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In recent years, the call for an evidence-based practice has become more
prevalent for educational professionals. However, educational professionals
are rarely prepared for evidence-based practice; for example, teachers are
not prepared to use and, thus, rarely do use scientific evidence in planning
lessons. The knowledge and skills in appraising scientific literature, the basis of
evidence-based practice, needs to be trained as early in professional education
as possible. An effective training might start in university education of future
educational professionals, engaging them in learning activities that foster
their understanding of criteria that are used in appraising scientific literature
and the skill to do so. However, we know little about the effect of different
learning activities such as constructive or interactive learning in this context.
Thus, this study investigated the influence of constructive versus interactive
learning activities in the context of an intervention facilitating knowledge and
skills in appraising scientific literature. This experimental study used a pre-
posttest between-subject design with 105 participants. The students learned
to evaluate scientific literature in an online learning environment. The results
show that the inclusion of interactive versus constructive learning activities did
not explain students’ learning in the intervention. The results implicate that the
learning activities might not play a major role with learning contents such as
evidence-based practice. However, the gain in skills and knowledge from pre-
to posttest shows promising achievements in preparing future educational
professionals in their evidence-based practice.
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Introduction

Reasoning with scientific evidence to solve practical problems
is one of the core competences in a knowledge society (Fischer
etal., 2014). Specifically, professionals are expected to understand
the development of knowledge in their field and to incorporate
new knowledge into their practice after a careful evaluation of its
origin. The so-called evidence-based practice is already established
in medicine (Sackett et al., 1996) and is considered one of its most
important milestones (Dickersin et al., 2007). Decisions in
medical care of individual or public health decisions are
commonly expected to be made with “conscientious, explicit and
judicious use of current best evidence” (Sackett, 1997, p. 3).

For the past 20 years, the call for education to follow
disciplines such as medicine and to place more importance on
scientific evidence in practical decisions has been growing (Slavin,
2008; Cook et al., 2012; Bromme et al., 2014; Brown and Zhang,
2016; Cain, 2016; Stark, 2017; Thomm et al., 2021). Educational
professionals, especially teachers, are increasingly expected to
identify relevant research, systematically evaluate their findings
and implement evidence-based practices in classrooms (Detrich
and Lewis, 2013).

One central aspect of evidence-based practice is the critical
appraisal of the validity and applicability of the evidence (Sackett,
1997). Consequently, there is an effort to facilitate appraisal of
scientific literature in, for example, instructional interventions. So
far, studies investigating such interventions are mainly conducted
in the field of medicine (e.g., Bradley et al., 2005; Kulier et al.,
2012; Reviriego et al., 2014; Molléri et al., 2018) while there is little
evidence for fostering appraisal of scientific literature in
educational professionals. Moreover, studies investigating one
group of educational professionals, teachers, found that they rarely
use scientific evidence in professional decisions (Hetmanek et al.,
2015a) but rather refer to anecdotal evidence (Menz et al., 2021).
Similarly, pre-service teachers rather choose anecdotal evidence
than scientific evidence as information source when giving advice
for teaching (Kiemer and Kollar, 2021).

Thus, in order to meet the call for more evidence-based
practice in education (e.g., Slavin, 2008; Cook et al., 2012; Bromme
et al,, 2014; Brown and Zhang, 2016; Cain, 2016; Stark, 2017;
Thomm et al., 2021), future professionals in education need to
be better prepared to use scientific evidence. This paper presents
an approach to target one central aspect of using scientific
evidence, the critical appraisal of scientific literature.

Critical appraisal of scientific literature

Based on the definition of evidence-based medicine as “the
conscientious, explicit, and judicious use of current best evidence
in making decisions about the care of individual patients” (Sackett
et al., 1996, p. 71), we conceptualize evidence-based practice,
independent from a specific discipline, as the conscientious,
explicit, and judicious use of current best evidence in making
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decisions about one’s field of expertise. Thus, educators’ evidence-
based practice will include the process of conscientiously,
explicitly, and judiciously using the current best evidence in
educational research in deciding, for example, on a teaching
method in planning a lesson. One central task in working as a
teacher is planning lessons. While experienced teachers do not
need to plan every lesson from scratch, new learning goals or
settings lead to teachers facing the decision on how to design a
new lesson. In an evidence-based approach, at least some of these
decisions would be made based on educational research that could
provide a helpful insight “to identify the practices most likely to
bring about positive student outcomes” (Cook et al., 2012, p. 498).
In order to make evidence-based decisions in lesson planning, the
educational professional starts by carefully analyzing the potential
influencing factors, such as the learning goal of the lesson and
characteristics of their pupils. The next steps include the search for
potential evidence, appraising and selecting relevant, high quality
evidence, and finally critically appraising the evidence and
developing a lesson plan based on the insights gained from the
evidence (see Trempler et al., 2015). While most educational
professionals, for example teachers, are not able to spend the time
needed to conduct a thorough search and evaluation of existing
educational evidence in planning all educational interventions,
these practices described above need to be integrated more often
into the everyday practice of educational professionals to meet the
call for more evidence-based practice in education.

