Organization
for Economic Co-operation and Development (OECD)
initiated the Definition and Selection of Competencies
(DeSeCo) project in 1997 and defined core competencies
as “the ability to meet complex demands, by drawing on
and mobilizing psychosocial resources (including skills
and attitudes) in a particular context” (OECD, 2005,
p. 4). The core competencies in the DeSeCo project were
classified into three broad, interrelated categories such as
“use tools interactively,” “interact in heterogeneous groups,”
and “act autonomously.” Based on the DeSeCo project,
the OECD Education 2030 project has identified three
further categories of competencies such as “creating new
value,” “reconciling tensions and dilemmas,” and “taking
responsibility” (OECD, 2018). Previous studies have also
examined various skills as being generic skills. Badcock
et al. (2010) examined critical thinking, interpersonal
understandings, problem-solving, and written communication
to assess generic skills. Braun and Leidner (2009) suggested six
domains of competencies: knowledge processing, systematic,
presentational, communication, cooperation, and personal
competence. In addition to these, Bath et al. (2004) included
skills such as intellectual curiosity and rigor, ethical awareness
and practice, integrity, and tolerance. Virtanen and Tynjälä
(2019) examined pedagogical approaches that can foster the
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following eight generic skills: resourcefulness, innovativeness,
creativity, ability to operate in new situations, decision-making
skills, ability to solve occupational problems, continuing
learning skills, and self-assessment skills. The current
study investigated students’ own experiences of engaging
in generic skills in the context of their learning process and
identified generic skills associated with students’ significant
learning experiences.

Method

Data collection

This study used essays written by students attending a 4-year
university in Seoul, South Korea. The essays were collected in
the fall semester of 2021 from two courses in the Department
of Education, namely Educational Administration and Adult
Learning and Counseling, conducted by the corresponding
author and the first author, respectively. The students enrolled
in these courses were asked to write a reflection paper on
their significant learning experiences as a part of their course
assignments. Students were instructed to think about their
significant learning experience(s) that they had during their
university years and to freely describe their experience(s)
in detail. The following guiding questions were provided:
What were the activities you participated in?; What did you
experience?; What made the experience significant?; and What
factors were related to your experience?. Each essay was one to
two pages long. After the end of the semester, when all the course
evaluation was completed, the description of the research and a
consent form permitting the use of the essays for research was
announced to the students via the learning management system
(LMS) used in the university.

Initially, a total of 43 essays were collected during the
semester, and among them, 33 students voluntarily sent their
written consent to allow the use of their essays. The 10
students who did not send the consent may not have wanted
to participate in the research or they may not have checked the
announcement sent through the LMS since the semester was
over. Among the 10 students, two were international students
from the Department of Hotel Management, and the rest were
from the Department of Education; seven were female and
three were male.

The final sample used in this study was 33 essays. Most
students who consented to research were from the Department
of Education with few exceptions: two from the Department of
Engineering, two from the Department of Korean Language and
Literature, one from the Department of English Language and
Literature, and one from the Department of Humanities. The
grade level of students ranged from sophomore to senior. The
number of female students was 24 and male students was 9.

Analysis

The current study used a document analysis approach to
assess essays written by university students. Document analysis
involves a systematic procedure to examine and interpret
texts and images of varying forms, including both public
and private records, to gain meaning and understanding of
the chosen phenomenon (Bowen, 2009). The documents used
for analysis in this study were students’ essays on significant
learning experiences that they had during their university
years. These documents were selected to examine students’
perceptions on significant learning and to reflect the context of
Korean education.

The study adhered to the following analytic procedure
proposed by Braun and Clarke (2006) to derive themes and
identify patterns and meaning from the collected data: (1)
familiarizing yourself with your data; (2) generating initial
codes; (3) searching for themes; (4) reviewing themes; (5)
defining and naming themes; and (6) producing the report. First,
the authors individually read the students’ essays multiple times
to absorb the rich details and to understand the essence of what
the students were describing in their essays. While reading and
re-reading the essays, we noted our initial ideas for the possible
codes. Second, we compared our ideas for codes, examined the
exemplary quotations, and generated initial codes. We listed
the codes and went back to the essays, systematically coding
the data and collating excerpts relevant to each code. In the
process of finding supporting excerpts, the codes were added
or removed, combined or divided, and renamed. For instance,
an initial code named “participating in discussions” was divided
into “saying my opinion in discussions” and “listening to others
in discussions.” In the third step, the revised codes were grouped
into potential overarching themes, and we put initial names for
each theme. Fourth, we reviewed the themes as well as the codes
and their supporting excerpts within each theme. Similar themes
were merged while themes without enough supporting data
were removed, and sub-themes were generated. We checked for
a coherent pattern of the codes within each theme. We also went
through the essays again to make sure that the themes were
accurately reflecting the meaning. In the fifth step, the finalized
themes and sub-themes were named. Finally, we tried to build
a narrative for each theme which is provided in the following
Results section.

Although the main purpose of the analytic procedure was
to derive themes for significant learning experiences, we also
wanted to know what generic skills were associated with each of
the themes. Therefore, in the process of coding, we also extracted
generic skills that students directly mentioned in their essays and
formed a separate list of codes for generic skills. After finalizing
the themes for significant learning experiences, we listed the
codes for generic skills within each theme and grouped similar
codes into clusters, based on the classification by Braun and
Leidner (2009) and K-CESA. Then, we named the clusters for
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the generic skills. We tried to secure the validity of the study in
terms of consistency and neutrality (Guba and Lincoln, 1985)
and tried to maintain objectivity by seeking opinions on data
analysis and results through a continuous consultation process
so that the results derived through data collection and analysis
were consistent, excluding any bias in the research process.

Results

The essays described various course-related and
extracurricular activities that were identified as a significant
learning experience. A total of 102 excerpts were coded and
formed into 14 sub-themes, which were reorganized into
five themes about significant learning experiences, namely
interacting with others, learning by oneself and about oneself,
realizing applicability in real-life, venturing into advanced
learning, and experiencing respectful learning atmosphere.

From these experiences, 18 generic skills were induced
which were categorized into four clusters. First is comprehensive
thinking skills including critical thinking, creative thinking,
problem-solving skills, recognizing and reducing prejudice,
synthesis, and intellectual curiosity. Second is information
utilization skills including information management skills
and ability to apply knowledge into practice. Third is
interpersonal skills including openness to others, collaborative
skills, and communication skills. Fourth is personal attributes
including the capacity to learn actively, autonomy, passionate
attitude, self-confidence, self-understanding, self-esteem, and
establishing a sense of value.

The five themes related to significant learning experiences
and four clusters of associated generic skills are illustrated in
Figure 1. Specific descriptions of the five themes and 14 sub-
themes of significant learning experiences and the associated
generic skills are provided below.

Interacting with others

Most of the students identified learning experiences in
which they were engaged with one another as being significant.
Interaction-based learning experience encompasses asserting
one’s own ideas, listening to others, receiving feedback, and
engaging in team activities.

Asserting one’s own ideas
Asserting one’s own ideas to others in discussions or debates

was identified as a significant experience. By trying to verbalize
their perspectives, students were able to “construct knowledge”
in their own way and “freely generated ideas.” One student
described her experience of having unguided discussions as
“feeling as if I were an ancient philosopher sitting around
a Greek bath sharing scholarly knowledge” with colleagues.
Moreover, having an audience to deliver one’s perspective led

students to become more familiar with the content knowledge
and memorize important information better.

Each class was divided into groups for discussion, and a
representative was selected to lead the discussion. Befitting
the title the professor gave us, I found myself explaining
what I knew to classmates like a real teacher. . . The reason
why I have to call it a significant learning experience is that
the contents I shared with my classmates are still perfectly
remembered in my mind. For me, true learning occurs when
I am actively using the knowledge so that it is stored in my
long-term memory, and I can explain it to others whenever
I want (Student 6).

Students reporting these experiences needed to grasp the
essence of content materials and generate their own perspectives
integrating what they have learned. Thus, they expressed these
experiences as significant learning experiences when utilizing
comprehensive thinking skills, such as creative thinking and
synthesis. Also, they had to process and organize knowledge and
opinion in such a way so that they could deliver it to others,
involving information management skills.

Not only was asserting oneself meaningful in terms of
knowledge, but it was also significant to some students at a
personal level. Students reported that they were able to become
more open to others and share their personal experiences by
having discussions. One student also reported that he could
establish his own values more firmly while he was trying to
persuade his friends. The skills involved in these experiences
are named openness to others and establishing a sense of
value, respectively.

Listening to others’ perspectives
Listening to others’ opinions in discussions was an essential

element of a significant learning experience. Most of all, students
could gain different perspectives and expand their worldview by
sharing others’ viewpoints.

By sharing opinions and conducting a discussion, we
can rethink the topic in a direction different from
what we initially thought and advocated. Through this,
I think critical reflection on my opinion occurred,
subsequently making changes in knowledge that I
previously knew (Student 9).

Listening to others’ ideas generated new inquiries, allowed
students to synthesize different theories, and led the thought
process in a different direction. Such broadening of perspective
led students to think more critically and solve problems in
innovative ways. It even guided students to reflect on themselves
and face their own prejudice and rigidity, leading to a critical
evaluation of oneself. One student also reported that he was
“able to change his negative thoughts into positive ones” by
listening to other opinions in discussions.
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During the discussion, I was able to look at the subject
from various perspectives through critical thinking, and I
was able to look back on myself, breaking the prejudice
that I implicitly held. I felt a change in my thoughts,
breaking my own stereotypes and looking from a new
perspective (Student 21).

Students reported that these experiences were significant
to them because they were involved in critical thinking,
recognizing and reducing prejudice, and engaging in synthesis.
Generic skills integrated in the experience of listening to others’
perspectives were mostly comprehensive thinking skills.

Receiving feedback
Receiving feedback from lecturers and peers led to

meaningful learning outcomes. Feedback was closely related to
motivation. Receiving immediate feedback made students look
forward to the class and participate more actively in activities,
regardless of whether the feedback was positive or negative.

A specific learning method that was meaningful to me
was task-based learning and immediate feedback. In each
semester, one or two courses offered weekly quizzes
(multiple choice or written essay). In these courses,
immediate feedback was provided each week, whether it
be multiple choice or written essay. In the reconstructing
the knowledge experienced in these courses, the immediate
feedback provided by the instructor each week was the main
motivator for learning (Student 2).

These students were motivated and proactive to learn and
reported experiencing synthesis of knowledge by obtaining
different perspectives through feedback. Students who received
positive feedback reported gaining self-confidence and
generating new and better ideas. Students receiving negative
feedback also reported such an experience as being significant
because it allowed them to identify areas of growth.

The most notable generic skill identified by students, whose
significant learning experience was receiving feedback, was the
capacity to learn actively. Students’ perception of feedback
being motivational and encouraging was related to actively
participating in the learning process. Other skills included self-
confidence and comprehensive thinking skills such as synthesis
and intellectual curiosity.

Engaging in team activities
Engaging in team activities was significant interaction-

based learning experience. Team activities may encompass the
aforementioned discussions, debate, and feedback, but a notable
aspect to consider would be togetherness. Students reported
experiencing “a sense of belongingness” which allowed them
to explore more since they felt reassured within their team.
While trying to tackle a problem together, students engaged

in productive discussions and critical thinking to find the
appropriate solution.

A long-term project was carried out as a small group
activity. As a transfer student, I had a lot of difficulty in
the beginning. . . since I did not know the campus culture
or the overall atmosphere of the school. However, I was
able to have social interactions with upperclassmen through
the small group activities, and as a result, I found out that
the campus museum was not being operated actively. By
working with my excellent colleagues, I was able to find a
solution to the problem that I could not have been able to
solve on my own. As such, my knowledge construction takes
place in a socio-cultural environment, so I came to realize
again that learning cannot occur independently and that
learning is a result of social interaction (Student 29).

In the process, most students described their experience
of collaboration and communication with the teammates as
being meaningful. A student expressed satisfaction of being
able to produce high-quality assignment through collaboration.
Accordingly, most emphasized generic skills in team activities
were interpersonal skills such as collaboration skills and
communication skills due to teammates striving for a common
goal. Enhanced critical thinking and problem-solving skills were
reported as a result of the collaboration.

Learning by oneself and about oneself

Learning that is led by one’s directiveness and centers around
oneself was a prominent experience students identified as being
significant. There are largely two categories within this theme,
namely self-directed learning and self-reflective learning.

Self-directed learning
Self-directed learning was described by twelve students and

one of the common characteristics of the experience was that
students were more motivated, passionate, and proactive about
what they were learning. It was reported that students were able
to focus on knowledge that they wanted to learn which made
them look forward to learning.

I initiated and continued learning based solely on my own
will, organizing the contents and methods according to
my own preference, and freely filled in the missing points
scattered here and there. When there were no tests, I was
learning what I wanted to learn, and not the knowledge that
would be tested on an exam. I could focus more on the
knowledge that I need and want to know right now. Also,
passionate learning with complete intrinsic motivation was
possible without getting pressure from anything (Student 3).
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FIGURE 1

Themes related to significant learning experiences and clusters of associated generic skills.

Learning was also experienced as being “fun,”
“enjoyable,” and “attractive” when it was self-directed as
a result of students feeling “no pressure.” Through self-
directed learning, one student reported gaining “accurate
assessment of the depth of her knowledge” and also the
areas of growth which was a significant experience. Other
aspects that made the self-directed learning experience
significant was feeling the achievement, leading to in-
depth learning, and being able to construct one’s own
knowledge and internalize knowledge. Also, self-directed
learning was reported to lead to active communication
with other learners. From these experiences, students
were experiencing autonomy, a passionate attitude toward
learning, and the capacity to learn actively. Also, intellectual
curiosity and communication skills were reported in some
students’ experiences.

Self-reflective learning
Self-reflective learning was a powerful experience that

allowed students to explore oneself and gain self-esteem,
confidence, and understanding of oneself. While some self-
reflective learning naturally occurred in the process of engaging
in discussions with others or doing a written assignment, some
were intentionally prompted in the context of specific courses,
such as Art Therapy or Creating a Happy Family.

Among the courses, the courses that made me focus on
“myself ” were especially meaningful. This is because I had
more time to think quietly at home due to the COVID-19,
and thinking about my future life naturally leads to interest
in and exploration of myself. . . In order to create a family
in the future that is full of happiness, the first priority was to
have a deep insight and understanding of myself. There was
an impressive activity, which was about writing my own 300
strengths. In the process, I was able to find my strengths even
in trivial daily things. I was able to spend time exploring
myself while fully concentrating on the task. I was able to
define myself to some extent by thinking about my actions,
tone of voice, personality, and values, and I was able to
become more aware of my existence as a being (Student 11).

Students found self-reflective learning as being significant
because they could find their own strengths, discover their true
selves and accept them, and redefine their values. One student
reported being able to produce “learning outcome that contain
my identity” as a result of self-reflective learning. One student
reported experiencing the change of behavior through reflecting
on her own thoughts and discovering new and interests. From
these experiences, several personal attributes were identified.
Particularly, students reported enhancing self-understanding,
self-esteem, and establishing a sense of value.
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Realizing applicability to real life

Learning became meaningful when it was related to the
real-life situations, whether directly to one’s own life or to the
community with which one is affiliated. Applicable learning
occurred in the classroom and also through extracurricular
activities. Categories of the theme include applicability to the
community, to one’s own interest, and to one’s career.

Applicability to the community
Learning that was applicable to real-life situations in the

societal level was meaningful to students. Because students
could relate the learning material to the situations and
people they recognized. One student recalled an experience of
developing an educational program for school-aged students
from a dual-income family and reported that the experience
was meaningful because she was also “in the same situation,
and there are actually a lot of people with dual-income
parents.” Such relation with the real situation encouraged her
to participate more actively and be more passionate about the
program. One student participating in a club activity reported
that she was able to apply the learning theories that she had
learned in class to systematically plan for the program.

I believe that knowing how to apply knowledge to society
is having a true learning experience. In college, meaningful
learning experiences can happen through club activities and
extracurricular activities (contests and volunteering). In my
case, as a leader of a club, I had to search for activities
the club would do over the course of a year. Education
planning was the first step in any educational activity. I was
able to plan activities more systematically by applying the
educational model and learning theories that I had learned
in the Department of Education. . . There were times when
what I have planned did not work in reality. I realized that I
had planned with certain stereotype, thinking “It will work,”
and also realized that I had to take into account various
factors such as the participants, the characteristics of the
participants, and the environmental factors with an open
mind. This experience made me feel the necessity of the
major classes, and my experiences helped me understand the
content materials better (Student 10).

Other students also reported that being able to apply
the learning contents to real-life situations allowed them to
recognize the necessity of learning, which resulted in increased
motivation, enjoyment, and active participation. Moreover,
students took the time to investigate their community, identify
problems, and critically evaluate the issues to generate solutions
that are feasible. In the learning experience that is applicable to
the community, a generic skill that stands out was the ability
to apply knowledge into practice and problem-solving. Also,
students reported focusing on their capacity to learn actively.

Applicability to one’s own interest
Learning that was for one’s own personal interest was

significant for students. The personal interests of students varied
from establishing one’s own teaching philosophy as a future
educator to language learning for practical reasons. One student
was learning a new language to go abroad and to communicate
with foreign friends and found the experience to be significant
because she had a clear goal for learning and she could monitor
her own progress.

As I visit France often, I naturally developed an interest
in French. . . I had a desire to communicate more actively,
so I started learning (French). . . French grammar was
difficult, but the more I learned, the more I felt like I was
putting together a puzzle, and every time I learned a new
vocabulary, more French words appeared on street signs
and trademarks. Also, I even felt euphoric as my clumsy
pronunciation gradually began to sound plausible. It was
a novel experience in which the joy of learning the French
language was motivating in itself. . . I was experiencing first-
hand the concepts of intrinsic and extrinsic motivation
learned in the educational psychology class (Student 16).

Another student expressed how much he enjoyed the
Human Anatomy course, which was quite difficult and boring
for most other students because the course materials were
closely related to his own interest.

I enjoyed taking this class because I was interested in the
functioning of the body. The reason I was interested in the
functions of the body was that I have a herniated disk and I
like to exercise and do weight training as a hobby. Through
the anatomy class, I was able to learn about the human body
from a functional point of view, such as how the muscles
of the body work, what specific movements these muscles
are attached to, and what sensations they induce. I was able
to take the lectures without difficulty and in a fun way as
I studied the theory and practice while thinking about my
own experience of exercise (Student 1).

Since this experience of significant learning was for one’s
own interest, students gained the capacity to learn actively as
well as the ability to apply knowledge into practice. Moreover,
students found the learning experiences to be meaningful
because they were engaging in self-evaluation, monitoring
their progress based on the personal learning goals that they
set for themselves.

Applicability to one’s career
Students found that learning relevant to one’s own

career path or helpful to one’s career decision-making was
significant. When they learned knowledge that is practical to
the career field of their choice, they experienced enhanced
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interest and enjoyment. With practical experience of real-
life assignments such as engaging in program development,
students had a meaningful experience of understanding
how their previous knowledge can be utilized and
applied.

There was a time when I had the goal of becoming a “Korean
language teacher.” The lectures on Korean Language and
Literature. . . which I took at that time, were memorable. In
both lectures, the instructor was an actual Korean language
teacher, so I was able to acquire a lot of knowledge related
to the field. . . In particular, in both lectures, there was
an assignment to do a mock lecture and upload a video
recording of the demonstration. It was very difficult, but I
feel that the experience of actually planning an educational
program and writing a lesson plan was special (Student 13).

Students also reported that they were able to reflect back on
their career choices and establish their sense of value regarding
their career. The generic skill most identifiable in this theme
was the ability to apply knowledge into practice and to establish
a sense of value.

Venturing into advanced learning

Students felt that they were engaging in significant learning
when they recognized themselves advancing in the learning
process. This theme includes gaining experiences, especially
via innovative instruction strategies, learning via assignments,
engaging in non-evaluative learning, and accumulating
knowledge through systematic learning.

Experiencing innovative instruction strategies
Students described their experiences of engaging in

problem-based learning (PBL) and flipped learning (FL)
as being significant. Through these innovative instruction
strategies, students could have indirect experience of the
world while collaborating with colleagues to solve problems.
Participating in PBL and FL led students to “achieve
growth in short period of time” as well as “produce
outcome through synthesis.” Students also reported that
they were able to reflect on themselves, face their own
prejudice, and think more flexibly. One student reported
that FL was a new experience that changed her attitude
to learning and made her feel like “an intellectual.” These
experiences led to heightened motivation, interest, creativity,
and critical thinking. As the experiences illustrate, students
were engaging in the capacity to learn actively. Also,
comprehensive thinking skills, such as synthesis and problem-
solving skills were integrated into the experiences of PBL
and FL.

The most memorable moment was the Cultural Immersion
Project, which was a project to experience a culture that I
had never experienced before and write a report. I decided
to experience the culture of a sexual minority group and had
various experiences by participating in the queer parade. I
had negative thoughts about sexual minorities for religious
reasons, but through the project, I was able to experience the
culture and look back on myself, challenging my prejudices.
I think it was a significant learning experience because it was
a time to break the biases I had (Student 28).

The first significant learning experience I experienced when
I came to university was FL. It was a change from the
learning method in which knowledge was delivered in
the classroom, reviewed at home, and prepped for the
class, to a new learning method of watching a video at
home, putting the knowledge in mind, and then having a
discussion in the classroom. At the time, I felt like a great
intellectual. There was significance from novelty itself to
have discussions together under the premise that everyone
had already learned the material (Student 6).

Having a chance to dwell on what one has
learned

Working on assignments was reported to be an effective tool
that advances learning because it gave students an opportunity
to review and reorganize what they have learned. Engaging in
assignments during or after class, whether as an individual or
in groups, helped students to “think deeply,” “gain insight,” and
“express their thoughts freely.” Assignments allowed students
to expand their horizons and engage in critical thinking. One
student reported that engaging on experiments allowed him
to advance into deeper learning by helping him understand
the theories better, make creative implications, and contain
knowledge for a longer time. One student stated that her
assignments required a lot of time and effort but it was
meaningful because it required new ways of thinking. Another
student said she was able to establish her value system and her
own identity while engaging on reflective assignments.

