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Abstract

This study explores the effects of student behavior
patterns on students’ learning performance in a student-
generated question experiment. Thirty-three engineering
students from a C programming course were recruited as
participants. For data collection, student-generated
questions, exercises, a final examination, and system logs
recorded by an online student-generated questions system
were analyzed. The results revealed several significant
findings. Firstly, we found that the students accessed the
questions generated by the classmate more frequently and
for longer than other materials (i.e., exercises and lecture
slides). Our results also reveal great diversity among
student viewing activities; we therefore partitioned them
into three behavior clusters: “Highly-engaged students”
who dominate other clusters in the use of all kinds of
materials, “Moderately-engaged students” who spent
more time on the lecture slides and SGQ, and “Less-
engaged students” who seldom used learning materials
but accessed exercises more frequently than the
“Moderately-engaged students” and also had the highest
Test Anxiety. We also observed that motivation and
learning performance are strongly associated with
behavior patterns. We discuss possible explanations of
our findings and propose suggestions for future research.

Keywords: Student-generated questions, Learning
behavior pattern, Learning management
system, Learning analytics

1 Introduction

Student-generated questions [1-3], also referred to as
student-constructed questions [4] or problem posing [5]
in the literature, form an essential strategy that has
been observed to enhance comprehension of learned
content [6], to encourage and monitor awareness [2],
and to promote motivation [7-9] and learning
performance [1, 9]. In the following, we will refer to
this method as Student Generated Questions (SGQ).

While studies have provided evidence that SGQ can
promote and facilitate the personal growth of learners
[2], few studies have investigated how the students

access SGQ with comparison to other materials (i.e.,
lecture slides, or exercises) during classes [9]. Students
may demonstrate various engagement levels and
behavior patterns when accessing online learning
materials, and do so for different purposes and based
on different preferences [10]; these engagement levels
and behavior patterns may affect their learning
performance in turn [11]. In order to -efficiently
investigate and define the impact of specific learning
strategies, it is essential to choose an appropriate
framework. In recent years, following the expansion of
online learning environments, a new discipline called
Learning Analytics (LA) has emerged [12-13]. LA
utilizes our newly-gained ability to capture and process
information during the learning process. LA has the
potential to deepen our knowledge about learning
behavior and improve learning outcomes [12-14].
Therefore, this study aims to track and examine how
students access SGQ and other online learning
materials, and how their behavior affects their
motivation and learning performance in an online
environment.

2 Literature Review

2.1 Student Generated Questions

During recent years, an increasing number of
researchers have advocated the use of SGQ for
learning [15-16]. These researches also indicated the
benefits of integrating SQG into education, and
recognized numerous aspects of the positive effects on
students [2, 17-20].

SGQ has been successfully deployed [1-2, 21-23]
and observed to positively affect learning outcomes
such as cognitive and affective growth [24], efforts to
further enhance learning effects [21, 25-27] and
personal growth [1, 9]. Impacts of SGQ have been
researched both independently [1, 21-22] and in a
combination with various pedagogical designs [6-7, 16,
25, 28]. However, there are only few studies have
inspected the students usage of SGQ with comparison
to other learning materials (i.e., lecture slides, or
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exercises) during classes [9].
2.2 Students’ Learning Behaviors

With the growing technology [29-35], some scholars
have analyzed students’ behavior in higher education,
such as reading of materials [10, 13-14, 36], interaction
with classmates [13, 37-39], submission of homework
and examination attempts in online courses [40]. This
helped in identifying learners with poor performance
[41], and hence provided improvement suggestions
[42]. Another researcher pointed out that correlation
analysis can help the instructor to determine the
relevance between students’ learning behavior and
performance [14], as well as assist in decision-making

and improving teaching and learning processes [14, 43].

