
Frontiers in Education 01 frontiersin.org

Engineering students’ justifications 
for their selections in structured 
learning diaries
Ville Kivimäki 1*, Elina E. Ketonen 2 and Sari Lindblom-Ylänne 2

1Faculty of Educational Sciences, University of Helsinki, Helsinki, Finland, 2 Centre for University Teaching 
and Learning, Faculty of Educational Sciences, University of Helsinki, Helsinki, Finland

Introduction: New digital tools such as structured learning diaries (SLD) can serve 
as both a measurement and intervention tool, at scale. However, we do not yet 
know how students use the SLD tool and justify their actions within it. Clickable 
items are easy to use, but do these diaries hold any deeper meaning for students? 
This study aims to explore the means of justification used by students to create 
SLD content, their profiles based on these justifications, their levels of reflection, 
and the relationship between the profiles and use of SLDs.

Methods: We  interviewed a sample of first-year master’s-level engineering 
students to gather justifications and reflections related to the content of their SLDs. 
Rank- and median-based statistical tests were used to explore the connections 
between the interview-based profiles, and diary behavior was analyzed through 
log data.

Results and Discussion: Our findings revealed distinctive profiles with different 
characteristics related to the structured learning diary behavior, including 
differences in how changes of difficulty and emotion ratings were made in 
SLDs. This study opens up a new area for future research and encourages the 
development of structured learning diary tools as a means of monitoring changes 
in student thinking at scale.
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1. Introduction

The study of cognitive psychology has been ongoing since the 1960s, with a particular focus 
on mental models and mental processes of knowing. Epistemology, the study of the nature of 
knowledge and knowing, has its roots in philosophy dating back to Plato. Within educational 
research, there has been a growing interest in mental processes of knowing since Perry's (1970) 
developmental research on college students and Kitchener's (1983) multidimensional model. 
This research has been used to realign epistemological psychology with philosophy, focusing on 
how knowledge and knowing are justified.

One line of research in epistemic psychology, informed by philosophy, has centered on 
justifying knowledge and knowing. For example, Muis (2008) investigated undergraduate 
students who differed on how they justified knowledge, categorizing them into rationalists, 
empiricists, and those who are both rational and empirical. These profiles were then used to find 
relations to self-regulated learning and mathematical problem-solving. The present study aims 
to align with philosophy-informed epistemic research by adapting the framework to the context 
of structured learning diaries.
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Despite the growing interest in epistemic cognition and the 
learning process, most studies have focused on students’ beliefs rather 
than cognitive processes. In particular, researchers have been urged to 
use log traces to capture processes instead of relying only on self-
reports. One possible solution has been the use of digital learning 
diaries, which allow researchers to record students’ states and behavior 
during the learning process. However, little research has been done to 
investigate the epistemological dimensions related to the use of diaries, 
despite the acknowledged capacity for tracing epistemic cognition 
afforded by the development of computational methods.

Studies on epistemic beliefs often use interviews and questionnaires, 
i.e., general, or domain/topic-specific Likert-scale self-reports and 
surveys (e.g., Royce, 1967; Bråten et al., 2005; Hofer and Sinatra, 2010; 
Bråten et al., 2019; Lonka et al., 2021). However, the measurement 
procedures themselves can evoke epistemic challenges for participants; 
in understanding the questionnaire items, limitations in expressing their 
thoughts, and personal capabilities reporting on their metacognition 
(Barzilai and Weinstock, 2015). In addition, recent research suggests 
that epistemic cognition is not stable across different contexts and tasks 
(Buehl et al., 2002; Hofer, 2006; Muis et al., 2006; Bråten et al., 2008; 
Barzilai and Weinstock, 2015). Instead, Sandoval et al. (2016) call for 
researchers to develop, test, and refine measurement instruments to 
meet epistemic ideals for psychometric validity; the “right tool for the 
right job.” They suggest objective observations as a critical component 
in the measurement of epistemic cognition. The present study addresses 
these methodological challenges with mixed-method research, as 
suggested by, e.g., Greene and Seung (2014).

There is a growing need (e.g., Eastwood et al., 2017) to advance 
methodological approaches and to understand how epistemic 
cognition is related to behavior in digital environments. New data 
analysis techniques can add a “new dimension through which to 
understand the online learners” and “add a new variable with which 
to structure and predict mastery training” (Johanes, 2017). This study 
attempts to understand how justification patterns are related to 
students’ reflective journaling in a digital learning tool (the structured 
learning diary). When we  better understand how students with 
different justification profiles interact with digital tools, such as a 
structured learning diary, we can take the results back to practice and 
design tools for larger audiences.

This study aims to investigate how students justify and reflect their 
own learning experience within a digital learning tool, i.e., a structured 
learning diary. Our study seeks to address the gap in the literature by 
investigating whether structured learning diaries could be used as a 
tool to monitor and regulate students’ learning, which could lead to 
improved learning outcomes in academic and professional settings.

2. Theoretical and empirical 
background

2.1. Justification of knowledge as a part of 
epistemic cognition

Epistemic cognition refers to the ways individuals think about 
knowledge and how it is acquired, evaluated, and justified, reflecting on 
the limits of one’s knowing, the certainty of knowing, and the criteria of 
knowing (Kitchener, 1983; Greene et al., 2016; Hofer, 2016; Greene et al., 
2018). Epistemic cognition has been argued to be a key to higher-level 
cognitive outcomes and critical thinking skills (Sandoval et al., 2016), 

both of which are highly valued in higher education curricula. Epistemic 
cognition plays a crucial role in learning and academic achievement.

In this study, we focus on justification of knowledge and knowing. 
This dimension of epistemic cognition comes from the groundwork 
laid by Hofer and Pintrich (1997) and their model of multidimensional 
beliefs, which includes the simplicity of knowledge, the certainty of 
knowledge, the source of knowledge, and the justification for knowing. 
Their definition of personal epistemology as the nature of knowledge 
and knowing, not the nature of learning, has since been challenged. 
Elby (2009) argued that the definition should not be defined a priori 
before the empiric evidence. Moreover, Greene et al. (2008) worked to 
realign educational epistemic cognition research with philosophy. 
They argued that only the justification for knowing is truly epistemic 
and that this dimension should be expanded to differentiate between 
personal justification and justification by authority. Further, empirical 
findings by Bråten, Ferguson and their colleagues (Ferguson et al., 
2012; Ferguson and Bråten, 2013; Bråten et al., 2014, 2019) resulted in 
expanding the justification for knowing with a third dimension: 
justification by multiple sources.