Personally, the part of the course that made me experience
significant learning at university was the result of a task I
worked on by myself, and not a test or one-way lecture.
The task had more specific goals and details compared to
other assignments, it was a topic I had never thought about,
and it required a whole new way of thinking. The task was
not easy and I had to invest a lot of time and effort to
contemplate and complete it, and I think that was what
made the experience significant (Student 7).

Frontiers in Education 09 frontiersin.org

116

https://doi.org/10.3389/feduc.2022.886375
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/


feduc-07-886375 August 2, 2022 Time: 14:44 # 10

Lee and Lee 10.3389/feduc.2022.886375

Through assignments that focused on the content material,
students utilized comprehensive thinking skills such as critical
thinking and creative thinking. Assignments that focused on
self-reflection of the students, they engaged in the establishment
of a sense of value.

Engaging in non-evaluative learning
Students found that learning that was not for exams meant

more to them. Since their learning was not geared toward
evaluation, they were “free to learn what (they) preferred” and
found the motivation and enjoyment for learning. One student
stated that he had found the meaning of learning and was
able to self-evaluate his own progress. Also, another student
reported that non-evaluative learning allowed him to express
his thoughts rather than deliver information, which was a very
meaningful experience. The key skill identified in this category
was self-evaluation and autonomy.

I did have experience of having discussion classes in middle
school and high school. However, the difference here was
that the class back then already had the right answer, and it
was more like testing how well you talked about it. I had
an experience of discussing climate change in the science
class, and the arguments and the objections were already too
obvious, and even before the discussions started, the process
was already set and we just had to follow it. As long as you
say the rights things in the right way, it was guaranteed
that you would receive a perfect score on the performance
evaluation. But when I came to college, the discussions in
the classes were different. . . There were opportunities and
time for me to say my own thoughts. Unlike high school,
where I had been studying to receive good performance
evaluation or test scores, these classes really gave me a
chance to freely express my thoughts on given topic. . . I
think having opportunity to expand my own thoughts is
an experience of true learning that truly develops students’
abilities (Student 30).

Accumulating knowledge via systematic
learning

Learning through systematically designed courses and
curricula allowed students to have significant experience
because they could accumulate knowledge in a meaningful way.
They were not simply inputting information, but were engaging
in continuous inquiries and exploration. Since they had ample
opportunities and course materials to fully grasp the knowledge,
they maintained their intellectual curiosity, discovering new
ways to utilize the knowledge. Hence the generic skills within
these learning experiences include intellectual curiosity and
information management.

In order to answer these kinds of questions, it was necessary
to first learn and understand the theory sufficiently, so rather
than simply attending a class, I had to review it repeatedly
and continuously explore how such a theoretical conclusion
was reached. In addition, I investigated the exceptions to
the theory, whether these theories are still valid, and if
they are valid, how they can be used in our daily life. . .
I started to become more interested and felt less vague
about the theory through the process of learning the theory
first, applying it to various situations, and rethinking the
theory. . . In addition, when learning various theories, I
first sequentially build up knowledge about one theory, and
while learning the next theory, learn about the similarities
and differences between the theories. . . I felt that the
concepts were systematically accumulated, and I was able to
experience significant learning (Student 22).

Experiencing respectful learning
atmosphere

Seven students identified their significant learning
experience as feeling respected in their learning environment.
Such a respectful climate was sometimes created by the
instructor intentionally and effortfully, sometimes by all
the members of a class, and sometimes even by a title by
which the instructor addressed each student. No matter
how the atmosphere was created, students experiencing
it reported feeling warm and welcomed. The learning
climate allowed students to feel safe, leading the students
to stir up the courage to express their opinion more
actively in class.

. . . I was able to freely express my thoughts without
pressure. I like to share my experiences and talk to others,
but in most classes, I had to do presentations or discussions
in order to get a score, and even when I have discussions,
they were perfunctory most of the time, so I really liked
the atmosphere of the class where I was able to freely share
myself (Student 25).

Students also felt accepted which lessened their burden to
perform. One student reported “being free to speak” in such an
atmosphere, and another student wrote that the environment
made it possible for him to ask questions and offer his
ideas in class. Because students were able to take risk and
challenge themselves in a respectful environment, they were
more passionate and more inquisitive. They communicated
more with one another as well. One student explicitly
stated that she gained self-confidence and courage in the
respectful atmosphere.
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I think that it was the role and attitude of the instructor
that made the learner-centered teaching method even more
possible. As a facilitator, the professor gave feedback on
each stage of development and actively supported me to
come up with better ideas. And although the knowledge
that each team had formed was different, she respectfully
accepted the diversity and complexity of everyone. From
my point of view, as I received encouragement and praise,
the class participation time became more interesting and I
became more curious about the activities in each step of the
course. Also, since I knew that all of my suggestions would
be respected, I gained the confidence to offer my opinions
more courageously (Student 29).

A typical generic skill identified by students, whose
significant learning experience was experiencing a respectful
learning atmosphere, was self-confidence and passionate
attitude toward learning. Intellectual curiosity was also
identified within the experiences.

Discussion

Findings and implications

This study examined the significant learning experiences
identified by university students and analyzed generic skills
entailed in those experiences. For this analysis, we collected 33
essays written by students studying at a university located in
Seoul, South Korea, and applied a document analysis approach.
In the current study, five themes about significant learning
experiences were derived and systematized. The themes were
interacting with others, learning by oneself and about oneself,
realizing applicability in real-life, venturing into advanced
learning, and experiencing a respectful learning atmosphere.
These themes were reflected in the educational experiences
of Korean students and were embedded in the Korean
educational culture.

First, most of the students identified learning experiences in
which they were engaged with one another as being significant.
In the findings, students pointed out that meaningful learning
for them involved freely speaking about their thoughts and
opinions in discussions or debates, listening to other students’
opinions and receiving feedback from lecturers and peers. This
finding is in alignment with what Fink (2013) described as
human dimension, one of the elements for significant learning
experience indicating learning through actively interacting with
others. However, this finding can be discussed further in
the context of Korean education. Demanding high school
curricula and a high level of standards in Korean high school
systems might affect the way high school classes are taught and
learned, and teachers and students cannot spend much class
time having discussions. In addition, instead of education that

broadens various thoughts, students are used to learning to get
answers and cram knowledge (Lee, 2008; Kim and Cho, 2014).
Therefore, for Korean university students, significant learning
experiences are the experiences of constructing knowledge in
their own way and freely generated ideas. Interaction with
lecturers and peers led students to be continuously provided
with information about their learning process, which means
disclosing their own ideas and receiving others’ opinions and
feedbacks (Lee and Kim, 2008).

Second, students perceived the experiences of self-directed
and self-reflective learning as significant learning experiences.
This is because university students are adult learners. Previous
studies on adult learners (Knowles, 1999; Merrian and Cafarella,
1999) assumed that they have different characteristics from
elementary and secondary school students. These studies
consistently argue that adult learners have diverse and rich
experiences and various levels of self-directed tendencies. Self-
reflective learning is a significant learning experience for
students to explore themselves and gain self-esteem, confidence,
and understanding of themselves. In the Korean high school
education, there are not many opportunities to fully reflect on
oneself as the education mainly focuses on preparing for the
university entrance examination (Yoon, 2013). Therefore, it can
be inferred that students attached significant meaning to these
experiences of self-understanding and reflection.

Third, learning experiences related to the real-life situations
are considered powerful learning experiences. Students’ learning
experiences are continuing to influence each other in succession,
and at the time of experience, they are affected by interactions
with the environment surrounding individuals (Dewey, 1916).
Students perceived the learning as significant when they did
activities to solve problems in the community through club
activities. Students also recognized that learning experiences
related to their careers and learning experiences that have
confidence in their careers were significant. In South Korea,
students often choose to go to a college based on the scores
they receive on their college entrance exam without deeply
considering their preference for a major, their aptitude, and
career trajectory (Kim and Moon, 2005). Therefore, when
students engage in an experience during their university years
that transforms this uncertainty into conviction, students can
discover the meaning of learning (Han et al., 2021).

Fourth, students described their experiences in courses
using innovative instructional strategies such as FL and PBL as
being meaningful. It is consistent with the results of previous
studies that FL classes have higher learning effects and higher
class satisfaction compared to traditional lecture-style classes
(Moravec et al., 2010; Deslauriers et al., 2011; Touchton, 2015)
and that students and teachers can become better problem-
solvers via PBL (Mettas and Constantinou, 2008). Students
perceived that the class experience of receiving intellectual
stimulation and feeling a sense of accomplishment through
a little tricky and challenging task was meaningful. Ramsden
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(1991) suggested that clear goals and intellectual challenges in
the class as being principles of good instruction. Brophy (2000)
also emphasized that students should be provided with sufficient
opportunities to learn higher-order thinking.

Fifth, students identified their significant learning
experience as involving a respectful learning environment.
Students pointed out that they could express their opinions
more actively and freely in a comfortable atmosphere, and they
also felt recognized. It is supported by previous studies (Lee
and Kim, 2008; Han et al., 2021) that the instructor’s passion or
attitude affects the students’ learning experiences.

From the aforementioned significant learning experiences,
the current study also identified 18 generic skills categorized
into four clusters: comprehensive thinking skills, information
utilization skills, interpersonal skills, and personal attributes.
First cluster was comprehensive thinking skills. Comprehensive
thinking skills is one of the core competencies measured by
K-CESA and is defined as the ability to engage in higher-
order thinking to recognize and solve problems, make sound
judgments, and present plausible solutions (Hwang et al., 2016).
In the present study, skills such as critical thinking, creative
thinking, problem-solving skills, recognizing and reducing
prejudice, synthesis, and intellectual curiosity were grouped into
the first cluster. Comprehensive thinking skills were involved
with all five themes of significant learning experiences. That
is, when students were engaged in learning experience that
they identify as being significant, they were engaging in various
higher-order thinking skills, indicating that generic thinking
skills may be fostered in various contexts. As Kember et al.
(2007) posited, generic skills can be developed through various
learning experiences. Thus, while it is important to design a
curriculum specifically to enhance certain generic skills, it is
also important to build learning activities and atmosphere that
students would recognize as being meaningful to them in order
to facilitate various thinking skills.

Second cluster was information utilization skills, which
include information management skills and ability to apply
knowledge into practice. This cluster was formed based
on the category of K-CESA called resource information
technology utilization competency, defined as collecting,
analyzing, and applying various resources, information, and
technology (Hwang et al., 2016). In the current study,
students only mentioned accessing and applying information
and did not address other resources and technology, so the
cluster only referred to information. Information utilization
skills were related to learning by interacting with others,
realizing applicability to real-life, and venturing into advanced
learning. Kang et al. (2010) found information management
and knowledge utilization, among others, as competencies
in the cognitive domain that are necessary for learners to
face the complex challenges of the modern world. In order
to assist students to manage various information they are
obtaining and to foster abilities to apply their knowledge, linking
learning material to real-life situations, especially through

innovative instructions such as PBL would be helpful. Also,
it should be noted that the experience of asserting one’s
own ideas in discussions and debates involved processing
and organizing knowledge and opinion. To enhance such
information management skills, it would be important to
provide opportunities for students to express themselves.

Third, interpersonal skills included openness to others,
collaboration skills, and communication skills. K-CESA
differentiates communication competency and interpersonal
competency, the former including traditional reading,
writing, listening, speaking skills and the latter including
emotional relatedness, collaboration, mediation, leadership, and
understanding of organization (Hwang et al., 2016). However,
Braun and Leidner (2009) referred to social competence as
encompassing cooperative competence and communication
competence, and communication competence was referred to as
verbally sharing ideas in discussions. In the current study, Braun
and Leidner’s (2009) concept of social competence is adopted,
and the name interpersonal skills was used as an umbrella
term to include collaboration skills and communication
skills as well as openness to others, which was another skill
addressed in the essays. In the findings, collaboration skills
and communication skills were mostly reported along with the
experience of engaging in team activities. It is interesting to
note that students who reported having discussions as being
significant did not report collaborative or communication
skills as being associated with the experience while identifying
openness to others as an integral part. This could be because,
in team activities, the teammates strive for a common goal
and the sense of fellowship could be the key factor in relation
to the generic skills. This could be a meaningful finding
for instruction design. From the perspective of significant
learning, learning together with others is an important part of
promoting significant learning (Fink, 2013; Evans et al., 2016),
and team activities and discussions may both be used in the
instruction. However, with a closer look, these two activities
are associated with different generic skills; team activity with
collaborative and communication skills and discussion with
openness to others. Although generic skills are fostered in
various learning contexts (Kember et al., 2007), cultivating
specific generic skills may require tailored learning activities
or environments.

Finally, the students’ reports derived various personal
attributes, such as self-confidence, autonomy, and passionate
attitude as part of their significant learning experiences. Such
personal attributes are in alignment with Braun and Leidner’s
(2009) notion of personal competence, indicating “positive
attitude toward learning and development of the self ” (p. 301).
In the findings of the present study, all five themes of significant
learning experiences were related to personal attributes. These
personal attributes may be understood in relation to what Fink
(2013) referred to as caring and learning how to learn. Caring
refers to changing feelings and interests related to learning and
increasing motivation, and learning how to learn is related to
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being more self-directed (Fink, 2013). When these elements
are integrated to create significant learning experiences, generic
skills related to personal attributes may also be affected. Most of
the excerpts also indicated that the experiences were identified
as being significant because students had the opportunity to
foster personal attributes. Therefore, learning activities should
not only focus on content materials but also on developing
personal attributes of students.

Previous studies found that generic skills are not effectively
fostered through specific courses designed for generic skills
(Hattie et al., 1996) or through a specific pedagogical practice
(Virtanen and Tynjälä, 2019), but through various learning
experiences and teaching methods (Kember et al., 2007;
Virtanen and Tynjälä, 2019). The findings of the current study
also illustrate that various generic skills are identified across
different types of significant learning experiences. Nonetheless,
certain generic skills are addressed more often with specific
learning experiences, indicating that more research is needed to
identify relationships between significant learning experiences
and generic skills.

Limitations and direction for future
studies

There are some limitations to this study. First, the essay
data were collected mainly from students who are majoring in
education. Students from different majors could offer varying
perspectives on significant learning experiences from which
different generic skills may be induced. Thus, future study
is required to encompass students from different majors.
Second, the data were collected from a 4-year university in
South Korea, but there are also 2 and 3-year vocational
universities in South Korea that focus on practical, field-
specific knowledge and skills. Studies are needed to investigate
the experiences of students from vocational universities to
discover similarities and differences in students’ experiences
among different types of universities. Third, the current research
focused on gaining insight via a qualitative approach and
found certain generic skills to be associated with significant
learning experiences. However, in order to fully understand the
mechanism between significant learning experience and generic
skills, an experimental or longitudinal approach may be useful
to identify any directional and causal relationships between the
two. Despite these limitations, the current study contributes to

the understanding of students’ significant learning experiences
and generic skills by providing themes derived from the
descriptions of students’ direct learning experiences.
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agnese.slisane@lu.lv

SPECIALTY SECTION

This article was submitted to

Higher Education,

a section of the journal

Frontiers in Education

RECEIVED 31 March 2022

ACCEPTED 04 July 2022

PUBLISHED 13 September 2022

CITATION
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Generic competences have an interdisciplinary nature, which indicates

their usability in di�erent disciplines, situations, and contexts in the

performance of di�erent tasks. Generic competencies are thus considered

from two perspectives, daily life and professional activity, that are equally

important, implying that generic competences are necessary for individuals

to successfully adapt to change and live meaningful and productive lives.

Entrepreneurship competences can be observed from two perspectives:

generic competencies viewed from the perspective of the individual’s

personal experience and professional competencies viewed from the

perspective of the individual’s professional experience. In this article, it

will be observed from both perspectives to see its performance in diverse

contexts and to clarify distinctions between these contexts. The present

study aimed to shed light on how specific university study disciplines

with a professional focus (educational sciences and bioeconomics) support

the development of a specific generic competence (entrepreneurship

competencies). The Specific Research Questions of This Article Are: (1) What

Entrepreneurship Competences Emerge Among Latvian Bioeconomics and

Educational Science Students? (2) How Do Entrepreneurship Competences

Di�er Between Bioeconomics and Educational Science Students? (3) How

Are Entrepreneurship Competences Correlated With Each Other? Data for the

study were gathered by using the online survey platform QuestionPro. The

questionnaire was filled in by 135 students, of whom 82 were from the field

of educational sciences and 53 from the field of bioeconomics. The study

presents a comparison of entrepreneurship competence’s self-assessments

of bachelor’s, master’s, and doctoral students of bioeconomics and

educational sciences. Despite the fact that entrepreneurship is more

linked to economics, the results show that, in two out of three main

areas of entrepreneurship competences, students of educational sciences

self-assessed their entrepreneurship competences as higher than students

of bioeconomics.

KEYWORDS

entrepreneurial skill, generic skills and competences, professional skills, education,

pedagogy
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Slišāne et al. 10.3389/feduc.2022.909968

Introduction

Globalization can be defined as an economic, social,

political, cultural, and territorial integration process (Arrighi,

2005), resulting in a change in the knowledge, skills, and

attitudes needed to carry out entrepreneurial work, such

as the ability to handle digital technologies, knowledge of

global processes, and an open attitude toward the cultures

of other nations. Differences between the requirements of

education and the labor market were the main reason

for the development of competences (Grant et al., 1979),

contributing to the development of the competence profiles

of professional associations, which included requirements

applicable to candidates in a particular profession. In this study,

entrepreneurial skills were researched from the perspectives

of both generic and professional competences to see their

performance in diverse contexts and to clarify distinctions

between the contexts.

Generic competences have an interdisciplinary nature,

which indicates their usability in different disciplines, situations,

and contexts in the performance of different tasks (Florea, 2014;

Pârvu et al., 2014; Economou, 2016). Generic competences are

considered from two perspectives, daily life and professional

activity, both of which are equally important (Direito et al.,

2014; Larraz et al., 2017; Sá and Serpa, 2018) and indicate

that generic skills are necessary for individuals to successfully

adapt to change and live meaningful and productive lives

(UNESCO, 2016). In the European Higher Education Area,

generic competences are described as the skills, knowledge, and

attitudes acquired in one situation or field that can be used

in other situations, areas, or types of occupations and include

communication skills, self-control skills, and problem-solving

skills (Akadēmiskās Informācijas Centrs, 2017). (UNESCO,

2016) divides generic competences into six areas:

1. Critical and innovative thinking;

2. Interpersonal skills (e.g., the ability to present,

communicate, organize, work in a team, etc.);

3. Intrapersonal skills (e.g., self-discipline, enthusiasm,

perseverance, self-motivation, etc.);

4. Global citizenship (e.g., tolerance, openness, respect for

diversity, intercultural understanding);

5. Media and information literacy (e.g., the ability to find and

access information, analyse and evaluate media content,

etc.); and

6. Other skills (this field was created so that researchers could

include competences such as physical health or religious

values that may not fall into any of the other areas).

Another way to allocate generic skills was suggested

by the project “Assessment of competences of students in

higher education and dynamics of their development during

the study period,” where the following generic competences

were listed: research, entrepreneurial skills, innovation, global

competences, civic competences, and digital competences

(Rubene et al., 2021). These competences emphasize critical

thinking, creativity, initiative-taking, problem-solving, risk

assessment, decision-making, and the constructive management

of emotions (Pepper, 2011).

Professional competences are related to motivation,

intelligence, professional performance, and vocational

education, which are characterized as skills to interact

effectively with one’s (social and intellectual) environment

and as a result of intensive and continuous learning, which is

impossible to implement without the desire to acquire a certain

level of professional skills.

It is a general, integrated, and internationalized skill

to ensure sustainable, effective performance in a particular

professional field, job, organizational context, or task-related

situation. It must be also stressed that professional competences

are a coordinated set of knowledge, skills, and attitudes that can

be used to address real professional situations (Mulder, 2014).

Given the changing environment, professional competences are

inherently unsustainable and need to be developed consistently

in the context in which they should be applied (Epstein and

Hundert, 2002).

Entrepreneurship competences have normally been

researched from the business perspective since traditionally

they come from the business area. However, since 2006,

entrepreneurship competences have been highlighted as generic

skills that are needed in all areas of life (Bacigalupo et al.,

2016). Although research has been done on how students of

educational sciences self-assess their entrepreneurial skills

(Slišāne et al., 2021b), a discipline like bioeconomics that

is relatively related to entrepreneurship has not received

the attention it deserves. This is despite the fact that

entrepreneurship competences have been recognized as

an essential part of bioeconomics students’ professional

development as the related skills are directly used in a

professional context (Kuckertz et al., 2020).

Theoretical framework

Entrepreneurship as a generic
competence

In 2015, an extensive overview of entrepreneurship

competences was created, identifying and comparing different

theoretical approaches from both academic and non-academic

backgrounds. From the study, it can be understood that

although entrepreneurship competences were originally an

economic phenomenon and its conceptualization was strongly

dependent on the economic aspects of entrepreneurship, the

concepts of entrepreneurship and entrepreneurial activities

have since developed beyond their original economic domain
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(Komarkova et al., 2015). The authors of EntreComp: The

European Entrepreneurship Competence Framework (Bacigalupo

et al., 2016) reflect the dimensions of entrepreneurial skills

that foster innovation, creativity, and self-determination.

Entrepreneurship as generic competences is seen as distinct

to turn research and education data into economic value and,

more broadly, to create social value (Slišāne et al., 2021a) in a

personal or a professional context.

