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Abstract

Learning analytics can be shown on dashboards (LADs) and provide formative feedback.
Students use points of reference to compare their performance to. This study researches
LADs using social reference frames and progress reference frames. LADs with social
reference frames compare students’ performance to their peers’ performance. LADs with
progress reference frames compare students’ performance to their own previous performance.
On the LADs, score delta is presented too. This shows students the difference between their
score and their point of reference. Research has shown different effects of LADs with
different reference frames. More specifically, the effect of LADs with different reference
frames on self-efficacy has not yet received much attention. This study has researched the
effects of LADs with a progress reference frame and a social reference frame on self-
efficacy, the effect of the direction of score delta on self-efficacy, and whether score delta has
a moderating effect. No significant results have been found. Previous research has found that
LADs with reference frames increase motivation, social anxiety and stress. Possibly, these
factors have mediated the effects. Nevertheless, a negative effect has not been found either.
This means that the choice of the type reference frame is irrelevant.

Keywords: Learning analytics dashboards; social reference frame; progress reference

frame; score delta; self-efficacy
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The Effects of LADs with Reference Frames on Students’ Self-Efficacy
Over the last years, society has become more and more data driven (Dencik et al, 2019). The
technological advancements at the root of this change also create new possibilities for
education (Volery & Lord, 2000). When learners use technology to learn, they leave digital
footprints. These can be collected and analysed (Matcha et al., 2019). Based on this analysis,
learners can be provided with formative feedback (Sedrakyan et al., 2020). This collection,
analysis and reporting of data in the field of educational sciences is called learning analytics
(Matcha et al., 2019).

The formative feedback can be presented on dashboards, called learning analytic
dashboards (LADs) (Sedrakyan et al., 2020). LADs can be presented in different forms with
different points of reference, the so called references frames (Wise, 2014). This paper will
focus on LADs with a social reference frame and LADs with a progress reference frame.
When using an LAD with the social reference frame, the scores of the learner and the average
score of their peers are shown on the dashboard (Jivet et al., 2017). When using an LAD with
a progress reference frame, the scores of the learner and the average of their previous scores
are shown (Pfabigan et al., 2018).

Research on the effect of LADs with different reference frames show different
outcomes for learners (Jivet et al., 2018). Some research has shown that LADs improve
problem-solving skills (Yilmaz, 2021) and skill learning effectiveness (Wang & Han, 2020).
However, the well-being of students using LADs might be negatively affected. Research has
shown that students experience more stress when being compared to their peers through
LADs (Tan et al. 2016; Wise et al., 2014).

Stress negatively influences self-efficacy (Schonfeld et al., 2017). Self-efficacy is the
confidence people have in their capabilities to achieve accomplishments (Bandura, 2006).

Self-efficacy influences learning performances and other factors concerning the wellbeing of
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a person (Lee & Mao, 2016). Therefore, it is important to understand what the influence of
LADs with reference frames is on self-efficacy. To the knowledge of the researcher, the only
study researching the effects of dashboards on self-efficacy is done by Jonathan et al. (2017).
They have found that the progress reference frame has a significant positive impact on self-
efficacy. It is not unreasonable to assume that a difference in reference frames can influence
the effect it has on self-efficacy, however this has not yet been researched. This study tries to
close this gap in the literature. Therefore, this research is focussed on the effect of learning
analytic dashboards on self-efficacy.

This study aims to broaden the knowledge on the effects of learning analytics
dashboards on self-efficacy. The following question will be studied in this paper: What are
the effects of learning analytics dashboards that present formative feedback with different
types of references frames on students’ self-efficacy?

Theoretical framework

Learning analytics (LA) is “the collection, analysis, and reporting of data about
learners and contexts in which learning occurs” (Matcha et al., 2019, p. 1). The field of LA
has been established in 2011 (Jivet et al., 2018). Since a few years the focus is on directly
reporting data to support learners and teachers (Jivet et al., 2018). By doing so, LA can
provide formative feedback to students and teachers (Wise et al., 2014). Formative feedback
is information that helps the student to alter their thinking or behavior in order to improve
their learning (Shute, 2008). This means that when LA is used to provide formative feedback,
it can improve learning processes (Van Leeuwen, 2018).

The collected data can be about all sorts of factors that are part of learning, for
example about how much students make use of interactive elements of online learning

environments or how well they score on formative tests (Clow, 2013). When this kind of data
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from previous students is collected, a model can be developed which can predict for current
students what they need help with (Clow, 2013).