Some studies have deployed cluster analysis in order to
partition students into distinct groups [44] and to
investigate their learning performance [10, 44]. In their
study, Lust et al. [44] managed to isolate a cluster of
intensive participants that accessed Web lectures more
frequently and intensively in comparison with
incoherent-use and no-use participants. In another
research, Li and Tsai [10] concluded that different
behavior patterns were associated with students’
motivation and learning performance.

Despite the importance of investigating students’
learning behavior, only few studies have observed
students’ learning behavior with the use of SGQ
approach. Therefore, the current study aimed to reveal
any relationship between students’ behavior pattern
and students’ motivation and learning performance
during SGQ enabled class.

2.3 Student Motivation and
Engagement

Online

During an online learning process, students control
their learning style as they access Online Learning
System. This poses a challenge to the efficiency of an
individual’s self-regulation. One of the key factors
affecting this efficiency is motivation [16, 45].
Motivation can significantly impact study strategies
and thus also influence online learning behaviors [46-
47] and outcomes. Moreover, various studies have
shown evidence that motivation is mutually connected
with students’ online engagement. Li and Tsai [10]
examined relations between viewing behavior,
motivation, and learning performance. They conclude
that there is an influence between students’ behavior
patterns and their motivation, in both directions. These
results are in alignment with observations by Yi and
Hwang [48] and Barba et al. [46]. The relationship
between student motivation, engagement, and learning
performance was also investigated by Giesbers, et al.
[49]. Their findings bear evidence that the intrinsic
motivation scores of the students participating in four
web-videoconferences were significantly higher than
those of students who only participated once, twice, or

not at all. Therefore, different motivational factors
seem to have different effects on the way participants
behave within online classes, and this effect can later
project onto their learning performance.

2.4 Research Questions

Significant evidence emerging from the previous
research pointed out the advantages of SGQ. Further, a
number of studies has been carried out in order to
understand and evaluate the efficiency of various
student learning behavior profiles; however, likely due
to the lack of appropriate software support, only a
fraction of them measured non-discrete events. In this
article, we introduce an experiment conducted on a
custom implemented Online Learning System called
Peer-Interaction Programming Learning System
(PIPLS). We performed analysis in accordance with
that of Li and Tsai [10] in order to establish access
patterns with regards to SGQ resources. Further, we
examined these clusters against other variables that
were measured with the aim of extracting and
discussing their influence on the learning outcome.
Deploying this approach, we aim to find clues for the
following set of questions:

(1) Which materials do students prefer in the
learning process in which SGQ are applied?

(2) Which study material access behavior patterns
can be recognized in a class with SGQ?

(3) How are these behavior patterns related to
learning performance in a class with SGQ?

(4) How are these behavior patterns related to
student motivation in a class with SGQ?

3 Methods

3.1 Participants and Research Context

Our test group consists of 33 students (4 females, 29
males), who enrolled in a C-language course
Introduction to Computer Programming. All of the
participants are undergraduate students with a major in
engineering; however, none of them are Computer
Science students. Therefore, for most of the attendees,
this was the first purely programming class they had
ever selected throughout their academic curriculum.
Although the course itself was classroom-based, it
included compulsory online components. The
classroom was equipped with a dedicated PC for every
student attending the course. The course was elective
(i.e., not compulsory) for all of the students, and after
passing the final examination, they were awarded with
3 credits counting towards their graduation.

Since our research requirements surpass standard
off-the-shelf software capabilities, major customization
was imperative. In order to conduct the experiment and
collect the core data, a Peer-Interaction Programming
Learning System (PIPLS) was built based on an open-
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source project developed by Greenspan and Contributors
[50]. PIPLS is web-based, with the server side running
on PHP and MySQL. As for UI, PIPLS provides
standard functionality, such as management of course
information, participants, materials, exercises and
scores on the teacher side, and access to all of these on
the student side. The GUI does not have any ambition
to deviate from standards and therefore requires close
to no training. In addition, an SGQ module was
implemented, allowing students to post and answer
questions. Answers could be later evaluated and
optionally counted towards the final grade. A major
upgrade in PIPLS is the ability to track and record
various interaction events. In addition to the
conventional “page hits,” the system also keeps track
of a range of mouse/window events using asynchronous
server requests, thus determining the user’s focus and
estimating the time spent on individual activities,
rather than just their frequency of occurrence. Besides
research purposes, PIPLS also displays statistical data
about user interactions to the teacher, which in return
helps them to adjust the study material composition
accordingly.