Based on extensive baseline analysis (reviews and case

studies), EntreComp defines entrepreneurial skills as generic

competences as it covers all areas of life, from promoting

personal development to active participation in society and (re-

)entering the labor market as an employee or self-employed

person, as well as start-ups (cultural, social, or commercial;

Bacigalupo et al., 2016). Within the framework presented

in EntreComp, entrepreneurial skills are described as basic

generic competences applicable to individuals and groups, which

include three competence areas and 15 dimensions (Bacigalupo

et al., 2016).

The three competence areas presented in EntreComp

are interconnected:

1. Ideas and opportunities: Problem-solving skills and

creativity describe the ability to spot opportunities and

critically assess them, find a solution that has added value

to society/the market, and make strategic, ethical, long-

term decisions based on a vision. This area includes

five dimensions: spotting opportunities, creativity, vision,

evaluation of ideas, and ethical and sustainable thinking.

2. Resources: The identification, mobilization, and efficient

use of internal and external resources describe the ability

to use one’s strengths and opportunities to overcome

failures and challenges and to mobilize financial and

human resources to achieve goals and/or create value.

This area includes five dimensions: the assessment of one’s

abilities, motivation and perseverance; mobilizing resource;

financial and economic competences; communication; and

human resources mobilization.

3. Into action: Initiative and action orientation describe the

ability to show initiative, set goals, plan their achievement,

evaluate risks, work and manage a team, evaluate results,

and make improvements to achieve the highest possible

result. This area includes five dimensions: initiative,

planning, action in times of uncertainty, teamwork, and

learning from experience.

Entrepreneurial skills are recognized as the key to the

development and fulfillment of the individual, active citizenship,

social inclusion, and employability in the knowledge society

(European Parliament Council, 2006). The concept of the “new

economy,” which emphasizes the transition from “manual work”

to “knowledge work,” i.e., the need to work with information,

can be defined very differently, but the role of information and

communication technology (ICT) and the information field in

economic processes is constantly emphasized (Neumark and

Reed, 2004). Individuals should therefore develop competences

to help them successfully enter the labor market, where

competitiveness is determined by the ability to apply knowledge

(Moretti, 2004; Abel and Gabe, 2011; Kalleberg, 2011; Rubin,

2012). These changes show a growing demand in the labor

market for competent individuals who have entrepreneurial

skills, as these are important for organizations/companies

and are in demand in different positions in the labor

market (Szafranski et al., 2017). Furthermore, the structure

of entrepreneurial competences indicates skills that are useful

not only in the labor market but also in other aspects of life

(Komarkova et al., 2015).

Entrepreneurship as a professional
competence

The European Union (European Parliament Council, 2006)

defines entrepreneurial skills as an individual’s ability to translate

ideas into action, which includes creativity, innovation, and risk-

taking, as well as planning and managing projects to achieve

goals. Entrepreneurship competences promote individuals not

only in their daily lives at home and in society but also at work,

contributing to social or commercial activities. It involves an

awareness of ethical values and that entrepreneurial skills are not

only about the formation of a company but are also generic and

professional competences that help an individual to be proactive,

independent, and innovative in his or her personal life, as well as

in the workplace (Luppi et al., 2019). Almost every classification

of entrepreneurial skills features generic skills (Komarkova et al.,

2015), which confirm the generic nature of these skills.

Professional competences include the knowledge and skills

necessary for the performance of specific and general work in

a particular profession or sector (Mulder, 2014). Professional

competences also include one’s attitude, which is the desire and

motivation to achieve a specific result. Professional competences

related to entrepreneurial skills can be classified into four

groups: work-related knowledge; skills for work-related tasks;

personal qualities that contribute to the achievement of

work tasks; and sets of characteristics of the individual that

help to achieve meta competences (sets of light skills and

other individual qualities that tend to be associated with

excellent performance in situations of difficulty, including

flexibility, tolerance for ambiguity, ability to learn, reasoning

and intuition, creativity, and analytical and problem-solving

abilities) (Cheetham and Chivers, 1996, 1998).

According to the Dutch scholar Martin Mulder,

and based on the research undertaken by international

organizations, professional competences are formed of

three complementary components: knowledge, skills, and
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TABLE 1 Distinction—entrepreneurship as generic and professional competences.

No. Elements of

entrepreneurial

skills

Generic competences (viewed from the

perspective of the individual’s personal

experience)

Professional competences (viewed from

the perspective of the individual’s

professional experience)

Id
ea
s
an
d
o
p
p
o
rt
u
n
it
ie
s

1 Ability to spot

opportunities

Competence to notice opportunities to achieve the

goals of the social community, promote wellbeing, and

realize offers beneficial to the personal budget.

Competence to notice opportunities in the

workplace—prepare projects, attract funding, spot

opportunities for professional development, etc.

2 Creativity Competence to innovate to improve personal

life—housing, education, social environment, etc.

Competence to solve problems creatively.

Competence to innovate in the process of work,

organization, and product, providing added value in

development.

3 Vision Competence to create and explain a long-term vision

for life plans.

Competence to see professional development in the

long-term—one’s professional role in the organization

and beyond.

4 Ability to critically

evaluate ideas

Competence to critically evaluate ideas that are

important for personal life, making decisions, and

implementing them as intended.

Competence to evaluate ideas in the context of work

tasks, evaluating the profitability of the idea—the work

invested against the possible benefit.

5 Ethical and sustainable

thinking

Competence in ethical decision-making about the

environment in which one lives for equal treatment of

diversity in society.

Competence to perform tasks and improve

professionally, observing ethical principles, and

considering sustainability aspects—environment, social

equality, and cooperative management—when making

decisions.

R
ec
o
u
rs
es

6 Awareness and

self-efficacy of skills

Competence to perform tasks effectively, organize daily

life, and perform tasks for personal wellbeing.

Competence to evaluate strengths and capabilities in

the performance of specific tasks to achieve a higher

result, identify bottlenecks, and, if necessary, improve

them for professional development.

7 Motivation and

perseverance

Competence to achieve the set goals/tasks,

demonstrating motivation and perseverance.

Competence to achieve professional goals/tasks,

looking for ways to achieve the set goals without giving

up in case of failure.

8 Ability to mobilize the

necessary resources

Competence to mobilize resources to ensure domestic

wellbeing and leisure facilities.

Competence to mobilize capital—product/service

provision or financial resources—for the performance

of professional duties.

9 Financial and economic

expertise

Competence to plan resources, be aware of income and

expenditure flow, know different types of income, and

have the ability to use financial literacy to improve

living conditions.

Competence to predict changes in income level

(workplace and/or sector), considering economic

conditions in the country.

Competence to plan finances and demonstrate

knowledge about economic cycles within the

organization—for example, organizing projects and

attracting funding.

10 Ability to mobilize and

motivate human

resources

Competence to mobilize and motivate human resources

when help is needed—solving domestic problems,

organizing personal events, etc.

Competence to mobilize human resources, evaluating

the individual competences necessary for the

performance of the work task. Competence to analyse

the potential contribution of human resources to the

performance of the work task and motivate resources to

perform tasks.

In
to

ac
ti
o
n

11 Initiative Competence to take the initiative and propose ideas. Competence to propose, improve, and implement ideas

(based on professional knowledge and work

experience).

12 Planning and

management

Competence to plan personal time and activities and

manage domestic events.

Competence to plan working hours and professional

tasks, managing behavior to achieve a result.

(Continued)
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TABLE 1 (Continued)

No. Elements of

entrepreneurial

skills

Generic competences (viewed from the

perspective of the individual’s personal

experience)

Professional competences (viewed from

the perspective of the individual’s

professional experience)

13 Ability to cope with

uncertainty

Competence to adapt to changing socio-economic,

political, and personal living conditions.

Competence to adapt to changing situations in the

professional field—performance of work tasks, changes

in the sector or the labor market, etc.

14 Ability to work in a team Competence to cooperate with family, friends, various

social groups, local commune, etc.

Competence to participate in the work team and

cooperate with management, colleagues, clients,

partners, etc.

15 Learning from

experience

Competence to evaluate one’s activities—positive and

negative aspects—and the possibility to change

activities, situations, and attitudes in order to improve.

Competence to reflect on professional activities—to

evaluate successes, identify necessary improvements,

and learn from the experience for further professional

development.

attitude and values (Mulder, 2014). It is considered both

in a narrow context of specific professional activities and

in the broader context of common professional standards.

Professional competences are contextual, variable, and

need to be developed along with changing labor market

requirements, which leads to the conclusion that different

professions will require different knowledge and skills

but could also have complementary competences, such

as values.

Entrepreneurial skills from two
perspectives—generic and professional
competences

To understand the distinction between the performance of

entrepreneurial skills as generic and professional competences,

and after analyzing the students’ self-assessments of their

entrepreneurial skills and evaluating the difference between

students of bioeconomics and education, the authors created

Table 1, where the performance of entrepreneurial skills from

the two perspectives can be seen. This was based on the

EntreComp conceptual model of entrepreneurial skills, which

consists of 15 fundamental elements (Bacigalupo et al., 2016).

Self-monitoring, a skill necessary for effective self-

assessment, involves paying focused attention to some aspects

of behavior or thinking and actual doing, often in relation to

external standards. Thus, self-monitoring concerns awareness

of thinking and progress as it occurs, and as such, it helps

to identify parts of what students do when they self-assess

(McMillan and Hearn, 2008). The second component of

self-assessment, self-judgement, involves identifying progress

toward targeted performance. Made in relation to established

standards and criteria, these judgements give students a

meaningful idea of what they know and what they still need to

learn (Bruce, 2001). Students find it difficult to manage self-

assessment, which leads to data from students’ self-assessments

not always coinciding with their actual level; however, it

should be considered that students’ assessment skills constantly

improve in the learning process (Slišāne et al., 2021b).

Given that professional competences are a part of the generic

competences and overlap with the field of work, the authors

assumed that professions where concrete skills are needed more

will be more advanced and students would naturally assess it

higher. However, it must also be taken into account that different

professional fields have higher expectations regarding the level

of development, and it might be that self-assessment is higher

because of lower expectations.

The specific research questions of this article are thus

as follows:

1. What entrepreneurship competences emerge among

Latvian bioeconomics and educational science students?

2. How do entrepreneurship competences differ between

bioeconomics and educational science students?

3. How are entrepreneurship competences correlated with

each other?

The study aims to shed light on how specific university study

disciplines with a professional focus (educational sciences and

bioeconomics) support the development of a specific generic

competence (entrepreneurship competences).

Methodology

In this study, entrepreneurship competences were assessed

and compared for students of educational sciences and

bioeconomics. Data were gathered by using the online survey

platform QuestionPro. The questionnaire was filled in by 135

students from five Latvian universities (Rezekne Academy
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of Technology, University of Latvia, Daugavpils University,

Liepaja University, and Riga Technical University), of whom 82

were from the field of educational sciences and 53 from the field

of bioeconomics. The study field of bioeconomics was chosen

as a result of the fact that entrepreneurship competences should

be improved as both generic and professional competences

in this area, while in the field of educational sciences,

entrepreneurship competences should only be regarded

as generic competences.

The study participants filled out the questionnaire as part

of a module in different study programmes. The questionnaire

was proposed to students as an alternative to another study.

The participants were selected on an accessibility basis. Of the

participants, 77% were women and 23% were men, and their

average age was 30 years (SD = 8.09, Mo = 24, Me = 28).

Of the participants, 18% were bachelor’s students, 70% were

master’s students, and 12% were doctoral students. Students

were asked to assess their entrepreneurship competences with

47 statements (Appendix 1) on a 7-point Likert scale (where

1 = not characteristic of me at all and 7 = completely

characteristic of me). Their entrepreneurship competences

were evaluated through 3 sub-competences that were further

divided into 15 dimensions and 47 criteria. The value of each

dimension was defined as the mean value of the corresponding

statements’ self-assessment values and was rounded to 2

decimal places. The sub-competence value was defined as the

mean value of all corresponding dimensions’ self-assessments

rounded to two decimal places. To determine the questionnaire’s

internal consistency, Cronbach’s alpha values were calculated

for entrepreneurship competences as well as for each sub-

competence separately to make sure that the criteria set for

each sub-competence also had internal consistency. Correlations

between entrepreneurial dimensions were explored for each

study field separately. The exploratory factor analysis was

chosen to examine how the questionnaire functions among

Latvian bioeconomics and educational science students and to

determine the number of factors that could be identified in the

data. To determine whether there were statistically significant

differences between each sub-competence, an independent

sample t-test was carried out on the mean values of the self-

assessments of students of educational sciences and students

of bioeconomics.

The study used an assessment tool for students’

transversal competences developed in the ESF project 8.3.6.2:

“Development and Implementation of the Education Quality

Monitoring System” 8.3.6.2/17/I/001 (Miltuze et al., 2021;

Dimdinš et al., 2022). One of the six transversal competences

and two out of eight study fields were analyzed.

The questionnaire was available for completion from 26

November 2020 to 13 March 2021, and the data were analyzed

using SPSS and Microsoft Excel. The study considered all

ethical research standards in accordance with the General

Data Protection Regulation (GDPR). The questionnaire

was completed anonymously and participation in it was

completely voluntary.

TABLE 2 Cronbach’s alpha values for each

entrepreneurship sub-competence.

Sub-competence Cronbach’s alpha

Problem-solving skills and creativity 0.954

Identification, mobilization, and efficient use

of internal and external resources

0.894

Initiative and action orientation 0.922

Results

To determine the internal consistency of the Likert scale, the

value of Cronbach’s alpha was calculated for entrepreneurship

competences (α = 0.962) and each sub-competence separately

(Table 2). The value of Cronbach’s alpha for entrepreneurship

competences as a whole and all sub-competences is >0.89 and

is therefore considered to be high. Therefore, the Likert scale

is reliable.

The exploratory factor analysis was chosen to examine how

the questionnaire functions among Latvian bioeconomics and

educational science students and to determine the number of

factors that could be identified in the data. The KMO value

(0.882) is>0.8; therefore, the correlationmatrix is “meritorious”

(Kaiser and Rice, 1974). To reduce the number of factors,

the parallel analysis engine was used (Patil et al., 2017). The

number of factors to retain will be the number of eigenvalues

(generated from the researcher’s dataset) that are larger than

the corresponding random eigenvalues (Horn, 1965). Therefore,

five factors were retained. For interpretation, the Kaiser–

Varimax rotation matrix was used (Appendix 1). The results

indicate that the statements that measure problem-solving skills

and creativity sub-competences are mostly part of the first

factor; statements that measure identification, mobilization, and

efficient use of internal and external resources sub-competences

are mostly part of the third and fifth factors; and statements

that measure initiative and action orientation are mostly part of

second and fourth factors.

By analysing the self-assessments of entrepreneurship

competences in each of its sub-competences and comparing the

mean values of the students of educational sciences’ and students

of bioeconomics’ self assessments, it can be concluded that the

results are similar. In two out of three sub-competences, students

of educational sciences assessed their entrepreneurship skills

higher than students of bioeconomics (Table 3).

Bioeconomics students’ self-assessments’ mean values are

higher than the self-assessments of educational sciences students

in the sub-competence of problem-solving skills and creativity.

However, students of educational sciences assessed their

identification, mobilization, and efficient use of internal and

external resource sub-competences and initiative and action

orientation sub-competences to be higher than those of

bioeconomics students.

When analyzing students’ entrepreneurship competences

from both a professional perspective and a generic perspective,
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TABLE 3 Mean values of educational sciences and bioeconomics students’ self-assessments of entrepreneurship sub-competences.

Problem-solving skills

and creativity

Identification, mobilization, and efficient use of

internal and external resources

Initiative and action

orientation

Bioeconomics students 4.61 (SD= 0.82) 4.91 (SD= 0.81) 4.88 (SD= 0.74)

Educational sciences students 4.58 (SD= 1.30) 5.12 (SD= 0.85) 4.98 (SD= 0.91)

TABLE 4 Results of students’ self-assessment of the problem-solving skills and creativity sub-competence.

Dimension Bioeconomics students Education students Difference

between mean

values

Independent

t-test p-value

Mean Median Standard

deviation

Mean Median Standard

deviation

Ability to spot opportunities 4.42 4.50 1.00 4.24 4.25 1.35 0.18 0.408

Creativity 4.36 4.60 1.05 4.64 4.80 1.44 −0.28 0.226

Vision 4.56 4.75 1.17 4.69 5.00 1.31 −0.13 0.575

Ability to critically evaluate ideas 4.91 5.00 0.99 4.68 5.00 1.51 0.23 0.337

Ethical and sustainable thinking 4.82 5.00 1.12 4.66 5.00 1.59 0.16 0.522

the results showed that the mean value is higher for educational

sciences students than for bioeconomics students according

to their own self-assessment. This might not be in line

with anyone’s expectations considering the essential role and

necessity of entrepreneurial capacity in the further professional

activities of bioeconomics students. Therefore, it is important

to analyse and compare the results in each dimension of the

entrepreneurship competences to find answers to the possible

reasons for students’ self-assessments in each field of study.

Problem-solving skills and creativity

This sub-competence of problem-solving skills and

creativity contains five dimensions, three of which have a

higher mean value in the self-assessments of bioeconomics

students (Table 4).

Themean values show that bioeconomics students evaluated

the sub-competences of the ability to spot opportunities, the

ability to critically evaluate ideas, and ethical and sustainable

thinking higher than students of educational sciences. However,

the only median value that is higher for bioeconomics students

is their ability to spot opportunities, while those for the ability

to critically evaluate ideas and ethical and sustainable thinking

are exactly the same for students from both study fields. By

comparing the mean self-assessment values in the dimensions

of creativity (Bioec. st. mean = 4.36, Ed. st. mean = 4.64) and

vision (Bioec. st. mean = 4.56, Ed. st. mean = 4.69), it can be

seen that higher mean values have been reported by students of

educational sciences.

However, with a p-value>0.05 for each sub-competence, the

results were not considered statistically significant. An analysis

of students’ self-assessments standard deviation leads to the

conclusion that, in all five dimensions of the problem-solving

skills and creativity sub-competence, educational students have

significantly higher data dispersion. Further, while the standard

deviations for bioeconomics students ranged from 0.99 to

1.17, those of students of educational sciences ranged between

1.31 and 1.59. This points to a polarization of education

students’ evaluations.

Although creativity and vision are essential parts of

bioeconomics and students should therefore develop these

competences from a professional perspective, we must keep in

mind that they are also essential competences for educators.

In the context of entrepreneurship competences, creativity and

vision are characterized by the ability to create added value,

and the use of external resources is required from a monetary

perspective for bioeconomics students, while education students

are associated with the ability to create added intellectual

value for their pupils. The vision dimension is characterized

by the development of future scenarios and the capacity for

strategic decision-making, which is necessary as a professional

competence both in the context of education and bioeconomics.

Following an analysis of the Spearman’s rank correlations,

we can conclude that there are significant differences in the

number of dimensions between which a strong correlation

(higher than or equal to 0.7) exists in each field of study (Table 5).

Strong correlations exist between educational sciences

students’ ability to spot opportunities, creativity, vision,

and ability to critically evaluate ideas in all possible
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TABLE 5 Spearman’s rank correlations between all dimensions of the problem-solving skills and creativity sub-competence.

Dimension Ability to

spot opportunities

Creativity Vision Ability to

critically evaluate

ideas

Ethical and

sustainable thinking

Ed. st. Bi. st. Ed. st. Bi. st. Ed. st. Bi. st. Ed. st. Bi. st. Ed. st. Bi. st.

Ability to spot opportunities 1.00 1.00 0.78** 0.60** 0.73** 0.54** 0.79** 0.52** 0.63** 0.262

Creativity 0.78** 0.60** 1.00 1.00 0.83** 0.57** 0.84** 0.54** 0.68** 0.37**

Vision 0.73** 0.54** 0.83** 0.57** 1.00 1.00 0.89** 0.62** 0.68** 0.44**

Ability to critically evaluate ideas 0.79** 0.52** 0.84** 0.54** 0.89** 0.62** 1.00 1.00 0.75** 0.33*

Ethical and sustainable thinking 0.63** 0.26 0.68** 0.36** 0.68** 0.44** 0.76** 0.33* 1.00 1.00

**Correlation is significant at the 0.01 level (2-tailed).

*Correlation is significant at the 0.05 level (2-tailed).

TABLE 6 Results of students’ self-assessment of the identification, mobilization, and e�cient use of internal and external resource sub-competence.

Dimension Bioeconomic students Education students Difference

between mean

values

Independent

t-test p-value

Mean Med. St. dev. Mean Med. St. dev.

Awareness and self-efficacy of your skills 5.31 5.33 0.96 5.46 5.67 1.05 −0.15 0.421

Motivation and perseverance 5.39 5.50 1.05 5.49 5.50 1.02 −0.10 0.579

Ability to mobilize the necessary resources 4.80 5.00 1.24 5.15 5.17 1.06 −0.35 0.077

Financial and economic expertise 4.22 4.33 1.33 4.33 4.33 1.37 −0.11 0.66

Ability to mobilize and motivate human resources 4.87 5.00 0.99 5.21 5.38 1.09 −0.34 0.07

combinations, and there are moderate correlations

(between 0.4 and 0.7) between ethical and sustainable

thinking and the other four dimensions. For bioeconomics

students, there does not exist a strong correlation between

any of the problem-solving skills and creativity sub-

competences’ dimensions. Although 7 out of 10 possible

combinations of dimension pairings have a moderate

correlation, we can conclude that the relationship between

dimensions is significantly weaker in the self-assessments of

bioeconomics students.

Consequently, it can be concluded that, within the

dimensions of problem-solving skills and creativity,

bioeconomics students in the study process most likely

need to focus on the ability to spot opportunities, the ability

to critically evaluate ideas, and the ability to focus on ethical

and sustainable thinking as professional competences. For

students of educational sciences, creativity and vision are

better developed according to their self-assessments. This

could be related to the specific nature of the teacher’s

work, where it is necessary to focus on both the creative

use of different teaching methods in the learning process

and the long-term planning of the process to achieve the

learning objectives.

The identification, mobilization, and
e�cient use of internal and external
resources

By analyzing the mean values of identification, mobilization,

and efficient use of internal and external resource sub-

competence, it can be concluded that education students have

evaluated their competences as higher in all five dimensions

(Table 6).