2.2. The three dimensions of justification of 
knowledge

Personal justification is a knowledge claim based on an individual’s 
own knowledge. Evaluating knowledge claims through expert sources 
refers to justification by authority. Justification by multiple sources is 
cross-checking and comparisons between several sources of 
information (Bromme et  al., 2010a; Bråten et  al., 2014, 2019; 
Kammerer et al., 2021).

These three means of justification have been studied in several 
contexts. Bråten et  al. (2013) found that personal justification of 
knowledge was a negative predictor and that using multiple sources 
for justification had a positive effect on multiple-text comprehension. 
In a later study (Bråten et al., 2014), justification by multiple sources 
was identified as a positive predictor of topic-specific multiple-text 
comprehension when controlled with prior knowledge and the other 
justification means (i.e., personal justification, justification by 
authority). Mason and colleagues (Mason et al., 2010, 2011; Mason 
and Bromme, 2010) who studied web-based learning using think-
aloud protocols found that those who used science-based justification 
performed better than those who reflected on their knowledge claims 
through personal justification.

Another central line of research focuses on internet-specific 
epistemic cognition. For example, in their study using the Internet-
Specific Epistemological Questionnaire, ISEQ (Bråten et al., 2005), 
Kammerer et  al. (2015) found that students who believed that 
Internet-based information needs to be compared across multiple 
sources tended to use more reliable sources on the Internet. Based 
on their findings related to the three justification dimensions, 
Bråten and colleagues developed and validated a new instrument: 
The Internet-Specific Epistemic Justification Inventory (ISEJ) 
(Bråten et  al., 2019). Kammerer et  al. (2021) used this new 
instrument to study the relationship between epistemic beliefs and 
behavior during a 20-min web search task. They found that a 
higher measure of justification by multiple sources predicted 
participants’ post-test written justifications, their length, and the 
number of relevant content items. They found that this justification 
dimension did not predict, however, the extent of queries, 
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web-page navigation, the opening of multiple browser tabs, or 
think-aloud comments.

Ferguson and Bråten (2013) suggest, based on several reviewed 
studies, that epistemic beliefs are a relatively independent individual 
difference variable, “making it reasonable to [--] profile students [--] 
and examine emergent profiles in relation to other, external variables.”

We employ our adaptation of the justification of knowledge 
framework to investigate how students justify and reflect their actions 
within a digital learning tool. Personal journaling, such as structured 
learning diary content and students’ reflection of same, is not 
epistemic as such. Rather, we  see that as a derivate of one’s 
epistemology. Nevertheless, we need to understand the meaning of a 
student’s entries in their personal journaling tool. Adapting the 
justification of knowledge into justification of actions in the context of 
a structured learning diary, builds new insights to assess such digital 
tools. In addition, the adaptation adds comparability, and can reveal 
new perspectives that have not been observed in the original contexts. 
The knowledge items in this study, i.e., the diary entries, are highly 
personal. Thus, it is reasonable to argue that such knowledge would 
be predominantly personally justified. However, to our knowledge, 
this has not yet been studied.

2.3. Structured learning diaries

Reflection on learning content or learning behavior is the general 
goal of learning diaries (Fabriz et al., 2014). Structured learning diaries 
(SLDs) work in a similar way, achieving this through structured/
pre-defined objectives, different types of standardized question items, 
such as Likert items, open questions, or nonverbal pictures or emojis, 
answered repeatedly (Schmitz and Wiese, 2006; Klug et  al., 2011; 
Kivimäki et al., 2019).

SLDs have drawn special interest in educational science research 
concerning self-regulated learning as an intervention tool (Schmitz 
and Perels, 2011; Fabriz et al., 2014; Ferreira et al., 2014; Panadero 
et al., 2016; Broadbent et al., 2020; Pesonen et al., 2020) and capturing 
sequences of states for situational self-regulation (Schmitz and Wiese, 
2006; Geiser et al., 2017). Despite the wide interest within the research 
community in enhancing self-regulated learning with tools like the 
SLDs, little has been done to find out what students think when they 
are using these tools.

Learning diaries are usually implemented only for a few weeks (Fabriz 
et al., 2014). Fabriz et al. (2014) suggest using diaries for longer, even a full 
term, to record “the development of a beginning learner to the point of 
exam preparations.” Considering that SLDs can require significant effort 
from students (Klug et al., 2011; Pesonen et al., 2020), the present study 
explored the use patterns of diaries over a time of one academic year, 
followed by a retrospective interview at the end of the term.

Digitalized SLDs can record rich data related to the course 
content and learning behavior. The diary used in the present study 
has been designed to record students’ activities and reflections on 
their learning, guiding the student to think of questions such as 
“How well do I think I learned this course topic?,” “How difficult was 
this for me?,” and “Am I excited about this or rather bored?” This 
part of the reflection process aims to foster students’ self-monitoring 
activities and, at best, result in new decisions and actions, i.e., 
turning reflection into reflexivity.

The present study explores students’ judgments of their reflections: 
how did students end up making their diary selections? However, the 
judgment strategies used by students do not indicate how far along (or 
open) the students are in the process of turning their self-monitoring 
into actionable changes. Thus, the present study adapted another 
framework, the 3R-EC framework, to investigate where students stand 
in the terms of their reflection.

2.4. From reflection towards reflexivity

For a deeper understanding of how students justify their diary 
entries, we adapted another coding scheme to measure the reflexivity 
of the participants’ reflections. Here we present a framework that fits 
well with the context of the present study. SLDs are tools for recording 
student reflections that can lead to behavioral or conceptual changes 
through, e.g., self-regulation or epistemic cognition. The model 
presented next was originally used in the context of teacher training.

In the context of teachers’ personal epistemologies, Schraw et al. 
(2017) have argued towards a process-oriented approach in 
understanding personal epistemology. In their 3R-EC framework, 
reflection proceeds towards decision-making, i.e., reflexivity. In other 
words, people use reflexivity to justify the cognitive processes that 
follow, by thinking about the knowledge itself and questioning and 
refining epistemic cognition through reflection (Marcus, 2021).

In the present study, the 3R-EC model can give us information on 
the state of students’ thinking. One of the critical purposes of learning 
diaries is to make students’ reflections explicit. At best, this reflection 
leads to more informed actions. An adapted version of the 3R-EC 
model can be used to assess our participants’ stage in their reflection/
reflexivity process (Figure 1).

Earlier studies with this model have focused on teacher 
education (Lunn Brownlee et al., 2017, 2019). Teachers are seen as 
experts that undergo personal growth processes related to their 
teacher identity. In our context, the students are master’s-level 
students who focus on building their competence in multiple course 
contents. The primary purpose of the interviews was to make 
students’ reflections in the learning diary tool explicit. This 
framework was assumed to reveal students’ readiness to act based on 
their reflections in our study. This change in epistemic cognition, as 
Lunn Brownlee et  al. (2017) suggest, “may take place through 
reflexivity, not just reflection [--].”