3.2 Procedure

The class took place on a weekly basis for the
duration of 11 weeks. Class time was the main point of
interaction between teachers and participants. Each
lecture took 3 hours. In the first week of the semester,
an introduction class was held in order to instruct
students in how to interact with PIPLS and access
course-related resources. Students were familiarized
with the environment, compulsory class components
and evaluation processes. For the rest of the course, the
lecture content was scheduled as follows:

(1) Chapter topics were introduced,
commented slides.

(2) Sample SGQ were presented to the students,
involving chapter content and providing a sample of

using

Table 1. Materials available in PIPLS and respective events

the result expected.

(3) Exercises and SGQ tasks were assigned to the
students.

(4) Students were instructed to complete the
assignments either in the remaining time of the lecture
(1 hour), or anytime within the timespan of the
following 3 days. Students were randomly assigned
two SGQ every week by the system. Students were
also provided with slides and exercises via PIPLS.
Lecture slides were published one week ahead for
student’s convenience. Each week, teachers published
three exercises related to the chapter discussed in the
respective lecture. The exercises were similar to an
examination question, but the scores did not count
towards the final grade.

3.3 Measurement Instrument

The database for our analysis was assembled
throughout the semester. Students could access three
kinds of online resources via PIPLS, namely (1) lecture
slides, (2) exercises, (3) SGQ (ask & answer). Detailed
information regarding the quantity of each resource
available can be found in Table 1. These statistics
represent the total amount of materials published at the
end of the semester; however, they were uploaded and
created gradually throughout the course timespan. At
the end of the semester, students’ performance was
evaluated in a final examination. This examination was
designed by the course professor and two teaching
assistants (Master students majoring in Computer
Science). The wvalidity of the questions was later
evaluated by two expert committees with more than ten
years of teaching C Programming at university level,
who reviewed the content and scope of the questions as
well as their proportional relevance. The final
examination contained a total point sum of 100. Any
score above 50 points was considered a pass. Table 2
provides a detailed description of the content and
evaluation.

Resource Type Resource Quantity Supporting Activity
Lecture Slides 6 PDF documents / 108 pages Comments
Exercises 33 Comments, Answers
Proposed SGQ 157 Comments, Answers, Votes

Table 2. Final examination profile and reliability

Assignment Type Evaluation Method Quantity Points per item Total Points
Coding Question Automated test case 3 15 45
Open question Manual correction 2 15 30
Multiple-choice Correct/incorrect 4 5 20
True/False Question Correct/incorrect 1 5 5
Total 10 100

The level of students’ motivation was measured by
the Motivated Strategies for Learning Questionnaire
(MSLQ) [51]. The questionnaire includes a total of 31

questions in six subscales, as illustrated in Table 3. The
test was translated into Chinese to avoid any
misunderstanding. Students answered using a 5-point
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Likert scale, ranging from (5) strongly agree to (1)
strongly disagree. An individual’s score on a particular
scale was calculated as an average of answers to the
subscale’s respective questions. We also evaluated the

reliability of each subscale by Cronbach’s alpha and
the results are displayed in Table 3. The overall
reliability of the questionnaire was 0.88.