A central aspect in this process is the critical appraisal of
scientific literature (Sackett, 1997). In critically appraising
scientific literature, the validity and usefulness of the evidence is
evaluated (Sackett, 1997). For educational research, critically
appraising the validity and usefulness of scientific literature can
be adapted to appraising the quality of the research (validity) and
the relevance (usefulness) of the research for a given problem
(Hetmanek, 2014). Critically appraising the validity and usefulness
of scientific literature requires (a) knowledge in criteria that are
used in the appraisal as well as the (b) skill to correctly appraise
the evidence. Research on sourcing and information integration
from multiple resources includes further information such as the
author of the text or the source of the evidence (e.g., Braten et al,,
2011; Thomm and Bromme, 2016). The evaluated information can
be differentiated into first- and second-hand evaluation; in first-
hand evaluation a claim is evaluated directly, while the second-
hand evaluation targets the source, for example whether a claim
or evidence is authored by a trustworthy expert (Bromme et al.,
2010). Since first-hand evaluation requires prior domain-specific
knowledge and skills, second-hand evaluation often is the
necessary approach for laypeople (Bromme et al., 2010). While
future educational professionals could also benefit from
instruction in second-hand evaluation, because second-hand
information such as trustworthiness of the source might also play
a relevant role in educational professionals’ evidence-based
practice, this paper will focus on first-hand evaluation.
Educational professionals possess knowledge and skills related to
education, learning, and teaching; thus, they are not laypersons
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with regard to content knowledge and skills in the field of
education. Furthermore they are, as for example defined by
standards for teachers and teacher education in many countries,
expected to know methods of educational research (KMK, 2019),
know basics in research, and exhibit research literacy (Révai,
2018). Future educational professionals need not only to develop
professional knowledge and skills in education, but also a basic
understanding of the scientific background of education and the
skill to appraise this evidence. It is therefore beneficial for future
educational professionals to learn how to directly evaluate
scientific evidence from their area of expertise: education.

There are several approaches that could help derive criteria to
evaluate scientific evidence, of which we will focus on two: the
QUESTS dimensions teaching practices in medicine (Harden
et al, 1999) and an instrument measuring the appraisal of
scientific literature in evidence-based practice (Hetmanek, 2014;
Trempler et al., 2015). QUESTS is an acronym that stands for the
six dimensions that play a role in evaluating evidence in medical
education: Quality, Utility, Extent, Strength, Target, and Setting.
Quality refers to the rigor of the study design, with randomized
controlled trials gaining more points than case studies or
professional experience. The utility refers to the extent to which
the object of investigation, for example an intervention, can
be transferred to a different setting. The extent of the available
evidence refers to the difference between multiple studies with
similar outcomes or meta-analyses in comparison to single
studies. The strength of a study refers to strength of the effect(s)
found in a study. Furthermore, the dimensions on target and
setting address the validity of a certain target or outcome and
setting (Harden et al., 1999). The instrument measuring the
appraisal of scientific literature in evidence-based practice
(Hetmanek, 2014; Trempler et al., 2015) also includes the
dimension of the validity of the target and the setting,
differentiated in the dimension of quality between the rigor in
conducting the study, and statistical rigor. The authors also added
the fit of the intervention, the applicability of the intervention,
appropriate measurement of the target, and fit of the participants
with a given educational decision (Hetmanek, 2014; Trempler
etal, 2015). In summary, these sets of criteria include relevance
criteria and quality criteria. Relevance criteria target the fit
between an educational decision and the evidence that is currently
evaluated with regards to the teaching method, the learning
objective, the participants, and the setting. Quality criteria target
(a) whether the reported learning outcome is measured with an
objective, reliable, and face valid test, (b) the statistical power, and
(c) the design of the study (Hetmanek, 2014; Trempler et al.,
2015). The criteria used to appraise scientific evidence might vary
substantially between domains (see for discussion, e.g., Fischer
etal., 2018); thus, these criteria are specific to critically appraising
scientific research literature in education.

The cognitive processing of critically appraising scientific
literature has not yet been specified in detail. Our conceptualization
of the skill to critically appraise scientific literature is based on the
model of information problem solving (e.g., Brand-Gruwel et al.,
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2005, 2009) that describes a process that is structurally similar to
critically appraising scientific literature. Information problem
solving describes skills needed to solve a problem by searching for
information (for example on the internet), scan and process the
information, and combine the information at the end of the
process to solve a problem. Most important for this research is the
fourth process of the information problem solving described as
process information, during which one gains a deeper
understanding of a piece of information and, as described in the
subskill selecting, uses criteria to judge the usefulness and quality
of the information (Brand-Gruwel et al., 2009). Selecting describes
a skill that is central to the process of appraising scientific
literature. Similarly to the selection of information on the internet,
it is important in the critical appraisal of scientific literature to
determine the usefulness of the evidence and the quality of
information by judging how relevant a study is and how well it was
conducted (Sackett, 1997; Hetmanek, 2014; Trempler et al., 2015).
Appraising scientific literature provides the additional challenge
that the information is given in the specific format of an empirical
research article. Furthermore, the set of criteria used to appraise
scientific evidence in terms of its relevance and quality is rather
complex: For example, the fit between learning objectives indicates
low relevance if one’s own educational decision aims at facilitating
a cognitive skill and if the evaluated study reports motivational
outcome measures. In this example, one needs to be able to
identify the learning objective in the educational decision as well
as the learning objective or measurement of the dependent
variable in the empirical research article, and come to the correct
inference that there is no overlap between them. As a second
example, the design of a study is considered to be of high quality
if the teaching method that is investigated in the study is varied
between conditions while there are no further confounding
variables that also vary between conditions. Here, one needs to
know what an unconfounded design is and be able to detect
whether the design described in an empirical research article only
varies the independent variable between conditions or if there are
confounding factors.

