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Abstract 
Online academic courses provide students with flexible learning opportunities by allowing them to 
make choices regarding diverse aspects of their learning process; hence, such courses support 
personalized learning. This study aimed to analyze the ways students make use of flexibility in online 
academic courses based on learning time, place, and access to learning resources, as well as to 
investigate how this relates to differences in course achievement. The study examined 587 students in 
four online courses. Educational data mining (EDM) methodology was used to trace students’ behavior 
in the courses and to compute 34 variables, which describe their use of flexibility. The results show that 
students developed different patterns of learning time, place, and access to content, which indicates 
that flexibility was used substantially. Students’ achievements were significantly related to patterns of 
learning time and access to learning resources. Understanding the different patterns of flexibility usage 
may support the design of personalized learning and increase collaboration among students with 
similar characteristics. 

Keywords: Flexible learning, personalized learning, online academic courses, educational data mining, 
course achievement, learning behavior 
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Introduction 
Online courses provide flexible learning opportunities to learners. Flexible learning is based on the 
recognition of differences among students, which are addressed by providing varying degrees of choice 
to learners regarding what, where, when, why, and how to learn (Bergamin, Ziska, Werlen, & 
Siegenthaler, 2012; Collis & Moonen, 2002; Hill, 2006). Hence, flexible learning supports personalized 
learning, wherein learners’ needs, interests, backgrounds, and learning styles are central. It reflects a 
shift from teacher-centered pedagogies and practices towards more innovative, student-centered 
approaches (Wanner & Palmer, 2015). Studies have indicated that flexibility is perceived as beneficial 
to online instruction (Gillingham & Molinari, 2012; Soffer, Kahan, & Livne, 2017) and constitutes a key 
factor in students’ enrollment in online courses (Jaggars, 2014).  

The provision of flexible learning opportunities, however, does not necessarily lead to effective learning, 
as simply providing a range of options to learners does not bring with it deep learning (Goodyear, 2008; 
Willems, 2005). With the freedom comes responsibility, which requires real commitment and discipline 
(Hill, 2006). Hence, flexible learning requires that students take on more control of the learning, make 
their own decisions and invest a greater level of dedication (Grant & Hill, 2006; You, 2016). Studies 
indicated that students may need ongoing support in this process (Willems, 2005). Hence, it is essential 
to study how students make use of flexibility and how it relates to their achievements, in order to 
understand the best way to integrate it and support students’ learning. 

Educational data mining (EDM) is an evolving research methodology that enables the trace of students’ 
behavior in online environments. Online learning environments, including learning management 
systems (LMS), automatically record students’ learning activity on servers (Soffer, Kahan, & Livne, 
2017; You, 2016). Among other things, analyzing this data using advanced techniques enables the 
discovery of meaningful patterns, the adjustment of instructional strategies, and the ability to make 
data-driven decisions rather than decisions based solely on students' self-reports (Dietz-Uhler & Hurn, 
2013; Gašević, Dawson, & Siemens, 2015). Notably, few studies have used LMS data to analyze students’ 
use of flexibility components in online courses and compare the results with course achievement. For 
example, Cornelius and Gordon (2008) reported on three different strategies for student engagement 
with flexible online resources, based on interviews with participants and examination of course 
statistics.  

Consequently, the aim of this study was to use EDM to analyze patterns of undergraduate students’ use 
of flexibility in four asynchronous online academic courses, and examine how they are related to 
differences in course achievement. The data mining methodology made it possible to trace students’ 
actions in the courses and examine their use of flexibility in practice. The study examined the use of 
three flexibility dimensions: learning time, learning place, and access to learning resources. In addition, 
the study examined whether or not there are differences in course achievement among students who 
use flexibility differently. This study contributes to our understanding of the various patterns of 
flexibility usage by students, which may support better integration of flexibility into online courses, 
better design of personalized learning, and increased collaboration among students with similar 
characteristics. 

 

 

http://www.sciencedirect.com/science/article/pii/S1096751615300063#bb0065
http://www.sciencedirect.com/science/article/pii/S1096751615300063#bb0065
http://www.sciencedirect.com/science/article/pii/S1096751615300063#bb0085
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Background 

Flexible Learning 
Flexible learning is not a new concept and has been a core issue in distance education for some time 
(Bates, 2001; Hill, 2006). A central element of flexible learning is the provision of choice to learners. 
Instead of the instructor or the institution making key decisions about learning dimensions, the learner 
has a range of options from which to choose (Collis & Moonen, 2002; Jochems, Van Merriënboer, & 
Koper, 2004). Thus, flexible learning involves loosening logistical and educational constraints, and is 
often related to student-centeredness as well as to individualization in teaching and personalization of 
the learning process (Collis & Moonen, 2001).  