Awareness and self-efficacy of your skills, motivation and

perseverance, and the ability to mobilize and motivate human

resources are important competences for future educators,

and, therefore, the results are to some degree in line with

professional necessities. However, the ability to mobilize the

necessary resources and financial and economic expertise are

dimensions that are closely related to economics. In both

dimensions, the mean value for educational sciences students

is higher compared to bioeconomics students’ self-assessments.

This could indicate that bioeconomics students had higher

expectations for the level of their development, and thus,

it might be that educational sciences students’ higher self-

assessment relates to their lower expectations. Educational

sciences students’ high self-assessments in these two dimensions
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TABLE 7 Spearman’s rank correlation between all dimensions of the identification, and e�cient use of internal and external resources

sub-competence.

Dimension Awareness and

self-efficacy of

your skills

Motivation and

perseverance

Ability to

mobilize the

necessary resources

Financial and

economic

expertise

Ability to

mobilize and

motivate

human resources

Ed. st. Bi. st. Ed. st. Bi. st. Ed. st. Bi. st. Ed. st. Bi. st. Ed. st. Bi. st.

Awareness and self-efficacy of your skills 1.00 1.00 0.71** 0.73** 0.55** 0.51** 0.25* 0.16 0.54** 0.29*

Motivation and perseverance 0.71** 0.73** 1.00 1.00 0.64** 0.51** 0.23* 0.17 0.54** 0.29*

Ability to mobilize the necessary resources 0.55** 0.51** 0.64** 0.51** 1.00 1.00 0.47** 0.42** 0.43** 0.42**

Financial and economic expertise 0.25* 0.16 0.23* 0.17 0.47** 0.42** 1.00 1.00 0.45** 0.56**

Ability to mobilize and motivate human resources 0.54** 0.29* 0.54** 0.29* 0.43** 0.42** 0.45** 0.56** 1.00 1.00

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed).

TABLE 8 Results of students’ self-assessment of the initiative and action orientation sub-competence.

Dimension Bioeconomics students Education students Difference between

mean values

Independent

t-test p-value

Mean Median Standard

deviation

Mean Median Standard

deviation

Initiative 5.25 5.33 1.05 5.44 5.67 1.07 −0.19 0.318

Planning and management 5.14 5.33 1.12 5.25 5.33 1.09 −0.11 0.58

Ability to cope with uncertainty 4.87 5.00 1.00 5.06 5.17 1.20 −0.19 0.349

Ability to work in a team 4.61 4.67 1.28 4.78 5.00 1.19 −0.17 0.443

Learning from experience 5.38 5.33 1.01 5.36 5.33 1.02 0.02 0.931

need to be studied in more detail in future research. However,

with a p-value >0.05 for each sub-competence, the results were

not considered statistically significant.

By comparing the median of students’ self-assessment in

educational sciences and bioeconomics, it can be seen that

the median in each of the five dimensions is also higher for

education students. Further, by analyzing the correlations

between the different dimensions of the identification,

mobilization, and efficient use of internal and external resources

sub-competence, we can conclude that, in the self-assessments

of educational sciences students and bioeconomics students,

the dimensions between which strong or moderate correlations

exist are similar (Table 7).

The only strong correlation that exists is between awareness

and self-efficacy of your skills and motivation and perseverance

(Bioec. st. = 0.73, Ed. st. = 0.71) for students from both

study fields. There is a moderate correlation between 5 out of

10 possible dimension pairings for both study fields, and the

correlation coefficient values are similar. This could point to

the fact that both sets of students have a similar understanding,

and the manifestation of these competences from a professional

perspective is similar. However, for dimension pairings like

the ability to mobilize and motivate human resources and the

ability to spot opportunities (Bioec. st. = 0.29, Ed. st. = 0.54)

or mobilize and motivate human resources and motivation

and perseverance (Bioec. st. = 0.29, Ed. st. = 0.54), only a

moderate correlation exists for educational sciences students,

while for bioeconomics students, the correlation between these

dimensions is considered to be weak.

Consequently, it can be concluded that students

of educational sciences have a higher opinion of their

identification, mobilization, and efficient use of internal and

external resources sub-competence than bioeconomics students.

However, the limitations of the self-assessment should be taken

into account.

Initiative and action orientation

By comparing the mean values of the self-assessments in

all dimensions of the initiative and action orientation sub-

competence, it can be concluded that, in four out of five

dimensions, the mean value is higher for educational sciences

students (Table 8).

The only mean value that is not higher for educational

sciences students in this sub-competence is learning from
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TABLE 9 Spearman’s rank correlation between all dimensions of the initiative and action orientation sub-competence.

Dimension Initiative Planning and

management

Ability to cope

with uncertainty

Ability to work in

a team

Learning

from experience

Ed. st. Bi. st. Ed. st. Bi. st. Ed. st. Bi. st. Ed. st. Bi. st. Ed. st. Bi. st.

Initiative 1.00 1.00 0.67** 0.76** 0.52** 0.51** 0.54** 0.43** 0.55** 0.42**

Planning and management 0.67** 0.76** 1.00 1.00 0.66** 0.52** 0.51** 0.42** 0.58** 0.59**

Ability to cope with uncertainty 0.52** 0.51** 0.66** 0.52** 1.00 1.00 0.76** 0.55** 0.67** 0.49**

Ability to work in a team 0.54** 0.43** 0.51** 0.42** 0.76** 0.55** 1.00 1.00 0.56** 0.50**

Learning from experience 0.55** 0.42** 0.58** 0.59** 0.67** 0.49** 0.56** 0.50** 1.00 1.00

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed).

experience (Bioec. st. = 5.38, Ed. st. = 5.36). However, the

content of the other dimensions should be taken into account.

The initiative includes taking responsibility and demonstrating

initiative when tackling problems. Planning and management

include job planning, goal setting, and time management. The

ability to cope with uncertainty includes risk assessment and

decision-making despite uncertainty. The ability to work in a

team includes cooperation with both interested and uninterested

parties. All these dimensions are essential parts of the day-to-day

work of the educator. Consequently, the high results presented

could indicate that these dimensions are necessary for education

students to fully prepare for future professional challenges.

However, with a p-value >0.05 for each sub-competence, the

results were not considered statistically significant. By analyzing

the correlation between all dimensions of the initiative and

action orientation sub-competence, it can be concluded that

there is a moderate or strong correlation between all dimensions

for students from both fields (Table 9).

Although there is only one dimension pair in each of the

fields of study between which there is a strong correlation,

the results point to the consistency of the interrelationship

between the dimensions in both fields of study. This could point

to the fact that the manifestation of the initiative and action

orientation sub-competence, both from a professional and a

generic individual perspective, is similar in different individual

and working contexts for students from both fields of study.

Discussion/conclusion

Entrepreneurship competences consist of two perspectives:

generic competences viewed from the perspective of the

individual’s personal experience and professional competences

viewed from the perspective of the individual’s professional

experience. The present study compared the self-assessments

of bioeconomics students’ and students of educational

sciences’ entrepreneurship competences. Despite the fact

that entrepreneurship is more linked to economics, the

results showed that, in two out of the three sub-competences,

students of educational sciences assessed their entrepreneurship

competences higher than students of bioeconomics. In the

identification, mobilization, and efficient use of internal and

external resources (Bioec. st. mean= 4.91, Ed. st. mean= 5.12),

and initiative and action orientation sub-competences (Bioec.

st. mean = 4.88, Ed. st. mean = 4.98), students of educational

sciences self-assessed themselves higher than bioeconomics

students, and the mean values for the problem-solving skills and

creativity sub-competence are very similar (Bioec. st. mean =

4.61, Ed. st. mean= 4.58).

There are several potential reasons that might have

determined the results of the study. First, educational sciences

cover a wider spectrum of generic competences needed for

everyday work. It is important for the educator not only

to be an expert in a specific field of science but, more

importantly, to be able to teach others, which includes being able

to organize, manage, set objectives, cooperate, communicate,

and various other generic competences (Jamil et al., 2015;

Osman, 2011), while historically, in Latvian higher education,

particularly in STEM sciences, the focus is on knowledge in

the learning field (Namsone et al., 2021; Dudareva et al.,

2021). Therefore, generic competences are neglected. Further,

one of the limitations of the study is the evaluation method

used. The accuracy of the self-assessment survey, which is

related to the assessment form, is lower compared to objective

ability tests or behavioral observations because respondents’

responses can be affected by their limited ability to remember

specific examples of their behavior, distorted memories of their

past behavior, and a general tendency to assess themselves,

their skills, and their abilities higher than they actually are

(Rubene et al., 2021; Miltuze et al., 2021; Dimdinš et al.,

2022). It is possible that specific professional knowledge

and understanding of the complexity of the highest levels

of competences led bioeconomics students to assess their

professional skills more objectively and therefore lower than

educational sciences students. The assessment of the dimension

of financial and economic expertise also shows this, where

students of educational sciences (mean = 4.33) assessed their

expertise higher than bioeconomics students (mean = 4.22).
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It is also important to highlight the situation in Latvia, where

students of educational sciences, due to a lack of teachers,

start working shortly after starting their studies (OECD, 2020;

Koroleva et al., 2017). This allows students to take on a lot of

responsibility and to develop the necessary generic competences

even further.

However, future studies should focus more closely on the

reasons for the differences in the self-assessments. It is necessary

to understand whether educational sciences students’ high self-

assessment of their entrepreneurship competences is linked only

to the limitations mentioned above or whether there are specific

teaching and learning methods used in educational sciences

studies that can serve as examples of good practice for the

development of entrepreneurship competences in other fields

of study.

Limitations

The self-assessments have a high risk of not being

representative because individuals’ perceptions of their level are

their own valuations from their own perspectives. Data have

been taken from a pilot study; thereby, the sample was not

representative as there was no random sample with a certain

number and the data that contain students representing different

study years and study levels need to be taken into account.
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Appendix

TABLE A1 Rotated factor matrix (Kaiser–Varimax rotation) for each entrepreneurship competences’ assessment statement (values below 0.400

are suppressed).

Nr. Statement F1 F2 F3 F4 F5

1.Problem-solving skills and creativity

Ability to spot opportunities

1. Recognise the need on the market and, on the basis of existing

solutions and knowledge, offer a solution that creates value for

society/market

0.654

2. From the market and competitor research, see the needs of the

market, which does not have an effective/or no solution at all

0.641

3. Forecasts market trends and needs 0.626

4. Sees opportunities to commercialise knowledge and create

added-value products

0.716

Creativity

5. Trying to create ideas that can differ from the more common 0.669

6. Understands that a specific task or problem may have different

alternative solutions, looks for alternative solutions to problems

0.487 0.426

7. Converts an idea into a prototype or a finished product 0.732

8. Try to get feedback and develop ideas that create value for others 0.663

9. Create new, revolutionary ideas for the market, which differ

significantly from existing products and/or services

0.710

Vision

10. Based on an assessment of the current status, future goals, and

needed resources, define a vision for the future (preferred location)

0.614

11. Builds an inspiring vision that involves others. Defines vision,

justifying the importance of the outcome to be achieved (e.g., by

creating a solution for a part of society, commercialising the idea,

patrolling the discovery, etc., which also involves other people -

creating a team)

0.694

12. The implementation of the vision is based on strategic

decision-making, where the benefits, risks, and good practices are

assessed using acquired knowledge and experience.

0.561

13. Using the long-term strategy established, plan action steps to achieve

this, which includes the necessary tasks, resources, time, people

0.568

Ability to critically evaluate ideas

14. Analyse and compare the added value of different ideas in dealing

with similar situations

0.744

15. Assess the value of different ideas, by analysing the profitability of

the idea by comparing contribution to benefits

0.701

16. When assessing the idea, take into account possible future scenarios

for its disposal

0.745

Ethical and sustainable thinking

17. Recognise the ethical and sustainability aspects of business and

related decision-making

0.732

18. When establishing and taking the relevant decisions, are guided by

ethical and sustainability principles

0.734

2. The Identification, Mobilisation, and Efficient Use of Internal and External Resources

Awareness and self-efficacy of your skills

19. Are aware of their strengths and knows how to use them to create

value for others

0.714

20. Are aware not only of the strengths but also of the weaknesses and

specialises accordingly in maximising their potential

0.724

(Continued)

Frontiers in Education 13 frontiersin.org

135

https://doi.org/10.3389/feduc.2022.909968
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
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TABLE A1 (Continued)

Nr. Statement F1 F2 F3 F4 F5

21. Compensates weaknesses by cooperating with others and continues

to develop their strengths

0.502

Motivation and perseverance

22. Make efforts and resources to follow own interests and create value

for others

0.422 0.641

23. Keeps focus on their own interests and goals for a long time, despite

failures and difficulties

0.578

Ability to mobilise the necessary resources

24. Find and use existing resources responsibly and effectively 0.437

25. Compile and manage different types of resources (e.g., human

resources, time, finance, natural resources) to create value for others

0.477

26. Implement and use a strategy to leverage new resources needed to

create value for others

0.455

Financial and economic expertise

27. Drawing up and managing the budget (e.g., balancing income and

expenditure)

0.497

28. Finds funding opportunities and manages the budget (e.g., drawing

up an estimate, raising funds)

0.401 0.602

29. Not only raises funds to realise the idea but also draws up long-term

plans for sustainable financial existence and development (e.g., by

creating cash stocks and depreciation deductions)

0.427 0.535

Ability to mobilise and motivate human resources

30. Persuades, engages, and inspires others to realise their ideas (e.g.,

creating a team)

31. Motivates and directs human resources to achieve business goals

(e.g., managing a team, motivating team members)

0.524

32. Persuading other players about the value of their ideas and the

development of products

Initiative and Action Orientation

Initiative

33. Demonstrate awareness of the challenges and is prepared to engage

in the development of solutions

0.741

34. Follow along, analyse and critically assess problems and propose the

development of their solutions

0.789

35. Create high-quality solutions for problems, take responsibility for

the solution created and its impact on the target group

0.767

Planning

and

management

36. Defines goals and takes simple steps to partially or fully achieve the

set result

0.787

37. Drawing up an action plan and working in line with a plan setting

out priorities and milestones to achieve its objectives

0.693

38. Clarifies priorities and plans to adapt to changing conditions 0.668

Ability to cope with uncertainty

39. Is prepared to make a mistake by testing new things 0.408

40. Systematically assess the benefits and risks of action alternatives,

choose action with higher value

0.573

41. Capable of prolonged action in times of uncertainty and risk when

making decisions

0.638

(Continued)
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TABLE A1 (Continued)

Nr. Statement F1 F2 F3 F4 F5

Ability to work in a team

42. Collaborate and create values while working on a small team 0.598

43. Collaborate and create values when working with a broad range of

people and groups

0.686

44. Form and manage a large team, develop a network of cooperation

contacts, and take responsibility for the decisions taken in order to

realise the problem

0.665

Learning from experience

45. Take into account other criticisms of the solution or product 0.437 0.431 −0.415

46. Critically evaluates shortcomings and strengths of a solution or

product, identifying things that should be otherwise done

0.694

47. Integrate their and other experience in the relevant scope to avoid

errors and improve the solution

0.680
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Comparing learning
opportunities of generic skills in
higher education to the
requirements of the labour
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In research on higher education, the link between education and future

professional success is well-documented. Little research, however, has been

done about existing learning opportunities at institutions of higher education

that help students acquire generic skills and on the fit between such learning

opportunities and labor market demands. To address these questions, we

adapted an existing scale for assessing areas of generic skills, which originated

in research on job requirements, and transferred it to a survey of students

(N = 4,258). We also implemented a comparable questionnaire, assessing the

same set of generic skills, in a graduate survey (N = 378). The results of our

study show that by using a theoretical model such as this, it is possible to

connect student and graduate surveys related to generic skills. Factor analysis

provides evidence for the theoretical expected areas for students. Cluster

analysis of student data suggests that learning opportunities for generic skills

differ according to field of study. We conclude by discussing our study’s

limitations and implications.

KEYWORDS

higher education, generic skills assessment, generic skills development, learning
opportunities, requirements, labor market, higher education graduates, higher
education students

Theory

Impact of education for employability

Higher education fosters the development of skills that contribute to the individual
and society’s prosperity. By examining the relationship between attendance at an
institution of higher education and post-graduation working life, research on higher
education also contributes to the development of individual educational and career
paths. The importance of matching education and professional career is well-
documented in the literature on higher education and the labor market (McGuinness,
2006; OECD, 2011; Quintini, 2011; International Labour Organization, 2014). Labor
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market match exists when an employee’s qualification (level
of education) and the skills that they acquired through their
education correspond with those required for their chosen
profession after graduation (Morgado et al., 2016; Li et al.,
2018; Kracke and Rodrigues, 2020). Adequate employment
is often linked to higher income (Bauer, 2002; McGuinness,
2006; Sattinger and Hartog, 2013; Levels et al., 2014) and
greater satisfaction personally and professionally (McGuinness
and Sloane, 2011; Berlingieri and Erdsiek, 2012). However,
less is known about learning opportunities for a broad range
of generic skills in higher education. Furthermore, there is a
lack of research that connects student learning opportunities at
institutions of higher education of those generic skills, which
graduates report as currently required on the labor market.

A student’s field of study at an institution of higher
education seems to impact their employment status after
graduation (Franzen, 2002; McGuinness and Sloane, 2011;
Altonji et al., 2016; Verhaest et al., 2017). The current shortage
of skilled workers indicates, however, that it is difficult for
employers to find suitable job candidates to provide the
appropriate professional qualifications for specific positions
(Berlingieri and Erdsiek, 2012). Especially graduates from arts
or humanities programs look longer for employment or are at
a higher risk for being inadequately employed. This may result
from their low level of specialization. It may also be related to
the fact that these subjects do not provide training for a specific
career path or occupation (Leuze and Strauß, 2008; Verhaest
et al., 2017).

Most of the studies have analyzed discipline-specific
knowledge and skills (McGuinness, 2006; Baert et al., 2013).
Such fields as economics, science, technology, engineering,
mathematics, and medicine are known to provide a highly
structured curriculum along with discipline-specific knowledge
(Bligh, 2000; Johnson et al., 2002). Consequently, there is a link
between study programs with a highly structured curriculum
and future access to the labor market. Since these fields are also
known to have a strong vocational field connection (Falk et al.,
2009), their greater access to the labor market could be related
to the fact that employers are aware of what knowledge they
can expect graduates of such programs to bring with them. In
contrast to the labor market usability of those highly structured
fields of study, the labor market usability of humanities and arts
is discussed in the literature (Robst, 2007; Leuze and Strauß,
2008).

Institutions of higher education function both as
autonomous institutions and as integral components
of the societies in which they operate. As autonomous
institutions, they are “organization centers of the science
system” (Wissenschaftsrat, 2013) and social places, where
education is linked to research, knowledge transfer, and cultural
self-perception (Wissenschaftsrat, 2013). Institutions of higher
education also play an essential role in preparing citizens for
the current and future labor market. The current labor market

appears to require employees who are equipped with a broad
range of skills, like communication or problem solving skills
(Suarta et al., 2017). In all likelihood, this will continue. As
Handel (2020) puts it: Even policymakers and pedagogues, who
believe that technological change will not take place as rapidly
or as radically as some others have suggested, they nonetheless
share the concern that job skill requirements are increasing so
quickly, or are poised to do so, that many people are at risk
of being shut out of the workforce all together. Institutions
of higher education may help counter such risks. In addition
to facilitating the learning of domain-specific knowledge and
skills, higher education also promotes the acquisition of generic
skills. Such skills include an ability: to act independently when
confronted with challenging tasks; to communicate effectively;
to work cooperatively; and to promote other individuals
(Barrie, 2004; Braun and Brachem, 2015; Ursin et al., 2021).
Moreover, in addition to improving a student’s chance for
future professional success, the acquisition of generic skills also
appears to facilitate their participation in civic life.

So far, little research has been done on whether there is a
fit between existing learning opportunities for generic skills at
institutions of higher education and the generic skills required
in the labor market. This gap in the literature may be due to the
fact that generic skills are difficult to assess.

Job requirements approach for the
assessment of generic skills

The job requirements approach is a methodological concept,
which aims to assess broad generic skills, and originates in
international labor market research (Felstead et al., 2007;
OECD, 2011; Autor and Handel, 2013; International Labour
Organization, 2014; Handel, 2020). The job requirements
approach is based on a number of theoretical considerations:

1. Employees perform tasks that require certain skills. These
tasks and skills vary between occupations.

2. Since a certain fit can be assumed between activities and
the skills needed to carry them out, the activities can be
understood as a proxy of their skills.

3. The employed individual is equipped to provide
information about their profession and best able to
report on activities in their everyday work life.

4. Individuals are more likely to report with more accuracy
about the frequency of their performed activities than
about the importance of those activities.

The job requirements approach therefore investigates the
employee’s activities and the frequency with which they
are carried out. Employees are thus asked how often they
carry out certain activities, e.g., reading long texts. This
information can then be used to identify generic skills that
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certain occupations require (Felstead et al., 2007; Braun and
Brachem, 2015). The job requirements approach is used
internationally for the assessment of job related skills, for
example in the Generalized Work Activities Questionnaire
(GWA) (Peterson et al., 2001; Handel, 2020; O∗NET, 2021),
in the International Assessment of Adult Competencies
(PIAAC) (Klaukien et al., 2013; OECD, 2013a,b, 2019), the UK
Skills Survey (BMRB Social Research, 2006; Felstead et al., 2007),
and in the German National Educational Panel Study (NEPS)
(Matthes and Christoph, 2011; Matthes et al., 2014). Since the
job requirements approach assumes a certain fit between work-
related activities and the frequency in which they are carried
out and an employee’s skills, it provides insights into assessing
labor market demands for generic skills (Felstead et al., 2007;
OECD, 2011; Autor and Handel, 2013; International Labour
Organization, 2014; Handel, 2020).