Evaluating information in an information problem solving
process on the internet is difficult for students of all ages and, thus,
rarely criteria-led (summarized by Brand-Gruwel et al., 2009). An
analysis of think-aloud data showed that secondary students rarely
appraise sources during information problem solving, and if they
did, they only used a small selection of criteria in only a small
percentage of cases (Walraven et al., 2009). Thus, it is not
surprising that higher education students exhibit difficulties when
asked to appraise empirical research articles in education
(Trempler et al., 2015). Research showed that support in form of
scaffolding (Raes et al., 2012), whole-task trainings (Frerejean
etal, 2019), or long-term intervention programs (Argelagos and
Pifarré, 2012) can support learners in their information problem
solving. Interventions in related fields showed the potential of
fostering scientific and evidence-based reasoning: For example, a
short intervention teaching evidence-based medicine showed to
improve medical students’ search for scientific literature (Gruppen
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etal., 2005), educational science students’ scientific argumentation
was improved by engaging them in activities around an
elaboration tool (Stark et al., 2009), and an intervention teaching
heuristics in appraising and using scientific evidence to pre-service
teachers fostered their evidence-based argumentation (Wenglein
etal., 2015).

While there is little research investigating interventions
teaching critical appraisal of scientific evidence in education,
we expect higher education students to lack knowledge of
appropriate criteria as well as the skill to apply these criteria in
appraising literature. In line with the findings of intervention
studies on information problem solving as well as studies in
interventions in scientific reasoning, we expect higher education
students to benefit from a training of their knowledge and skill in
appraising scientific research articles.

The role of different learning activities

In training critical appraisal of scientific literature, it might
be advantageous to facilitate high cognitive engagement in
learners. The so-called ICAP framework proposes that the way
learners engage with learning material or the instruction
influences their cognitive engagement and thereby their learning
outcomes (Chi, 2009; Chi and Wylie, 2014; Chi et al., 2018). The
hypothesis is based on a taxonomy of learning activities, ranging
from passive, to active, to constructive, to interactive learning
activities. Students learning passively receive information from
teachers or learning material without further engaging with the
information. Active learners engage with information to some
degree by, for example, repeating or rehearsing it, taking notes,
highlighting text, or stopping a video. Constructive learning
activities are those activities in which students generate learning
outputs, additional to the information given to them, for example
in the form of formulating self-explanations, generating
inferences, or drawing a concept map. Learning interactively
describes at least two participants that take turns in a constructive
learning process. In the ICAP framework, active learning activities
are hypothesized to exceed passive learning activities because they
require focused attention and, thus, more cognitive engagement
by the learners than passive learning. Constructive learning
activities are hypothesized to exceed active learning activities
because they prompt a more active construction of individual
knowledge. Interactive learning activities are hypothesized to
exceed constructive learning activities because they require
learners to frequently update their mental model because of the
ongoing change in the information discussed (Chi and Wylie,
2014). This framework links the learners’ activities to the cognitive
processes that they are engaged in during learning, it does not
directly focus on the cognitive activity of a learner (which is
distinct from other concepts using similar vocabulary such as the
“cognitive activity” describing a state of deep learning, see Klieme
and Rakoczy, 2008). There is some evidence about the hierarchy
of learning activities, suggested by Chi and colleagues, based on
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the analysis of prior research (Chi, 2009; Chi and Wylie, 2014; Chi
et al,, 2018). Based on the publications of Chi and colleagues,
some intervention studies investigated the effect of instructions
aiming at different learning activities and found new insights into
the effect of learning activities: Adding an instruction on how to
interact for short periods of time with peers during a physics
lecture was found to improve students’ conceptual knowledge
about Newtonian dynamics concepts, but constructive instruction
or a combination of constructive and interactive instructions were
not found to be more beneficial than passive instruction
(Henderson, 2019). An interactive learning activity also showed
to foster better conceptual understanding of material science and
engineering than a constructive learning activity (Menekse and
Chi, 2019).

The beneficial role of interactive learning in comparison to
constructive learning is called into question by meta-analyses that
investigated whether constructive or interactive activities could
be found in different instructional interventions: A meta-analysis
investigating the effect of socio-cognitive scaffolding on domain-
specific knowledge and collaboration skills included the presence
of interactive prompts in a moderator analysis and found no
significant difference for domain-specific knowledge nor
collaboration skills (Vogel et al., 2017). Similarly, a meta-analysis
on constructive and interactive instructions fostering scientific
reasoning found no significant difference between the
interventions on scientific reasoning outcome measures
(Engelmann et al., 2016). Yet, a meta-analysis of interventions
studies fostering domain knowledge with a preparing-to-teach
and teaching intervention found that an interaction, and even the
expectation of an interaction, was associated with a higher effect
size than non-interactive teaching activities (Kobayashi, 2019). A
meta-analysis of learning with videos found interactivity to be a
significant moderator: There was no learning benefit found for
interventions in which the control condition included more
interactivity than the experimental condition and a particularly
high effect on learning found for videos with interactive context
(Noetel et al., 2021). Thus, while there is a body on literature
supporting the ICAP hypothesis, the meta-analytic evidence
found in different contexts indicates that the effect of learning
activities on different outcome measures needs to be investigated
more thoroughly.

Not only the outcome measures vary between studies, Chi and
Wrylie (2014) also found learning activities to be embedded in
different learning situations and instructional approaches, such as
individual or collaborative note taking, individual or collaborative
building of concept maps, explaining examples or explaining own
versus others answers. Beyond the investigation of learning
activities, self-explaining in learning with examples has been
shown to facilitate argumentation (Schworm and Renkl, 2007)
and learning from texts in higher education teaching (Lachner
etal, 2021), while there is also some research showing no benefit
of self-explanations, for example in teaching critical thinking skills
(van Peppen et al., 2018). However, a meta-analysis found a
medium effect size of self-explanation prompts on learning (Bisra
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et al., 2018), providing evidence for the beneficial effect of
self-explanations.