It is a challenge to define flexible learning, due to its manifold characteristics. As a result, diverse 
concepts have been developed around it (Bergamin et al., 2012; Collis & Moonen, 2002), which vary, in 
part, in terms of the flexibility dimensions to which they refer. Collis, Vingerhoets, and Moonen (1997), 
for example, referred to five sets of dimensions in which flexibility may be provided: (a) time, (b) 
content, (c) entry requirements, (d) instructional approach and resources, and (e) delivery and logistics. 
Boer and Collis (2005) distinguished between planning-type flexibility, which the instructor can 
designate before the course begins and which needs to be managed when the course is offered, and 
interpersonal flexibility, which relates more to the dynamics of the course as it is experienced by the 
learners. Hill (2006) distinguished between flexible delivery, which focuses on options regarding access 
for learners, and flexible learning, which focuses on options related to how learning occurs. Bergamin 
et al. (2012) identified seven categories of flexibility: (a) time, (b) space, (c) methods, (d) learning styles, 
(e) content, (f) organization and infrastructure, and (g) requirements. 

Flexible Learning in Online Courses 
Over the years, as distance education entered the online space, flexible and personalized learning 
became linked with the use of new information and communications technology (ICT), which give 
students greater diversity in their learning (Gedera, Williams, & Wright, 2015; Wanner & Palmer, 2015). 
Indeed, research affirms that online learning environments enable students to experience flexibility by 
allowing them to decide when, where, and what they can learn (Gedera et al., 2015; Hung, Chou, & 
Chen, 2010). Thus, among others, online learning environments support flexibility of time, place, and 
access to learning resources. The current study focuses on these three dimensions.  

Flexibility of time relates to diverse time-related aspects, including: (a) when students can start and end 
a course, (b) times for interacting within the course, (c) frequency and pace of learning, (d) duration of 
learning, as well as (e) timing the moments of assessment (Boer & Collis, 2005). Online courses can 
provide learners with access to course content anytime. Harasim (2000) claimed that flexibility of time, 
which allows access to course content around the clock, enables students’ participation all week, thus 
supporting continual knowledge building and allowing students to participate at their best learning 
readiness time. However, the advantages of taking a flexible course (e.g., doing the course work 
whenever it is convenient) might become disadvantages (e.g., there is never a convenient time to do the 
course work) (Hill, 2006).  

Flexibility of place refers to where the learning occurs (Collis & Moonen, 2002; Hill, 2006). Flexibility 
in this regard means that learning can take place at locations that suit the learner (Goodyear, 2008). 
Online courses support flexibility in learning place by allowing access to course materials from 
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anywhere (Glance, Forsey, & Riley, 2013). According to Goodyear (2008), flexibility in learning place 
can minimize disruptions and dissolve unhelpful boundaries between a learner’s various activities (e.g., 
at work or at home) and learning.   

Online learning also permits flexibility regarding learning resources (Hung et al., 2010). This includes 
flexibility in: (a) the modality and origin of study materials, (b) amount of content, (c) sequence of 
different parts of a course and study routes, (d) assessment standards, and (e) completion requirements 
(Collis & Moonen, 2002; Cornelius, Gordon, & Ackland, 2011; Hung et al., 2010). Unlike traditional 
learning environments, which typically require students to follow a linear sequence, online 
environments allow learners to follow a more individualized approach: viewing the instructional 
material in a sequence that best meets their needs, repeating or skipping sections, and following 
subjects regardless of the order in which they have been arranged (Hung et al., 2010). Moreover, audio 
and video formats enable students to control the pace at which they consume and review content 
(Neville et al., 2015). Flexibility regarding content may range from being completely open, where the 
learner is making all the choices, to providing options within a particular framework established by the 
instructor (Hill, 2006). 