The framework serves two needs in the current study. The 
(epistemic) change is at the core of the goals of the learning diaries. 
Therefore, it is relevant to explore the participants’ reflection, i.e., do 
students differ from each other in an interview setting and how do the 
possible differences align with the participants’ justification strategy 
use. In addition to the explorative purpose, the framework serves as a 
method to control that the participants’ use of justification strategies 
is not due to individual differences in the generic ability to reflect in 
an interview situation.

2.5. Present study

The purpose of this study is to delve into the relationship between 
students’ justification of their behaviors in digital learning tools. The 
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literature on epistemic cognition and structured diaries has motivated 
us to investigate the ways in which students justify their selections in 
their diaries, and whether this variation is related to their actual 
behavior in the diary tool. Our focus is on master’s-level students and 
their cognitive processes when justifying the content of their learning 
diaries on given course topics. We are interested in understanding, 
e.g., why they selected a competence evaluation rating of “4” (on the 
scale of 1, low, to 5, high), for each topic, how confident they are in 
their selections, and whether they would like to make any changes to 
their selections afterward. Considering the literature, we  have 
formulated research questions and hypotheses.

2.5.1. Research question 1: how do students 
justify their selections in their structured learning 
diary?

Each participant was asked to justify their selections in SLDs in a 
retrospective, stimulated recall interview. We  then analyzed the 
answers using a coding scheme built on the three means of justification 
of knowledge dimensions.

Hypothesis 1: Literature suggests that students would justify 
through personal justification, justification by authority and 
justification by multiple sources in several contexts (Bråten et al., 
2013; Ferguson and Bråten, 2013; Kammerer et al., 2021). In this 
new context, personal journaling, we expect that students would 
mainly express a personal justification strategy when asked to 
justify their selections in their SLDs.

2.5.2. Research question 2: can we identify 
profiles based on the use of different justification 
means and level of reflection?

We formed profiles based on the participants’ justification 
strategies in their interviews. Characteristics of the profiles were 
further explored based on the reflectivity of the participants 
(3R-EC framework).

Hypothesis 2: Students would employ multiple justification 
strategies, thus making it possible to identify profiles (Ferguson 
and Bråten, 2013). Also, we expected students to differ in how 
they express reflection versus reflexivity in their interviews 
(Kammerer et al., 2015).

2.5.3. Research question 3: are justification 
profiles related to structured learning diary use?

We investigated whether the students’ justification means 
(profiles) relate to actual diary use (log data). When students started 
using the diary tool, they were told that they could also update their 
diary and, e.g., change the numerical items. We  assume that, in 
particular, making changes in the diary would indicate traces related 
to epistemic cognition and students’ overall tendency to reflect on 
their learning.

Hypothesis 3: Based on the finding of Kammerer, Bråten and their 
colleagues (Bråten et al., 2005; Kammerer et al., 2021), we expected 
to find differences between the means of justification and use of 
SLD. Multiple sources was expected to connect with an active 
reassessment in the learning diary tool: for instance, at first 
making a selection on a structured diary item and later changing 
that original selection as a result of a reflective process. The 
rationale behind this hypothesis is that students who are more 
open to changing their justification by external sources (authority 
and multiple sources) would also respond with more dynamic 
SLD behavior.

3. Method

We employed a mixed-method approach to answer the research 
questions, considering the explorative aims of the present study. When 
compared with the traditional dichotomy between qualitative and 
quantitative methods, mixed-methods approaches can build a more 
comprehensive picture of the studied phenomena (Sammons, 2010; 
Teddlie and Sammons, 2010). This power comes from integrating, e.g., 
several data collection or analysis methods to corroborate the findings 
(Johnson et al., 2007).

Data was collected through interviews, and log data from the 
SLDs. This technique where the phenomenon is measured and 
analyzed in different times, people, or settings (Cohen et al., 2018) 
can increase the researcher’s confidence as the inferences can 
be backed by several data points and methods. Thus, the present 
study employed mixed-method (Tashakkori and Teddlie, 2016) 
research characteristics throughout the study, as described in 
Table 1.

FIGURE 1

The 3R-EC framework. Adapted and re-contextualized from Brownlee et al. (2017), Lunn Brownlee et al. (2019), Schraw et al. (2017), and Brownlee 
et al. (2016).
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3.1. Participants and procedure

The current study was conducted at a large research university in 
Finland in a master’s program in mechanical engineering (2 years / 120 
ECTS). The program is the participating university’s largest master’s 
program by student intake. The students had finished their bachelor’s 
degree prior to starting their studies in this master’s program.

The targeted study population was the test group of the learning 
diary tool in a randomized controlled trial (N = 64). We  invited a 
computationally randomized (Urbaniak and Plous, 2013) sample from 
the test group to participate in the interviews for the present study. The 
interviews were conducted after the trial had ended and all students 
(both test and control group) had used SLD.

We controlled the invited students based on their diary activity. An 
individual SLD activity level was calculated for each student based on 
trace/log data by calculating the number of changes for each SLD feature 
during the first 14 weeks (fall semester). The activity was scaled to an 
interval [0, 1], and the average was calculated for every student. Based on 
this measurement, the students were divided evenly into high, medium, 
and low activity users. Each group consisted of 21 students who were 
participating in our research and had submitted their SLDs. A sample of 
ten students from each activity-based group was randomly selected to 
be invited for an interview. Twenty-eight students out of the sample size 
of 30 agreed to be interviewed (93%). Two of the participants took part in 
developing the interview protocol and were excluded from the final 
analysis. Thus, the final sample was 26 students (22 male, 4 female). The 
mean age was 26.85 years (SD = 2.64).

The use of the SLD was a mandatory task for the students. 
Participation in the study was optional. One student decided to opt 
out from this study. All participants gave informed consent to take 
part in this study.

3.2. Data and materials

3.2.1. Interview
Interviews were carried out with two interviewers. First, 

we piloted the initial interview questions with two students who were 

not part of the sample. Then, a student in the final sample was 
interviewed with both interviewers to test the interview protocol 
further and to calibrate for future interviews. After this, the 
interviewees were divided evenly between the two interviewers. 
Midway through the interviewing process, the interviewers reflected 
on their interview experiences. No significant changes were made 
based on this reflection.