Table 3. MSLQ profile
Subscale Count Reliability Subscale Count Reliability
Intrinsic Goal Orientation 4 0.78 Extrinsic Goal Orientation 4 0.63
Task Value 6 0.91 Control Belief of Learning 4 0.89
Self-efficacy 8 0.94 Test Anxiety 5 0.79
Overall 31 0.88
3.4 Data Collection and Analysis = 3t
xe(l,e, q)
Resource type accessed and duration of the access h
. . . . = Y h,
itself played a major role in the description of the o) a)

student behavior. Based on the students’ interaction
with PIPLS, we extracted a total of 13 variables for the
analysis. Complete enumeration of these variables,
along with their basic statistical properties, can be
found in Table 4. All of the time-related variables are
measured in seconds. Note that only variables 1-3 and
5-7 originate from the raw measurement data. The
remaining variables are derived according to the
following formulas:

Table 4. Variables extracted from PIPLS

Vxe{l,e,q,t}:ax=;—x

t
J, =-Lx100
t

t

Despite the small size of our test group, Box Plots of
our crucial variables, 7,,1,,7, still revealed numerous

2%
cases very distant from the IRQ region, as illustrated in
Figure 1.

# Variable Variable Description

1 Y Time Spent Accessing Lecture Slides
2 t Time Spent Accessing Exercises

3 1 Time Spent Accessing SGQ

4 t, Total Time Spent accessing All Resources
5 hy Page Hits on Lecture Slides

6 h, Page Hits on Exercises

7 hg Page Hits on SGQ

8 hy Total Page Hits on All Resources

9 a; Average Time per Lecture Slide Access
10 a, Average Time per Exercise Access
11 a, Average Time per SGQ Access

12 a Average Time per Access

13 1. Fraction of Time Spent on SGQ (%)
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Since these deviations could negatively project onto
the clustering process, we decided to transform these
variables to a scale of 1-3, following the methodology
of Li and Tsai [10]. In the following, we will refer to

the transformed variables as ¢, , 7, , 7, . Further, in our

JEEPE)
search for learning behavior patterns, we attempted to
group students based on the variables we collected. We
deployed k-means clustering among various subsets of
variables as dimensions of the Euclidean space. The
number of clusters to consider was decided based on
the size of the underlying dataset and the dendrogram
resulting from its Hierarchical Agglomerative
Clustering (HAC). We proceeded in our analysis with
clusters that appeared to be consistent, balanced and
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mutually distant. Eventually, after defining the
behavior patterns of our test unit, we attempted to
perform group comparison methods in order to answer
our research questions. There are two significant
methods that come into consideration: (1) Analysis
of variance (ANOVA), and (2) Kruskal-Wallis one-
way analysis of variance (K-W Test). The deciding
factor for selection of a proper method is
distribution/homogeneity of variance among the
variables. Apparently, all variables except for overall
performance deviated from normal distribution, as
assessed by the Shapiro-Wilk test. Therefore, option (2)
the K-W Test appeared to be the right choice. In cases
where the K-W Test pointed out a significant
hypothesis, we used the post-hoc Mann-Whitney U
Test (M-W U Test) for pairwise comparison of the
individual clusters (t-test is not suitable for distribution
reasons, similar to ANOVA).

4 Result

4.1 Students’ Resource Engagement

Without any further analysis, Table 5 gives us some

basic insight into students’ preferences for study
materials. We can see that, based on the mean values,
SGQ were the most widely used study materials. We
can clearly deduce the importance of time
measurements rather than just page hits. This follows
from the fact that mean of Time Spent Accessing
Lecture Slides is much greater than mean of Time
Spent Accessing Exercises, although mean of Page
Hits on Lecture Slides is much less than mean of Page
Hits on Exercises. Therefore, any conclusion based
solely on page hits could be misleading. We also
observe that despite a comparatively high mean value

1, , students only spent an average of 30.25% of their

time on SGQ, as stated by Z We attribute this effect

to the fact that a small number of students spent an
extremely long time on the SGQs, as illustrated in
Figure 1, and a relatively high standard deviation of 7, .

These extremities along with arguably higher values in
the SD column underline the need to separate students
into more homogeneous groups, thus forming their
access behavior.