Among other ways, this formative feedback can be given by using dashboards. These
learning analytics dashboards (LAD) visualize different indicators about the learning
processes and learning contexts of learners (Matcha et al., 2019). The dashboards can be
developed for different stakeholders, including learners. They can use the dashboards to
reflect on their own learning process (Jivet et al., 2018).

The formative feedback shown on LADSs can be provided by the use of points of
reference. LADSs then show the student their performance outcome and a point of reference
(Wise et al., 2014), which helps the student to contextualize their performance outcome (Lim
et al., 2019). Jivet et al. (2018) have described three sorts of reference frames: the progress,
social and achievement reference frame. This study focusses on the progress reference frame
and the social reference frame.

When using an LAD with the progress reference frame, two scores are visible. These
are the score of the last formative test the student has taken and the average of all previous
scores of the student. This means that this frame shows students their own historical data.
This gives students the opportunity to visualize their progress (Jivet et al., 2017).

When using an LAD with the social reference frame, again two scores are visible.
These are the score of the last formative test the student has taken and the combined average
score of their peers on this same test. This means that the students can compare themselves to
their peers (Pfabigan et al., 2018).

The influence of these reference frames can be explained by two theories, the
temporal comparison theory and the social comparison theory. The progress reference frame
can be explained by the temporal comparison theory. This theory describes that people

compare their current achievements with their prior achievements (Wolff et al., 2018). The
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social reference frame can be explained by the social comparison theory. This theory
describes that people compare themselves to others (Buunk et al., 2013). People make these
comparisons so that they can relate to a target, which is a goal they would like to achieve, to a
standard, in order to measure themselves (Wolff et al., 2018).

In order to emphasize the difference between the two scores on the LADs, score delta
can be made visible. This is done so that the learner can quickly compare their score to their
point of reference. This third score shows the difference between the other two scores and can
therefore be upward, downward or lateral (McHugh et al., 2021). This means that score delta
has a different meaning per type of LAD. For example, when score delta is -5 for the progress
reference frame, this means that the score of the student on the last formative test is five
points lower than the average of all their previous scores. For instance, the student has scored
5 on their last formative test and the average of all their previous scores is 10. When score
delta is -5 for the social reference frame, this means that the score of the student on the last
formative test is five points lower than the combined average score of their peers. For
instance, the student has scored 5 on their last formative test and the combined average of
their peers is 10.

The effect of LADs with reference frames has been tested for different learning and
motivation outcomes. Research on the performance of students shows positive outcomes.
Fischer and Wagner (2018) found that both LADs with the progress reference frame as LADs
with the social reference frame significantly improve students’ grades. In the study of Ruiz et
al. (2016), it became clear that showing LADs with the social reference frame to students
improves their attention and effort whilst studying. Yilmaz (2021) researched effects of
providing students feedback based on their learning analytics. The students received this
feedback weekly and were able to review their learning process with this, so this study was

using the progress reference frame. The problem-solving skills of the students improved
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significantly. The research of Wang and Han (2020) was quite similar in their design. They
found that the skill learning effectiveness of students had improved.

Research on motivation shows mixed outcomes. The results of Wise et al. (2014)
shows that some students that score below the average of all students, are motivated by the
LADs using a social reference frame. However, they also found that for other low achieving
students these LADs with a social reference frame are seen as stressful and intimidating. Lim
et al. (2019) too found that social anxiety rises when students compare themselves to their
peers. In addition, Jivet et al. (2018) show in their systematic literature review that the effects
of an LAD with a reference frame can be different for different students. For example, Kim et
al. (2015) found that high achieving students already are motivated, so to use LADs with the
social reference frame and compare them with peers might not have the same effect as
comparing their scores to their own set goals, which they can do when using LADs with the
progress reference frame. Low achieving students, on the other hand, did find the LADs
presented in the study motivating which was correlated with learning achievement. Overall
they found that the students that use the dashboards obtain higher scores. The LADs in their
study present both the progress reference frame as the social reference frame.

Research has shown that the effects of the different types of reference frames on
LADs differ. In addition, student preferences for the different reference frames on LADs
differ. Konert et al. (2016) found that participants prefer LADs with the social reference
frame, where Tabuenca et al. (2015) found that participants prefer LADs with the progress
reference frame.