Our study builds on previous findings from Braun and
Brachem (2015), in which they transferred the skills found in
international labor market research to a graduate survey. Based
on the theoretical foundations and the empirical results, Braun
and Brachem (2015) suggest certain areas of generic skills of
graduates that can be assessed with their instrument. Braun
and Brachem (2017) identified nine areas of generic skills that
graduates must possess for their daily work life:

1. planning and organizing of work processes
2. promoting others
3. leading and management
4. dealing autonomously with challenging tasks
5. information processing
6. number processing
7. communication and cooperation, including competence in

a foreign language and intercultural communication
8. using information and communication technologies
9. physical performance

These nine areas are the starting point for this
present research.

The term “generic skills” can be interpreted in a variety
of ways. For the purposes of our study, we draw on the same
definition employed by Braun and Brachem (2015, 2017), since
our instrument is based on their previous studies. We therefore
define generic competences as the ability to successfully master
complex situations. Performance-based competences consist of
a skillset which can be applied to different disciplines and which
is needed in variety of situations (Heijke et al., 2003; Rychen and
Salganik, 2003; Green, 2009; Braun and Brachem, 2017).

Other scholars have concentrated on examining skills or
competences like critical thinking, interpersonal understanding,
problem solving and (written) communication (Jones, 2009b;
Badcock et al., 2010; Hyytinen et al., 2015). Analogous to
Braun and Brachem (2017), such research has also referred
to skills like “information processing”; “dealing autonomously

with challenging tasks”; and “communication and cooperation.”
Current research has thus made inquiries into ascertaining
which generic skills tend to help employees acquire and
maintain a job, in general, and what is expected of graduates in
the labor market, specifically.

We have used the previous findings from labor market
research and adopted the instrument developed by Braun
and Brachem (2017), which has already been validated for
higher education graduates, to test whether there are learning
opportunities for students in these, theoretically and empirically
established generic skills. Another advantage of this approach is
that it makes it possible to examine and compare a broad range
of generic competences.

Differences between fields of study
regarding generic skills

So far, little research has been done on whether these
relevant generic skills are taught in the study programs and
on whether there are differences between the study programs
in terms of what learning opportunities they offer students as
part of their curriculum. Martin et al. (2005) reported that
the majority of academic engineering programs do not teach
generic skills and therefore recommend that such programs
improve their curriculum to provide students with better
training in, for example, communication skills (Martin et al.,
2005; Paviotti, 2020). Jones (2009a) examined how lecturers
perceived differences in how some generic skills were taught
in five fields: economics, physics, history, medicine, and law.
One of their key findings was that when generic skills are an
inherent part of the field of study or the subsequent profession—
like problem solving and communication in medicine or writing
and critical thinking in history—they tend to be taught as part
of the curriculum, either intentionally or not (Jones, 2009a).
In a study conducted at an Australian university, Badcock
et al. (2010) found that programs in the arts, engineering, and
science had significant differences in learning opportunities for
certain generic skills. They found that art students, for instance,
attained higher scores in critical thinking and interpersonal
understanding than those in other programs. Other studies have
ascertained that students in the social sciences tend to have
stronger skills in written communication. Engineering students,
by contrast, appear to score higher in problem solving but
lower for generic skills on all other tested scales. Research has
also suggested that in fields of study that are based mainly on
lectures and in which students are assessed mostly by written
exams, students develop fewer generic skills, since they often
have merely to recall the content (Bligh, 2000; Johnson et al.,
2002).

There is a significant body of research available that
examines and measures specific skills, such as communication
or critical thinking (Jones, 2009a; Badcock et al., 2010). Studies
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with a broader view base their claims either on surveys of
students (Kember et al., 2007; Virtanen and Tynjälä, 2019) or on
data gathered about graduates (Martin et al., 2005; Suarta et al.,
2017). There are few studies that combine data from students
and graduates. Furthermore, there are hardly any studies that
examine a wide range of generic skills and whose selection of
specific skills is conceptually and empirically based.

Comparison of students and graduates

There is abundant research supporting the claim that
education plays an important role in the acquisition of generic
skills (Crebert et al., 2004; Smith and Bath, 2006; Huber and
Kuncel, 2016). Yet, little research has been done that establishes
a connection to the labor market. We are not aware of any
study that links student assessments with the demands of the
labor market. Previous studies have either examined study
conditions by surveying students while they are still enrolled
in a program or retrospectively by graduates after they have
completed them. This results in a problematic phenomenon:
Graduates evaluate entry into the labor market and selected
criteria for career success, the results of which are then linked
retrospectively to assessments of their prior study conditions. In
other words, graduates are surveyed after they have completed
their studies; they are thus asked to evaluate events that took
place between three and 6◦years prior. During this period, study
regulations and study conditions may have changed, making it
difficult to attribute the results of the graduate survey to current
study conditions. Accordingly, the results of the graduate
survey generate very little concrete knowledge that could help
policymakers, administrators, and instructors develop curricula
and improve the management of study programs that address
the current labor market.

To address these gaps in the literature on the relationship
between the acquisition of generic skills in higher education and
the labor market, research thus needs to be conducted that can
directly compare student and graduate data. The aim of this
paper therefore is to examine whether such a comparison is
feasible by using the same types of assessments for generic skills
for students and graduates.

Research questions

Based on previous findings and the proposed theoretical
framework, we address the following research questions:

1. Can the proposed conceptual areas of generic skills,
developed using the job requirements approach, be
transferred to a student survey?

2. a) Can profiles for learning opportunities of generic skills
be found in the student data?

3. How are the fields of study distributed among these
profiles?

4. How do students rate the learning opportunities for
generic skills during their studies and how do graduates
perceive the requirements of the labor market for generic
skills?

Materials and methods

Sample

To answer these research questions, two online surveys,
one among students and one among graduates, were
conducted at a large university in Germany between December
2020 and March 2021.

Student sample
For the student survey, all matriculated students were

invited via e-mail, to participate. Overall the response rate was
about 25%. The items regarding our study were filled out by
4,258 students, of which 1,007 were male, 2,931 female, and 25
non-binary. Most of the students were enrolled in programs
related to the humanities (N = 761), STEM (N = 586), and
educational science (N = 546).

Graduate sample
The graduates were contacted via mail (postal, not

electronic) and invited to participate in an online survey.
Graduates were surveyed about 1.5 years after they had
left the university. A total of 378 graduates participated,
of which 118 were male, 251 female, and two non-
binary; seven did not provide an answer regarding their
gender. Most of the respondents graduated in educational
science (N = 58), economics (N = 51), and humanities
(N = 46).

In both samples, arts (N = 89 students, N = 6 graduates)
and social science (N = 114 students, N = 17 graduates) were
the least represented. The programs were grouped based on
the system of subject classification used by the German Federal
Statistical Office (Statistisches Bundesamt, 2021). According to
this system, there are ten fields of study (see Table 1).

Table 1 shows the distribution of the students and graduates
among the fields of study.

Instruments

The surveys included over 100 questions each. The
instruments discussed below were included within them.
However, the following descriptions only refer to the part, which
is relevant for the present study.
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TABLE 1 Distribution of fields of study.

Field of study N students N graduates

Humanities 761 46

Sports 133 18

Economics 232 51

Social sciences 114 17

STEM 586 35

(science, technology, engineering, and math)

Agriculture and forestry 309 25

Nutritional science 314 31

Veterinary medicine 212 36

Arts 89 6

Psychology 191 32

Educational science 546 58

Total 3,487 355

N, numbers of students and graduates.

To explore the requirements as well as the learning
opportunities, we built on the work of Braun and Brachem
(2017). We used the instruments that they developed to assess
the generic skills on requirements that graduates encounter
on the current labor market and adopted to ask students
about available learning opportunities within their fields of
study for acquiring generic skills. We divided one scale from
Braun and Brachem’s previous study into “communication
and cooperation” and “foreign language and intercultural
communication,” resulting in ten areas of generic skills (see
Table 2).

Instruments for measuring learning
opportunities for students

The ten scales consisted of a total of 27 items, and were
framed to survey learning opportunities available to students in
their programs. Each item started with phrases such as “In my
studies . . .,” and then followed a statement of what the students
did in their program. We had to reword a few items from the
original instrument developed by Braun and Brachem (2017)
in order to make them apply to students. The students rated
each item on a five-point Likert scale, in which each point was
labeled with such time clauses as: (1) “never”; (2) “less than
once a month”; (3) “at least once a month, but less than once
a week”; (4) “at least once a week, but not daily”; (5) “daily.”
Cronbach’s alpha of the scales ranged between alpha = 0.64
and alpha = 0.84, which was appropriate considering the small
numbers, i.e., a maximum of three items. In the area of “physical
work,” students were asked only one question, so that no scale
value was calculated here. All scales and example items are listed
in detail in Table 2.

Instruments for measuring generic skills
requirements for graduates

The same 27 items were used in the graduate survey.
They were worded in such a way that they always began

with “In my main occupation . . .,” and were then followed
by the same statements as in the student survey, using the
same response categories. Cronbach’s alpha of the scales ranged
between alpha = 0.66 and alpha = 0.86, which was appropriate
considering the small numbers, i.e., a maximum of three items.
The rationale behind this procedure was to use the same
wording in order to compare student and graduate answers, and
to prevent a situation in which graduates were asked to assess
after graduation, the generic skills that they had acquired during
their studies. All scales and example items are described in detail
in Table 2.

Procedure

In order to answer the first research question, we examined
whether the theoretically assumed factor structure of the
graduate survey (Braun and Brachem, 2017) can also be
confirmed in the student survey. A confirmatory factor
analysis with nine factors was carried out for this purpose.
The area “physical performance” was not considered as a
latent factor, as it only consists of one item and therefore
did not allow latent modeling. To evaluate the model fit
for the learning opportunities, we used the following cut-
off criteria: Considering the Root Mean Squared Error of
Approximation (RMSEA) the model fit was considered as close
when RMSEA ≤ 0.05, RMSEA ≤ 0.08 the model fit was
considered as reasonable and RMSEA ≤ 0.1 was considered as
acceptable. For the Standardized Root Mean Squared Residual
(SRMR) the model fit was considered as reasonable when
SRMR ≤ 0.08 and SRMR ≤ 0.1 showed an acceptable fit.
A Comparative Fit Index (CFI) ≥ 0.95 show good fit and
CFI ≥ 0.9 show acceptable fit (Browne and Cudeck, 1992;
Beauducel and Wittmann, 2005; Backhaus et al., 2015). The
smaller the RMSEA and SRMR, the better the estimated model
fit, while a larger CFI, by contrast, indicated a better model fit.

To analyze the second research question, about possible
profiles in learning opportunities in the various fields of study,
we conducted a cluster analysis. To be able to conduct the
final cluster analyses, we carried out several pre-tests. We
first performed a single-linkage cluster analyses to identify the
breakout cases. After identifying the breakout cases, we were
able to perform a Ward hierarchical cluster analyses with 3,394
cases for learning opportunities for generic skills. The proposed
preliminary cluster solutions were tested both graphically, with a
dendrogram, and statistically. Based on the hierarchical cluster
analyses, we were then able to conduct k-mean clusters, which
we then used first to evaluate the different profiles for learning
opportunities and second to evaluate the distribution of the
fields of study among them. We tested the significance of the
distribution using χ2 and Cramér’s V for effect sizes. Even
though the area of “physical performance” was only measured
with one item, and therefore not included in the confirmatory
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TABLE 2 Dimensions for learning opportunities and labor market requirements.

Student survey Graduate
survey

Student survey Graduate survey

Dimension Number of
Items

Cronbach’s alpha for
learning

opportunities

Cronbach’s alpha for
labor market
requirements

Example item for
learning opportunities
(“In my studies . . .”)

Example item for labor
market requirements

(“In my primary
profession . . .”)

Planning and
organizing of work
processes

3 0.76 0.75 I organize work
processes.

I organize work
processes.

Dealing
autonomously with
challenging tasks

3 0.66 0.80 I assess possible
consequences and

outcomes for other areas
or people.

I assess possible
consequences and

outcomes for other areas
or people.

Promoting others 3 0.80 0.86 I train, teach or educate
other people.

I train, teach or educate
other people.

Leading 3 0.84 0.81 I learn to set goals or
strategies for other areas

or people.

I set goals or strategies
for other areas or people.

Information
processing

3 0.75 0.71 I apply scientific
methods, procedures or

techniques to solve
problems.

I apply scientific
methods, procedures or

techniques to solve
problems.

Number processing 3 0.82 0.85 I specifically analyze
information or data.

I specifically analyze
information or data.

Communication and
cooperation

3 0.81 0.66 I create a joint product as
part of a team (reports,
presentations, projects,

etc.).

I create a joint product as
part of a team (reports,
presentations, projects,

etc.).

Foreign language
and intercultural
communication

2 0.64 0.67 I communicate in a
language other than my

mother tongue.

I communicate in a
language other than my

mother tongue.

Using information
and communication
technology

3 0.71 0.83 I use internet-based
applications to exchange
or work out work-related
issues with other people.

I use internet-based
applications to exchange
or work out work-related
issue with other people.

Physical
performance

1 I carry out tasks, which
require physical

competences (e.g.,
manual labor).

I carry out tasks, which
require physical

competences (e.g.,
manual labor).

factor analyses, we decided to include it in the evaluation of the
profiles of learning opportunities, as this area has been identified
as significant in research that applies the job requirement
approach (Morgeson and Humphrey, 2006; Felstead et al., 2007;
Autor and Handel, 2013).

To enable a comparison between students and graduates,
in order to address the third research question, we turned to
a visual presentation of mean values. We deliberately refrained

from inferential statistical analyses: firstly, because we made no
assumptions about existing differences and secondly, because
we could make numerous comparisons (between the ten fields
of study and ten scales), so that the procedure would be richly
explorative and its possible significance random.

All empirical analyses were conducted using Stata 16.1. An
overview of used samples and analysis can be seen in Table 3.

Results

Confirming the assumed theoretical
structure of the constructs for students

A confirmatory factor analysis was conducted to check
the structure of nine factors related to learning opportunities
for students. The confirmatory factor analysis with the nine
constructs showed acceptable to reasonable fits. The RMSEA
showed a reasonable to close fit (0.054), the SRMR showed a
reasonable fit (0.053), and the CFI showed an acceptable fit
(0.925). Table 4 shows the standardized factor loadings for the
areas of generic learning opportunities. In general, the results
of the confirmatory factor analyses showed acceptable to high-
factor loadings for all items. Only in the construct “planning and
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TABLE 3 Methods of analysis and samples used according to the
three research questions.

Research question Sample Method for
analysis

1 Students (N = 3,487) Confirmatory factor
analysis

2 Students (N = 3,487) Cluster analysis

3 Students (N = 3,487)
Graduates (N = 355)

Descriptive statistics
(mean values and

standard deviations)

organizing of work processes” the item “In my studies I evaluate
the performance or quality of people, objects, or processes”
showed a barely acceptable factor loading (0.487). Since the
content of the item is seen as important for the latent factor,
and because the internal consistency of the scale (α = 0.76) was
acceptable, we kept the item for further analyses.

Overall, the expected structure could be firmly established in
the student survey.

Profiles of learning opportunities in the
fields of study

In this section, we examine the student responses to the ten
areas related to learning opportunities. The focus here was on
the question of whether the fields of study differ in terms of
which learning opportunities students reported.

To analyze profiles of learning opportunities, we conducted
cluster analyses, and then tested the distribution of the fields of
study among those clusters.

The dendrogram of the Ward hierarchical cluster analyses
showed three reasonable clusters of profiles for learning
opportunities. Therefore, we refined the results with a k-means
cluster analyses on those three clusters. Figure 1 shows the
mean values of the ten learning opportunities within the three
different clusters. Cluster 1 is characterized by overall high
number of learning opportunities for generic skills in nine areas.
It is particularly noticeable that the area of physical activities
was only marginally represented in this cluster. The areas “using
information and communication technology”; “planning and
organizing of work processes”; and “dealing autonomously with
challenging tasks” were particularly high.

In cluster 2, learning opportunities in all ten areas of generic
skills were also high and comparable to cluster 1. Cluster 2,
in contrast to the other two clusters, showed a particularly
high level for physical activity. Again, “using information and
communication technology”; “planning and organizing of work
processes”; and “dealing autonomously with challenging tasks”
were also pronounced. The area “number processing” was the
least pronounced. Nevertheless it was similarly high to how it
appeared in cluster 1.

Cluster 3 showed overall the fewest learning opportunities
for all areas of generic skills. As well as in the other twoclusters,
the areas “using information and communication technology”;
“planning and organizing of work processes”; and “dealing
autonomously with challenging tasks” showed the most learning
opportunities in this cluster. The areas “promoting others” and
“leading” were particularly low.

In general, it was noticeable that the areas “using
information and communication technology”; “planning and
organizing of work processes”; and “dealing autonomously with
challenging tasks” showed the greatest number of learning
opportunities in all three clusters.

In the next step, we looked at the distribution of the
fields of study across the three found clusters for learning
opportunities. Table 5 shows the assignment of the fields of
study to the three profiles of learning opportunities; it also
shows absolute frequencies and relative frequencies per row.
The analyses revealed that the fields of humanities, social
sciences, educational sciences, and psychology could be assigned
to the first cluster; sports and arts to the second cluster; and
economics, STEM, agriculture and forestry, nutritional science,
and veterinary medicine to the third cluster.

This distribution showed a tendency, that the fields of
humanities, social sciences, educational science, psychology,
sports, and arts provide good opportunities for the acquisition
of generic skills, but have partially few learning opportunities in
the area of “physical performance”–something they share with
economics, STEM, agriculture and forestry, nutritional science,
and veterinary medicine. Sports and arts seem to support more
learning opportunities for the acquisition of physical skills. For
economics, STEM, agriculture and forestry, nutritional science,
and veterinary medicine, which could be best assigned to the
third cluster, we saw overall the fewest learning opportunities for
acquiring generic skills. As Table 5 shows, these are tendencies
only and all field of studies show strengths in all profiles.

The relation between the field of study and the profiles
formed is statistically significant, but is not high (Cramér’s
V = 0.25). The assignment to the clusters could be made with
varying degrees of clarity. While a few fields, such as arts and
psychology, could be clearly assigned to one cluster, some were
distributed across several clusters (i.e., sports). Overall, however,
an assignment was possible for all ten fields of study. The results
confirmed our first assumptions: Cluster analysis provided some
evidence that learning opportunities for generic skills differ
between the fields of study.

Descriptive comparison of student and
graduate assessments

In this section, we make descriptive comparisons between
the responses from students on learning opportunities within
their fields of study and those from graduates on labor market
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TABLE 4 Factor loadings for areas of generic learning opportunities (student data).

Tasks Item (“In my studies.”) Factor loadings

Planning and organizing of work processes I organize work processes. 0.87

I plan timelines. 0.83

I evaluate the performance or quality of people, objects or processes. 0.49

Dealing autonomously with challenging tasks I have to react to unexpected situations. 0.63

I assess possible consequences and outcomes for other areas or people. 0.67

I show initiative. 0.60

Promoting others I train, teach or educate other people. 0.72

I lead groups in a structured way. 0.79

I support and motivate others. 0.76

Leading I learn to set goals or strategies for other areas or people. 0.72

I learn to persuade others. 0.88

I learn to negotiate with others. 0.82

Information processing I assess the quality of professional articles. 0.66

I document complex facts. 0.75

I apply scientific methods, procedures or techniques to solve problems. 0.70

Number processing I create number-based diagrams or tables. 0.83

I carry out complex calculations. 0.76

I specifically analyze information or data. 0.73

Communication and cooperation I create a joint product as part of a team (reports, presentations, projects, etc.) 0.72

I stick to agreements made in a work group. 0.77

I negotiate compromises with other people. 0.82

Foreign language and intercultural communication I communicate in a language other than my mother tongue. 0.56

I maintain contact with people from other cultures or social groups. 0.82

Using information and communication technology I use internet-based applications to exchange or work out work-related issues with
other people.

0.67

I process content digitally. 0.67

I deal with questions concerning the digitalization of work processes. 0.68

Criteria of the confirmatory factor analysis: χ2(263) = 2001.65, p ≤ 0.01, RSMEA = 0.054, SRMR = 0.053, CFI = 0.925.

requirements. As stated above, we did not conduct any inference
statistics, since we did not have a directed hypothesis. For
this purpose, we have graphically contrasted the mean values
and standard deviations for all students with those for all
graduates in bar charts.

The graphic comparisons of the mean values for each of the
ten different fields of study are also worth noting. These can be
found in the Appendix.

Figure 2 shows student perceptions of current learning
opportunities within their programs of study and graduate
perceptions of current labor market requirements within the bar
charts. It also shows the particular standard deviations for every
dimension for learning opportunities as well as for labor market
requirements. As discussed above, only descriptive analyses
were conducted to avoid producing findings that were random.

Based on our study, we can draw some preliminary
conclusions. There are areas in which student and graduate
perceptions appear to overlap. In categories, such as “dealing
autonomously with challenging tasks”; “using information and
communication technology”; and “planning and organizing of

work processes”; students report learning opportunities for
these skills as widely available and graduates report them as
greatly in demand. The absolute differences between learning
opportunities and labor market requirements are quite big in
the areas of “dealing autonomously with challenging tasks” and
“promoting others.” We also observed that there are areas, such
as “number processing” or “leading,” where the labor market
requirements as perceived by graduates nearly coincided with
the learning opportunities reported by students within their
fields of study.

Regardless of the field of study, students reported slightly
fewer learning opportunities than graduates reported labor
market requirements. The exception was in the areas “using
information and communication technology”; “information
processing”; and “planning and organizing of work processes.”

The high standard deviations suggest the high variance
in learning opportunities, as well as in the requirements,
which is not surprising due to the fact, that Figure 2 shows
mean values and standard deviations aggregated across all
fields of study.
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Profile 1 Profile 2 Profile 3

Planning and organising of work processes Dealing autonomously with challenging tasks

Promo�ng others Leading

Informa�on processing Number processing

Communica�on and coopera�on Foreign language and intercultural communica�on

Using informa�on and communica�on technology Physical performance

FIGURE 1

Profiles for learning opportunities.

