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ABSTRACT KEYWORDS

So far, the synergistic relationship between learning design and Constructivism; learning
learning analytics and its impact on learners’ educational practices design; learning analytics;
have been investigated. However, little work has been done to engagement; self-regulation;
show how integrated learning design based on constructivism  higher education
learning theory and learning analytics can affect learners’ engage-

ment and self-regulation. Thus, this study aimed to investigate the

effect of the Constructivist Learning Design and Learning Analytics

(CLDLA) Model on learners’ engagement and self-regulation. In this

experimental study, 50 graduate students at Iranian’ Allameh

Tabataba'i University were asked to participate in a Moodle course

called “Teaching Skills” and fill out Agentic Engagement Scale and

Self-Regulation Questionnaires in two steps as a pre-test and post-

test measurements. Analysis of the data indicated that the CLDLA

model has a positive impact on learners’ engagement and self-

regulation. Based on the results, recommendations for further

research and educational practices are suggested.

Introduction

Learning Management System (LMS) as a Web 2.0 online platform plays an essential role
in higher education to deliver courses (Hu et al., 2020). LMS facilitates flexible learning
beyond time and distance, supports collaborative learning, and interaction through
discussion forums and chat sessions (Chaubey & Bhattacharya, 2015). However, using
LMS like any other online learning environment has its own challenges. One of the main
challenges is how to commit learners to engage and self-regulate in learning activities
(Martin & Bolliger, 2018; Wong et al., 2019). In online courses, teachers struggle to
motivate students to actively participate, involve, and engage in learning activities
(Kahn et al., 2017). Participants in online learning environments have difficulties using self-
regulated learning strategies (Wong et al., 2019). They have difficulties planning, organis-
ing, regulating, directing, and monitoring their learning process (Cho & Shen, 2013).
Scholars showed that students’ active engagement in the learning process improves
their communication skills, learning outcomes, attention and increase learning life skills
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(Abubakar et al., 2017; Khalifeh et al., 2020; Liu et al., 2019). Self-regulated learning is
another crucial ability for students’ success in online learning environments (Kalenda &
Vavrova, 2016). Self-regulated learning helps learners monitor, regulate, and control their
cognition, motivation, and behaviour (Hofmann et al., 2012). Prior research showed that
engagement and self-regulated learning are positively associated with students’ aca-
demic success in online courses (Abubakar et al., 2017; Broadbent & Poon, 2015; Cho &
Shen, 2013; Kahn et al., 2017; Pardo et al., 2016). Thus, teachers must understand how to
encourage students to engage and involve actively in online learning environments.

Learning analytics (LA) as a data-oriented field of study offers noticeable benefits for
online learning such as improving students’ engagement and self-regulation, under-
standing students learning habits, providing real-time and personalised feedback, and
identify students’ at risk of failure (Akgapinar et al., 2019; Heller, 2020; Pardo et al., 2019;
Vytasek et al., 2020). However, one of the critical challenges is the lack of attention to
pedagogical and theoretical foundations in the use of LA (Banihashem et al., 2018, 2019;
Gasevic et al.,, 2016; Knight et al., 2014; Wiley et al., 2020; Wise, 2014). In previous studies,
LA was mostly used as a tool to support and inform the design of learning, engagement,
and self-regulation (see Calonge et al., 2019; Chen et al., 2018; Heller, 2020; Holmes et al.,
2019; Ifenthaler et al.,, 2018; Kim et al., 2018; Persico & Pozzi, 2015; Roll & Winne, 2015;
Toro-Troconis et al., 2019; Viberg et al., 2020; Winne, 2017). However, it lacks sound
theory-oriented pedagogy (Wiley et al,, 2020). In this regard, Wise (2014) posited that
LA would not truly influence teaching and learning and fulfill expectations of revolutio-
nising education if it is not considered and designed in a larger instruction pattern. Thus,
there are still concerns regarding how LA interacts with teachers’ learning design and
supports learners’ engagement and self-regulation insightfully.