Previous studies have established that flexibility constitutes a key factor in students’ enrollment in 
online courses (Gillingham & Molinari, 2012; Hung et al., 2010; Jaggars, 2014; Northrup, 2002). 
Students choose online courses for many reasons, including the opportunity to better balance their busy 
life schedule, which is full of responsibilities such as childcare and work (Gillingham & Molinari, 2012; 
Jaggars, 2014). Some students believe that online courses allow them to use their learning time outside 
of class more efficiently than in-class time. Others choose online courses in order to reduce the number 
of times they have to travel to campus. Jaggars (2014) reported that students appreciate the comfort of 
working at home (e.g., taking breaks, having snacks), and some feel that instructional materials in a 
flexible format offer them more control while still supporting course outcomes (Neville et al., 2015). 

Nevertheless, flexible learning environments require students to exercise control over different aspects 
of their learning activities, such as time-management, type of media accessed, pace, and depth (Hung 
et al., 2010). Hence, flexible learning leads to a learning situation where students need to be organized, 
to set their own objectives and plan, and to regulate and evaluate the learning process themselves 
(Narciss, Proske, & Koerndle, 2007; You, 2016). Cornelius and Gordon (2008) expressed the need for 
further research to investigate what learning strategies learners adopt in a flexible online environment. 

Several studies have addressed the relation between flexible learning and learning achievements. Some 
indicated a positive relation; Marton, Hounsell and Entwistle (1997) found that a wide range of learning 
options is pedagogically desirable and improves achievement. Brown and Smith (2013) argue that 
flexible learning, which adopts a student-centered approach, is more effective for improving learning 
achievement. Others found that the effect of greater student autonomy over the learning environment 
on academic achievement is ambiguous, with greater autonomy likely to improve academic 
achievement for some students but not others (Guest, 2005). 

The aim of this study was to analyze the ways students use flexibility in online academic courses in 
practice. Following the literature review, for this study we defined flexibility in three dimensions: (a) 
learning time (i.e., during the semester, the week, and the day); (b) learning place (i.e., on campus and 
off campus); and (c) access to learning resources (i.e., re-access and sequence of access). In addition, 

http://www.sciencedirect.com/science/article/pii/S1096751606000157#bib3
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the study examined whether there are differences in course achievement among students who make use 
of flexibility differently.  

The Study 

Research Questions 
This study was framed by the following four research questions: 

1. What are the patterns of students’ use of learning time flexibility in online academic courses?  

2. What are the patterns of students’ use of learning place flexibility in online academic courses?  

3. What are the patterns of students’ use of flexibility of access to learning resources in online 
academic courses?  

4. Are there significant differences in course achievement among students who exhibit different 
patterns of flexibility usage? 

Research Population and Field 
The study examined the behaviors of 587 undergraduate students who participated in one of four 
asynchronous online courses in the academic year 2015/2016. These courses are part of an academic 
program which is mandatory for all undergraduate students at the university. The program offers 
students the opportunity to study courses in fields unrelated to their major degree program. Thus, the 
courses are characterized by a wide range of participants from various disciplines.  

The online courses that were examined in this study are from the faculties of humanities and arts. The 
one-semester (13-week) courses are two credit hours each and are taught via the Moodle learning 
management system (LMS). As part of the development of these courses, a consistent instructional 
course model was created and implemented, such that each course consisted of between 11 to 14 learning 
units, comprising the core of the online course. The learning units were built in a linear order, so that 
each unit is based on the previous one. Each learning unit covered a different topic and consisted of: (a) 
video lecture by the instructor; (b) text summary of the lecture; (c) course materials associated with the 
learning unit (e.g., textbook, presentations, articles, YouTube links, course dictionary); and (d) 
assignments, as some units were accompanied by an online, required assignment for students to 
practice certain topics and receive feedback from the instructors. The students were obliged to pass a 
final exam on campus. The final course grade was comprised of the assignment grades and the exam 
grade. Although the course design and structure were consistent, there were some differences among 
the courses, as presented in Table 1. 
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Table 1 

The Structure of the Online Courses 

 Course (faculty) 

Design element Course 1 

(Humanities) 

Course 2 

(Arts) 

Course 3 

(Humanities) 

Course 4 (Arts) 

Learning units 14 11 12 12 

Assignments 4 mandatory 

out of 5 

3 mandatory 2 mandatory 2 mandatory  

Video lectures (parts) 51 44 40 41 

Course materials  21 53 7 44  

 

During course development, explicit choices were made as to which flexibility dimensions would be 
provided to students. It was decided that all of the course content would be uploaded and opened for 
the students from the beginning of the course. Thus, flexibility was provided in terms of: (a) learning 
time (i.e., students could span their learning during the semester, the week, and the day, according to 
their preferences and needs); (b) learning place (i.e., students could learn on campus or off campus, 
according to their convenience); and (c) access to learning resources (i.e., all learning resources, 
including assignments, were available from the beginning of the course and students could re-access 
them, choose the sequence of access, and submit the assignments as they desired). It should be noted, 
however, that in order to provide a learning framework for students, assignment submission was limited 
by deadlines. Thus, flexibility in time was limited to some extent. Furthermore, the courses were 
structured with fixed start and end dates, finishing with a final exam on campus. 