Examining the requirements and learning opportunities at
the level of fields of study (see Appendix), a more differentiated
picture emerged. Especially for veterinary medicine or
nutritional science, we observed that learning opportunities
and requirements did not align very well with each other.
For STEM and social sciences, however, we observed that the
reported learning opportunities and labor market requirements
nearly coincided.

As noted above, we refrained from inferential statistical
comparisons because we did not have an explicit hypothesis
directing our study and, moreover, the multiple comparisons
could also have generated random findings.

Discussion

This study offers some innovative but nonetheless
preliminary results. To be able to capture the acquisition
of generic skills in higher education, which has been shown
in prior research to be important on the labor market, we
transferred ten areas of generic skills that were based on
theory from the job requirements approach to a student
survey. A confirmatory factor analysis verified the structure
of different areas of generic skills, which were adopted from
graduate surveys, and therefore also allow the appropriate use
in the student survey.

We also analyzed the student data for learning opportunity
profiles, structured by the ten areas of generic skills. Cluster
analyses showed three different types of learning opportunity
profiles, which differed mainly in the frequency of the specific

areas of generic skills. While the first cluster contained frequent
learning opportunities in almost all areas of generic skills
except in the area of “physical performance,” the second cluster
showed frequent learning opportunities especially in “physical
performance,” as well as in the other areas. Only the third
cluster stood out from the others in that it consistently contained
fewer learning opportunities in all areas. If we now look at
how students from different disciplines were distributed among
the three clusters, some tendencies can be observed: the first
cluster was made up mainly of humanities and educational
sciences, while the second cluster was made up primarily of
arts and sports. The third cluster was made up mostly of STEM
and economics. The results are consistent with the previous
feedback on perceptions of fields of study. While fields like
humanities and educational science are often perceived as fields
in which students tend to acquire more general skills, in fields
like sports and arts, it is very common to engage in a lot
of physical activities. The curriculum for students of STEM
and economics, by contrast, is mostly characterized by very
stringently prescribed curricula with a high level of discipline-
specific skills (Bligh, 2000; Johnson et al., 2002). The results
of cluster analyses suggest that the areas of “using information
and communication technology,” “planning and organizing of
work processes,” and “dealing autonomously with challenging
tasks” are the dimensions in which students seem to perceive
the highest learning opportunities for generic skills, regardless
of their field of study.

Finally, addressing our third research question, we
contrasted the data from students with that of graduates.
Here we made use of graphic representations and believe,
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TABLE 5 Distribution of the fields of study across the profiles for
learning opportunities.

Field of study N profile 1 N profile 2 N profile 3 Total

Humanities 260
42.76%

183
30.10%

165
27.14%

608

Sports 19
16.38%

50
43.10%

47
40.52%

116

Economics 65
38.69%

35
20.83%

68
40.48%

168

Social sciences 51
51%

22
22%

27
27%

100

STEM 145
31.52%

144
31.30%

171
37.17%

460

Agriculture and
forestry

72
30.25%

48
20.17%

118
49.58%

238

Nutritional science 84
32.81%

25
9.77%

147
57.42%

256

Veterinary medicine 32
16.08%

50
25.13%

117
58.79%

199

Arts 10
13.33%

56
74.67%

9
12%

171

Psychology 111
64.91%

20
11.70%

40
23.39%

171

Educational science 159
38.95%

128
30.99%

126
30.51%

413

Total 1,008
35.95%

761
27.14%

1,035
36.91%

2,804
100%

χ2(20) = 347.76, p ≤ 0.01, Cramér’s V = 0.25. The biggest groups are shaded gray.

despite the limited nature of the empirical analysis, that such
a comparison offers insights into the differences between
learning opportunities in higher education and generic skill
requirements in the labor market. Our findings also underscore
the importance of generic skills in the areas of “planning and
organizing of work processes”; “dealing autonomously with
challenging tasks;” and “using information and communication
technology” for both students and graduates, which aligns with
previous findings (Tynjälä et al., 2006; Suarta et al., 2017).

The preliminary results regarding the relationship between
different learning opportunities and the field of study fit in
well with previous findings from labor market research. The
labor market usability of humanities and arts are discussed in
the literature, and there are some regions in the world where
arts and humanities programs are being either reduced in size
or dismantled all together (Cassity and Ang, 2006; Jenkins,
2015; Olmos-Peñuela et al., 2015; Preston, 2015). Especially for
humanities, it is often argued that it is a field in which little
discipline-specific knowledge is taught (Leuze and Strauß, 2008;
Falk et al., 2009). However, our findings suggest that fields
of study within the arts, humanities, and educational science
in particular, offer learning opportunities for the acquisition
of generic skills. Previous studies have shown that learning
environments, which promote collaborative learning or where
students have to deal with authentic problems foster the

development of generic skills (Kember et al., 2007; Virtanen
and Tynjälä, 2019). This could be linked to the fact that fields
like social sciences, humanities, and psychology often deal with
current developments and frequently implement collaborative
methods. By bringing together student surveys and labor market
research, our study was thus able to fill a gap in knowledge
about the benefits of arts and humanities programs for the
labor market in general. The benefits of STEM programs
for an individual’s economic well-being are well-documented.
However, our study shows that the contribution to employability
in the arts and humanities programs seems to lie in the learning
opportunities for the acquisition of generic skills. In the light of
the need to foster “21st-century skills” (Germaine et al., 2016;
Suarta et al., 2017; Rios et al., 2020), our findings thus suggest
that fields like arts, humanities, and educational science seem to
offer important learning opportunities for students but are not
limited to these fields of study.

Although our study enables a comparative evaluation of
student and graduate data, it is also subject to limitations.
So far, the scales have been applied at only one university.
Therefore, we cannot yet make any statements about the
broader application of the results to other contexts. Hopefully,
similar studies of linked student and graduate surveys will
be carried out in other countries, making it possible to
compare the results of such studies with ours. Since the initial
instrument (Braun and Brachem, 2015, 2017) was already
tested and used in a Germany-wide graduate survey, we did
not pretest our instruments. We are aware that there is a
certain risk that the statements will be perceived differently
by students than by graduates. Nevertheless, by using similar
phrasing of the statements, cross-comparisons can be made
between learning opportunities and labor market requirements
for generic skills.

Another limitation is connected with the area of “physical
performance,” since it was captured with only one item. Despite
this limitation, this area is nonetheless significant because the
fields of study differ in how much physical labor is carried out
by students during their studies. Future research might extend
this scale by including more items. In addition, future research
could use more advanced and person-centered methods to
test our findings.

Even if the distribution of fields of study among the three
profiles is significant, the distribution itself is not that evident.
All ten fields of study show up in all three profiles, which is an
indicator, that all study programs contribute to the acquisition
of generic skills.

The results leave open the question of whether generic
skills are embedded learning goals within higher education and
whether the fields of study seek to promote the acquisition of
generic skills, or if they are a mere by-product of the content
of individual fields of study. To answer this question, it would
be necessary to examine module manuals of the subjects in
reference to their learning opportunities for generic skills.
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FIGURE 2

Perception of requirements in the view of graduates and learning opportunities in the view of students.

The findings regarding the descriptive comparison
between the student and graduate assessments are quite
restricted because of their explorative nature. Further research
might build on these preliminary results to conduct more
hypotheses-driven research. Nevertheless, the descriptive
results provide the first indications about the fit between
learning opportunities and labor market requirements for
generic skills and can be used in the context of (re)accreditation
for the individual subject groups.

The data were collected as part of the quality management
at the university where we conducted our study. We are grateful
for the permission that they granted us to use the data for our
publications. Universities can draw on the gathered data and on
our findings to assist in the development and administration
of their programs; students and graduates can draw on them
for their personal development. As part of our work, we always
consider the ethical implications of our work and proceed
accordingly, seeking to work to the best of our conscience.

The scales presented here are based on the job
requirements approach, and therefore firmly grounded
on a theoretical basis. They are nonetheless self-reported.
Although this allowed an assessment of perceived learning
opportunities, it did not offer a “hard” measurement of

competences. Moreover, in this paper we examined only
generic skills; we therefore cannot make any statements
about the promotion of subject-specific knowledge, which
can certainly be seen as a primary learning outcome of
higher education.

Despite these limitations, the use of scales provides an
empirical basis, especially for the area of quality management
of study programs and teaching at universities. So far, mainly
graduate data and retrospective assessments have been used
to draw conclusions about the quality of the fit between
study programs and the labor market. As noted above, study
regulations and conditions may have changed several times
in the interval between when the graduates pursued their
studies and when they were surveyed about them. This
time lag makes it difficult for those responsible for the
organization and planning of the various study programs
to draw on research to improve their programs. By using
the scales presented here and applying them both to the
student and the graduate surveys, a direct reference can be
made between learning opportunities for generic skills that
currently exist at institutions of higher education and those
currently in demand on the labor market. Our experience shows
that this empirical data can be used in a variety of ways,
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both for the accreditation of study programs and for
evidence-based curriculum development. We are not
suggesting that the requirements reported by graduates
should be integrated one-to-one into the curriculum. We
do believe, however, that the scales facilitate planning
and development. They make it possible to carry out an
informed discussion about which generic skills are already
being promoted and those which should be given greater
consideration in the future.
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Perception of requirements in the view of graduates and learning opportunities in the view of students by field of study.
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tasks for the assessment of 
generic Critical Online 
Reasoning (COR) of university 
students and graduates
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Germany

In recent decades, the acquisition of information has evolved substantially 

and fundamentally affects students’ use of information, so that the Internet 

has become one of the most important sources of information for learning. 

However, learning with freely accessible online resources also poses 

challenges, such as vast amounts of partially unstructured, untrustworthy, 

or biased information. To successfully learn by using the Internet, students 

therefore require specific skills for selecting, processing, and evaluating the 

online information, e.g., to distinguish trustworthy from distorted or biased 

information and for judging its relevance with regard to the topic and task 

at hand. Despite the central importance of these skills, their assessment in 

higher education is still an emerging field. In this paper, we present the newly 

defined theoretical-conceptual framework Critical Online Reasoning (COR). 

Based on this framework, a corresponding performance assessment, Critical 

Online Reasoning Assessment (CORA), was newly developed and underwent 

first steps of validation in accordance with the Standards for Educational 

and Psychological Testing. We  first provide an overview of the previous 

validation results and then expand them by including further analyses of the 

validity aspects “internal test structure” and “relations with other variables”. 

To investigate the internal test structure, we conducted variance component 

analyses based on the generalizability theory with a sample of 125 students 

and investigated the relations with other variables by means of correlation 

analyses. The results show correlations with external criteria as expected and 

confirm that the CORA scores reflect the different test performances of the 

participants and are not significantly biased by modalities of the assessment. 

With these new analyses, this study substantially contributes to previous 

research by providing comprehensive evidence for the validity of this new 

performance assessment that validly assesses the complex multifaceted 

construct of critical online reasoning among university students and graduates. 

CORA results provide unique insights into the interplay between features of 

online information acquisition and processing, learning environments, and the 

cognitive and metacognitive requirements for critically reasoning from online 

information in university students and young professionals.

TYPE Original Research
PUBLISHED 07 November 2022
DOI 10.3389/feduc.2022.914857

OPEN ACCESS

EDITED BY

Edith Braun,  
Justus-Liebig  
Universität, Germany

REVIEWED BY

Tobias Jenert,  
University of Paderborn,  
Germany
Heidi Hyytinen,  
University of Helsinki Center for University 
Teaching and Learning, Finland

*CORRESPONDENCE

Marie-Theres Nagel  
marie.nagel@uni-mainz.de

SPECIALTY SECTION

This article was submitted to  
Higher Education,  
a section of the journal  
Frontiers in Education

RECEIVED 07 April 2022
ACCEPTED 05 October 2022
PUBLISHED 07 November 2022

CITATION

Nagel M-T, Zlatkin-Troitschanskaia O and 
Fischer J (2022) Validation of newly 
developed tasks for the assessment of 
generic Critical Online Reasoning (COR) of 
university students and graduates.
Front. Educ. 7:914857.
doi: 10.3389/feduc.2022.914857

COPYRIGHT

© 2022 Nagel, Zlatkin-Troitschanskaia and 
Fischer. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

153

https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/feduc.2022.914857%EF%BB%BF&domain=pdf&date_stamp=2022-11-07
https://www.frontiersin.org/articles/10.3389/feduc.2022.914857/full
https://www.frontiersin.org/articles/10.3389/feduc.2022.914857/full
https://www.frontiersin.org/articles/10.3389/feduc.2022.914857/full
https://www.frontiersin.org/articles/10.3389/feduc.2022.914857/full
https://www.frontiersin.org/articles/10.3389/feduc.2022.914857/full
#editorial-board
#editorial-board
https://doi.org/10.3389/feduc.2022.914857
mailto:marie.nagel@uni-mainz.de
https://doi.org/10.3389/feduc.2022.914857
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Nagel et al. 10.3389/feduc.2022.914857

Frontiers in Education 02 frontiersin.org

KEYWORDS

critical online reasoning, online information, web search, validation, performance 
assessment, higher education

Introduction

The digital age has transformed learning in higher education 
as well as the learning materials accessible to students (Ali, 2020; 
Banerjee et al., 2020). The acquisition and use of information has 
evolved substantially in recent decades and also fundamentally 
affects students’ learning (Boh Podgornik et al., 2016; Brooks, 
2016; Maurer et al., 2020). University students nowadays prefer 
the Internet to traditional textbooks for information acquisition; 
moreover, in the recently increasingly prevalent digital teaching 
and learning contexts, students use not professionally produced 
learning resources, found by eclectically browsing the web, more 
often and ubiquitously than the recommended OER. The Internet 
has therefore become one of the most important sources of 
information for learning; not only for the preparation of papers or 
presentations but also when studying for exams (Brooks, 2016; 
Newman and Beetham, 2017; Maurer et al., 2020). The World 
Wide Web provides a flexible learning resource while also 
accelerating the dissemination and processing of information and 
knowledge (Braasch et al., 2018; Weber et al., 2019; Maurer et al., 
2020). However, learning with freely accessible online resources 
also presents challenges (Qiu et al., 2017; Ciampaglia, 2018). Since 
content can be freely distributed on the Internet, vast amounts of 
unstructured, untrustworthy, inaccurate, or biased information 
are just as readily available to learners as credible, verified 
information (Walton et al., 2020). Dealing with the vast amount 
of information available online, on a platform characterized by 
low publication barriers and deficiently established quality 
standards, requires students to be critically evaluative (Liu et al., 
2014; Tribukait et al., 2017). Thus, the ever-changing information 
and learning environment has profound consequences for the 
imparting of knowledge in higher education (Harrison and 
Luckett, 2019; Weber et  al., 2019; Maurer et  al., 2020). To 
competently use and successfully learn from the information and 
resources openly accessible on the Internet, students must be able 
to critically search, select, review, and evaluate online information 
and sources based on relevant quality criteria (Sendurur, 2018; 
Molerov et  al., 2020; Nagel et  al., 2020). In the context of 
increasingly digital and self-directed teaching and learning 
processes in higher education, the successful use of digital media 
and competent, critical use of online information constitutes one 
of the most important student skills for successful study (Harrison 
and Luckett, 2019; Molerov et  al., 2020), as has also been 
emphasized by the most recent research review (Osborne et al., 
2022). This classifies it as a so-termed generic skill, which college 
graduates are expected to develop to operate successfully as 
professionals and responsible citizens of democratic societies 

(Binkley et al., 2012; National Research Council, 2012; Shavelson 
et al., 2018; Virtanen and Tynjälä, 2018; Zlatkin-Troitschanskaia 
et al., 2021a). In addition to professional knowledge, such skills 
include quantitative reasoning, critical literacy and thinking, 
ethical and moral reasoning, and written and oral communication 
that college graduates can draw upon to address life’s everyday 
judgments, decisions, and challenges. As a current literature 
review indicates, nowadays, searching, evaluating, selecting, and 
using high-quality online information have additionally become 
generic skills important for successfully studying in higher 
education (Zlatkin-Troitschanskaia et al., 2021b).

So far, the related subskills have been assessed based on 
various theoretical constructs, such as “multiple-source use” 
(MSU; Braasch et al., 2018; Hahnel et al., 2019), “information 
trust” (Johnson et al., 2016; Leeder, 2019), and “web credibility” 
(Flanagin and Metzger, 2017; Herrero-Diz et al., 2019). While 
providing important insights into the individual subskills, these 
approaches have not yet systematically focused on the interplay 
between features of online information acquisition and learning 
environments and the (cognitive) requirements for critical 
reasoning from online information (Goldman and Brand-Gruwel, 
2018). Another relevant research strand focusses on the aspect of 
communicating the selected and critically evaluated information 
to answer an initial question, as such communication skills are 
particularly needed in later (professional) life (Chan et al., 2017; 
Braun, 2021). Lawyers or physicians, for example, not only have 
to compile various, reliable pieces of information on individual 
cases and draw conclusions from them, but also regularly 
exchange information with clients and patients in this process 
(e.g., Korn, 2004; Aspegren, and LØnberg-Madsen, P., 2005).

A recent review consolidating information problem-solving 
and multiple source use approaches highlights existing desiderata 
in examining how evaluated information is used in more advanced 
analytical reasoning processes and what role the characteristics of 
information play in reasoning (Goldman and Brand-Gruwel, 
2018). For instance, while students may differ in their judgment of 
the credibility of a source, drawing invalid inferences is generally 
wrong epistemically and indicates poor (online) reasoning skills. 
In addition, most of the tests used so far to measure these subskills 
have a close-ended format, thus covering only limited aspects of 
dealing with online information use and, in particular, failing to 
measure the actual reasoning process, and underlying procedural 
skills (Ku, 2009; Desai and Reimers, 2019). In addition, these 
procedures no longer do justice to the current efforts of higher 
education institutions regarding the measurement of students’ 
competencies, which increasingly focus on a holistic representation 
of students’ capabilities to act (Shavelson et al., 2019).
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To make these crucial student skills pertaining to the online 
information environment empirically measurable and to be able 
to specifically promote them, a new theoretical-conceptual 
framework of Critical Online Reasoning (COR) was developed (see 
section “Conceptual background”; for details, see Molerov et al., 
2020). COR describes the abilities of searching, selecting, 
accessing, processing, and critically reasoning from online 
information, e.g., to solve a particular generic or domain-specific 
problem or task (for details, see Molerov et al., 2020). This involves 
critically distinguishing trustworthy from untrustworthy 
information and making argumentative and coherent judgments 
based on credible and relevant information from the online 
environment. Based on this conceptual framework, a COR 
performance Assessment (CORA) was newly developed and 
underwent initial validation (Molerov et  al., 2020; Zlatkin-
Troitschanskaia et  al., 2021a). Based on the COR construct 
definition, CORA includes various authentic situational tasks in 
the online media environment, i.e., the real Internet, to objectively 
and validly assess students’ COR skills in a realistic performance 
assessment. This holistic assessment measures all required skill 
(sub-)dimensions and their interplay instead of only individual 
facets as would be the case, for example, with closed-ended tests 
(Davey et al., 2015; for a CORA task example, see Figure 1).

When measuring students’ COR skills through CORA, validity 
is one of the key quality criteria for the reliable interpretation of 
students’ test results. The Standards for Educational and 
Psychological Testing (hereafter referred to as “AERA Standards”) 
provide criteria for the reliable validation of educational tests (AERA, 
APA, and NCME, 2014). According to the AERA Standards, five 
aspects should be analyzed during validation and various sources of 
information should be used as evidence. The aspects to be analyzed 
are “test content,” “task-and test-response processes,” “internal 
structure of a test,” “interrelationships with other variables,” and 
“consequences of testing” (for details, see AERA, APA, and NCME, 
2014). Therefore, the focus and central contribution of this paper is 
to present the comprehensive, multi-perspective and in-depth 

validation of the CORA as a novel performance-based test of generic 
student skills in higher education.

To validate the CORA tasks and interpret the test scores, 
initial validation steps have already been carried out:

 1. Validity evidence regarding the CORA content was 
obtained through expert interviews and expert ratings of 
the CORA tasks (for details, see Molerov et al., 2020).

 2. Validity evidence regarding the task response processes of 
the test takers was analyzed by Schmidt et al. (2020) on the 
basis of log files and eye-tracking data including gaze 
duration and fixations.

 3. Initial validity evidence on the correlations with other 
variables was obtained by Nagel et  al. (2020) through 
analyzing the extent to which participants’ web search 
behavior—specifically, the number and type of web pages 
accessed as well as the quality of the content on the web 
pages—is related to better task performance and thus to a 
more critically-reflective use of online information.

In this paper, further validation of the CORA tasks focusing 
on the two criteria ‘internal structure of the test’ and ‘correlations 
with other variables’ is presented and critically discussed. In this 
way, further validity aspects not yet considered are systematically 
and thoroughly investigated according to the AERA standards to 
obtain a comprehensive overview of the validity of the CORA. The 
results of the analyses are combined with the validity evidence 
outlined above to provide a comprehensive validity assessment of 
the new COR Assessment.

In Chapter 2, the definition of the COR construct, which 
serves as a basis for an appropriate interpretation of the CORA test 
results (Molerov et  al., 2020), is explained in more detail. In 
addition, the COR Assessment framework is presented, including 
a sample task. Chapter 3 explains the validation approach of 
CORA, which is based on the model of argumentation-based 
validation of test score interpretations. According to the 

FIGURE 1

Sample task of the Critical Online Reasoning Assessment (CORA).
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argumentation-based validation process (Mislevy et al., 2012), 
we briefly summarize the results of the previous validation studies 
on the content validity (section Content validity) and validity of 
task response processes (section Validity of task reponse 
processes) of CORA, before the newly obtained validity evidence 
is presented (sections Internal test structure and Relations with 
other variables) and integrated with the previous validation work 
for CORA. Chapter 4 provides a critical discussion of the results 
including the limitations of the work and an outlook on the 
further research.