All interviews were conducted during a period of 5 weeks at the 
end of the academic year. One student asked to be interviewed several 
months later. This request was denied to maintain the temporal 
consistency of the study. In one interview, we failed to record audio. 
This interview was excluded from the analysis. In total, 26 interviews 
were successfully recorded and transcribed into English, with the 
following distribution related to their SLD activity: high activity = 8 
participants, medium activity = 9 participants, low activity = 9 
participants. Interview durations ranged from 17 to 52 min, averaging 
31 min (Mdn = 30, SD = 9).

During the interviews, we employed the stimulated recall method 
(Bloom, 1953), using each participant’s learning diary as a cue for 
memory retrieval. We  provided sufficient time for participants to 
review their diary content on a laptop computer and even allowed 
them to make updates during the interview. To gain insights into 
students’ cognitive processes, we asked participants to justify their 
selections while simultaneously allowing students to browse their 
diaries to support their answers (Sime, 2006; Mackey and Gass, 2011). 
Our focus was not on investigating the epistemology related to the 
course topic or content but rather on the journaling content itself. 
We explored how students justify their selections, such as whether 
they rely solely on personal thoughts or on authoritative sources.

At the beginning of the interview, the interviewer opened the 
student’s SLD that they had submitted at the end of the first semester. 
The computer was set to record the screen and audio. The student was 
handed a computer mouse, and they were able to fully interact with 
their diary content and view. Next, the interviewer asked the student 
to look at all their selections and updates and to comment on them: 
why did you make this selection, how sure are you that your self-
assessment is correct, and has your assessment changed after that 
semester, and if it has, how? The interviewer also asked the student to 
recall what they learned about that topic and what they did not learn.

TABLE 1 Mixed-method characteristics in the present research design and its goal.

Characteristics (Tashakkori and 
Creswell, 2007)

Research design Goal

Types of research questions Qualitative profiles (RQ1, RQ2) and quantitative connections 

with the diary tool usage (RQ3)

Create student profiles and examine profile differences

Types of sampling procedures Quantitative random cohort sample and sequential qualitative 

non-random sampling (Onwuegbuzie and Collins, 2007)

Ensure that both active and passive users of SLDs are 

included

Types of data

collection procedures

Interview, log data Corroboration through integration

Types of data Qualitative interview data, and diary use log data Self-reported and objective behavior to validate the 

results

Types of data analysis Theory-driven thematic analysis (interview coding), Statistical 

analysis (non-parametric) over quantitative and quantified 

qualitative data, frequency analysis (3R-EC related to profiles)

Access to view the phenomena from a wider angle

Types of conclusions Inductive (RQ1, RQ2) and abductive (RQ3) To be able to make inferences now and open new areas 

for research for future. More comprehensive results of 

the phenomena.
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3.2.2. Structured learning diary
We used a mind map-based, digital SLD tool designed by 

Kivimäki et  al. (2019). The SLD tool has a curriculum-based 
mind-map structure that extends from the degree program node to 
the major/minor subject level nodes and further into the course and 
course topic nodes. Students were instructed to reflect on their 
competence, experience of difficulty, and feelings; to write notes; and 
to draw arrows to describe relations between nodes (see Table 2 and 
Figure 2).

Students were instructed to submit their most recent file 
weekly through a learning management system for 14 weeks, even 
if there were no changes. Students rated their assessments of their 
competence, perceived difficulty, and current emotions related to 

the course topic. The topics were derived from the curriculum and 
revised by the instructing teachers. A typical course consisted of 
five to ten topics. The students were instructed to use relation 
arrows to visualize connections they perceived between courses 
and topics. They were also instructed to name those connections. 
Students were instructed to use notes freely, in any way they 
considered meaningful. Students were not given any personal 
feedback on their diaries. However, the data in the diaries were 
aggregated on a group level and visualized on a public dashboard. 
All students interviewed changed their competence, difficulty, and 
emotion selections; 19 students drew relation arrows; 21 
wrote comments.

The files and their contents constitute several log data dimensions. 
In this study, we are interested in measuring the use and changes made 
in SLD that we expect to reveal traces related to epistemic cognition 
and reflection.

3.3. Interview coding schemes and 
reliability

3.3.1. Interview coding
We used the three-dimensional framework of the justification 

of knowledge by Ferguson and Bråten (2013) to classify the 
content of the interviews (see Table  3). The framework was 
adapted into our context of personal journaling as justification of 
actions and competence in SLD. Justification by authority can 
refer to the evaluation of external sources. In the context of 
students’ justification of personal diary data, our coding scheme 
investigates whether the student justifies, e.g., high competence 
on the topic based on the course grade. In multiple sources, a 

FIGURE 2

Excerpt from a learning diary showing all main diary elements: 1) Course code and name (in template), 2) Course topic (in template), 3) Competence 
(blue background; selectable scale from 1, low, to 5, high), 4) Emotion (student selects between emoticons: excited, relaxed, neutral, bored and 
anxious), 5) Difficulty (black background; selectable scale from 1, easy, to 5 hard), 6) Relation arrow (Drawn by a student from, e.g., topic to topic or 
course to topic), 7) Comment (added by student).

TABLE 2 Descriptions of the SLD use (log data) metrics.

Measure Type Example [week 
number 
(selection)] = no. of 
changes

Competence changes Count of changes Week 1 [no selection], week 2 [1], 

week 3 [2] … week 14 [2] = 2 

changes

Difficulty changes Count of changes Week 1 [5], week 2 [4], week 3 [5] 

… week 14 [3] = 3 changes

Emotion changes Count of changes Week 1 [excited], week 2 [bored] 

… week 14 [excited] =3 changes

Relation arrows Total count Total number of the relation 

arrows in the last submitted file

Comments Total count Total number of the comments in 

the last submitted file
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student can, for example, justify reflection based on several points 
of view (sources) that the student combines to construct the 
justification claim.

Quotations used in the three-dimensional framework of 
justification were further coded based on the 3R-EC coding 
scheme presented in Table 4. Those parts of interviews where the 
participant was clearly reflecting were coded based on this scale 
from one to four (1 = reflective commenting, 2 = comment on 
efficacy, 3 = internal dialog, 4 = reflexive planning), respectively. 
Due to the process-oriented nature of this scale, each participant’s 
highest score was defined as a representation of their stage in the 
process of reacting to their reflection. In other words, if the 
student is only using reflective commenting, they were assigned 
the value one. Value two was assigned to a student who reflects on 
their efficacy (in addition to commenting). Students who undergo 
an internal dialog while answering the questions in the interview 
are inferred to be further in the process of reflection, thus assigned 
with value three. Students who go further towards planning 
actionable reactions based on their reflection are scored with a 
value of four.