This study used a constructivist theory-oriented model called Constructivist Learning
Design and Learning Analytics (CLDLA) to determine its possible potentials to support
higher education students’ engagement and self-regulation skills for learning in LMS (see
Figure 1). The CLDLA model provides an operational framework for teachers and learners
to apply LA in online constructivist learning environments (Banihashem, 2020). This model
embeds LA within a constructivist learning design model and contributes to bridging
theory and practice in LA by providing a pedagogical and theoretical framework for LA.
The CLDLA model consists of seven main steps, respectively, from subject to evaluation
that reflects the constructivist learning design process, and each step has its own LA
indications.

The design process of this model is in line with the constructivist principles stated by
scholars such as Vygotsky (Hodson & Hodson, 1998), Jonassen (1999), Merrill (2002), and
Bybee et al. (2006). For example, in line with Merrill’s first principles of instruction (Merrill,
2002) and Jonassen’s (1999) constructivist learning environment design, the first step in
the CLDLA model is subject where a question, problem, vague situation, project, or task is
presented for students. It is essential to know who the students are to provide the best
subject for them, which in this case, academic data, academic background data, and
psychological data could help. The analytics level in the first step is mainly descriptive,
and clustering, classification, and descriptive analysis are used as analytics techniques
when data are collected. Reported findings in the first step can be used to optimise
learning, diagnosis, decision-making, and motivation. Thus, both teachers and learners
are benefited from LA in the first step.
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Learning Analytics (LA}
Subcategory Data Analytics level Analytics techniques Process Objectives -
Question, Academic data, academic Descriptive Descriptive analysis, classification, | Collect, analysis, report |  Learning optimization, Teacher,
| Tl problem, vague background data, clustering diagnosis, motivation, learner
situation, project, psychological data decision-making
task
Provide resources, | Academic data, academic Descriptive Descriptive analysis, classification, | Collect, analysis, report Motivation, learning Teacher
Demonstration directions, background data, clustering optimization
explanation psychological data
Exploration, Meaningful data, Descriptive, Descriptive analysis, classification, | Collect, analysis, report,|  Diagnosis, awareness of Learner
knowledge performance data, diagnostic, clustering, decision tree, sequential interpretation learning process, feedback,
construction, psychological data prescriptive pattern discovery, association rule personalization, decision-
active learning mining making, self-regulation
= techniques L
ﬁ Participation, Interaction data, Descriptive, Descriptive analysis, classification,  Collect, analysis, report, |  Diagnosis, awareness of Teacher,
_:_," cooperation, performance data, diagnostic, clustering, social network analysis, interpretation learning, feedback, learning learner
= engagement meaningful data prescriptive decision tree, sequential pattern optimization
ua discovery, association rule mining
3 Guidance, Interaction data, Descriptive, Descriptive analysis, social network | Collect, analysis, report,|  Diagnosis, awareness of Teacher
o support, performance data diagnostic, analysis, regression, predictive interpretation learning, feedback, learning
= Facilitation scaffolding, predictive, modeling, classification, clustering, optimization
= feedback prescriptive decision tree, association rule
S mining, factor analysis |
Solving real-life Performance data Descriptive, Descriptive analysis, classification,  Collect, analysis, report, |  Diagnosis, awareness of Learner
Application/ problems, diagnostic, clustering, sequential pattern interpretation learning, personalization
knowledge prescriptive discovery, decision tree, association
Interpretation application, higher rule mining
order thinking
Self-assessment, | Meta-data, performance Descriptive, Descriptive analysis, social network | Collect, analysis, report,| Diagnosis, personalization, Teacher,
formative data, meaningful data, diagnostic, analysis, regression, predictive interpretation decision-making, reflection, learner,
assessment, academic data, predictive, modeling, classification, clustering, feedback, monitoring, administrator,
Evaluation summative psychological data prescriptive decision tree, association rule assessment course
assessment, mining, factor analysis designer,
v reflection parents

Figure 1. The CLDLA model (adopted from Banihashem, 2020, p. 149).

Research questions

Based on the argumentation above, stimulating active engagement and self-regulated
learning opportunities for students are the two key issues that should be considered in
LMS platforms. Thus, this study sought to determine whether the theory-oriented CLDLA
model could improve students’ engagement and self-regulation skills. The following
research questions were formulated to guide this study.

e RQ1. To what extent the CLDLA model has a significant impact on learners’
engagement?

e RQ2. To what extent the CLDLA model has a significant impact on learners’ self-
regulation?