Conceptual background

The COR construct definition

To harness the potential of the Internet for learning, students 
require a variety of information acquisition and processing skills, 
which have been previously summarized as such a broad literacy 
construct as digital literacy (Reddy et al., 2020; Park et al., 2021), 
which is also related to media literacy (Koltay, 2011), information 
literacy (Limberg et al., 2012; Sanders et al., 2015; Walton et al., 
2020), and computer literacies [e.g., information and 
communication technology (ICT) literacy, computer and 
information literacy (CIL); Siddiq et  al., 2016; Makhmudov 
et al., 2020; see also, e.g., studies on multimedia learning, Mayer, 
2009]. Particularly for students of higher education, current 
research presumes basic computer knowledge (Rammstedt, 
2013; Schlebusch, 2018) as well as multimedia (Naumann et al., 
2001; Goldhammer et  al., 2013) and general Internet skills, 
which are required for self-directed online learning, a given 
(Rammstedt, 2013). However, numerous studies outline 
substantial deficits in students’ Internet-based learning in higher 
education that can hinder their study success. Based on prior 
research, we are going beyond such broad literacy and general 
ability concepts, and focus more specifically on modeling and 
validly assessing actual online information acquisition and 
processing skills, and in particular critical reasoning based on 
this online information. When modeling COR, we particularly 
draw on extended information problem-solving (IPS-I) models 
(Brand-Gruwel et  al., 2009; Huang et  al., 2019; Whitelock-
Wainwright et al., 2020) to distinguish and describe the main 
processes involved in self-directed online learning. Thereby, 
we  further expand these models by focusing on processes of 
argumentation as well as communication, which are not only 
important for students’ academic success but also key 
requirements that higher education graduates encounter on the 
labor market (Braun and Brachem, 2018). These skills can 
be  summarized under the REAS-facet: Reasoning based on 
Evidence, Argumentation and Synthesis. Therefore, the COR 
model describes students’ key generic skills not only for 
searching, evaluating, and selecting—as in IPS-I models–but 
also additional processes including analyzing, synthesizing, and 
reasoning from (high-quality) online information, while 

self-directedly engaging with (more or less domain-specific) 
content or working toward course-related learning goals, e.g., 
outside of classrooms (e.g., preparing an essay at home). 
We differentiate between two main requirement areas for COR 
processes: generic and domain-specific, e.g., within particular 
study domains like Medicine or Law (for details, see Molerov 
et  al., 2020). The focus of the analyses presented here is 
particularly on the generic COR skills required for researching 
more general topics that are not specifically related to a particular 
domain (for a differentiation between generic and domain-
specific requirement areas for COR in higher education, see 
Zlatkin-Troitschanskaia et al., 2021a).

In our prior research, we theoretically analyzed the links and 
overlaps between the existing concepts and models for assessing 
students’ skills related to COR (for more details on these specific 
concepts, underlying constructs, and particularly overlaps and 
distinctions, see our differentiated descriptions in Molerov et al., 
2020). Going beyond established abovementioned “literacy” 
concepts and constructs like digital literacy and multiple source 
use, we especially draw on the triad model of critical alertness, 
reflection, and analysis (Oser and Biedermann, 2020). Thereby, 
we particularly focus on how students analytically reason from as 
well as justify and critically reflect on online information they 
used for their higher education studies and infer from and weight 
arguments and (covert) perspectives of (partly conflicting) 
sources and information pieces. Based on this theoretical 
rationale, we  specify a set of skills assumed crucial for the 
acquisition and use of high-quality online information for 
learning in higher education, which we  term Critical Online 
Reasoning (for details, see Molerov et  al., 2020). Thereby, in 
addition to the abovementioned models and concepts, we also 
particularly draw on the U.S.-established concept of civic online 
reasoning. This concept describes the ability to successfully deal 
with online information and distinguish, for instance, reliable 
and trustworthy sources of information from biased and 
manipulative ones (Wineburg et al., 2016). While this concept 
focuses especially on the handling of online information on 
political and social topics in particular, our approach of COR has 
been expanded to encompass all cross-domain topics relevant for 
students’ learning in higher education and beyond. In addition, 
we  further substantially expanded the concept of civic online 
reasoning as well as the information problem-solving models by 
Brand-Gruwel et  al. (2009), to cover the whole process of 
searching, evaluating, selecting, analyzing, synthesizing, and 
reasoning from online information. In doing so, we  also 
specifically incorporated a new reasoning facet, described as 
Reasoning based on Evidence, Argumentation, and Synthesis (for 
details, see Molerov et al., 2020).

To sum up, the COR concept leans closely on previous 
process and phase models of (online) information search, 
selection, and evaluation, in particular the information problem-
solving models (Brand-Gruwel et al., 2009; Huang et al., 2019; 
Whitelock-Wainwright et al., 2020). Thereby, we also consider 
insights from related “web credibility” research, especially on 
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multiple-source use and multiple-source comprehension 
(Braasch et al., 2018; Goldman and Brand-Gruwel, 2018; Hahnel 
et al., 2019). We expand the modeling of students’ information 
use in self-directed learning by adding a new critical reasoning 
component, i.e., Reasoning based on Evaluation, Argumentation, 
and Synthesis (REAS). In addition, we  also integrate a 
metacognitive regulative component, i.e., Metacognitive 
Activation (MCA) skills, that helps students decide when to 
employ COR skills (e.g., to initiate a critical evaluation; for more 
details, see Molerov et al., 2020).

Based on this conceptual work, to model and measure COR 
according to international testing standards by AERA, APA, and 
NCME (2014) in an evidence-centered design (Zieky, 2014; 
Mislevy, 2017), we specified its construct definition with three 
overarching and overlapping cognitive facets:

 1. online information acquisition skills (OIA), e.g., selecting 
search engines or databases, specifying search queries;

 2. critical information evaluation (CIE) skills, e.g., evaluating 
website credibility based on cues; and

 3. reasoning skills, e.g., using evidence to generate and justify 
a valid argument based on a synthesis of accessed 
information (REAS), including accounting for common 
errors and biases as well as considering (contradictory) 
arguments and (covert) perspectives from (possibly 
conflicting) sources and information.

In addition, metacognitive (MCA) skills regulate the state-
specific and situation-specific activation, continuation, and 
conclusion of COR process within the encompassing information 
acquisition context, e.g., recognizing the need to use COR in 
learning-related contexts.

Based on this definition, we  established COR as an 
operationalizable, multifaceted construct of students’ (meta)
cognitive skills for goal-oriented and competent use of online 
information focusing on study-related contexts in higher 
education (for details, see Molerov et al., 2020).

The COR assessment framework

Methodologically, recent assessment research shows that tests 
with a closed-ended format are limited when it comes to validly 
measuring (meta)cognitive higher-order skills such as COR (e.g., 
Braun et al., 2020). In addition, they no longer do justice to the 
more recent efforts at universities to ensure the validity of testing 
procedures, which increasingly aim to holistically measure 
students’ capabilities to act (Shavelson et al., 2019). Closed-ended 
tests generally have a limited ecological validity as they fail to 
measure the procedural skills underlying the processing of 
(online) information used for learning, and, evidentially, students 
struggle to transfer the measured skills to more authentic, real-life 
situations (Ku, 2009; Davey et al., 2015; Desai and Reimers, 2019). 
It is thus evident that such complex, higher-order skill construct 

as COR can be  more validly measured through performance 
assessments (Shavelson et  al., 2019) that simulate the online 
information environment and adequately reflect the formal and 
informal learning contexts and conditions students of higher 
education experience in real life. The focus on the online 
information environment is therefore, following the tradition of 
measuring higher-order cognitive skills by means of performance 
assessments (Braun and Brachem, 2018; Shavelson et al., 2019; 
Braun et al., 2020), reflected in task scenarios that employ real 
websites and Internet searches, including sources, platforms, and 
services that are typical for current online media.

Since designing and developing new performance assessment 
tasks is particularly resource-intensive and time-consuming, 
we first looked for existing assessments, which could be possibly 
adapted and used to validly measure COR skills. In the past, 
therefore, we tried to measure COR using an adaptation of an 
Internet-based assessment developed and validated in the 
United States by the Stanford History Education Group (SHEG) 
to assess the abovementioned recently established concept of “civic 
online reasoning” at the middle school, high school, and college 
level (Wineburg et al., 2018). It is an innovative holistic assessment 
of how students evaluate online information and sources, 
containing short evaluation prompts, real websites, and an open 
Internet search (Wineburg et al., 2016; Wineburg and McGrew, 
2016). The Stanford History Education Group asked students, for 
example, to evaluate the credibility of information on political and 
social issues of mostly U.S.-centric civic interest and to justify their 
judgment, also citing web sources as evidence (Wineburg and 
McGrew, 2019).

Based on preliminary validation, however, we  further 
developed and expanded the COR assessment framework. Since 
an adaptation of this US assessment for the German university 
context was not feasible due to fundamental differences between 
the systems of higher education in the two countries, the 
conceptual-theoretical framework was modified and expanded, 
resulting in the new construct definition of Critical Online 
Reasoning described above (Section “The COR construct 
definition”; for more details, see Molerov et al., 2020; Zlatkin-
Troitschanskaia et al., 2021a). In this process, a corresponding test 
definition was developed that provided the basis for the design of 
new CORA tasks with new scenarios as well as corresponding 
scoring rubrics to rate students’ responses to the new tasks (for the 
description of the assessment and the ratings, see Section “Method 
and design”).

Our newly developed COR performance assessment allows 
for validly measuring all theoretically defined COR facets (see the 
section “The COR construct definition”) as we seek to demonstrate 
with the comprehensive validation presented in this paper.

Validity results

When developing the new COR assessment, the evidence-
centered design (ECD) approach of Mislevy (2017) and the 
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Standards for Educational and Psychological Testing of AERA, 
APA, and NCME (2014) were followed to ensure the 
development of a valid assessment from the very beginning 
(see section “Conceptual background”). Consequently, as part 
of the CORA development, we also developed a student model 
(based on the construct definition), as well as a task model and 
an interpretive model (based on the test definition), as—
according to the evidence-centered design approach—the 
alignment of these models is necessary for designing valid 
assessments (Mislevy, 2017). We also followed the standards 
according to AERA, APA, and NCME (2014) with regard to 
test development, scoring, and test quality assurance, in 
particular by conducting initial validity tests during the 
development of CORA (Molerov et  al., 2019, 2020). These 
were systematically complemented by analyses of the different 
types of validity outlined in the following.

Content validity

Molerov et al. (2020) conducted a qualitative evaluation of 
CORA according to the standards of AERA, APA, and NCME 
(2014), with focus on the task content, i.e., analyzing the coverage 
of the theoretically derived COR construct facets by the tasks and 
the suitability of the requirements and content of the newly 
developed assessment and corresponding scoring approach for 
higher education in Germany. For this purpose, they conducted 
an analysis of the task content by means of 12 semistructured 
interviews with experts in the fields of computer-based 
performance assessments in higher education, media studies 
(focusing on online source evaluation or media literacy), 
linguistics, and cultural studies, which were then analyzed by 
means of content analyses.

The experts (1) confirmed that the CORA tasks measure the 
generic COR ability, (2) supported the assumption that CORA 
measures test participants’ personal construct-relevant abilities in 
terms of the defined construct definition, and (3) concurred that 
no specific domain knowledge is required to complete the tasks. 
The experts also recommended to expand the scope of the 
assessment, as it was observed that the tasks might be too difficult 
for first-year students. In addition, some experts referred to the 
problem that participants’ prior knowledge, interest, beliefs, or 
(political) attitudes in terms of the task topic could influence their 
CORA performance.

The additional content analysis confirmed that the assessment 
and corresponding scoring scheme included two different types 
of CORA tasks, each prioritizing a different COR facet (online 
information acquisition and critical information evaluation; 
Molerov et al., 2020, p. 20). To implement the indications of these 
analyses, a task format focusing more explicitly on the reasoning 
skills facet should be included for future assessments (Molerov 
et al., 2020, p. 20). Consequently, the tasks were expanded by two 
subtasks each, with a processing time of 10 min per subtask (see 
section Conceptual background).

Validity of task response processes

In a second validation approach focusing on the validity of 
task response processes, Schmidt et al. (2020) investigated how 
test participants’ cognitive processes during task-solving can 
be  described and to what extent certain empirically distinct 
patterns exist in the participants’ task-and test-solving processes 
in relation to COR abilities. Therefore, their test-taking process 
data were collected through verbalizations, eye movements, 
response times, and computer clicks during the processing of the 
CORA tasks. Subsequently, Schmidt et  al. operationalized the 
COR construct in two dimensions: At the level of COR ability, 
which is represented by the score in the CORA tasks (task 
performance), and at the level of process performance, which is 
indicated by gaze fixations and response times in the log files 
(online information processing).

The results showed that better process performance is 
associated with significantly higher scores, indicating a 
relationship between participants’ process performance and task 
performance. Through an analysis of test-taking processes, the 
two distinct patterns of avoidance strategy and strategic information 
processing were identified during CORA task-solving. Participants 
using the avoidance strategy exhibited both poorer process 
performance and poorer task performance, i.e., they spent most 
of their time on only one web page, resulting in many fixations 
that were all focused on one specific process step. In contrast, 
participants using strategic information processing showed better 
performance and more intensive processing of online information 
through a larger number of (total) process steps, which was in line 
with the theoretical assumption for CORA (for details, see 
Schmidt et al., 2020).

Internal test structure

Theoretical background
According to the argumentative validation process following 

AERA, APA, and NCME (2014), evidence for the validity of the 
CORA scores and their interpretation could already be shown 
regarding the CORA content and the test takers’ task response 
processes; initial evidence could also be obtained for correlations 
with other variables. The assessment’s internal structure is also an 
important validity aspect, since analyses thereof can “indicate the 
degree to which the relationships among test tasks and test 
components conform to the construct on which the proposed test 
score interpretations are based” (AERA, APA, and NCME, 2014, 
p. 13). A performance assessment such as CORA, which includes 
a free Internet search and open-ended written answers that are 
evaluated by raters, differs fundamentally from classical test 
procedures with regard to its structure. Therefore, analysis 
methods according to classical test theory such as task analyses 
(e.g., test–retest reliability or internal consistency coefficients) are 
not suitable for this assessment format as they do not 
comprehensively take into account the complexity of various 
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possible influencing factors that are incorporated in performance 
assessments in contrast to conventional closed-ended assessments 
(Cronbach et al., 1972); for more details, see also Shavelson and 
Webb (1981) and Shavelson et al. (1989). Following Shavelson and 
Webb (1981), within the framework of Generalizability Theory, it 
is possible to sufficiently take into account the specifics of 
performance assessments. Generalizability Theory distinguishes 
between different components of the assessment, so-called facets, 
which can exert an influence on the test scores both individually 
and in interaction (Cronbach et al., 1963). In CORA, such facets 
are, in addition to test takers’ varying COR abilities and other 
individual characteristics, certain characteristics of the tasks used 
(e.g., task topic, format, formulation, or time limits) and effects by 
the raters, which can also exert a systematic influence and thus 
affect the test results (Goldman and Brand-Gruwel, 2018; Solano-
Flores, 2020).

While certain influences on the test scores are desirable, in 
particular those of participants’ differing COR abilities or 
intentional variation of task difficulty, (uncontrolled) influences, 
for example those of rater effects, should be minimized. In the 
context of validating the CORA tasks, it should therefore 
be  determined which influences the individual facets of the 
assessment exert on the scores and how they may interact with 
each other. The variance decomposition method used in this study 
allows for the analysis of the influencing factors across different 
CORA tasks (Jiang, 2018).

Method and design
The process described in the section “Conceptual background” 

resulted in the new COR assessment framework, which is a 
computer-based holistic performance assessment that measures 
students’ and young professionals’ real-world information-
processing, decision-making, and judgment skills. It contains 
criterion-sampled realistic situations that students may encounter 
in their public and private lives or when studying and working in 
professional domains (Davey et al., 2015; Shavelson et al., 2018, 
2019). Each task consists of a short context description, an 
objective, and a request to conduct a free Internet search (for a 
task example, see Figure 1). The participants are prompted to 
evaluate the online information they found during their search 
and to write a short open-ended response based on the 
information found. As the tasks are characterized by an open-
ended information environment, with test takers having 
unrestricted access to the Internet for COR task processing to 
holistically capture the process of Internet research, those taking 
the test have to perform a live, open web search, find relevant and 
credible information, identify and exclude untrustworthy 
information, and write a short, coherent statement to answer the 
task prompt. While a processing time of 10 min per task was 
originally specified, the format was further adapted after the initial 
validation and extended to 20 min to capture the three COR facets 
(see section “Conceptual background”) more validly.

The rating scheme for the scoring of the answers was also 
accordingly extended and adapted to the new CORA task format, 

with a greater differentiation and weighting of the individual COR 
facets aligned with the construct definition. The resulting rating 
scheme thus distinguishes between six aspects: (1) formulating a 
clear answer regarding the question, (2) comprehending the task, 
(3) quality of sources used (for researching general topics as may 
be encountered in public and private life), (4) accurately evaluating 
sources, (5) correctly considering arguments of different quality, 
and (6) giving a reasoned explanation. Depending on the degree 
of fulfillment, 0–2 points per aspect can be awarded in increments 
of 0.5, with the respective degree of fulfillment for the point 
categories described in more detail by behavioral anchors. The 
different aspects are then included in the overall score with 
different percentage weightings, depending on their importance 
to the overall COR construct (for an excerpt of the scoring 
scheme, see Table 1). While the first part of the task specifically 
addresses the facets of Online Information Acquisition and 
Critical Information Evaluation, the second part requires the 
ability of Reasoning based on Evidence, Argumentation, and 
Synthesis (see Figure 1).

In addition to the written responses, participants’ browsing 
histories are recorded during their web search for further analysis 
(Nagel et  al., 2020; Schmidt et  al., 2020). Subsequently, the 
participants’ responses are evaluated by trained raters using the 
newly developed and validated rating scheme, which takes into 
account the quality of the sources they used, the correctness of 
their evaluation of the information found, and the quality of their 
statements. The collected log data are analyzed, for example, in 
terms of the number of online sources used and the quality and 
type of web pages accessed. For this analysis, a new media 
categorization scheme was developed based on established 
research approaches (Nagel et al., 2020).

To examine the extent to which different test facets contribute 
to the variance of the test scores, we analyzed their individual 
contributions to the total variance of the test scores with the 
method of variance component analysis (Jiang, 2018). To this end, 
we computed linear mixed-effect models using R (lme4-package; 
Bates et al., 2015), in which we differentiated the assessment facets 
person, i.e., influences specific to the individual participants, rater, 
i.e., influences of rater effects or the scoring method, and task, i.e., 
influences of task characteristics, as independent variables 
(Shavelson and Webb, 1981). The test score was used as the 
dependent variable. The data set was converted for the analyses so 
that there was an entry in the dataset for every possible 
combination of characteristics (see Figure  2; Jiang, 2018). 
Subsequently, we calculated the linear mixed-effect models by 
gradually adding the person, rater, and task facets as well as the 
respective interactions, and compared them on the basis of the 
residuals and the variance explained in each case.

The analyses were conducted with the data of 125 students of 
economics and economics education at a German university, who 
participated in the CORA study in 2019–2020. Participants were 
61% female, reported a mean age of 22 years (SD = 2.8), and were 
on average in their second semester of study (SD = 1.82; see 
Table 2). Participation in the CORA study was voluntary and 
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requested in obligatory introductory lectures. To ensure higher 
test motivation for their participation in the study, the students 
received credits for a study module.

The study was conducted via an online assessment platform, 
which the participants could access individually using access data 
sent to them in advance. Prior to the survey, the students were 
informed that their web history would be recorded and that their 
participation in the experiment was voluntary; all participants 
signed a declaration of consent to the use of their data for research 
purposes. Subsequently, the participants were given a standardized 
questionnaire (approx. 10 min) collecting sociodemographic data 
such as gender, age, and study semester and their general (self-
reported) media use behavior using the validated scale by Maurer 
et al. (2020). They were also asked to rate the reliability of various 
media types on a scale of 1 (not at all trustworthy) to 6 (very 
trustworthy). Due to limited test time, we used a booklet test 
design. Thereby, students were then given randomly assigned 2–3 
CORA tasks to answer (out of a total of six available tasks), which 
all shared the same structure as well as task description and only 
differed in topic (for more details on the tasks, see section 
“Conceptual background”). Participants were asked to enter their 
written responses to the open-ended questions in the assessment 
platform, from which they could subsequently log out by 
themselves. After the assessment, the answers were scored by two 
trained human raters each, using the newly developed rating 
scheme (for more details on the scoring process, see section 
“Conceptual background”), and the scores of all raters for each 
participant and for each task were averaged to obtain the CORA 
score1. Participants’ scores between tasks varied (task 1: m = 0.71, 
SD = 0.64; task 2: m = 1.3, SD = 0.59; task 3: m = 0.53, SD = 0.66; task 
4: m = 0.63, SD = 0.54; task 5: m = 0.77, SD = 0.61) with an average 
overall score of m = 0.84 (SD = 0.51).

Results
Table 3 shows the results of the model calculations of the 

linear mixed-effect models (Jiang, 2018). First, separate models 
were computed for the direct effects of the considered facets 
person, task, and rater and compared to each other, showing 
already that in comparison, most variance is explained by the 
person facet (R2 = 0.397), followed by the task facet (R2 = 0.164). 
In contrast, an influence on the part of the raters was hardly 
observable (R2 = 0.076). Even when combining the facets in pairs 
(M4–M6), the model including person and task explains most of 
the variance (R2 = 0.435). Adding the facet rater in M7 leads only 
to a slight increase in the explained variance (R2 = 0.451). If, in 
addition to the direct effects, the interaction effects between the 
facets were also taken into account, the greatest variance 
explanation was seen in M8, in which the interactions person x 
task and person x rater were included in addition to the person 
facet (R2 = 0.713). In this model, especially the person x task 

1 For the overall CORA score, a sufficient interrater reliability of Cohens 

kappa =0.80 (p = 0.000) was determined.T
A

B
LE

 1
 E

xc
er

p
t 

o
f 

th
e 

C
O

R
 S

co
ri

n
g

 S
ch

em
e,

 O
IA

 F
ac

et
, S

u
b

fa
ce

t 
“Q

u
al

it
y 

o
f 

R
es

ea
rc

h
ed

 S
o

u
rc

es
.”