Method and Procedures 
The data was collected automatically by the LMS and included a log file with over 204,000 records of 
students’ activities in the course websites, as well as their grades. Each record documented a student’s 
action in the course (e.g., entering a learning unit, playing a video lecture, accessing a course material) 
and contained information regarding the user id (anonymized), user IP address, action time, and action 
type. For ethical considerations, the data was anonymous and the students were informed upon their 
first entry to the LMS that the university might collect data regarding their online activity for research 
purposes.  

Using SQL (Structured Query Language) queries, two different kinds of variables were computed. The 
first was from the student perspective—21 variables were computed per student, describing his/her 
activity in the course website in regard to the three flexibility dimensions examined, as well as the final 
course grade. The second was from the learning unit perspective—13 variables were computed per 
learning unit, describing the portion of students who accessed it every week, in order to examine the 
sequence of student accesses to the learning resources. Table 2 summarizes all the study variables.  
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Table 2 

The Variables Computed 

Perspective Flexibility dimension Variables  Details  

Student Learning time during 

the semester 

 

Learning time during 

the week  

 

Learning time during 

the day  

 

 

 

 

 

 

Learning place 

Location 

 

Access to learning 

resources 

 

Sequence of accesses  

 

 

-  

% of student’s actions in the course 

website in each quarter of the semester  

(4 variables)a 

Quarter 1, …, 

Quarter 4 

% of student’s activity in the course 

website on each day of the week  

(7 variables)b 

Sundays, …, 

Saturdays 

% of student’s actions in the course 

website in each part of the day  

(4 variables)a 

Mornings: 

06:00–12:00, 

Noon hours: 

12:00–18:00, 

Evenings: 

18:00–24:00, 

Nights: 24:00–

06:00 

% of student’s actions in each place  

(2 variables)c 

On campus,  

Off campus 

Average number of student’s accesses to 

a learning resource – by type  

(3 variables)  

Learning units, 

Course 

materials, 

Video lectures 

Learning unit Number of students who accessed the 

learning resource every week  

(13 variables) 

Week 1,…, Week 

13 

Student 

course 

achievement 

Final course grade  

(1 variable) 

 

 
a Percentage of student’s actions in the course website was calculated as the number of student’s actions in the 
course website during the time period examined, divided by the total number of the student’s actions in the course 
website during the course.  
b Percentage of student’s activity in the course website was calculated as the number of times in which the student 
was active in the course website on the day examined, divided by the total number of days in which the student was 
active in the course website.  
c Percentage of student’s actions on and off campus was calculated based on the IP address from which the action 
was executed. Actions that were executed from IP addresses that belong to the range of the university’s IP addresses 
(for wired or wireless communication) were considered on campus, whereas the remainder were considered off 
campus.  
 
Next, in order to characterize the ways that students used flexibility, two approaches were used. From 
the student perspective, the variables were analyzed using two-step cluster analyses. Cluster analysis is 
an exploratory data mining approach for discovering the structure in data without an a priori idea of 
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what should be found. This analysis enables the discovery of data points that naturally group together, 
splitting the data set into a set of clusters (Baker & Siemens, 2014). Hence, cluster analyses were used 
in this study to identify groups of students who exhibited similar patterns of using the flexibility aspect 
under investigation. Specifically, four cluster analyses were conducted, to identify patterns of using the 
flexibility of: (a) learning time during the semester, (b) learning time during the week, (c) learning time 
during the day, and (d) re-accessing learning resources. It should be noted that using flexibility of 
learning place was examined using descriptive statistics, because it was measured by two 
complementary variables.  