Self-explanations are most commonly used in problem
solving, text comprehension tasks, or example-based learning
(Bisra et al., 2018). Since example-based learning has been found
to be beneficial in early skill acquisition (Renkl, 2014), we will
focus on self-explanations in example-based learning. Example-
based learning provides learners with the solution of a given
problem and commonly the steps that lead to the solution (Renkl,
2014). Learning from examples is more effective if the learners
self-explain the solution to a problem (summarized by Renkl,
2014). In the analysis of learning activities by Chi and Wylie
(2014), self-explanations were often found to be constructive
because they, for example, asked learners to explain steps in a
worked-example to themselves. Comparisons between learning
activities were mostly found between these constructive learning
activities and passive activities, such as self-explaining versus
rereading or explaining others” solution versus just watching the
solution. Alternatively, they were also found between constructive
learning activities and interactive learning activities, such as
explaining alone versus explaining with a partner (Chi and
Wylie, 2014).

The present study

In the present study, we aim at testing the effect of constructive
versus interactive learning activities in the context of an
intervention that facilitates critical appraisal of scientific literature.
Thus, the development of the intervention was guided by
instructional approaches in which learning activities (Chi and
Wrylie, 2014) were investigated: The effect of different learning
activities was found in intervention studies in which learning was
implemented with note taking, concept mapping, or self-
explaining (Chi and Wylie, 2014). Since we planned to integrate
the learning activities in our practice tasks that was mainly aimed
at early skill acquisition, we developed these tasks to ask the
participants to explain a model solution to themselves or a
learning partner; i.e. a version of example-based learning, (see
Renkl, 2014), that only provided the solution not the steps that led
to the solution. Thus, we embedded the learning activities in a
type of task that has shown to foster learning outcomes similar to
the ones in this study and provided a fruitful learning environment
to investigate the effect of different learning activities in prior
studies (Chi and Wylie, 2014). Furthermore, we designed this
intervention to be integrated into a scenario that models a realistic
situation in which educational professionals need to make
evidence-based decisions (Hetmanek, 2014; Trempler et al., 2015).

Research questions
There is evidence for the advantage of interactive learning
activities in comparison to constructive learning activities (Chi

and Wylie, 2014). However, the superiority of interactive activities
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over constructive activities has not yet been replicated in some
fields related to the field of this study: For example, Engelmann
et al. (2016) showed similar effect sizes in learning outcomes for
interventions with constructive versus interactive learning
activities. Similarly, Vogel et al. (2017) were not able to establish a
difference in domain knowledge between interventions that
prompted interactivity and those that did not. Thus, this study
investigates the role of interactive versus constructive learning
activities in supporting students in learning to appraise scientific
evidence. The content of the intervention in this study was chosen
since, in comparison to research in medicine (e.g., Bradley et al.,
2005; Kulier et al., 2012; Reviriego et al., 2014; Molléri et al., 2018),
there is little research on fostering evidence-based practice in
education, for example on teachers making decisions in lesson
planning based on scientific evidence. The existing literature
supports the claim that educational professionals need more
training in doing so: Prior research showed that teachers rarely use
scientific evidence in professional decisions (Hetmanek et al.,
2015a) and rather refer to anecdotal evidence (Kiemer and Kollar,
2021; Menz et al., 2021). Thus, this study also provides a first
insight into learning the critical appraisal of scientific literature.
Our research questions are as follows:

Research question 1: To what extent does an intervention with
interactive learning activities advance knowledge about scientific
criteria in comparison to an intervention with constructive
learning activities?

Research question 2: To what extent does an intervention with
interactive learning activities advance the skill in critical appraisal
of scientific literature in comparison to an intervention with

constructive learning activities?

We hypothesized that the interactive learning activities
facilitate a higher level of cognitive activities during the learning
process in comparison to constructive learning activities and,
therefore, lead to a higher gain in knowledge and skills (Chi and
Wylie, 2014).

Materials and methods
Sample

The sample size was calculated before data collection started,
using the software G*Power 3 (Faul et al., 2007). The calculation
was based on a target power of 80% and a medium effect size
(d=0.5) for the within-between interaction effect of an ANOVA
with repeated measures and between-factor design. The estimation
of the expected effect size was based on a medium effect (d=0.64)
found between an interactive and a constructive learning
condition in an intervention study (see Menekse et al., 2013). In
the condition with an interactive approach, the unit of analysis
was a pair of learners and in the condition with the constructive
approach, the unit of analysis was the individual learner. Thus,
we aimed at a minimal sample size of 102 participants.
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Participants were recruited via printed notices that were
posted around the university campus and received 20 Euro for
their participation. All participants met the following criteria:
They were students at a university in their bachelor’s or master’s
studies of educational sciences, psychology, teacher training, or an
equivalent subject, who have not yet received a master’s degree.
105 students participated in this study (M,=24.50years,
SD=4.03; 84% female), 49 students in teacher training, 34
psychology students, 14 educational sciences students, and 8 other
students. The distribution of the participants’ study programs was
similar in both conditions; we found no indicator of a systematic
differences between knowledge or skills in participants from
different study programs. No participant needed to be excluded
from the data analysis.

Design

This experimental study was conducted in a between-subject
repeated measures design. The participants were randomly
assigned to one of the conditions and they learned interactively
(n=56) or constructively (n=49) during an intervention about
reading scientific literature. The random assignment was based on
a 2:1 ratio, since the unit of analysis in the interactive condition
was the pair of learners and the unit of analysis in the constructive
condition was the individual learner. However, participants were
assigned to the condition before the appointments for the data
collections were set (because only one condition could
be implemented for each appointment) and the attendance was
greater in the constructive condition; thus, the distribution of
participants was unequal in favor of the constructive condition.
The pre- and posttests were parallel tests. Which version
participants received as pretest and which as posttest was
counterbalanced. Due to organizational reasons, 43 participants
received one order, 62 participants the other order of tests. Data
indicated that the order of the tests was not relevant for
the outcome.