Materials and methods
Participants

A pre-test-post-test control group research design was used in this study to address
the research questions. It means that the learning outcomes of two groups of
students (i.e., control and experimental) were measured in two phases: before and
after using the module. The study’s participants were 50 graduate students from
Allameh Tabataba’i University who were teachers and enrolled for the Moodle course
called ‘Teaching Skills’. Students were randomly assigned to two conditions, with 25
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participants for each condition. One group was taught with a constructivist learning
environment condition (i.e.,, control group), and the other group was taught with
constructivist learning design and learning analytics conditions (i.e.,, experimental
group). The mean age of the participants was 27.08 (SD = 1.86) years. Almost 74%
(N = 37) of the participants were female, and only 26% (N = 13) were male. Most
participants have less than five years of teaching experience (N = 38, 76%), and
about 24% of the participants have more than five years of teaching experience (N =
12, 24%). To comply with the ethical aspects: (1) participants were notified that the
study results would only be used for research purposes. (2) All participants were
allowed to quit the research study; however, no participants declined participation.
(3) Researchers immediately omitted all identification data such as students id after
data collection to make sure that results could not be linked to any individual
students.

Learning environment

The study took place in a MoodleCloud platform in which two MoodleCloud sites
were developed to run the course. The course ‘Teaching Skills" was presented to
improve the participants’ teaching skills. The language for the course was Persian,
and there were no prerequisites for participating in the course. The course was run in
two sessions within two weeks. The design of the course and phases of the study is
presented in Table 1.

It is to be noted that only participants with the CLDLA condition had access to see
the visualisations for the social interactions in the discussion forum. The course
instructors had access to some academic information about participants with the
CLDLA condition. Moreover, they were able to see which participant with the CLDLA
condition saw the course, the number of videos watched, last access to the course,

Table 1. Phases of the study.
Phase Task(s) description Time

Introduction and  Students in both groups received verbal and textual explanations about the course and 30 min,
pre-test were asked to completed demographic information and fill out the self-regulation 15 min
questionnaire and agentic engagement scale. Experimental condition group was
asked to complete an academic data questionnaire.

First session Two topics were discussed, and a recorded video was uploaded for each topic, including 9 min,
(a) verbal communications in teaching (video part | and video part Il) and (b) non- 10 min,
verbal communications in teaching (video part | and video part Il). A text file uploaded 30 min,
for more explanation. For both groups and the course materials, one course facilitator 30 min
was responsible for facilitating the learning process. Students were asked to discuss
with their peers about the topics.

Second session The topic was about speech in the class in which three sub-topics were discussed, and 6 min,
recorded video was provided after an introductory explanation to the second session 8 min,
(a) speech principles in the class, (b) the body of the speech, and (c) conclusion in the 8 min,
speech. One course facilitator was responsible for facilitating the learning process. 45 min
Students were asked to upload a 5-minute video concerning the discussed topic in
their uploaded video and discuss their performance with their peers.

Post-test Students were asked to fill out a self-regulation questionnaire and agentic engagement 30 min
scale to assess their engagement and self-regulation.
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the time spent in the course, and whether they posted any words or ideas in the
discussion forum or not.

Measurement tools

In the MoodleCloud platform, different kinds of data were collected about participants’
activities, which basically can be called LMS data. LMS data such as data about partici-
pants’ interaction in the discussion forum, number of logging in and logging out, the
number of watching recorded videos, last seen and last access of the course, and time
spent on the course. An online self-reported questionnaire was also designed, and
participants were asked to fill out the questionnaire before beginning the course. This
self-reported questionnaire comprises 12 items that collect data about the type of gender,
known languages, field of study, level of earned degree, teaching experiences, learning
style, attitude about teaching, experiences of passing similar courses, and some other
related data.