3.3.2. Inter-rater reliability of coding schemes
Inter-rater reliability between the two raters was measured with a 

randomly selected 20% subset of 301 coded interview quotations (see 
Table 5). We used a rater with a master’s degree in educational sciences 
who has not participated in the analysis nor is an author of this study. 
The reliability was assessed by using Cohen’s Kappa. We  used 
unweighted kappa for the three means of justification, as this is 
categorical data. Therefore, four levels of reflection and reflexive 
thinking are parts of a sequential process and can be seen as interval-
type data. In the latter, we used weighted kappa with equal intervals.

4. Results

4.1. Students’ use of justification strategies 
in the interview

Interview data were used to create profiles based on the three 
means of justification. Personal justification was used by all 
participants, when they were asked to justify their actions in SLD, e.g., 

TABLE 3 Operationalization of the three justification dimensions into the context of SLD use.

Justification 
strategy

Questionnaire (JFK-Q) items used by 
Ferguson and Bråten (2013)

The coding guide 
operationalized in the present 
study

Quotation example

Personal justification What is a fact in natural science depends on one’s 

personal views.

Everyone can have different opinions about natural 

science, because no completely correct answers exist.

Knowledge about natural science is only personal 

opinion - there are no facts.

The student’s justification is based on the 

student’s own opinion, feeling, background, 

experience. Typically, this is quite one-

directional, although some students 

elaborate more deeply with their personal 

reflections. The student does not name other 

sources for justification: “I just put this, this 

is right for me.”

Pretty simple. I gave that a four, so I’m 

pretty knowledgeable about it.

Justification by 

authority

If a natural science teacher says something is correct, 

then I believe it.

I believe that everything I learn in natural science class 

is correct.

Things that are written in natural science textbooks are 

correct. If a scientist says that something is a fact, then 

I believe it. When I read something about natural 

science that is based on scientific investigations, then 

I believe that it is correct.

I believe in claims that are based on scientific research.

The student justifies their knowledge based 

on earlier course completion, earlier course 

grade, learning objectives defined on the 

course, teacher authority, or “my academic 

advisor said…”.

Self assessment is correct, I believe so, 

I still got 5 in the end, so I believe what 

I’ve wrote here, quite good for me.

Justification by 

multiple sources

To be able to trust knowledge claims in natural science 

texts, I have to check various knowledge sources.

To detect incorrect claims in texts about natural 

science, it is important to check several information 

sources.

I can never be sure about a claim in natural science 

until I have checked it with at least one other source.

Just one source is never enough to decide what is right 

in natural science.

To decide whether something I read about natural 

science is correct, I have to check whether it is in 

accordance with other things I have read or heard about 

natural science.

The student uses multiple sources to justify 

their knowledge. Sources can be, e.g., 

grades, previous assessments, other students, 

teachers, earlier documents authored by the 

student, work-life experience on the subject, 

justification by earlier experience, their own 

reading of books related to the topic.

Then again, same thing goes for 

machine design course, in some parts, 

since I was already working in this field 

before I choose masters, so I had a, like 

actual work experience so I knew I was 

a bit competitive in some areas whereas 

this thing, specifically [--] application, 

I did have some of the topics in my 

bachelor’s studies, few but one thing is 

like, I studied those years before so 

I have like lost hold on it, I do not 

remember those topics so I’m not very 

competitive in that area right now.
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the assessment of their competence on the topics in the diary. When 
a student was using personal justification, they referred only to their 
own judgements, e.g., “computer-aided tools, well, I did well with 
those” or “I gave that a four, so I’m pretty knowledgeable about it.” 
Whereas some students also found justification for their competence 
assessment from authority sources, mostly course grades “there’s a 
long line of fours [in the diary], which does correspond to the grade 
I got from the course” but also discussions with authority sources like 
teachers, professors, or academic advisors. Some justified their 
assessment based on course requirements and even experience in job 
interviews. Justification by multiple sources presented a variety of 
sources, such as prior experience of working in the field “living in 
India … and worked enough to have a clear understanding,” 
comparisons with peers “it was much the other ones who did that … 
that’s why I gave it a two, because I wasn’t able to participate in it, or 
I did not participate that much,” comparisons to experiences in prior 
courses “I did not grade these as highly at first, but towards the end, 
I  grew more confident about that stuff. These things have been 
individually discussed quite a lot on other courses. It’s only the two 
lowermost ones that have not been practiced a lot.” Several students 
compared their own competence based on external sources: “so it’s a 
pretty simple feature. You can find good instructions on the internet… 
very simple, but I cannot do it perfectly, so therefore there’s a four.”

Each justification strategy was used as a threshold for a profile. 
The criteria and participant distribution are presented in Table 6.

Based on the students’ use of justification strategies, the following 
profiles were formulated and labeled as: Students using personal 
justification (PJ), students using authority justification (AJ), students 
using multiple sources justification (MS), and students using different 
justification strategies (DS).

The interviewed students had been randomly selected based on 
their general activity of using the diary tool. Based on the profiling 
on justification means they were distributed into the profiles as 
follows: PJ (high activity = 1, low activity = 2), AJ (medium 
activity = 3, low activity = 2), MS (high activity = 4, medium 
activity = 3), DS (high activity = 3, medium activity = 3, low 
activity = 5). All profiles represented both more and less active users 
of SLD. Activity was not used as a variable in defining the profiles. 
Moreover, the distribution of any activity levels did not seem to 
accumulate on any certain profiles.

4.2. Justification profiles and type of 
reflection

Some students reflected in the interview only at a vague level 
where they as subjects (“I guess,” “I thought,” “it was nice to spot”) 
commented objects (“those things,” “product blueprints”). 
Characteristic to this subject-object reflection were comments 
starting with, e.g., “I was just thinking.” More students reached a 
level of reflection where they combined efficacy into their reflection, 
such as “…so you know how to actually do it,” “I have thought about 
the field and what it requires from me and how I’d manage in it and 
how competent I’d be.” Most students reached internal dialog, where 
they made observations about some objects and built new thoughts 
based on that, such as“Actually the knowledge was quite a lot but 
the thing is that mostly I knew that to study by yourself because 
going to the lectures, I’m still do not [sic!] get the point of it because 
what we were studying in the lectures has nothing to do with what 
the task at home from the assignments was. So, a little bit frustrating 
but that’s fine, still I liked it.” Two students built on their dialog to 
the lengths of reaching reflexive planning “so I wonder if there is a 
more professional way to go about it,” “I made an Excel study plan 
of my own which helped me to follow and plan my credits and 
stuff,” “And if the idea is not fully formed, so you have like a faint 
idea in your head … but you can think and try to come up with 
a solution.”

TABLE 4 Operationalization of the 3R-EC framework into the context of SLD use.

Classification item Coding guide Quotation example

Reflection (subject-object) Subject - Object-oriented reflections; the 

student identifies the learning goal and 

reflects their competence or feelings.