Each cluster analysis was performed several times to explore and evaluate different numbers of clusters, 
in order to find the one that revealed the most insightful patterns and achieved a good silhouette 
coefficient score. The silhouette coefficient score, a measure of the cohesion within a cluster and 
separation between the clusters, was used to quantify the goodness of the clustering. The coefficient 
ranges from -1 to +1, such that a score is considered good if it is greater than 0.5, fair if it is between 0.2 
and 0.5, and poor if it is less than 0.2 (Kaufman & Rousseeuw, 2009; Norusis, 2012). In addition, 
ANOVA tests were applied to determine if the differences between the clusters were significant. 
Significant differences were then assessed by Tukey post-hoc analyses. Since the research examined 
four different online courses, chi-squared tests were applied to determine if there was a significant 
dependence between the courses and the clusters. 

From the learning unit perspective, heat map visualizations were used in order to examine the students’ 
use of flexibility of sequence of access to the learning resources. The heat map displays the portion of 
students who accessed each learning unit every week, in order to analyze the ways students chose to 
access the course content, when flexibility of sequence was provided. Since the study examined four 
different courses, which consisted of different numbers of learning units, a separate heat map was 
created for each course.  

 

Results 

Patterns of Students’ Use of Flexibility of Learning Time  
Regarding learning time during the semester, examination of students’ activity in the course websites 
revealed that they tended to span their activity quite evenly over the semester quarters. The average 
student activity in each quarter of the semester ranged from 21% to 26% of his/her total activity in the 
course website. However, the standard deviations ranged from 13% to 20% per quarter, which indicates 
that there was variance among the students in this regard.  

Using cluster analysis, five patterns of behavior were identified: (a) 36.6% (n=215) of the students 
spanned their activity over all quarters quite evenly, on average; (b) 19.4% (n=114) of the students  
performed a major part of the their activity, 48% on average, during the third quarter; (c) 15.5% (n=91) 
of the students performed 42% of their activity, on average, during the second quarter; (d) 15.3% (n=90) 
of the students performed 60% of their activity, on average, during the fourth quarter; and (e) 13.1% 
(n=77) of the students performed 51% of their activity, on average, during the first quarter. The 
silhouette measure of the model was 0.4. ANOVA tests showed statistically significant differences 
among the clusters in regard to all the clustering variables (p<0.001), and in regard to course 
achievement (p<0.01). Specifically, significant differences were found in the course grade between 
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clusters 3 and 5 (p=0.002). A chi-squared test found significant dependence among the course subject 
and the clusters X2(12) = 211.74, p<0.001. Table 3 presents the cluster sizes, the average and standard 
deviation of the variables in each cluster, and the results of the ANOVA tests.  

Table 3 

Clusters by Learning Time During the Semester  

Variables Total 

population 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 F        (4,582) 

Size 

(percentage 

of the 

population) 

N=587 

(100%) 

n=215  

(36.6%) 

n=114  

(19.4%) 

n=91  

(15.5%) 

n=90  

(15.3%) 

n=77  

(13.1%) 

 

% of activity 

in quarter 1 

22.88% 

(15.30%) 

25.29% 

(6.95%) 

11.88% 

(7.93%) 

12.25% 

(9.20%) 

17.48% 

(10.20%) 

51.34% 

(12.89%) 

279.81*** 

% of activity 

in quarter 2 

21.07% 

(12.71%) 

21.90% 

(7.33%) 

15.82% 

(7.18%) 

42.12% 

(10.76%) 

11.39% 

(7.68%) 

12.92% 

(7.79%) 

220.95*** 

% of activity 

in quarter 3 

23.56% 

(18.16%) 

19.63% 

(10.62%) 

48.47% 

(14.04%) 

26.81% 

(16.83%) 

8.32% 

(8.60%) 

11.64% 

(10.18%) 

179.89*** 

% of activity 

in quarter 4 

25.92% 

(19.98%) 

24.76% 

(12.72%) 

17.82% 

(15.24%) 

11.77% 

(11.15%) 

60.07% 

(12.75%) 

17.97% 

(12.37%) 

201.14*** 

Course  

grade  

84.05 

(10.81) 

86.12 

(10.21) 

83.44 

(9.22) 

81.15 

(11.64) 

83.88 

(12.77) 

82.83 

(10.30) 

4.02** 

**p<0.01, ***p<0.001 

Figure 1 provides a graphical presentation of the clusters and illustrates the different ways in which 
flexibility of learning time during the semester was used.  
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Figure 1. Patterns of use of the flexibility of learning time during the semester.  