Not much research has yet been done on the effect of LADs with reference frames on
self-efficacy. Self-efficacy is the belief people have in their capabilities to achieve
accomplishments (Bandura, 2006). To the knowledge of the researcher, the only study

conducted to research the relationship between self-efficacy and LADs, is that of Jonathan et
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al. (2017). They have found that LADs with the progress reference frame have a significant
positive impact on self-efficacy (Jonathan et al., 2017). As previous research has shown both
positive and negative effects of LADs with reference frames on different aspects concerning
learning, it is logical to assume that LADs with different reference frames also might have
different effects on self-efficacy.

Self-efficacy influences learning performances and other factors concerning the
wellbeing of a person (Lee & Mao, 2016). When the self-efficacy of a person is high, it
increases intrinsic motivation and personal well-being. It reduces stress and lowers
vulnerability to depression (Bandura & Wessels, 1994). On the other hand, when the self-
efficacy of a person is low, this results in avoiding difficult tasks, low aspirations, more stress
and more vulnerability to depression. When a person with low self-efficacy fails, they are
slow in recovering their self-efficacy compared to a person who initially has high self-
efficacy (Bandura & Wessels, 1994). For this reason, it is important that more research
concerning the relationship between self-efficacy and LADs with reference frames is
conducted.

This study

This study researches further what influence the different reference frames presented
on LADs have on self-efficacy, what the effect of the direction of score delta is on self-
efficacy and whether this differs per reference frame. This leads to the following research
guestion: What are the effects of different types of references frames on learning analytics
dashboards that present formative feedback on students’ self-efficacy and does score delta
have a moderating role? The following hypotheses were formed: (a) the type of reference
frame on an LAD has a significant influence on self-efficacy; (b) the direction of score delta
on an LAD has a significant influence on self-efficacy; (c) score delta has a moderating effect

on the relation between the type of reference frame and self-efficacy.
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The first hypothesis has not been formulated into a certain direction. This is because
very little research has been done to study the influence of LADs with reference frames on
self-efficacy. Thereby, previous research has shown both positive and negative effects of
LADs with both the reference frames on learning and wellbeing. This substantiates this
choice.

With regard to the second hypothesis, it is reasonable to expect that score delta has
both positive and negative impact on self-efficacy. When score delta is positive, a positive
impact on self-efficacy can be expected and when score delta is negative, a negative impact
on self-efficacy can be expected. Therefore, this hypothesis has not been formulated in a
certain direction.

The third hypothesis is based on the fact that the participants see on their LAD both a
type of reference frame and their score delta. It is logical to assume that score delta will have
influence on how the self-efficacy of participants will be influenced when they interpret their
LAD with either of the reference frames.

Method
Participants

This research has been conducted during the course Designing of Learning Situations
—advanced at the University of Utrecht. All students enrolled in this course were asked to
participate. At the start of the course, the participants filled out an informed consent, in which
they agreed to the use of their data for this study. They could withdraw from the study at any
given time.

A total of 167 students were enrolled in this course, of which 153 students have filled
out the informed consent to participate in this study. However, not every student participated

in each of the lessons during the eight weeks. Moreover, there was missing data on the self-
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efficacy questionnaires of students that did participate. Eventually, there were 141
participants with valid datapoints.

The participants were aged between 18 and 54. Of these participants, 115 participants
were aged between 18 and 24, 18 were aged between 25 and 34, 7 were aged between 35 and
44, 1 was aged between 45 and 54. Of the participants, 108 were female, 31 were male and 2
participants would rather not say. The participants followed this course as part of their
studies, 50 participants were enrolled in the Educational Sciences pre-master program, 46 in
the ALPO program, 38 in the bachelor of Educational Sciences and 7 participants in another
program.

G*Power 3.1.9.7 was used to run the power analysis. A repeated measures ANOVA
with within factors was used to analyse the results of this study. There were 2 groups and 4
measurements. The effect size was .25, o was .05 and power was .95. This means it was
strived to achieve a sample size of at least 36 participants in this research.

Materials
Course

The course Designing of Learning Situations — advanced was a course of the bachelor
study Educational Sciences at the University of Utrecht. During this course, students learned
about designing learning materials, using the book “Ten Steps to Complex Learning. A
Systematic Approach to Four-Component Instructional Design” (Van Merriénboer &
Kirschner, 2017) and several papers. The course lasted eight weeks.