Setting, procedure, and manipulation of
the independent variable

The data collection took place at computer labs of a German
university. At each data collection, a maximum of eight
participants could take part in the session. The session took
approximately 114 min to complete. An overview of the procedure
of the experiment can be found in Figure 1.

The whole data collection was set in a fictional scenario in
which the participants were asked to imagine themselves to be an
educational professional who needs to make two educational
decisions in designing a lesson: (a) present some content
themselves or use the jigsaw technique and (b) use correct and
erroneous or only correct video examples. The participants were
asked to appraise a set of four pieces of scientific evidence from
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educational research in order to make each of the decisions. The
evidence from educational research was presented in the form of
structured briefs of scientific literature. The scenario was adapted
from a competence test measuring skills of information selection
and appraisal of scientific research articles (Hetmanek, 2014;
Trempler et al., 2015). The first decision constituted the pretest
and was referenced in the intervention. The second decision
constituted the posttest. With which decision (a or b) learners
worked with in the pretest and with which they worked with in
the posttest was counterbalanced (see above). For each decision
participants were given a short description of the learning content
of the lesson, characteristics of the students and the setting. In a
next step, they were asked to appraise a set of four pieces of
scientific literature and make a decision regarding the teaching
method based on this evidence. The intervention itself was nested
between the two decisions building upon the first decision to
create an authentic reference point for the participants.

The procedure was similar in both conditions: In a first phase,
the participants were introduced to the scenario, the first decision,
and filled out the pretest by evaluating the pieces of evidence
related to the first decision. The second phase included the
intervention. In the third phase, the participants were introduced
to the second decision and filled out the posttest by evaluating the
pieces of evidence related to the second decision.

The intervention started with a written four-page introduction
to the criteria used in appraising scientific evidence. The
introduction included the following criteria:

— evaluating the relevance of the evidence with respect to

a. the fit between the instructional methods that are part of the
decision to be made and the instructional methods
investigated in the piece of evidence,

b. the fit between the learning goal in the decision to be made
and the dependent variable in the piece of evidence,

c. the fit between the learners’ age or level of prior knowledge
specified in the decision to be made and the age or level of
prior knowledge of the participants in the piece of
evidence, and

d. the fit between the setting in the decision to be made and
the setting in the piece of evidence.

— evaluating the quality of the evidence was specified in

e. the quality of the measurement of the dependent variable,

f. the statistical robustness of the results, and

g. whether the effect found in the study could be attributed to
the instructional method investigated in the piece
of evidence.

For each criterion, the introduction provided a short
description on how to evaluate the degree to which a piece of
evidence is relevant and of high quality. Subsequently, the
participants were presented with model solution of the appraisal
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Procedure of the experimental study over 2 h.
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of the first piece of evidence from their pretest given by a fictional
character that was described as knowledgeable. All participants
were asked to compare the model solution of each criterion to the
description in the introduction text and explain to themselves or
their learning partner (depending on the condition) which
information in the piece of evidence led to the example appraisal
and why the knowledgeable person came to this result. Since each
pretest consisted of four pieces of evidence, the participants
moved through four model solutions. The learning phase was
limited to 50 minutes.

The whole experiment was conducted in an online learning
environment, except for the written introduction to the appraisal
criteria that was given to the participants on a sheet of paper at the
beginning of the second phase and was taken from the participants
at the end of the second phase, before the posttest was conducted.

The manipulation of the independent variable was realized
during the intervention phase: (a) Participants in the interactive
conditions were prompted to explain the model solutions to their
learning partner. In order to make sure that the pairs actually
learned interactively, they were alternately scaffolded to explain
the model solutions to their learning partner or to question the
solution provided by the partner. (b) Participants in the
constructive condition were prompted to explain the model
solution to themselves. All participants were asked to take notes.

Measurement of the dependent variables

Knowledge

The knowledge was measured with a test containing two open
questions asking the participants to recall criteria to appraise the
relevance and quality of scientific literature. The test was developed
for this study. The answers given by the participants were saved in
written form and were coded according to the following categories:
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For the first question regarding the relevance of a study, a point
was given for mentioning the independent variable (e.g., “jigsaw
technique,” “task,” “lesson”), the dependent variable (e.g.,
“measurement,” “learning goal”), the characteristic of the students
(e.g., “prior knowledge,” “students”) and the setting (e.g.,
“situation,” “field of application”). During the coding process,
we added one additional category: mentioning the research
question or object of the investigation in the piece of evidence.
We did so, because many participants mentioned this category
instead of recalling the independent and dependent variable. One
of the initial categories, coding whether participants mentioned
the quality of a study as a criterion for the relevance of a study, was
dropped because it could not be coded reliably. For the second
question regarding the quality of a study, one point was given for
mentioning the quality of the measurement (e.g., “objectivity,”
“reliability”), the clear design (e.g., “randomizing participants,’

» o«
>

“execution of the experiment,” “validity”), and the statistical

significance and/or power (e.g., “number of participants,” “power,”
“statistical significance”). One point was given for each aspect
mentioned, creating a knowledge score ranging between zero and
nine points. The first author coded all data and the second author
coded 10% of the data after a coding training to test the objectivity
of the coding process. The agreement between coders showed to
be ranged from acceptable to very good for all included categories
(Cohen’s kappa ranging from 0.77 to 1.00). The same scale was

administered as pre- and posttest.