Regarding learning time during the week, analysis of the students’ activity in the course websites 
revealed that they tended to be active to a similar extent on each day of the week. On average, a student 
was active on a specific day between 12% to 16% of his/her total days of activity in the course, with 
standard deviations ranging from 8% to 10%, per day. A cluster analysis did not yield any insightful 
results in identifying patterns of behavior during the week. Hence, Figure 2 displays the average of 
students’ activity on each day of the week and the standard deviation. 

 

Figure 2. Average of students’ activity on each day of the week and the standard deviation. 

Regarding learning time during the day, analysis of the students’ activity in the course websites revealed 
that students tended to be more active during the noon and evening hours than during mornings and 
nights. On average, a student performed 41% of his/her total activity in the course website during noon 
hours, 36% of his/her activity during evening hours, 18% during morning hours, and only 4% during 
night hours. The standard deviations ranged from 9% to 18% per time of day.  
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Using a cluster analysis, four patterns of behaviors were identified: (a) 44.8% (n=263) of the students 
performed a major part of their activity, 51% on average, during evening hours; (b) 31.3%, (n=184) of 
the students performed a major part of their activity, 61% on average, during noon hours; (c) 14.7%, 
(n=86) of the students performed 45% of their activity, on average, during morning hours; and (d) 9.2% 
of the students (n=54) performed 27% of their activity on average during night time hours. The 
silhouette measure of the model was 0.5. ANOVA tests showed statistically significant differences 
among the clusters in regard to all clustering variables (p<0.001) but not in regard to course 
achievement. A chi-squared test found no significant dependence among the courses and the clusters. 
Table 4 presents the cluster sizes, the average and standard deviation of the variables in each cluster, 
and the results of the ANOVA tests.   

Table 4 

Clusters by Learning Time During the Day 

Variables Total  

population 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 F 

(3,583) 

Population size 

(%) 

N=587 

(100%) 

n=263  

(44.8%) 

n=184  

(31.3%) 

n=86  

(14.7%) 

n=54  

(9.2%) 

 

% of activity 

during morning 

hours 

18.00% 

(14.73) 

11.84% 

(7.74) 

17.38% 

(10.07) 

44.97% 

(11.62) 

7.14% 

(6.75) 

318.40*** 

 

% of activity 

during noon 

hours 

41.36% 

(18.36) 

35.01% 

(12.11) 

61.44% 

(11.17) 

25.87% 

(11.88) 

28.59% 

(13.75) 

266.46*** 

 

% of activity 

during evening 

hours 

36.34% 

(18.30) 

50.56% 

(13.05) 

20.07% 

(9.14) 

27.07% 

(14.82) 

37.23% 

(12.48) 

244.43*** 

 

% of activity 

during night 

time hours 

4.30% 

(8.65) 

2.59% 

(3.68) 

1.11% 

(2.37) 

2.10% 

(4.36) 

27.04% 

(11.21) 

467.52*** 

 

Course  

grade  

84.05 

(10.81) 

84.33 

(10.03) 

84.10 

(10.76) 

84.13 

(10.60) 

82.41 

(14.59) 

0.47 

 

***p<0.001 

Figure 3 provides a graphical presentation of the clusters and illustrates the different ways in which 
flexibility of learning time during the day was used. 
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Figure 3. Patterns of use of the flexibility of learning time during the day. 

Patterns of Students’ Use of Flexibility of Learning Place 
Regarding learning place, analysis of the students’ activity on and off campus revealed that the students 
tended to be more active in the course off campus than on campus. On average, 85% of a student’s 
activity in the course website took place off campus. The standard deviation was 18% and the median 
was 91%.  

Patterns of Students’ Use of Flexibility of Access to Learning Resources  
Regarding number of accesses to the learning resources, analysis revealed that the students tended to 
re-access a learning resource more than once. On average, a learning unit was accessed 4.01 times, a 
course material was accessed 1.94 times, and a video lecture was accessed 1.85 times. The standard 
deviations ranged from 1 to 3.  