Student engagement

Reeve and Tseng’s (2011) Agent Engagement Scale was used to investigate students’
engagement. This scale includes 22 items that assess four subscales: agentic engagement,
behavioural engagement, emotional engagement, and cognitive engagement. Agentic
engagement is defined as ‘students’ constructive contribution to the flow of the instruc-
tion they receive’ (Reeve & Tseng, 2011, p. 258). This subscale comprises 5 items related to
students’ contributions during the teaching and learning process. The behavioural
engagement (5 items) measures students’ attempts to learn and participate in activities
(Mameli & Passini, 2017). The emotional engagement is made up of 4 items that estimate
students’ desire and like to learn and involvement in-class activities. The cognitive
engagement includes eight items and investigates ‘students’ use of significant informa-
tion-processing strategies in learning’ (Mameli & Passini, 2017, p. 532). Participants were
asked to demonstrate their agreement level on a 7-point Likert scale (from 1 = strongly
disagree to 7 = strongly agree) to answer this scale. Reeve and Tseng (2011) confirmed the
scale’s validity and reported strong reliability (alpha = .94). In the present study, the scale’s
reliability was also measured by the alpha coefficient formula and showed to be strong
(alpha = .91). The Agent Engagement Scale was employed in two phases: a pre-test and
a post-test.

Students’ self-regulation

Students’ self-regulation was investigated by Brown et al. (1999) Self-Regulation
Questionnaire. This questionnaire is made up of 63 items on a 5-point Likert scale (from
1 = strongly disagree to 5 = strongly agree). 26 items out of 63 items are scored reversely.
The questionnaire’s subsequent analyses indicated that the scale entails one main com-
ponent rather than specific factors (Brown et al., 1999). Although the test-retest reliability
and internal consistency of the Self-Regulation were reported to be high (see Brown et al.,
1999), the questionnaire’s reliability was also measured in the present study using the
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alpha coefficient formula and showed to be high (alpha = .90). Data for self-regulation
were collected in two steps, including pre-test and post-test.

Analysis

Descriptive analysis was performed to analyse the Moodle data and academic back-
ground data. Besides, an ANCOVA test was conducted in SPSS to compare the
differences between pre-test and post-test of the two conditions regarding their
engagement and self-regulation. The reason why ANCOVA was used is to control
initial differences between the two groups (experimental and control) regarding
engagement and self-regulation.

Results

Descriptive analysis showed that for the engagement, the participants’ mean score in
the experimental condition group was increased from 78.80 (SD = 3.24) in the pre-test
to 80.32 (SD = 3.48) in the post-test. The participants’ mean score in the experimental
condition group was raised from 37.88 (SD = 1.90) in pre-test to 40.16 (SD = 1.90) in
the post-test for self-regulation. In contrast, changes in the control condition group for
both variables were minor. For engagement, mean score from pre-test (M = 79.20,
SD = 2.34) to post-test (M = 79.56, SD = 2.21) only increase 0.36 and for self-regulation,
mean score from pre-test (M = 37.44, SD = 2.10) to post-test (M = 37.68, SD = 2.34)
only increase 0.24.

RQ1. To what extent the CLDLA model has a significant impact on learners’
engagement?

Table 2 shows that differences between the two conditions in terms of learners’
engagement are significant (F = 9.839, P < .003). This means that the learners in the
experimental condition were significantly more engaged in the course than in the control
condition (P < .001).

RQ2. To what extent the CLDLA model has a significant impact on learners’ self-
regulation?

Table 2. Differences between the two conditions in terms of learners’ engagement.

Source Sum of Squares df Mean Square F Sig
Pre-Test 333.388 1 333.388 205.599 .000
Groups 15.955 1 15.955 9.839 .003
Error 76.212 47 1.62

Total 319,937 50

Table 3. Differences between the two conditions in terms of learners’ self-regulation.

Source Sum of Squares df Mean Square F Sig
Pre-Test 136.120 1 136.120 77.37 .000
Groups 54.977 1 54.977 31.252 .000
Error 82.68 47 1.759

Total 76,034 50
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Results in Table 3 show that differences between the two conditions in terms of
learners’ self-regulation are significant (F = 31.252, p < .000). This means that the experi-
mental condition learners were more self-regulated than learners in the control condition
(p < .007).