Ev
al

ua
tio

n 
fa

ce
ts

Ex
pl

an
at

io
n

C
O

R
 co

ns
tr

uc
t

R
at

in
g 

(h
ig

he
st

 
po

ss
ib

le
 

sc
or

e)

G
ra

da
tio

n:
 

 Sc
al

e f
ro

m
 0

 to
 2

: 
 0:

 d
oe

s n
ot

 a
pp

ly
 a

t a
ll 

 
0.

5:
 ra

th
er

 n
ot

 a
pp

lie
s  

1:
 p

ar
tly

 a
pp

lie
s  

1.
5:

 ra
th

er
 a

pp
lie

s 
2:

 fu
lly

 a
pp

lie
s

W
ei

gh
tin

g 
fa

ct
or

0 
po

in
ts

0.
5 

po
in

ts
1 

po
in

t
1.

5 
po

in
ts

2 
po

in
ts

D
oe

s n
ot

 a
pp

ly
 a

t 
al

l
R

at
he

r n
ot

 
ap

pl
ie

s
Pa

rt
ly

 a
pp

lie
s

R
at

he
r a

pp
lie

s
Fu

lly
 a

pp
lie

s

3.
 Q

ua
lit

y 
of

 

so
ur

ce
s u

se
d

U
sa

ge
 o

f f
ur

th
er

 so
ur

ce
s 

H
av

e 
fu

rt
he

r s
ou

rc
es

 

be
sid

es
 th

e 
gi

ve
n 

on
es

 b
ee

n 

us
ed

? I
s t

he
 n

um
be

r o
f 

us
ed

 so
ur

ce
s a

pp
ro

pr
ia

te
?

O
nl

in
e 

In
fo

rm
at

io
n 

A
cq

ui
sit

io
n 

(O
IA

)

To
ta

l: 
2 

po
in

ts
U

sa
ge

 o
f q

ua
lit

at
iv

e 

so
ur

ce
s i

s m
iss

in
g

Pr
ed

om
in

an
t u

sa
ge

 o
f 

so
ur

ce
s w

ith
 

in
su

ffi
ci

en
t q

ua
lit

y;
 

la
ck

 o
f c

on
te

nt
 

su
ita

bi
lit

y

Pa
rt

ly
 u

sa
ge

 o
f s

ou
rc

es
 

w
ith

 in
su

ffi
ci

en
t q

ua
lit

y;
 

H
ow

ev
er

, c
on

te
nt

-

re
la

te
d 

su
ita

bi
lit

y 
ca

n 

be
 p

ar
tly

 re
co

gn
iz

ed

U
sa

ge
 o

f s
ou

rc
es

 w
ith

 

su
ffi

ci
en

t q
ua

lit
y 

an
d 

tim
el

in
es

s; 
H

ow
ev

er
, 

co
nt

en
t-

re
la

te
d 

su
ita

bi
lit

y 

ca
n 

ju
st

 b
e 

pa
rt

ly
 re

co
gn

iz
ed

U
sa

ge
 o

f s
ou

rc
es

 w
ith

 

su
ffi

ci
en

t q
ua

lit
y 

an
d 

tim
el

in
es

s; 
co

nt
en

t-

re
la

te
d 

su
ita

bi
lit

y 

ab
so

lu
te

ly
 re

co
gn

iz
ab

le

20
.0

0%

160

https://doi.org/10.3389/feduc.2022.914857
https://www.frontiersin.org


Nagel et al. 10.3389/feduc.2022.914857

Frontiers in Education 09 frontiersin.org

interaction stands out, which can be interpreted in the sense that 
there are not only general differences between the performances 
of the individual participants (direct effect of the person facet), 
but also that the demonstrated performances of the individual 
test takers differ depending on the task in question 
(person × task).

In summary, the comparison of the individual facets and their 
interactions shows that the largest effect on the CORA score is that 
of the individual test takers’ personal characteristics or their 
interaction with the different tasks, with the effects of tasks and 
raters being present but much less pronounced.

Interpretation
The examination of the internal structure of the CORA tasks 

by means of variance decomposition confirms that, overall, by far 
the largest part of the score variances is explained by the test takers, 
as intended in the assessment. Here, it is also important to 
distinguish between the direct person effects and interaction effects 
of the participants with the tasks, both of which have an important 
influence: While the direct effect suggests that interindividual 

differences (in COR ability) among participants lead to different 
CORA performance, the interaction effects indicate that 
participants also perform differently intraindividually depending 
on the task they are working on. This can possibly be explained by 
the fact that certain task characteristics (e.g., formulation or the 
topic of the task) interact with differently developed personal 
characteristics of the test takers (e.g., different levels of ability in the 
individual COR facets, certain sociodemographic characteristics, 
or other personality traits) during task processing. For instance, 
although the tasks cover general (to the extent that this is possible) 
social topics, it can be assumed that the participants have a different 
degree of prior knowledge in certain subject areas due to individual 
interests, which influences them in their task performance. Which 
correlations between personal characteristics and CORA 
performance actually exist, and how these possibly interact with 
certain task characteristics, must be analyzed in detail in further 
investigations and falls within the validity criterion of “relationship 
with other variables” (AERA, APA, and NCME, 2014; section 
“Relations with other variables”).

While the largest effects can be explained by the test takers, 
the direct effects of the raters and the tasks turn out to be much 
smaller, which suggests that, in terms of assessment, there are 
rather small systematic influences caused by the task properties 
(e.g., different difficulty) or the rater effects. Nevertheless, it is also 
necessary to analyze these in further studies, for example, with 
regard to the task difficulty of individual topics, to ensure the 
comparability of the respective results. In addition, to be able to 
draw comparable conclusions about the performance, the tasks 
should not be  used alone, but, as intended in the assessment, 
rather in combination if possible.

Overall, the analyses confirm that the CORA scores indeed 
reflect differences in the performance of the participants and are 
only marginally influenced by rater effects and task properties, 
which also speaks in favor of maintaining the methodological 
approach used (rating scheme, rater training, and standardized 
structure of the tasks).

TABLE 2 Sample description.

N = 125 Mean SD

Age 22.0 2.8

Semester (Bachelor) 2.0 1.82

University Entrance Qualification1 2.4 0.52

CORA Score2 0.82 0.51

Gender

Women 75 61.0

Men 45 36.6

Economics education students 116 94.3

First language German 110 89.4

Completed vocational training 52 42.3

1UEQ grades range from 1 (best grade possible) to 6 (lowest grade possible).
2The scores could vary between min. 0 and max. 2.

FIGURE 2

Exemplary representation of the dataset format for calculating the variance component decomposition (adapted from Jiang, 2018).
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Nevertheless, it is important for the further development and 
interpretation of CORA to investigate the causes for the found 
rater effects more closely and, if necessary, to make adjustments 
with regard to the rating scheme, the training, and the selection of 
the raters. Even if the content validity of the tasks and the 
developed rating scheme has already been demonstrated by the 
findings of Molerov et al. (2020), it should also be ensured in 
further analyses and, if necessary, expert interviews that these 
actually cover only the COR skills and do not, for example, 
systematically disadvantage individual groups of people due to the 
task topics (e.g., men/women might have different preferences on 
health-or sport-related topics).

Relations with other variables

Theoretical background
The previous explanations have shown that (1) the content of 

the assessment covers the targeted COR skills as expected (section 
“Content validity”), (2) the difference in test scores results from 
the participants’ performance in the tasks and not from other 
aspects of the assessment (section “Internal test structure”), and 
(3) the tasks trigger different task-solving processes in the 
participants as expected (section “Validity of task response 
processes”). Subsequently, it is necessary for the further 
interpretation and use of the test scores to consider them in the 
context of further variables with which, according to the 
underlying COR construct, there should theoretically be  (no) 
correlations. The testing of these relationships is referred to as 
convergent and discriminant validity, respectively (see also 
Campbell and Fiske, 1959). According to AERA, APA, and NCME 
(2014), this type of validity evidence belongs to the category 
“Evidence based on Relations to other Variables” and provides 
information on the extent to which the relationships of the test 
scores with other variables are consistent with the underlying 
construct and the proposed test score interpretation.

Previous studies, in which the construct related to COR, Civic 
Online Reasoning, was examined for middle school, high school, 
and college students in the United  States, showed a positive 
correlation between COR-related skills and study progress 
(McGrew et al., 2018), in that college students performed better 
than high school students and high school students performed 

better than middle school students. Recent studies also concluded 
that these skills improved with increasing expertise and higher 
grade level (e.g., Nygren and Guath, 2020; Breakstone et al., 2021; 
Guath and Nygren, 2022). Also related to the COR construct, 
which, according to the definition, can be  enhanced by 
corresponding training, students’ COR ability should improve due 
to increasing experience with online research and the writing of 
scientifically argumentative texts over the course of studies 
(Molerov et  al., 2020). Thus, in terms of convergent validity, 
students who are further along in their studies should perform 
better in CORA than students at the beginning of their studies.

No differences in COR-related abilities were found in previous 
studies with respect to gender (Breakstone et al., 2021). Moreover, 
according to the construct definition of COR, gender effects are 
not expected to occur in research on general social topics. Thus, 
in terms of discriminant validity, there should be no correlations 
between the participants’ gender and their CORA scores.

A central aspect of the COR construct is the critical selection, 
weighting, and use of suitable reliable sources for task-based 
research (Molerov et al., 2020). In this regard, studies showed that 
the selection and use of online sources depends to a large extent 
on their trustworthiness as perceived by users, so that sources 
perceived as trustworthy are preferred when searching for 
information (Wathen and Burkell, 2001; Harrison McKnight and 
Kacmar, 2007; Rowley et  al., 2015). Accordingly, a correct 
assessment of the trustworthiness of (online) sources should also 
lead to an appropriate differentiation and use of trustworthy 
versus untrustworthy sources, and thus to better performance in 
terms of the COR construct (Molerov et al., 2020). Social media 
in particular, which include video platforms and online 
encyclopedias, are to be  regarded critically in terms of their 
trustworthiness as they are considered less reliable in terms of 
their information content (Ciampaglia, 2018; Maurer et al., 2018). 
Consequently, using such sources may correlate with poorer 
CORA performance. The use of the Google search engine as an 
information platform should also be evaluated critically. Search 
engines such as Google are often the starting point for an Internet-
based search and also constitute an important tool for professional 
fact-checkers when researching information (Speicher et al., 2015; 
McGrew et al., 2017). However, they display results from media 
with varying degrees of reliability (which is the reason they lend 
themselves to the abovementioned practices), and the first search 

TABLE 3 Results of variance decomposition according to G-Theory using mixed-effect models.

Model M1 M2 M3 M4 M5 M6 M7 M8

Persons 0.1892 0.1720 0.1751 0.1601 0.1293

Tasks 0.0996 0.0867 0.0964 0.0862

Raters 0.0464 0.0252 0.0408 0.0235

Persons x Tasks 0.2746

Persons x Raters 0.0143

Raters x Tasks

Residuals 0.3975 0.5068 0.5617 0.3364 0.3902 0.4862 0.3288 0.1685

Explained R2 0.3225 0.1642 0.0763 0.4347 0.3392 0.2202 0.4506 0.7128
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results in particular are often sponsored (Wineburg et al., 2016). 
Thus, a reasonably low level of confidence in these websites as 
sources of information should lead to reduced use of these 
websites and thus higher research quality and a better performance 
in CORA.

Method and design
The examination of the assumed correlations took place within 

the same study framework and sample described in the section 
“Method and design.” Relationship analyses of the CORA score with 
participants’ age and gender and their media reliability ratings were 
conducted using correlation analyses (age and media reliability) and 
a two-sided t-test (gender) in Stata 17 (StataCorp, 2021).

Results
As expected, students in higher semesters achieved better 

CORA scores than those in lower semesters (r = 0.25, p = 0.006); 
gender did not play a significant role [t(116) = −2.00, p = 0.05]. 
Regarding trust in different types of online media, the analyses 
revealed significant associations between CORA score and reported 
trust in video platforms (r = −0.239, p = 0.009), online encyclopedias 
(r = −0.187, p = 0.04), and Google as an information platform 
(r = −0.19, p = 0.038) for Internet research. These relationships are 
also reflected in the actual use of online media, where less frequent 
use of online encyclopedias (r = −0.245, p = 0.037) and Google as an 
information platform (r = −0.234, p = 0.047) are associated with a 
better CORA score. Lower trust in video platforms, online 
encyclopedias, and Google as an information platform as well as less 
usage of video platforms and online encyclopedias is thus associated 
with better CORA scores, and greater trust or more use with poorer 
CORA performance, respectively.

Interpretation
Viewing these results in the context of the external variables 

we  controlled for in our study provides initial evidence that 
expected correlations exist with respect to both convergent 
(semester of study, media use) and discriminant (gender) validity. 
In line with the construct definition, no correlations of CORA 
performance with gender were found. In contrast, participants 
who were more advanced in their studies (and thus had already 
had more learning opportunities in terms of researching 
information on the Internet as well as writing argumentative texts) 
showed better CORA performance than students at the beginning 
of their studies. In addition to institutional learning opportunities, 
the correlation between general trust in specific types of media for 
obtaining information and CORA performance, which was 
expected according to the construct definition, also became 
evident. These analyses thus confirm that the theoretically 
formulated basic assumptions regarding the construct, namely the 
development of COR ability over the course of academic studies 
and the general importance of media types used, were reflected in 
the empirically observable correlations with the CORA scores.

Based on the analyses presented here, however, the basic 
assumptions of the construct cannot yet be  considered 

comprehensively confirmed, since this would first require 
examining further correlations with other theoretically relevant 
external variables. With regard to learning opportunities, for 
example, it would have to be investigated more concretely to what 
extent COR-developing aspects are actually anchored in the 
curriculum of the study participants. Furthermore, to gain a better 
understanding of the (possible) development of COR skills within 
higher education and beyond, and to what extent these skills can 
be effectively fostered over the course of academic studies, the 
actual development of COR skills should also be investigated, for 
instance in the context of a specific targeted training with 
comparison groups and pre-post testing, provided that the COR 
tasks have been proven to be  sufficiently valid (Zlatkin-
Troitschanskaia et al., 2021a).

Similarly, in terms of media use, the analyses described above 
cover trust in some media types. While these are highly relevant, 
especially since, e.g., online encyclopedias are an important source 
of information for students (Selwyn and Gorard, 2016), the 
analyses are not exhaustive as they do not (yet) consider other 
types of higher quality information sources, such as online 
academic catalogues, professional magazines, or established news 
sites. Further investigation of the relationship between the CORA 
score and additional external variables, as well as analyses 
including participant cohorts other than students, are thus 
required to provide more comprehensive validation.

Discussion, limitations, and 
outlook on further research

Today, the Internet has become one of the most important 
sources of information for learning for university students and 
young professionals (Brooks, 2016; Newman and Beetham, 2017). 
However, relying on online resources for information acquisition 
also presents challenges, as content can be freely distributed on the 
Internet and vast amounts of unstructured, untrustworthy, 
inaccurate, or biased information are just as readily available to 
learners as credible, verified information (Qiu et  al., 2017; 
Ciampaglia, 2018; Maurer et al., 2018). To competently use the 
information on the Internet, students must be able to critically 
search, select, review, and evaluate online information and sources 
based on relevant quality criteria (Molerov et al., 2020; Nagel et al., 
2020). To make these skills empirically measurable and to be able 
to specifically promote them, we developed the new theoretical-
conceptual framework of Critical Online Reasoning (Molerov 
et al., 2020) and a corresponding COR Assessment (CORA) in 
accordance with the evidence-centered design approach of 
Mislevy (2017) and the Standards for Educational and 
Psychological Testing of AERA, APA, and NCME (2014).

To ensure that the newly developed assessment actually 
measures COR abilities as defined by the construct, we followed 
the argumentative validation process described by AERA, APA, 
and NCME (2014), according to which the five aspects “test 
content,” “task-and test-response processes,” “internal structure of 
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a test,” “interrelationships with other variables,” and “consequences 
of testing” should be  analyzed during validation and various 
sources of information should be used as evidence. In the course 
of this, evidence for the validity of the CORA scores and their 
interpretation could already be  shown regarding the CORA 
content (through expert interviews and expert rating of the CORA 
tasks; Molerov et al., 2020), the task response processes of the test 
takers (on the basis of log files and eye-tracking data; Schmidt 
et  al., 2020) and, initially, correlations with other variables 
(regarding number and type of web pages accessed as well as the 
quality of the content on the web pages; Nagel et al., 2020).

Building on this previous research, the analyses presented here 
focus on the two criteria “internal structure of the test,” carried out 
via variance component analysis based on Generalizability Theory, 
and “correlations with other variables.” The analyses were conducted 
with the data of 125 students of economics and economics education. 
The results of the analysis regarding the internal structure of the 
CORA confirmed that the largest effect on the CORA score is that 
of the individual test takers’ personal characteristics or their 
interaction with the different tasks as intended in the assessment, 
with the effects of tasks and raters being present but much less 
pronounced. Also, the analyses covering the validity facet 
“relationship with other variables” confirm that the theoretically 
formulated basic assumptions regarding the construct exist with 
respect to both convergent (semester of study, media use) and 
discriminant (gender) validity. The results of the separate validity 
analyses are also consistent when viewed as a whole in the sense of a 
holistic validation argumentation: The presented correlations once 
again support the expert opinions in Molerov et al. (2020) that the 
tasks validly measure the COR construct. In addition, they 
complement the findings of Schmidt et al. (2020) and Nagel et al. 
(2020) by showing that “good” COR is not only characterized by an 
appropriate research strategy (i.e., strategic information processing 
with the use of a larger number of different sources and a larger 
number of process steps), but that the quality and appropriate 
evaluation of the sources used also play an important role. At the 
same time, it can be assumed that individual differences in web 
search behavior and media use are some of the factors that exert an 
influence on the CORA score in the context of the direct and 
interaction effects of the person facet.

For the purpose of further test validation and also a deeper 
understanding of the COR construct, it is necessary to examine 
more closely which of the interindividual differences could 
be  identified via the direct effect and thus have an influence 
independent of the task, and which differences are sensitive to 
(which) CORA task characteristics as showed in the interaction 
effects. This concerns both the personal characteristics that were 
already examined and other characteristics that should 
be considered additionally, as was also recommended by experts 
interviewed by Molerov et al. (2020), such as personality traits, 
prior knowledge, and their relations to the different manifestations 
of the individual COR facets. While it can be  assumed, for 
example, that personality traits should have a task-overarching 
effect, the effects of prior knowledge, interests, beliefs, and 

(political) attitudes may vary depending on the task, and the 
different characteristics of the individual COR facets could 
become noticeable via both types of effect. One way to investigate 
the role of individual influencing factors such as prior knowledge 
or beliefs during task processing would be by means of cognitive 
labs with think-aloud commentary (Leighton, 2017), the results 
of which would also complement the initial eye-tracking studies 
of Schmidt et al. (2020). These findings would be essential both for 
the development of specific training tools as well as for ensuring 
test fairness and in the sense of the validity facet “consequences of 
testing,” which is the only one that has not yet been investigated 
in detail. In addition, the effects of the raters and tasks found 
should be examined more closely for their causes, even though 
they turned out to be rather small, to minimize possible systematic 
influences by, for example, rater effects, rating scheme or the 
format or topics of the tasks. This could be done, for instance, by 
a systematic comparative analysis of the individual ratings and 
tasks, or, if necessary, expert interviews to also make sure that the 
assessment does not systematically disadvantage individual groups 
of people, e.g., due to rater effects or the task topics. These results 
can also serve as first analyses in terms of validating the CORA 
regarding its consequences of testing.

In general, analyses including participant cohorts with 
students from other study subjects and participants other than 
students are needed to validate the use of the assessment for a 
broader population. Since the present analyses were conducted 
with a comparatively small sample, this would also be helpful in 
confirming the obtained results and expanding their scope. 
Although the sample size is sufficient for the analyses carried out, 
the correlations found could become even more significant with a 
larger sample, particularly with regard to the analyses carried out. 
In addition, it is necessary for the validation process to take into 
account the dynamics prevailing on the Internet, which make it 
difficult to compare results between participants due to the 
constantly changing information and media landscape and can 
also lead to a fast outdating of individual CORA tasks. As a result, 
it may become necessary to continuously develop new task topics, 
which also have to be examined for their validity.

The first steps toward implementing the above measures have 
already been taken in the BRIDGE project (Zlatkin-
Troitschanskaia et al., 2021a). There, by using CORA for students 
in different study phases, the scope of the assessment was once 
again checked with regard to the suitability of the task difficulty 
and above that extended to young professionals. In addition, a 
comprehensive (sociodemographic) accompanying questionnaire 
was developed, which covers a variety of personal characteristics, 
e.g., previous knowledge and personal attitudes on a topic, and 
thus allows more detailed analyses of influencing factors.

In summary, comprehensive validity evidence is available for 
the CORA for four of the five criteria for valid tests and test score 
interpretations recommended by AERA, APA, and NCME (2014), 
with the “consequences of testing” criterion requiring further 
investigation. Although further analyses are reasonable regarding 
all validity criteria and necessary in the sense of the argumentative 
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validity approach according to AERA, APA, and NCME (2014), it 
can nevertheless be concluded that with the CORA, for the first 
time, a performance assessment is available for Germany, which can 
be used in a valid manner to assess the interplay between features 
of online information acquisition and learning environments and 
the (cognitive) requirements for critical reasoning from online 
information in students and young professionals.
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