Skill

The skill in appraising scientific evidence was measured by
asking the participants to appraise four pieces of evidence, each by
evaluating the evidence on seven dimensions. Each dimension
consisted of a multiple-choice item with four response options each
(very high, somewhat high, somewhat low, and very low), one of
which was correct. The items asked the participants to appraise
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different aspects of the scientific text, for example (translated into
English) “The study described in the structured brief investigates an
educational intervention that matches the educational intervention
in my decision.” or “The study described in the structured brief uses
appropriate tests for its performance measures” The measured
dimensions matched the criteria taught during the intervention.
The test was adapted from a sub-scale of a test for evidence-based
practice in education, developed by Hetmanek (2014) and Trempler
etal. (2015). For each item, we saved the response that was selected
by the participants. The responses were aggregated into a scale in
which (a) a correct response option was counted as one point, (b) a
false response option leaning into the same direction as the correct
response option was counted as half a point, (c) a false response
option leaning into the other direction as the correct response
option was counted as zero points. Based on the 4 x 7 items, the
aggregation resulted in a score ranging from zero to 28 points. The
reliability of the scales was low to medium for the pretest
(@=0.53/0.54) and posttest (a=0.45/0.64) for both versions of the
test. However, we decided against selecting or discarding items to
achieve a more homogeneous measure. Each of the items covers a
different important aspect of critically appraising scientific
literature, discarding one or more aspects of the test could have
increased the Cronbach’s alpha of the scale but would have
decreased the validity of the test. Parallel scales were administered
as pre- and posttest containing the exact same phrasing, targeting
different sets of literature in pre- and posttest.

Statistical analysis

The analyses reported in this article were registered at the
Open Science Framework (Engelmann et al, 2018). The
registration was done after data collection but before any analysis
was conducted.

In analyzing the learning pairs of the interactive condition,
one person of each pair was randomly chosen and their data was
used for the analysis.

Bayesian repeated measures ANOVAs with a between-
subjects factor were used with priors kept at standard values,
examining the BF,,, compared to the null model and investigating
the effects across all models. The interpretation of the results was
based on van den Bergh et al. (2020) and Wagenmakers et al.
(2018a). The grouping variable (interactive condition versus
constructive condition) was the independent variable in analyzing
both research questions. The score in knowledge was the
dependent variable for the first analysis, the score in the skill
measurement was the dependent variable in the second analysis.
Q-Q plots for both variables did not indicate non-normality.
We decided to utilize a Bayesian approach in comparison to
classical null hypothesis statistical testing because it provides the
opportunity to quantify the evidence that the data provides for the
null as well as the alternative hypothesis: “In the Bayesian
framework, no special status is attached to either of the hypotheses
under test” (Wagenmakers et al., 2018b, p. 46). We would also like
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to draw conclusions about outcomes that do not support our
hypotheses. A Bayesian approach allows for that by providing
evidence in favor of the null hypothesis, in favor of the alternative
hypothesis, or neither (Wagenmakers et al., 2018b). The strength
of the evidence is also provided (e.g., moderate evidence, strong
evidence, very strong evidence) in comparison to an (arguably
arbitrary) level of significance.

The sequential analyses add evidential trajectories, showing
how the evidence for one of the hypotheses increases, decreases,
or remains the same with each additional datapoint (Marsman
and Wagenmakers, 2017). Thus, the sequential analyses also give
additional information about the number of data points that were
needed to reach a certain Bayes factor. Since the sequential
analysis could not be conducted in the repeated measures design,
the learning gain was calculated as the difference between pre- and
posttest score and the sequential analysis was conducted using a
Bayesian independent and paired sample ¢-test.

All tests were conducted using the software JASP, Version
0.13.1.0 (JASP Team, 2020). Additionally, Cohen’s d of all reported
mean differences were calculated (Cohen, 1988).

Results

Research question 1: To what extent does an intervention with
interactive learning activities advance knowledge about scientific
criteria in comparison to an intervention with constructive
learning activities?

The descriptive values of knowledge are displayed in Table 1.
The results of the Bayesian repeated measures analysis of variance
can be found in Table 2 for the comparison of each model to the
null model and Table 3 for the average across all models. The BF;,q
(the inclusion Bayes factors) in Table 3 are of particular interest
because they indicate the amount of evidence for the variable
averaged over all models; thus, the BF;,; can be interpreted as the
evidence found in the data supporting a certain variable (van den
Bergh et al, 2020). The results showed extreme evidence
(Schonbrodt and Wagenmakers, 2018) for an effect of the time on
knowledge (BF,,q=592595.75). However, the results regarding the
condition (BF;,4;=0.22) and the interaction between time and
condition (BF;,q=0.21) provided moderate evidence for the null
hypothesis (Schonbrodt and Wagenmakers, 2018). Thus, they
provided evidence for the conclusion that knowledge is not

TABLE 1 Descriptive values of knowledge and skills before (pretest)
and after (posttest) the intervention.

Knowledge Skill
Time Condition n
M SD M SD
Pretest Constructive 46 1.61 1.41 11.82 2.97
Interactive 28 1.43 1.00 10.73 3.27
Posttest Constructive 46 3.02 2.15 14.84 3.52
Interactive 28 2.89 2.03 14.25 3.44
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TABLE 2 Model comparison for the Bayesian repeated measures ANOVA on knowledge.