Using a cluster analysis, three patterns of behaviors were identified: (a) most students, 70.2%, (n=412) 
tended to re-access all learning resources a few times (between 1.49 to 3.29 times, on average); (b) 18.6% 
(n=109) of the students tended to re-access the course materials more than the other students (3.56 
times per item, on average); and (c) 11.2% (n=66) of the students tended to re-access the learning units 
and the video lectures more than the other students (7.97 times per learning unit and 4.20 times per 
video lecture, on average). The silhouette measure of the model was 0.6. ANOVA tests showed 
statistically significant differences among the clusters in regard to the clustering variables and the 
course achievement variable (p<0.001). Specifically, significant differences were found in the course 
grade between clusters 1 and 2, and between clusters 1 and 3 (p=0.036, p<0.001, respectively). A chi-
squared test found significant dependence between the course subject and the clusters, X2(6) = 133.97, 
p<0.001. Table 5 presents the cluster sizes, the average and standard deviation of the variables in each 
cluster, and the results of the ANOVA tests.  
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Table 5 

Clusters by Number of Re-Accesses to the Learning Resources 

Variables Total 

population 

Cluster 1 Cluster 2 Cluster 3 F  

(2,584)           

Population size  

(%) 

N=587 

(100%) 

n=412 

(70.2%) 

n=109 

(18.6%) 

n=66 

(11.2%) 

 

Average accesses to a 

learning unit  

4.01 

(3.31) 

3.29 

(1.64) 

4.33 

(2.13) 

7.97 

(7.40) 

71.21*** 

(0.19) 

Average accesses to a course 

material 

1.94 

(1.03) 

1.49 

(0.55) 

3.56 

(0.87) 

2.07 

(0.88) 

412.83*** 

(0.58) 

Average accesses to a video 

lecture 

1.85 

(1.21) 

1.50 

(0.73) 

1.78 

(0.76) 

4.20 

(1.61) 

268.69*** 

(0.47) 

Course grade  84.05 

(10.81) 

82.46 

(11.27) 

88.94 

(7.90) 

85.91 

(9.40) 

17.49*** 

(0.05) 

***p<0.001 

Figure 4 provides a graphical presentation of the clusters and illustrates the different ways in which 
flexibility of re-accesses to learning resources was used. 

 

Figure 4. Patterns of use of the flexibility of re-accesses to learning resources. 

Analysis of the order in which the students accessed the learning units is presented in Figure 5. The heat 
maps display, per course, the portion of students who accessed each learning unit during each week. 
The dashed lines symbolize assignment deadlines. Several trends emerged from the maps. It is notable 
(mostly in courses 1, 2, and 3) that, in general, most students followed the learning units linearly during 
the semester, entering a learning unit (or its adjacent units) on the corresponding week of the semester 
(e.g., entering learning unit 1 on week 1, learning unit 2 on week 2). However, in all courses there were 
smaller groups of students who entered other learning units as well. This is especially notable in course 
1, where during each week students entered more advanced or preceding learning units, and in courses 
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2 to 4, where students entered mostly preceding learning units. Notably (mostly in courses 1, 2, and 3) 
more students entered the learning units during weeks with assignment deadlines. Finally, during the 
last two weeks of the semester, there was an increase in the number of students who entered all the 
learning units.   

 

Figure 5. Use of the flexibility of order of access to the learning units. 

 

Discussion and Conclusions 
This study examined how students used the flexibility of time, place, and access to learning resources 
in four online academic courses, using educational data mining methodology. EDM reveals meaningful 
patterns of students’ behavior based on their actual activity in the LMS. The results demonstrated that 
flexibility was used significantly, and provides evidence for the variety of ways students used it. 

In regard to flexibility of learning time during the semester, various students made use of the flexibility 
dimension differently. Five clusters were found: the largest cluster (37%) is characterized by students 
who spanned their activity quite evenly over the semester. The other four clusters are characterized by 
students who invested more intense activity in one quarter of the semester than in the others. The 
differences in learning time during the semester among students are in line with previous studies, which 
indicated that one of the main goals in providing flexibility of time is to help people integrate learning 
into their often rather complex lives (Hill, 2006). Indeed, it was found that learning occurred at multiple 
times. However, some differences in the learning time could be related to the course structure, such as 
different number of assignments and deadlines during the semester.  

As for the learning place and time during the week, it was found that most of the students (92%) learned 
mostly off campus, and tended to span their activity quite evenly over the days of the week, without 
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selecting a fixed day for learning. This may imply that the students divided their learning workload 
according to their timetables and needs. Regarding learning time during the day, as found in previous 
studies (Harasim, 2000), students made use of the opportunity to learn at all hours of the day. Four 
clusters were found: the largest cluster is characterized by students who tended to learn during the 
evenings (45%), followed by students who tended to learn during noon (31%). Only 15% of the students 
were significantly active in the mornings, and an even smaller group of students (9%) studied during 
the night. This may be related to students’ other commitments, such as work.  