The course consists of four components: knowledge clips, tutorials, Q&A’s, an
instructional design assignment and a take home test. Each week, the students watched
several knowledge clips on a particular topic in the course (e.g., designing learning tasks, or
sequencing task classes). In these clips, questions about the material were presented during or

after the clips using the program FeedbackFruits. The questions were multiple choice with
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three answer options or a true/untrue statement. An example of a question was “Which parts
of the ADDIE-model are part of the 4C/ID model?”. The possible answers were “analysis and
design”, “analysis and evaluation” and “analysis and implementation”. The first option was
the correct answer. The students were obligated to watch the clips and answer the questions
as part of the course requirements.

Each week, there was a Q&A in which students could ask questions about the course
material of that week. The Q&A’s were not obligated.

The students also followed a tutorial each week. During the tutorials, the students
worked on a long instructional design assignment. Being present at the tutorials was part of
the course requirements.

At the end of the course, students received a take home exam. For this exam, students
wrote an essay based on a case. They had two weeks to write the essay.

This study very slightly altered the course, namely at the start of each tutorial,
students interpreted the dashboards and then filled out the self-efficacy questionnaire. This
took approximately ten minutes. Interpreting the dashboards and filling out the questionnaire
was the same for all students, whether they participated in this study or not. The dashboards
reflected the results of the students on the questions embedded in the knowledge clips. These
clips with questions were already part of the course, so this was not altered for this study.

For the current study, the course parts knowledge clips and the accompanying
questions and the learning analytics dashboards were of importance. The answers to the
accompanying questions served as input for the learning analytics dashboards to help students
monitor their mastery of the course literature.

Learning analytics dashboards.
The LADs were created in Power Bl and shared through a link which was provided by

the tutorial teachers. On LADs using the social reference frame, the participants could see
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their own score of that week, the average score of all students that week and the score delta
which is the difference between the students’ score and the group average. When score delta
was positive, they had scored above average and when score delta was negative, they had
scored below average. Score delta could also be zero, when the students’ score and the group
average were the same. These scores were shown in percentages. An example of the social
reference frame on an LAD is visible in Figure 1.

Figure 1

Social reference frame dashboard

My Social Dashboard

Student name:  —— — - — - -

Questions correct on all weekly quizzes. ote that scores are being rounded up to the nearest 5%.

® Class Average @My Score

o Social Score delta (% ): -25
The score delta is the difference between:
o - class average on quizzes this week

and

- your average on quizzes this week

Percentage %
L%,
L]
oy
wn

Once you have reviewed the dashboard
Click on this link to complete the
questionnaire.

[=1

Topic: KC Chapter - Analytics

On LADs using the progress reference frame, the participants could see their own
score of that week, their average scores per previous week and score delta which in this case
is the difference between the student’s score and the average of their previous scores. These

scores were shown in percentages. An example of the progress reference frame on an LAD is

visible in Figure 2.
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Figure 2

Progress reference frame dashboard

My Progress Dashboard

Student name: s remm—a

Questions correct on all weekly quizzes. Note that scores are being rounded up to the nearest 5%. Progress Score delta (% ): 5
100 . .
The score delta is the difference between:
20
85
20
80
65
80
40
20
0
Week 1 Week 2 Week 3 Week 6

« the average of your previous quiz attempts

B and
70

60 I

Week 4 Week 5
Week

- the average of your quiz attempts this week

Percentage %

Once you have reviewed the dashboard
Click on this link to complete the
questionnaire.

Self-efficacy questionnaire

The self-efficacy questionnaire intended to measure the self-efficacy of the
participants after viewing a dashboard. The validated MLSQ-SE scale (Nielsen et al., 2017)
was used for this purpose. This scale exists of two scales, the specific academic learning self-
efficacy (SAL-SE) scale and specific academic exam self-efficacy (SAE-SE) scale. The
scales were validated in a replication study by Nielsen (2020). The scales were both
compared to the Rasch models requirements, which are strict standards for measurement
quality, and were both found to be valid (p < .05) (Nielsen, 2020).