But as for component design, I guess, as well as highly-detailed design, I’m not that familiar 

with those, so my assessments for those are a bit weaker, but I guess these have stayed pretty 

much the same after the course.

Reflection with self-efficacy Comments on their efficacy regarding the 

object

Alright, so professional identity, developing it, yes, I have thought about the field and what it 

requires from me and how I’d manage in it and how competent I’d be.

Internal dialog Subject – Object – Subject reflections with 

internal dialog leading towards reflexivity; 

the student identifies the learning goal and 

compares or evaluates their competence or 

feelings.

As for machine design project, manufacturing of components, well, that came from the 

workplace. I got a lot of training in that and product life management and stuff, (precisely 

for the) [--] assembly quality controller, iterative design. At that stage, I see the product 

design documentation was still open, so there was more designing and less documentation, 

but everything related to that course was strongly about what I was already doing at work.

Reflexive planning Reflexivity leads to future plans or decisions I feel like I’m quite adept at coming up with some values and starting to design based on 

those, so it was pretty easy. But the reason it’s only a three is that I would’ve needed some 

more information on what it should’ve been based on, so it felt it was a bit like, come up with 

some values and start iterating, so I wonder if there is a more professional way to go about it.

TABLE 5 Interrater reliability for the used interview coding schemes.

Coding dimension Cohen’s 
kappa

Level of 
agreement 

(McHugh, 2012)

Justification of knowing 0.807 Strong

Reflective/Reflexive thinking 0.855 Strong
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The highest stage of the reflexivity process reached by the students 
during the interview was used to add another dimension to the 
justification profiles. Table 7 shows how students’ reflectiveness falls 
into the justification profiles.

PJ students’ reflection was rather deep (i.e., reaching the level 
of internal dialog during the interview). AJ students displayed 
various stages of reflection/reflexivity. Also, MS students were 
divided between students using internal dialog and students 
reflecting on objects with or without efficacy notions. The DS 
students were the most reflective in the 3R-EC scale. This group 
steadily used internal dialog (n = 9), and two students employed 
reflexive planning (n = 2) in their interviews.

4.3. Justification profiles and structured 
learning diary use

The log data were aggregated on a group level for each justification 
profile. Based on descriptives, the students who used multiple sources 
justification (MS) seemed to be the most active in making changes 
inside their diaries, i.e., selecting and then returning to change their 
original selection during the semester, apart from the number of 
comments (highest among students who used different justification 
strategies; see Table 8).

Since the groups were small and the scales not normally 
distributed, we performed Kruskal-Wallis non-parametric tests for 
all the presented log data metrics for AJ, MS, and DS students. PJ 
was dropped from analysis due to low group size (n < 5). Only the 
number of difficulty selection changes across the justification 
groups provided evidence of a statistically significant difference 
(p = 0.016) between the mean ranks of at least one pair of groups 
(Figure  3). Three different pairings were further assessed with 
Mann–Whitney tests with a Bonferroni adjusted alpha level of 
0.016 per test (0.05/3). In MS, difficulty changes (Mdn = 73) were 
done more often than in AJ (Mdn = 43; U (NMS = 7, NAJ = 5,) = 2.00, 
z = −2.522, p = 0.009). Likewise, in MS, difficulty changes were 
(Mdn = 73) more likely than in DS (Mdn = 48); (U (NMS = 7, 
NDS = 11,) = 10,50, z = −2,538, p = 0.009). We  did not find 
statistically significant differences between the ranks in AJ and DS 
after Bonferroni adjustment, (U (NAJ = 5, NDS = 11,) = 23, 50, 
z = −0.454, p = 0.680).

Other log data differences between groups were not found to 
be statistically significant when subjected to the Kruskal-Wallis test. 
However, since the emotion change differences between profiles had 
similar median changes as those in the difficulty variable, 
we performed compare means tests for both difficulty changes and 
emotion changes. The independent-samples median test with a grand 
median of 47 suggested differences between some of the justification 
groups in both difficulty changes and in emotion changes, p = 0.010 
and p = 0.046, respectively. Based on this finding we decided to run a 
pairwise Mann–Whitney U test for AJ, MS, and DS in the emotion 
changes variable as well. In MS, emotion changes (Mdn = 69) were 
done more often than in AJ (Mdn = 42; U (NMS = 7, NAJ = 5) = 1.50, 
z = −2.603, p = 0.008). No statistically significant differences were 
found between AJ (Mdn = 42) and DS (Mdn = 42) or MS (Mdn = 69) 
and DS (Mdn = 42) related to the rank based on the number of 
emotion changes: U (NAJ = 5, NDS = 11) = 27.00, z = −0.057, p = 0.977; 
U (NMS = 7, NDS = 11) = 19.00, z = −1.766, p = 0.085; respectively (see 
Figure 4).

TABLE 7 Distribution of students with varying reflection/reflexivity by 
justification profiles.

Reflexivity process 
stage

PJ AJ MS DS

Reflection (subject-object) 1 1

Reflection with self-efficacy 3 2

Internal dialog 3 1 4 9

Reflexive planning 2

TABLE 6 Distribution of justification strategies used by students and criteria for each profile.

Coding dimension Only personal 
justification (n = 3) 
[n of quotations]

Personal justification 
and justification by 

authority (n = 5)
[n of quotations]

Personal justification
and multiple sources 

(n = 7)
[n of quotations]

Different justification 
strategies used 

(n = 11)
[n of quotations]

Personal justification 3 [17] 5 [28] 7 [52] 11 [124]

Justification by authority 5 [7] 11 [17]

Justification by multiple sources 7 [18] 11 [38]

TABLE 8 Diary log data on group level metrics.

Coding dimension PJ students (n = 3)
Mdn (SD, Max, Min)

AJ students (n = 5)
Mdn (SD, Max, Min)

MS students (n = 7)
Mdn (SD, Max, Min)

DS students (n = 11)
Mdn (SD, Max, Min)

Competence changes 53 (20, 53, 18) 64 (17, 70, 32) 66 (45, 167, 47) 52 (41, 159, 26)

Difficulty changes 40 (19, 49, 12) 43* (7.5, 50, 33) 73* (39, 161, 47) 48* (13, 66, 26)

Emotion changes 47 (20, 47, 13) 42* (6.7, 51, 33) 69* (36, 141, 47) 42 (30, 115, 11)

Relation arrows 3 (1.7, 3, 0) 3 (11, 27, 0) 12 (22, 63, 1) 4 (7.2, 19, 0)

Comments 5 (12, 26, 4) 5 (14, 29, 0) 3 (6.6, 18, 0) 18 (14, 45, 0)

*Statistically significant differences between profiles at the 0.05 level.
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5. Discussion

This study revealed that university students justify their diary use 
with a variation of strategies and that most students have made 
meaningful choices in their structured learning diaries.