Table 5. Mean and standard deviation of variables extracted from PIPLS

# Variable Variable Description Mean SD

1 4 Time Spent Accessing Lecture Slides 4220.61 2756.87
2 Z, Time Spent Accessing Exercises 2244 88 2143.06
3 1 Time Spent Accessing SGQ 9478.03 9610.68
4 t Total Time Spent accessing All Resources 15943.52 11669.54
5 h Page Hits on Lecture Slides 22.67 13.35
6 h, Page Hits on Exercises 92.58 68.71
7 h, Page Hits on SGQ 106.67 104.73
8 h, Total Page Hits on All Resources 221.91 151.74
9 a Average Time per Lecture Slide Access 181.71 21.23
10 a, Average Time per Exercise Access 22.96 3.74
11 a, Average Time per SGQ Access 89.17 7.69
12 a Average Time per Access 89.17 7.69
13 I Fraction of Time Spent on SGQ (%) 30.25 8.55

4.2 Students’ Learning Access Patterns

Deploying the analysis mentioned in the previous
chapter, we identified three clusters based on variables

t7¢",t". These clusters evince differences in

1 2% » q"
students’ viewing patterns, and therefore we assign
them slightly suggestive names:
(1) Less-engaged students, C,

(2) Moderately-engaged students, C, ,
(3) Highly-engaged students, C,
In the following, however, we will provide evidence
showing that certain cluster properties do not follow
the intuitive assumption. Exact values regarding the
cluster’s centroids and sizes are displayed in Table 6. It
comes as no surprise that the centroid of C,

igh

igh

in all of the dimensions

ess

dominates both C, , and C,
1,1l

; -1, .1, . We presume that these are performance-
oriented, highly motivated students. An arguably less
expected result, however, emerged with the

comparison of C, , and C, with regards to Exercise
in the

Whereas C, ,
remaining dimensions, C,  carries a significantly

less

dominates C

less

access, 1.

higher value of ¢/ than (supposedly) more engaged
C

' a - Moreover, if we look at a similar cluster analysis
performed by Li and Tsai [10], we can see that the
least engaged cluster is inferior to the remaining ones
in every dimension considered. After classifying the
students into homogeneous groups based on

similarities in their course material viewing patterns,
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we performed the K-W Test in order to compare C,, , of the K-W Test yielded (x*(2, N=33)= 2.594,

C,.and C,  with regards to the set of variables p=0273), (x*(2, N =33)=0.258, p=0.879), and (x*(2,

collected. The test outcome is depicted in Table 7. We N =33)=2.457, p=0.293), respectively.
observed a statistically significant difference in all of
the aspects measured except for g,, a,, a,. The results

Table 6. Result clusters and their centroids

Variable Description Cluster
Corod Chigh Cess
n Elements in cluster 10 12 11
1 Time Spent accessing Lecture Slides (transformed) 2.20 2.67 1.09
t’ Time Spent accessing Exercises (transformed) 1.20 2.83 1.82
th Time Spent accessing SGQ (transformed) 2.10 2.67 1.18
Table 7. Analysis of material access
Var Cosa Ce Cls p M-W U Test
Mean SD Mean SD Mean SD
2018.6 683.61 3291.5 1430.93 905.09 356.27 0.000%*  Cpp, >C, 0 *
1] Chigh > Cles.\' o
Cmod > C/exs o
1131.9 275.41 3903.67 2903.69 1447.09 336.34 0.000%*  Cppp > C, 00 **
to Chigh > C/ess o
C,. >C.. *
7565.4 2892.76 16092.58 13313.29 4000.91 1977.32 0.000%*  Cppp > C, 00 **
1 Chigh > Cless o
C,oa > Cpi ¥*
10715.9 3184 23287.75  13307.48  6353.09 231535  0.000%*  C,,, >C,,, **
4 Chigh > G **
Cmod > Cle.s‘s o
224 7.53 34 13.08 10.55 393 0.000%* C,,>C,.*
hy Chigh > Cless o
Cmod > C/e:s o
52.3 8.62 152.58 85.11 63.73 1467  0.000%*  C,, >C,,, **
he Chigh > Cless o
Cless > Cmod *
85.9 34.43 180.42 142.84 45.09 2148 0.000%* Gy >C, %
hy Chigh > Cp **
Cmod > Cless o
160.6 38.93 367 167.02 119.36 3233 0.000%*  C,, >C,,,**
h; Chigh > C **
Cmod > Cless *
a 90.15 1.79 95.5 14.74 86.43 8.41 0.273 -
a, 21.43 2.67 24.49 5.48 22.69 0.24 -
a, 88.74 4.9 90.48 10.37 88.12 6.76 -
65.97 4.81 62.75 11.14 52.38 5.71 0.001%*  Cpp, > Cpp **
. Cmod > Cless o
£ 33.79 4.96 31.46 11.26 25.71 539  0.032% C,,>C, **