Both scales consist of four statements, which the participants answered using a five
point Likert scale. An example of a statement of the SAL-SE scale is: “I’m certain I can
understand the most difficult material presented in the readings for this course.”. An example
of a statement of the SAE-SE is: “I believe I will receive an excellent grade in this class.”.
The complete list of the statements on the scales can be found in Appendix A. The reliability

of the SAL-SE scale in this study was a = .87. The reliability of the SAE-SE scale in this
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study was a = .92. The reliability of a scale is seen as acceptable when Cronbach’s alpha >
.80, which means that both scales used in this research are reliable (Field, 2018).
Design

Initially this study was designed as a 2x3 factorial, switching replications design. The
same group of students was measured on the self-efficacy questionnaire in six possible
conditions. There were two within-subject factors: the factor type of reference frame and the
factor direction score delta. The factor type of reference frame has two levels, social
reference frame and progress reference frame. The factor direction score delta has three
levels, downward, lateral and upward. The factor direction score delta was based on the
actual performance of a student and was therefore not controlled within the study. As a result,
there was insufficient data on the level lateral. The power analysis showed that each group
should consist of at least 36 datapoints. However, groups consisting of the progress reference
frame with a lateral score delta existed of only 10 datapoints, for both the self-efficacy scales.
The groups consisting of the social reference frame with a lateral score delta existed of 32
datapoints for the SAL-SE score and 33 datapoints for the SAE-SE score. Therefore, the
study design was changed into a 2x2 factorial design in which there are only two levels of
direction score delta, namely downward and upward.
Procedure

The course took eight weeks. Each week, the students filled out the questionnaire. In
this questionnaire, the eight statements of the two scales combined were presented. All
students were assigned to a tutorial group. In total, there were nine tutorial groups. The
students in tutorial groups with uneven numbers got the LADs with the progress reference
frame during the first five weeks, minus the first week. During the last two weeks, these
tutorial groups got the LADs with the social reference frame. The students in tutorial groups

with even numbers got the LADs with the social reference frame during the first five weeks
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minus the first week, and the LADs with the progress reference frame during the last two
weeks.

In the first week, the participants have not seen an LAD. They did watch the
knowledge clips and filled out the questions, but as the LADs with the progress reference
frame need historical datapoints, this LAD could not be shown yet. Therefore, none of the
LADs have been shown in the first week.

During the first tutorial of the course, participants were asked to participate in this
research and filled out an informed consent. The students that did not want to participate still
watched the knowledge clips, answered the accompanying questions and used the dashboards
and filled out the questionnaire, but their data were omitted from the sample.

At the beginning of each tutorial, the LADs were shown to the participants and
immediately after this, the participants filled out a questionnaire about their self-efficacy.
Then the answers to the accompanying questions and results of the LADs for the tutorial
group were discussed in class. On all LADs a text was visible encouraging students to go
back to the lecture and look through their answers on the questions after they viewed the
dashboard.

The LADs were made available fifteen minutes before each tutorial and closed of
fifteen minutes after each tutorial. As the tutorial groups were spread through the week, the
exact times that the LADs were available, were different per tutorial group.

Analysis

The datapoints used, were collected in week two to week seven. This is because the
participants did not view an LAD in their first week.

First, it was determined whether the data contained outliers. Second, the assumption

of normality was tested by using Shapiro-Wilk’s test. It was not necessary to measure the
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assumption of sphericity, as both factors type of dashboard and direction of score delta
contained only two levels.

Then, repeated measures within subjects ANOVA’s were run to analyse the effect of
the type of dashboard, direction of score delta and the interaction between these two variables
on both the self-efficacy scores. The effect sizes were measured by using partial #2.

Results
The descriptives of the SAL-SE score are shown in Table 1. The descriptives of the SAE-SE
score are shown in Table 2.

Table 1. Descriptives of SAL-SE

Number of M SD Min Max
datapoints
Social upward 135 3.54 0.62 1.5 5
Social downward 90 3.35 0.67 1.25 5
Progress upward 115 3.42 0.65 1 4.75
Progress downward 186 3.39 0.58 1.75 4.5

Note. Social stands for social reference frame, progress stands for progress reference
frame. Upward and downward refers to the direction of score delta. The minimal score a

participant could achieve on the self-efficacy tests was 1, the maximum score was 5.

Table 2. Descriptives of SAE-SE

Number of M SD Min Max
datapoints
Social upward 134 3.42 0.68 1 5

Social downward 90 3.25 0.74 1 4.75
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Progress upward 113 3.28 0.65 1 4.25

Progress downward 194 3.30 0.61 1.75 5

Note. Social stands for social reference frame, progress stands for progress reference
frame. Upward and downward refers to the direction of score delta. The minimal score a

participant could achieve on the self-efficacy tests was 1, the maximum score was 5.