In the interviews, we investigated whether master’s-level students 
would use all three means of justification of knowledge dimensions 
when justifying their learning diary content. Based on the results, 
we  identified four groups with differing strategy use and level of 
reflection. We then tested how the grouping relates to learning diary use. 
Based on the statistical non-parametric tests, we  found one group, 
namely students using the multiple resources as justification strategy 
(MS), that differed from the others in terms of revisiting and changing 
their difficulty estimates on course topics more often. Thus, an 
association was found between students’ justification strategies and the 
level of reflection (self-presented via interviews) and objective 
behavioral data of learning diary use. Next, we present the results related 
to the research questions and hypotheses.Finally, we discuss the results 
further, elaborate on limitations, and present future directions.

5.1. Hypothesis 1: students express three 
means of justification

We identified all three justification strategies in our interview data: 
personal justification, justification by authority, and justification by 
multiple sources, as suggested by the literature (Ferguson et al., 2012; 
Bråten et al., 2013; Ferguson and Bråten, 2013; Kammerer et al., 2021). 
Our results showed that all participants used a personal justification 
strategy, which was expected considering the personal journaling 
content of the task. However, only three students (PJ) used this strategy 
exclusively when justifying their selections in the SLD tool.

Our findings suggest that justification of knowledge and 
knowing, reflecting a part of students’ epistemic cognition, is 
applied in at least four different ways in the SLD context. It is not 
surprising that all students in our sample employed largely 
personal justification due to the self-reflective nature of the 
content, a personal learning diary, and the protocol used to collect 
the data, an individual interview. Further, we  distinguished 
participants based on whether they used justification by authority 
(AJ) or justification by multiple sources in addition to the personal 
justification dimension. We  identified two groups who used 
multiple sources: Students who mainly used multiple sources 
justification (MS) and students who alternated between a variety 
of justification strategies: personal justification, justification by 
authority and justification by multiple sources (DS).

5.2. Hypothesis 2: distinctive justification 
profiles can be identified

Students used distinctive means for justifying the action statements 
in their interviews. Based on these varying means of justification, 
we were able to recognize four profiles: PJ, AJ, MS, and DS. To further 
examine these profiles, we  used the 3R-EC framework to find out 
whether some of the interviewed students employed deeper reflection 
than others. We expected the interviewed students to be at different 
stages of the reflectivity/reflexivity process, or at least vary in the amount 
of reflection (Kammerer et  al., 2021). This was partly confirmed 
(Table 8). However, results showed that especially students who used 
multiple sources (MS and DS) displayed different stages of reflection/
reflexivity in their interviews. Several MS students reflected only by 
commenting on the object of discussion and reflecting on their efficacy. 
In contrast, all DS students reached internal dialog and two reached 
reflexivity, which suggests that these students are able and willing to 
reflect at an advanced level and reach conclusive resolutions (reflexivity) 
based on their internal dialog. The findings related to reflection/
reflexivity are, however, descriptive in nature.

FIGURE 4

Emotion changes by justification profiles (Median test).

FIGURE 3

Difficulty changes by justification profiles (Kruskal-Wallis test).
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5.3. Hypothesis 3: patterns in justification 
use relate to diary use

Earlier empirical studies have demonstrated a close relationship 
between the self-reported use of metacognitive strategies like 
monitoring and more sophisticated epistemic cognition (Bromme 
et al., 2010b). The SLD offers several means for monitoring strategies, 
e.g., monitoring one’s competence on topics, perceived difficulty, and 
experienced emotions (Kivimäki et al., 2019; Kivimaki et al., 2021). 
We found that MS students differ from AJ and DS student profiles in 
their diary use. They were the most active in changing their difficulty 
assessments on course topics during the semester. In addition, MS 
students were more active in changing their emotion ratings than 
AJ students.

In their study on the role of justification beliefs in naturalistic 
Internet searches by university students, Kammerer et al. (2021) 
found that the multiple sources strategy was positively connected 
with the extent and relevance of written justifications given after 
the search. Nevertheless, they found that multiple sources did not 
predict query and navigation activities, i.e., the number of 
websites visited or revisited. Our results are dichotomous. 
We found a connection between MS students and the number of 
visits/revisits to change structured item selections in their diaries 
(difficulty), whereas with DS students, we did not. In our study, 
we had two types of students who justified by multiple sources: 
those who were shifting between all three justification strategies 
in different topics (DS), and those who were consistent in mainly 
using multiple sources strategy across all topics and who also 
visited/revisited their difficulty reports in diaries more than any 
other group (MS).

5.4. General discussion, limitations, and 
future directions

We found that the MS group, or the students who mainly used 
multiple sources justification in addition to personal justification, was 
the most active in using the structured clickable items in the learning 
diary, returning to change them many times afterward, indicating self-
evaluation, reflection, and use of metacognition in their learning 
processes more often than the others. On the other hand, DS students 
(students using multiple different justification strategies, including 
justification by multiple sources) executed deep reflection in their 
interview yet were not among the most active in their structured diary 
use. Kammerer et  al. (2021) found in their study that beliefs in 
justification by multiple sources play a role in creating a more 
comprehensive representation in tasks based on Internet searches. 
That was in line with their theory-based assumptions. Still, contrary 
to the prior research, they (Kammerer et al., 2021) found that beliefs 
in justification by multiple sources did not predict how much 
participants searched or navigated websites, nor did it predict their 
comments on source evaluation and corroboration. Similarly, 
we  found that those students who justify by multiple sources are 
divided into two different groups, rather than forming a single 
concise group.

Justification groups were linked with difficulty and emotion 
changes in the SLD. Interestingly, the link between the justification 
groups and competence ratings in the SLD was non-existent or weak 
at best. One explanation could be that students perceive competence 

self-assessment as tightly linked with a formal assessment (course 
grade). Several students mentioned this in the interview. Assessing 
one’s own difficulty experience, on the other hand, could 
be perceived as a more personal measurement that is not formally 
measured by any other measure. The difficulty self-assessment 
dimension could therefore be  reflecting metacognitive activities 
rather than the competence measure. Hence, in addition to 
competence, difficulty and emotion assessment should be considered 
an area of interest in learning analytics applications to record 
students’ metacognition.