*p <0.05. ¥*p <0.01.
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In a previous study conducted by Li and Tsai [10],
the authors concluded that the less-use students spent
significantly less effort accessing any of the learning
materials provided when compared to every other
cluster. Our result, in contrast, provides evidence that
students from C,, spent significantly more effort on
Exercise-related activities, namely ¢, #4,, Wwhen
compared to C Therefore, we have the opposite

mod *

relation between C, , and C,

ess 2

namely C,, > C, ..
Further, the same authors identified two clusters of
highly-engaged students, with a significant difference
in preferred learning materials among them. Our
research, on the other hand, identified a single cluster

C,n» Which consists of students with significantly

more effort measured in all kinds of learning materials
when compared to both C, , and C, . Moreover,
although we could not establish any relation with
regards to the average time spent on individual study
material types, our result shows that students from both
C,. and C, , spent a significantly longer time on an

average access than C,

ess *

Eventually, we observed a
significant result with regards to the fraction of the

4.3 Students’ Learning Performance

We collected two distinct variables that allowed us
to measure student learning performance, namely
Exercise Score and Exam Score. Findings gathered
from analysis using the K-W Test and M-W U Tests
are illustrated in Table 8. We can observe a
significantly better performance in Exercise Score by

Cn When compared to the remaining clusters. On the

other hand, we could not establish any significant
relation between C, , and C, in this aspect. What is

more, we can notice that their mean values in Exercise
Score are rather close. In the Exam Score part, our
findings reveal that students from C, performed

ess

significantly worse than those from C, , and C,,.
This result contrasts with our observation of Exercise
Score in Table 8 and Exercise-related variables in

Table 7, where C,, evinced more effort but not a
significantly different result from C

mod *

In addition, we
did not conclude any significant difference between
C,.q and C, . in the Exam Score, although overall

m

engagement of students in C,, was observed to be

total time students spent on SGQ, namely f;. Students significantly greater than those of C, .. as follows
in C, , spent proportionally more time on SGQ than from Table 7
those from C,, thus appreciating them as more
valuable when compared to C,, .
Table 8. Analysis of performance access
Variable Cooa Cog Cues K-W Test M-W U Test
Mean SD Mean SD Mean SD p
Chigh > Cmod ok
Exercise Score 45.2 11.08 59.08 9.15 43.36 12.53 0.005** s
Chigh > Cless
Chigh > Cless o
Exam Score 70.8 11.32 76.17 17 56.73 15.42 0.019* C scC
mod less

%p <0.05. **p < 0.01.