Models P(M) P(M|data) BFy BF,, Error %
Null model (incl. subject) 0.20 9.062e-7 3.625e-6 1.00
Time (pretest versus posttest) 0.20 0.76 12.32 832,984.82 1.96
Time + Condition 0.20 0.20 0.97 216,096.74 223
Time + Condition + Time * Condition 0.20 0.05 0.21 54,384.09 4.24
Condition (constructive versus interactive) 0.20 2.188e-7 8.750e-7 0.24 2.82
TABLE 3 Analysis of effects for the Bayesian repeated measures ANOVA on knowledge.
Effects P(incl) P(incl|data) BF
Time (pretest versus posttest) 0.60 1.00 592,595.75
Condition (constructive versus interactive) 0.60 0.25 0.22
Time * Condition 0.20 0.05 0.21
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instruction. lhe results of the Bayes1an independent and paire Results of the sequential analysis for the effect of time on
sample f-test regarding the learning gain in knowledge (see knowledge.
Figures 2, 3) are similar to the findings of the Bayesian repeated

measures analysis of variance. The trajectories of the Bayes factors
in the sequential analyses showed that these results were already
present after approximately 40 participants.

The difference between the mean knowledge score in pre- and
posttest would reflect a large effect size for constructive learners
(d=0.76) and a large effect size for interactive learners (d=0.91);
the difference between constructive and interactive learners in the
pretest (d=0.15) and posttest (d=0.06) not even a small effect (see
Cohen, 1988).

Research question 2: To what extent does an intervention with
interactive learning activities advance the skill in critical appraisal
of scientific literature in comparison to an intervention with
constructive learning activities?

The descriptive values of the skill are displayed in Table 1.
The Bayesian repeated measures analysis (see Table 4 for the
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comparison of each model to the null model and Table 5 for the
average across all models) of variance showed extreme evidence
(Schonbrodt and Wagenmalkers, 2018) for an effect of the time on
skill (BF,,q=3.020 x 107). However, the results regarding the
condition (BF,,q=0.42) and the interaction between time and
condition (BF;,,=0.36) provided anecdotal evidence for the null
hypothesis (Schonbrodt and Wagenmakers, 2018). Thus, the data
is not sufficiently informative to provide information on how
skill might be affected by the difference between the constructive
or interactive instruction. The results of the Bayesian
independent and paired sample ¢-test regarding the learning gain
in skill (see Figures 4, 5) are similar to the findings of the
Bayesian repeated measures analysis of variance. The trajectories
of the Bayes factors in the sequential analyses showed that these
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TABLE 4 Model comparison for the Bayesian repeated measures ANOVA on skill.

Models P(M) P(M|data) BF BF Error %
Null model (incl. subject) 0.20 1.572e-8 6.286¢-8 1.00

Time (pretest versus posttest) 0.20 0.61 6.34 3.900e +7 1.30
Time + Condition 0.20 0.31 1.76 1.944e+7 2.70
Time + Condition + Time * Condition 0.20 0.08 0.36 5.185e+6 2.24
Condition (constructive versus interactive) 0.20 6.362¢-9 2.545e-8 0.41 1.10
TABLE 5 Analysis of effects for the Bayesian repeated measures ANOVA on skill.

Effects P(incl) P(incl|data) BF ;,a

Time (pretest versus posttest) 0.60 1.00 3.020e+7
Condition (constructive versus interactive) 0.60 0.39 0.42

Time * Condition 0.20 0.08 0.36
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FIGURE 4
Results of the sequential analysis for the effect of the condition
on skill.

results were already present after approximately 40 participants
regarding the effect of time, but stayed variate regarding the
effect of the condition.

The difference between the mean skill score in pre- and
posttest would reflect a large effect size for constructive learners
(d=0.93) and a large effect size for interactive learners (d=1.05);
the difference between constructive and interactive learners in the
pretest (d=0.35) and posttest (d=0.17) would reflect a small and
not even a small effect size, respectively (see Cohen, 1988).

Discussion

This study aimed at testing the effect of an interactive versus a
constructive approach in an intervention fostering knowledge and
skills in appraising scientific literature.

The interactive condition did not outperform the
constructive condition, contrasting our hypothesis. This is not
coherent with the research on learning activities comparing
passive, active, constructive, and interactive learning activities
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Results of the sequential analysis for the effect of time on skill.

in interventions (Chi, 2009; Menekse et al., 2013; Chi and
Wylie, 2014; Chi et al., 2018; Menekse and Chi, 2019). However,
the Bayesian analysis only provided anecdotal to moderate
evidence for the similarity of the constructive and interactive
conditions. Based on these results, we conclude that the
difference in learning with constructive or interactive learning
activity alone is not sufficient to explain knowledge and skill
gain in this content area. We expected the learners in the
interactive conditions to benefit from frequently updating their
mental model because of the ongoing change in the information
discussed (Chi and Wylie, 2014) and we would expect that this
mechanism would also take place in the intervention of this
study. However, our operationalization of the learning
environment might have affected the mechanism that is
hypothesized to be caused by the interactive learning activities:
prompting participants to frequently update their mental model
because of the ongoing change in the information. The learners
had to explain a model solution of the task (in appraising
evidence) in both conditions. And while there was no other
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person in the constructive condition, there were written
statements of another person that the students were asked to
explain in both conditions. This factor could have caused
students in both conditions to update their mental model more
than once. In the ICAP framework it is hypothesized that there
is a systematic relationship between the learning activity
exhibited by the students and their cognitive process (Chi, 2009;
Chi and Wylie, 2014; Chi et al., 2018). However, based on our
results we would add that there might be other factors that also
strongly influence this cognitive process, such as aspects of the
learning task beyond the constructive versus interactive
distinction. The prompt to update one’s mental model more
frequently might also be given by learning material that asks
learners to explain new information.