Discussion

As the field of LA continues to evolve, it is necessary to conduct experimental studies in
order to explore LA connection with learning design based on learning theories and their
impacts on educational practices. This study was carried out to explore the effects of the
CLDLA model on learners’ engagement and self-regulation. The results indicated that the
CLDLA model has a positive impact on learners’ engagement. This is in line with previous
studies highlighting the positive impacts of LA on engagement (e.g., Calonge et al., 2019;
Chen et al., 2018; Toro-Troconis et al., 2019; Vytasek et al.,, 2020). Although previous studies
confirmed that LA plays a positive role in improving students engagement, they also
expressed concerns that LA implications for students’ engagement could be threatened by
LA technological determinism if these data findings have not been viewed and interpreted
through a wider pedagogical and learning lens (Knight et al., 2014). LA in the CLDLA model
relies on constructivism learning theory that informs teachers and students to make peda-
gogy-oriented decisions where LA is underpinned, guided, and interpreted by a pedagogical
theory (Banihashem et al,, 2019). It means that the application of the CLDLA model could
reduce the risk of technological and mechanical interpretations in the use of LA.

Moreover, the current study results also indicated that the CLDLA model could provide
an operational framework to fully support students’ active participants in the class and
engagement in the knowledge construction based on constructivist learning design
principles and process. Also, our findings showed that the CLDLA model has a positive
impact on learners’ self-regulation. This implies that the CLDLA model can give learners
the potential to regulate their behaviour activities. This finding is in line with prior
research that emphasises the positive effects of LA on self-regulation (see Heller, 2020;
Kim et al., 2018; Roll & Winne, 2015; Viberg et al., 2020; Winne, 2017). According to
scholars, although self-regulation is a complex behaviour and evaluation and interpreta-
tion of self-regulation activities in online learning environments is challenging, LA is
instrumental in addressing this challenge (Roll & Winne, 2015), especially if analytics on
data be seen within a theoretical framework (Viberg et al., 2020).

In the CLDLA model, LA reports are interpreted based on the constructivism learning
theory principles, which could help teachers better understand what data means for
them. For example, the CLDLA model helps teachers with learner analysis, where data
about learners’ academic background and psychological features are collected, analysed,
and interpreted based on constructivism learning theory. In this case, teachers can have
better interpretations, more than numeric reports, and in-depth insights into who the
learners are. In another example, constructivist interpretations of students’ interaction
and performance data can inform teachers better understand how learners are doing and
whether they are doing as it is planned in learning design. This implies the CLDLA’s
potential in providing a pedagogical interpretation of students’ self-regulation activities
and informing teachers’ learning design.
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Conclusion

In this experimental study, we determined how the integration model of LA and learning
design based on constructivist learning theory could affect learners’ engagement and
self-regulation. In this regard, our results provide insights for effective implementation of
LA within learning design to improve students’ engagement and self-regulation in online
learning environments.

The current study also had some limitations. First, the data we used in this study only
represents one course at a particular university. Also, participants of this study were
a relatively small number of graduate students with teaching backgrounds. Moreover,
since higher education students come from different backgrounds, the results obtained in
this study cannot be generalised to other courses or students. Therefore, the scalability of
the CLDLA model is under question. Second, in this study, we mostly relied on Moodle
and surveyed data due to limited access to qualitative data such as data on students’
cognitive processes. Failure to collect and investigate this data may limit the CLDLA
model’s validity since it is a constructivist oriented model. Third, self-regulation is
a complex concept that requires a high metacognitive process (Russell & Warner, 2017),
and also engagement is something more than simply involvement, and it requires
feelings and sense-making (Trowler, 2010). This means that we should not claim that
the CLDLA model is the only reason students’ self-regulation and engagement were
improved in the group with experimental conditions.

Notwithstanding the important implications of this study, several limitations paving
the way to further research should be acknowledged. First, we suggest conducting more
empirical studies on the impacts of the CLDLA model on other educational practices to
further explore its feasibility and effectiveness in constructivist online learning environ-
ments. Second, this study was implemented through a Moodle platform, which may differ
from other LMS platforms such as Canvas, Blackboard, and Brightspace. Therefore, it
might be useful to determine whether results are different or not if the CLDLA model is
implemented on other platforms. Third, the sample used in this research was limited to
a small group of graduate students in one course. It would be useful to run the CLDLA
model for other students in other courses in order to investigate the generalisability and
scalability of the CLDLA model. Finally, this study offered potential effectiveness of the
CLDLA model to improve online course design since it provided insights on whether
students were doing as it was planned in course design. Further studies are recom-
mended to explore the CLDLA model’s potential to improve course design.
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