4.4 Students’ Motivation

We have performed six K-W Tests in order to
understand the differences in students’ motivation. The
MSLQ results revealed significant effects of C,

igh
C,., and C  on all six subscales. After the K-W

Tests confirmed the differences between the three
clusters, Pairwise M-W U Tests revealed statistically
significant differences between C,,, and C Cih

high mod >
and C,_ in all six scales. These results reveal that

less

C,.» had higher Intrinsic Goal Orientation, Extrinsic

Goal Orientation, Task Value, Control of Learning
Beliefs, Self-Efficacy for Learning and Performance
than C,, and C,, Also C, , showed lower Test

less

Anxiety than C, , and C, . In addition, the Intrinsic
Goal  Orientation (U =85.0,z-2.872, p =0.002),
Task Value (U =97.0,z=-2.021, p =0.022), Control
of Learning Beliefs (U =87.0.z=-2.768, p =0.003),

and Self-Efficacy for Learning and Performance
(U=75.0,z=-3.491, p=0.000) of C,, and C

less

showed significant differences. The Test Anxiety level
between C, , and C, only demonstrated a marginally

significant difference (U =88.5,z=-1.638, p =0.055).
These results reveal that C

s had higher Intrinsic
Goal Orientation, Task Value, Control of Learning
Beliefs, Self-Efficacy for Learning and Performance

than C,_ (see Table 9).

less
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Table 9. Motivation questionnaire statistics

C. _
Variable Cood high Cos K-W Test M-W U Test
Mean SD Mean SD Mean SD p
Control of Learning Chian > Croa **
. 2.30 0.48 2.92 0.29 1.55 0.52 0.000
Beliefs high > Cless o
. . C ; > Cmo sk
Extrinsic Goal 270 048 340 0.51 227 0.79 0.001 e !
Orientation Chl_gh >C,,, **
Chigh > Cmod o
Intrinsic Goal 2.00 0.47 2.83 0.39 1.27 0.47 0.000 Crion > Cruss **
Orientation &
Cmod > Cless ok
sk
Self-Efficacy for Chign > Crnoa
Learning and 2.40 0.52 2.92 0.29 1.27 0.47 0.000 Chign > Croge ™*
Performance C >C **
mod less
Chigh > Cmod *
Task Value 3.00 0.47 3.50 0.52 2.27 0.90 0.001 Chign > Croy ™
Cmod > C/exs *
Cmod > Chigh o
Test Anxiety 3.40 0.70 2.67 0.49 4.00 0.77 0.001
Cless > Chigh o

*p <0.05. **p < 0.01.

5 Discussion and Conclusion

5.1 Discussion

In this research, we collected data about the
behavior of 33 students during 11 weeks of using
PIPLS with SGQ activities. Based on the information
gathered, we attempt to answer our four research
questions as follows.

As for Question 1, we discovered that among the
learning materials, the SGQ were one of the most
favored. However, an average access to Lecture Slides
was measured as being significantly longer than that of
both SGQ Exercises. We conjecture that this
phenomenon can be attributed to the fact that lecture
slides contain wider content and a larger amount of
information than the latter two.

Also, students tend to use SGQ and Exercises as a
secondary source of information, or in other words as
an extension to the slide content. This finding follows
the previous studies that concluded similar relations
between use of materials related to lectures and other
learning materials. In the light of these studies, we
assume that the fact that students spent more time on

SGQ than lectures, i.e. 5 >Z, is due to the proportion

of the number of SGQs and the number of lecture
slides provided to the students. Also, we are convinced
that participation in the SGQ activities stimulate
students’ competitiveness and therefore increases their
engagement in any future assignments of a similar
nature.

Regarding Question 2, our research identified three
clusters (C,, , C Cen ) Which evince different

ess mod >

behavior patterns with regards to the time spent

accessing various resources, i.e. l,1,,t,. We detected

one cluster of students (C,,, ) that dominated the other

two (C

mod >

igh
C,, ) in all three leading variables. Among
the other two groups, we could not conclude any
universal dominance in their access behavior. This is
implied by the significance of C, , > C, in ¢,¢

less 1°%q >

and C,, > C, , in t,. We will provide an explanation

less m

of this behavioral abnormality in our answer to
Question 4. This result contrasts with a previous study
by Li and Tsai [10], who identified a single cluster on
the lower-access end (“low-use-students”) and two
clusters on the higher end (“slide-intensive-students”
and “consistent-use-students”). We attempt to explain
this difference by the size of the samples tested in both
studies, and the individual composition of learning
materials provided. We would also like to mention that
this difference motivates future research in this area,
especially with regards to the count of the experiment
participants.