A repeated measures within subjects ANOVA was used to investigate the effects of
the type of reference frame and the direction of score delta on LADs on self-efficacy. First,
the data was checked for outliers. No extreme outliers were found. Then, Shapiro-Wilk’s test
was used to assess the assumption of normality. This assumption was violated (W =0.96, p =
<0.001).

When the assumption of normality is violated, the chance for a type I error is
increased (Glass et al., 1972; Lix et al, 1996). This means that there is a larger chance that a
false positive result will be found (Field, 2018). This risk was accepted by the researcher, and
meant that when a significant result would be found, this result should be interpreted
carefully.

No significant effect has been found for the type of reference frame on LADSs on the
SAL-SE score, F (1, 518) = 2.34; p = .127, partial 2 < .01. No statistically significant main
effect was found for the direction of score delta on LADs on the SAL-SE score, F (1, 518) =
0.11; p = .743, partial 2 < .01. There was no significant effect found for the interaction
between the type of reference frame and the direction of score delta on LADs on the SAL-SE
score, F (1, 518) = 0.01; p = .923, partial 2 < .01. The boxplots of the SAL-SE score have

been made visible in Figure 3.
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Figure 3

Boxplots SAL-SE score

Direction score delta

* Downward

* Upward

SAL-SE score

Progress Social
Type of reference frame

No significant effect of the type of reference frame on LADs on the SAE-SE score has
been found, F (1, 523) = 0.63; p = .426, partial 2 < .01 . No significant effect of the direction
of score delta on LADs on the SAE-SE score has been found, F (1, 523) = 0.15; p = .697,
partial 2 < .01. No significant effect of the interaction between the type of reference frame
and the direction of score delta on LADs on the SAE-SE score has been found, F (1, 523) =

0.07; p = .798, partial 2 < .01. The boxplots of the SAE-SE score have been made visible in

Figure 4.
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Figure 4

Boxplots SAE-SE score

Direction score delta

* Downward

* Upward

SAE-SE score

Progress Social

Dashboard type

Discussion
The research question of this study is: What are the effects of different types of
references frames on learning analytics dashboards that present formative feedback on
students’ self-efficacy and does score delta have a moderating role? To answer this question,
three hypothesis were formed. First, these will be answered, then the main research question
will be answered.
The first hypothesis is: the type of reference frame on an LAD has a significant

influence on self-efficacy. The analyses show that for both the SAL-SE score as for the SAE-
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SE score, there is no significant influence of type of reference frame on an LAD. This means
that the type of reference frame on an LAD has no influence on the specific academic
learning self-efficacy or on the specific academic exam self-efficacy.

The second hypothesis is: the direction of score delta on an LAD has a significant
influence on self-efficacy. The analyses show that for both the SAL-SE score as for the SAE-
SE score, there is no significant influence of the direction of score delta on an LAD. This
means that the direction of score delta has no influence on the specific academic learning
self-efficacy or on the specific academic exam self-efficacy.

The third hypothesis is: score delta has a moderating effect on the relation between the
type of reference frame and self-efficacy. The analyses show that for both the SAL-SE score
as for the SAE-SE score, there is no significant moderating effect of score delta on the
relation between type of reference frame and self-efficacy. This means that this interaction
has no influence on the specific academic learning self-efficacy or on the specific academic
exam self-efficacy.

This research has shown that there is no effect of type of reference frame on an LAD
or direction of score delta on an LAD on both types of self-efficacy. Neither has a moderating
role for direction of score delta been found. This implies that regardless of score delta, the
choice of reference frame on an LAD is not relevant for the effect of the LAD on self-
efficacy. A possible explanation for this result could be that in previous research mixed
results have been found for both LADs with progress reference frames as for LADs with
social reference frames which could influence self-efficacy both positively and negatively.
Wise et al. (2014) has found that students perceive LADs with the social reference frame as
motivating, but also as stressful and intimidating. These results were different per student, as
they perceive the LADs with the social reference frame in different ways. Kim et al. (2015)

also found that the perception of the reference frames is different per student. They found that
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higher performing students did not find the LADs with either type of reference frame
motivating, as they were already performing well and did not have a higher point of reference
that they could work towards. However, they found that lower performing students did find
the LADs motivating. Lim et al. (2019) found that students’ anxiety rose when they were
compared to other students.