The present study explored connections between students’ 
justification strategies and the use of a learning analytics tool. The 
results show promising links between justification strategies and 
reflective behavior in a digital journaling tool. In our sample, it were 
the difficulty and emotion items that resonated most with the 
justification profiles. One conclusion could be  that perhaps some 
students find at least difficulty ratings as a scale where justification by 
multiple sources is triggered more often. Researchers should study 
these connections further, e.g., for their effects on achievement.

PJ students were able to employ internal dialog in their interviews 
despite having their justifications only on a personal level. Perhaps 
these students were not experienced in justifying their views, or they 
held a clear belief that diary content is solely personal by nature. AJ 
students were a diverse group of students in terms of reflection. They, 
one-fifth of the interviewed students, based their justifications on a 
personal level, and on authority sources. One explanation here could 
be the engineering-domain specificity, where functionality and relying 
(and believing) on empiric tests is at the core of the nature of 
knowledge (McComas and Burgin, 2020).

The sample of students in this study (N = 26) was somewhat 
representative due to the random selection of participants and our 
efforts to ensure that we had students of each learning diary activity 
group. However, The PJ group consisted of only three students, 
limiting any further analyses and inferences from this profile. Further, 
due to the focus on qualitative data and analyses, the statistical tests 
should be considered as suggestive rather than focusing on significance 
due to the small sample size in these analyses. The interview coding 
resulted in a strong level of agreement between two independent 
raters. The metrics related to the students’ learning diaries were 
calculated computationally and quality checked by one of the authors. 
Despite the limitation in the sample size, the rich data from multiple 
perspectives (interviews and objective diary log data) increases the 
diversity of this study’s findings; the main finding being the connection 
between means of justification and behavior when using a digital SLD 
tool. Although we followed a stimulated recall protocol, retrospective 
interviews inevitably affect the inferences. We  cannot draw 
conclusions on what happened at the time the student originally made 
the real-time selections.

In the present study, we combined the procedural reflectivity/
reflexivity of the 3R-EC framework, with the three-dimensional 
justification model. This should be  an area of interest for future 
studies, as Lunn Brownlee et  al. (2017) assumed that epistemic 
cognition changes through reflexivity. If we  could trace students’ 
reflexivity, we could design more informed prompts to guide and 
support students in their process of turning reflection into actionable 
decisions, e.g., supporting students’ self-regulation. Another area of 
interest is the number of comments. In our sample, these varied 
between 0 and 45. The median number of comments suggested 
differences between profiles. However, due to high variation within 
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profiles, statistical significance was not reached. Other studies have 
also reported high variation in the number of students’ verbal 
comments during a web search (Bråten et al., 2014; Kammerer et al., 
2021). An interesting question arises: why is there such a variation and 
should digital tools or instruction consider intervening here?

In sum, students differed in whether they employed one or 
several justification strategies when reflecting their actions in their 
structured learning diaries. Based on this, we  recognized four 
student profiles. We found that the students who used justification 
by multiple sources could be divided further into two profiles using 
justification by multiple sources, either solely using this approach or 
alternating with other strategies. These two groups also seemed to 
differ in their diary tool use, the former showing more activity. Our 
study suggests that the frequency of changes in students’ self-
assessments on a course topic’s difficulty and their emotions are 
linked to the use of justification by multiple sources. This could 
mean that students general justification capabilities relate to 
structured learning diary use. In turn, the use data of such diary 
tools could inform about the changes in student’s justification 
strategy capabilities and even, as a secondhand source, in epistemic 
thinking. Further within-person longitudinal study could reveal how 
students shift from one profile to another, or whether the profiles are 
mostly immutable. If further studies find student’s shifting from one 
profile to another during their studies, the structured learning diary 
could be used to measure this change at scale.

The present study employed a structured learning diary on the 
degree program level, over a set of tens of courses. Regular updates 
on any SLD results in extra workload for students. However, the main 
point is the return on the investment. The same SLD can visualize the 
whole degree programme, incorporate course links, facilitate diary 
activities, and note keeping. Moreover, the tool can double as a tool 
to inform teachers on how students experience learning the topics 
being taught, which, through adaptive teaching, can again benefit the 
learner. These large-scale benefits require implementation of such 
practices at scale, or selectively on capstone courses that aim to 
connect past learning to courses ahead.

Developers of learning technology tools should be informed by 
this study that students make meaningful updates on their 
structured learning diaries. The finding is limited to the 
intervention setting and sample described in this study. Perhaps 
the combination of a mind mapping type of visual approach and 
the freedom of writing natural language comments suited the 
context of engineering education particularly well. The intervention 
design permitted many levels of freedom for students to interact 
with the SLD while maintaining the possibility to extract and 
aggregate data from the files on a weekly basis. This approach, 
based on our experience, is worthwhile to consider in future 
instructional designs, intervention research designs, and by the 
developers of learning technology tools.

The results of this study manifest that university students use 
varying strategies when they justify their selections in an SLD tool. 
Moreover, the results show that there are meaningful epistemic 
cognitive processes behind the selections students make in structured 
learning diary. On the other hand, the results of this study suggest that 
a fair share of students do not seem to actively interact with the digital 
journaling tool presented in this study. These students seem to justify 
their diary content quite unilaterally, i.e., through personal justification 
or relying on authority sources.

6. Conclusion

Based on the results of this study, it can be  concluded that 
university students use varying means of justification dimensions 
when justifying their structured learning diaries (SLD) content, as 
suggested by the previous literature. The three justification strategies 
identified were personal justification, justification by authority, and 
justification by multiple sources. All participants used personal 
justification, and three (PJ) used it exclusively when justifying their 
selection in the SLD tool. Students using justification by multiple 
sources in addition to personal justification (MS) associated with the 
most active use of structured items and revisiting and changing their 
difficulty estimates on course topics. Students employing all 
justification strategies (DS) in the interview were able and willing to 
reflect at an advanced level and reach conclusive resolutions on their 
internal dialog. However, they were not among the most active in 
using structured clickable items to reflect on their learning. This 
finding can contribute to the development of learning technology 
tools that at the same time advance learning and double as measure 
instruments (at scale). However, the findings introduced a new 
question for future studies: are the DS students less active in diary use 
because they make solid thoroughly processed decisions in their 
diaries, whereas the MS students are in a transforming stage on their 
way to more making more stable and justified (epistemic) decisions?

The results show promise in further explorations of the 
possibilities in using structured learning diaries as a tool to 
measure justification strategies, and more broadly, epistemic 
cognition. This conclusion is twofold. First, the diary content is 
meaningful for the students. Based on the interviews, most 
students justify their diary content on authority sources, such as 
course grades, or observations from multiple points of reference. 
Second, learning diary behavior is connected with students’ use of 
different justification strategies. Further studies are needed to 
study this relationship in more detail, in order to design more 
impactful structured learning diaries.
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