In response to Question 3, we successfully observed
some significant differences among clusters. In
particular, C,;,;, showed significantly greater performance

in Exercise Score; however, we did not identify any
significant relation between C, , and C,, This may

be a little surprising since, as mentioned in our answer
to Question 2, C,, showed significantly higher

engagement in Exercise-related activities than C

mod *
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Ciss » on the other hand, showed worse Exam Score

performance when compared to both C, , and C,,, .

This result appears to be in line with Li and Tsai [10]
who concluded that “the students who invested more
time and effort in viewing the online learning materials
had better learning performance,” and also with Lust
et al. [44]. However, even though C, , showed

significantly higher effort in all learning activities than
C Final Score did not identify any statistically

mod
significant relation between them. Based on these facts,
we conclude that different learning patterns may yield
variable time-to-performance ratios, and therefore
conjecture that proper composition of the learning
materials used is as important as the total time spent
accessing them. This assumption also points towards
the importance of self-regulation when SGQ are in
effect.

As for Question 4, our result revealed a significant
difference between the clusters. C,, dominates the

remaining clusters in all of the positive scales and is
dominated by the remaining clusters in the negative
scale (Test Anxiety). Our findings extend Li and Tsai
[10] results as they only found a relationship between
clusters in Intrinsic Goal Orientation, Task Value, Self-
Efficacy for Learning and Performance. With regards
to Test Anxiety, we measured only a marginal
significance in the relation between C, , and C, , in

ess 2
favor of C

less

. We suggest that this result is the reason

why students of C, spent significantly longer

ess

viewing the Exercise materials than students of C, ,.

However, our data only bear a marginal significance;
therefore, we propose this conjecture for future
research.

5.2 Conclusion

SGQ is regarded as one of the essential cognitive
strategies that encourage and monitor awareness and
enhance  self-regulatory  capabilities. =~ Besides
generating questions, viewing SGQ and other online
learning materials is the most frequently performed
online learning activity during SGQ treatments. Hence,
the need to understand how students view SGQ and
other different learning materials and how that
behavior influences their learning outcome raises a
critical concern. Our experiment with 33 students of an
elective programming course revealed several
significant findings. We found that the students viewed
SGQ for longer and more frequently than other
materials (i.e., lecture slides and exercises). More
important, our results revealed that the viewing
behaviors of students during the SGQ activities showed
great variety and were divided into three behavior
clusters: the “Highly-engaged students” cluster which
dominates the other clusters in the use of all kinds of
materials, “Moderately-engaged students” who spent

more time on lecture slides and SQG, and “Less-
engaged students” who rarely used any learning
material but more frequently used exercises than the
“Moderately-engaged students.” We also observed that
viewing behavior is connected with learning
achievement during SGQ activities. More specifically,
the results showed significantly worse performance of
“Less-engaged students” compared to both “Highly-
engaged students” and “Moderately-engaged students”
during the final examination. Finally, students’
viewing behaviors were strongly associated with their
motivation. “Less-engaged students” may have more
concerns and worry about failing examinations, and
therefore spent significantly longer viewing the
Exercise materials than the ‘“Moderately-engaged
students.” Further, our research has established the
importance of the measurement of time-related
variables alongside simple page-hits, as presented in
the result analysis. This evidence also calls for
verification of previous research studies that did not
have time measuring tools at their disposal. We believe
that the newer version of PIPLS, which was
successfully deployed in an experiment of a moderate
size, can serve future research in larger scale classes.
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