According to the social comparison theory and the temporal comparison theory,
learners make comparisons in order to measure themselves with a goal they have set
themselves (Wolff et al., 2018). As the influence of the types of reference frames is explained
by this, it also explains these previous findings. If students were already performing well and
did not have a clear goal to compare themselves with, the LADs with reference frames are
not motivating. This also explains why no moderating effect of score delta has been found, as
students without a clear goal to compare themselves to are also less likely to be affected by
the direction of score delta.

In this research, the effects of LADs with the two types of reference frames on self-
efficacy have been compared. These previous findings might explain why no effect has been
found. Namely, these previous findings show different results per reference frame. Both
positive and negative effects have been found for both LADs with progress reference frames
and LADs with social reference frames. These effects are factors that influence self-efficacy.
Possibly, these factors cancel each other out. When some students experience negative
effects, like stress, and others positive effects, like motivation, they averagely experience
neutral effects. If this is the case, it is reasonable that no significant result has been found.
Even when score delta is amplifying the effect of the reference frames on LADs.

Limitations
The participants of this study all followed the same course and were mostly following

the study programs that are part of the faculty of social sciences. Only 7 of the 141
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participants followed a different program, it is unknown from what faculty. Therefore, most
participants have the same profile which means that this study cannot be generalized to all
students.

Next to that, there were no students without LADs. Because of that, it could not be
compared what the influence is of using an LAD with a social reference frame, an LAD with
a progress reference frame and using no LAD at all. However, this choice has been made
because of previous research, which has shown that the use of LADs leads to higher learning
performances (Fisher & Wagner, 2018). Therefore, it would be unethical to only let a part of
the participants use the LADs.

Future research

Previous research has shown that LADs with reference frames can have different
effects on different learners. This study has not found effects of LADs with different types of
reference frames and score delta on self-efficacy. Possibly, these effects have not been found
because of these different effects on learners. When some learners experience positive effects
and others negative effects, they averagely experience neutral effects. Therefore, it would be
interesting to further research learner preferences and find out whether there are certain
pinpoints which can be used to predict which preferences learners will have.

Next to that, it would be interesting to gain more knowledge on score delta. This study
is one of the first that introduces this score. It is relatively new and it has not before been
tested in combination with the LADs. Through this study it became clear that self-efficacy is
not influenced by the direction of score delta. However, it was not tested how students
perceive this score, or what they take from it. This would be interesting for future research.
Theoretical and practical implications

This study adds information to the body of research that has been done concerning

types of reference frames on LADs. Its findings are neutral, so it does not steer future
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research into a certain direction. As to the knowledge of this researcher only one study
concerning the influence of LADs on self-efficacy has been conducted before this study, the
knowledge on this topic does need to be deepened. That is necessary to make substantiated
statements about this topic.

The practical implications of this research are low, as the research on the use of LADs
is still in an early phase. LADs need to be researched further before they could be
implemented. However, this study does not promote nor prohibit the use of LADs with
reference frames and score delta, as neither positive nor negative effects on self-efficacy have
been found. This study does not advocate for a certain type of reference frame either.
Conclusion

This study has researched whether the type of reference frame on an LAD has
influence on self-efficacy, whether the direction of score delta on an LAD has influence on
self-efficacy and whether there is an interaction effect between these two factors. No
significant results have been found, which suggests that the type of reference frame on an
LAD does not alter self-efficacy. The direction of score delta does not alter self-efficacy
either, nor is there an interaction effect between these two factors.

As previous research has shown that LADs with reference frames increase learning
performance (Fisher & Wagner, 2018) and other factors concerning learning (Ruiz et al.,
2016; Wang & Han, 2020; Yilmaz, 2021), LADs with reference frames might be an asset for
education. However, this topic is relatively young and therefore first needs to be researched
further. Previous research and advancements in technology show a promising future for the
use of LADs with references frames in the aid of students education and self-efficacy. The
results of this research imply that when an educational professional is using an LAD in a
classroom setting to influence the students self-efficacy, the choice of reference frame for the

LAD is irrelevant.
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Appendix A
SAL-SE
1. I’m certain I can understand the most difficult material presented in the readings for
this course.
2. I’m confident I can understand the basic concepts taught in this course.
3. I’m confident I can understand the most complex material presented by the instructor
in this course.
4. T’m certain | can master the skills being taught in this class.
SAE-SE
1. I believe I will receive an excellent grade in this class.
2. I’m confident I can do an excellent job on the assignments and tests in this course.
3. | expectto do well in this class.
4. Considering the difficulty of this course, the teacher, and my skills, I think I will do

well in this class.