Furthermore, we found students in both conditions to show
a rise of, approximately, one standard deviation in knowledge
and skills in appraising literature after an intervention that took
less than an hour, far beyond the scope of a mere retest effect
that could be expected in cognitive abilities (Scharfen et al.,
2018). Participating in an intervention that asked learners to
explain model solutions (thus, a short version of example-based
learning, Renkl, 2014) to themselves or to learning partner
(thus, self-explained the causal connection between the
overview of how to appraise scientific evidences and the model
solutions, cf. Bisra et al., 2018) seems to advance students’
knowledge and skills in appraising scientific evidence. The
results are consistent with prior research showing that scientific
reasoning in general can be facilitated by interventions
(Engelmann et al., 2016), more specifically, higher education
students’ scientific reasoning skills (e.g., Gruppen et al., 2005;
Stark et al., 2009; Wenglein et al., 2015). Whether there is a
causal relationship between this intervention and the learning
gain in knowledge and skills needs to be tested in a
future experiment.

One aspect for further research might be the domain
specificity of the task. In this intervention, we only used
educational research articles reporting experimental or quasi-
experimental intervention studies, investigating an effect of an
instruction or educational support. Also, we only included
participants who were familiar with the general topics of this
intervention: students in teacher education, educational sciences,
and psychology. We did so, because some degree of domain-
specific knowledge is necessary for the first-hand evaluation of
the evidence (Bromme et al., 2010). The intervention and the
measurement of knowledge and skills in appraising scientific
literature was kept narrow in range. The material of intervention
and tests were about learning with examples and the jigsaw
technique, all studies employed a quantitative approach, and the
structured briefs of scientific articles were structured similarly,
focusing on one main research question (Hetmanek et al., 2015b).
Thus, we did not examine to which extent the effect of the
intervention could be transferable to appraising scientific
literature in educational sciences that employ a different
methodological approach or scientific literature that was
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presented in a different format. A wider range of scientific
literature might benefit from a combined approach of first-hand
and second-hand evaluation skills. Moreover, teachers are
expected to read beyond educational sciences: this includes
literature about the subjects that they are teaching, e.g., biology,
mathematics, or history. The intervention presented in this paper
might not be completely dependent on the content of the
literature that is to be appraised, since we integrated two different
educational topics in the intervention. However, a change in the
methodological approach of the studies or in the format of the
presentation might change the effect of this intervention. Further
research in this type of intervention should systematically
broaden the types of scientific research articles that are used as
scientific evidence.

The study presented in this paper has several limitations. First,
the posttest was conducted right after the intervention. Thus,
we cannot make any generalization about long-term effects of
facilitating the appraisal of scientific literature.

Second, the reliability of the skill measurement was
relatively low. This can be explained by the conceptual breath of
the scale. Each item in the skill measure targets a different
aspect in which the scientific literature is evaluated. Each item
covered one aspect that was also targeted in the intervention.
The validity of the measure for the intervention would
be decreased by removing any of the items to gain a higher
reliability. Moreover, the measure was adapted from a validated
scale (Trempler et al., 2015) by only changing the response
options from a nine-point scale to four options. The wording of
some items was slightly changed. Furthermore, the pattern of
results is rather similar in knowledge and skills, showing a
relevant difference between pre- and posttest and very little
difference between the conditions. Thus, we do not expect the
rather low reliability of the skill measure to have significantly
impacted the results found in this study.

Third, while the intervention targeted a complex and large
area of knowledge and skills, this intervention took less than
2h. We designed the intervention to fit our scale in trying to
focus on core knowledge and skills in appraising central aspects
of scientific evidence. Still, the duration of the intervention
might have been insufficient to teach a more comprehensive
idea of appraising scientific literature. A longer intervention
could give participants more time to practice appraising the
evidence, which could have led to more knowledge gain (as has
been discussed for decades by, e.g., Anderson, 1981; Berliner,
1990; 2013).
interactively might need more time and instructional support

van Gog, Specifically, students working
in evidence-based argumentation (Csanadi et al., 2021).
However, the intervention was kept short in order to compare
the effect of this intervention to interventions of similar length:
The study that compared constructive and interactive learning
activities and found a higher learning gain for interactive
learning in comparison to constructive learning with an effect
size of d=0.64 gave the students 25-30 min in the learning

phase (Menekse et al., 2013).
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Conclusion

This study showed the limitations of the hypothesis that
interactive learning activities are accompanied with higher learning
gains (Chi and Wylie, 2014) in teaching critical appraisal of
scientific evidence. We suggest to expand the ICAP hypothesis to
include more dimensions that influence the underlying cognitive
processes, such as characteristics of a learning task in differentiating
constructive and interactive learning activities. Based on the results
of this study, we hypothesize that interactive learning might not
require a person to discuss with, interaction might also be achieved
with learning material that imitates an interaction or implements
other ways for the learners to frequently update their mental model
because of the ongoing change in the information discussed (cf.
Chi and Wylie, 2014). Future studies are necessary to (a) investigate
how the learning material must be designed and implemented to
reach interactive learning activities that initiate learning processes
similar to the learning process in interactive learning activities in
cooperative settings and (b) investigate the interactive components
in interventions, such as the constructive condition in this
intervention to understand which aspects of the material is actually
responsible for the beneficial learning process.

Evidence-based decisions are considered important for
educational professionals. In this study, we implemented an
intervention that facilitated future educational professionals to
appraise scientific evidence in order to make evidence-based
decisions in day-today practice. This study suggests that an
intervention implementing constructive or interactive learning
activities in studying sample solutions and self-explaining the
examples facilitated higher education students’ critical appraisal
of scientific evidence. So far, the effect of the intervention was
only observed in a measurement of appraising scientific literature.
It would be interesting for future research to investigate the effect
of this intervention on a broader measurement of scientific
reasoning.
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