In reference to flexibility of access to learning resources, while traditional learning environments 
typically require students to follow a linear sequence, online environments permit more flexibility by 
allowing learners to choose the sequence of learning as well as the amount of content they make use of 
(Hannafin, 1984; Reeves, 1993). Regarding the number of accesses to the learning resources, it was 
found that the students tended to use the possibility to re-access the learning resources. Three clusters 
were found: the majority of the students (70%) used the learning resources to a very limited extent, they 
re-accessed a learning resource between 1 to 3 times on average, whereas 19% of the students used it to 
a greater extent, specifically they accessed the learning units and the course materials between 3 to 4 
times on average. The smallest cluster (11%) were students who used the learning resources the most. 
Specifically, they re-accessed the learning units and the video lectures between 4 to 8 times on average. 
The most re-accessed learning resources were the learning units, followed by the course materials and 
the video lectures. However, there were differences among the courses in this regard, which may be 
related to the characteristics of the course content, such as the level of difficulty of the learning resources 
and their importance to the course. For example, in one course, the course materials consisted of a 
digital textbook, which accompanied all learning units and constituted an integral part of the course. 
Some courses contained a dictionary, which was essential throughout the course, and so on. 

As for the sequence of access to the learning resources, although all learning units were available from 
the beginning of the course, the vast majority of students followed through them linearly as the semester 
progressed. The linear trend is not completely surprising given the structure of the courses. 
Nevertheless, smaller groups of students accessed all the learning units all through the semester, which 
indicates that they may have used the possibility to access contents according to their preferred order 
and pace. In general, this pattern emerges in all four courses, but differently. Possible reasons may 
include different structures of course content, which in some courses may not have required linear 
sequencing of learning. Interestingly, there was higher students’ engagement in courses with more 
assignments (Course 1 compared to Course 4). In all of the courses, engagement increased during weeks 
with assignments and towards the date for the final exam. These results emphasize that integrating 
scaffolding, such as assignment deadlines, can increase students’ engagement.  

Exploring the relation between use of flexibility and course achievement revealed significant differences 
among students who used the flexibility of learning time during the semester and access to learning 
resources differently. Interestingly, students who spanned their activity evenly over the semester 
quarters scored higher on average than those who tended to centralize part of their activity in one 
quarter. Notably, students who were more active towards the date for the final exam achieved higher 
grades. Moreover, students who tended to re-access the course content also achieved higher grades in 
the course. These findings are in line with previous research, which found a significant relationship 
between active participation in online courses and academic performance, and which indicated that 
success in online courses requires regular study during the course (You, 2016). It should be noted that 
course achievement was not found to be related to learning hours or places. 

http://www.sciencedirect.com/science/article/pii/S0360131510001260#bib21
http://www.sciencedirect.com/science/article/pii/S0360131510001260#bib44
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To summarize, this study found that most students adapted different patterns of flexibility use in 
learning time, place, and access to learning resources. This emphasizes that integrating flexibility in 
online courses enables students to learn according to their needs. Moreover, the results of this study 
indicate that the ways students use flexibility are related to their achievement. Specifically, the way 
students span their learning over the semester, as well as their level of engagement with the course 
content, are both related to achievement. This study contributes to the body of knowledge about flexible 
learning by analyzing students’ behavior using EDM, and providing evidence for the ways in which 
students use flexibility. Practically, it may support course designers in developing flexible online courses 
according to students’ preferences, while taking achievement into account. This could be done by 
providing suitable scaffolding for increasing students’ engagement with the learning resources (such as 
assignments) along the semester and towards the end of the course. Furthermore, this analysis can 
increase collaboration among students with similar characteristics (e.g., same learning time, course 
content).  

Limitations and Implications for Future Research 
Several possible limitations should be noted. This study examined four online courses with a dedicated 
instructional course model. Future research should examine a larger sample of courses from diverse 
disciplines and a more heterogeneous population. Moreover, since a dependency was found among the 
courses and the clusters, further research to take a closer look into each course would be interesting. In 
addition, despite the differences that were found among different patterns of students’ use of flexibility 
and course achievement, conclusions regarding causality should not be derived. Hence, further research 
should include a wider range of variables which could affect the use of flexibility, such as demographic 
factors. In addition, future research to examine the use of other flexibility dimensions, such as the 
duration of learning, may be worthwhile. Finally, the study relied solely on a data mining approach, 
which focused mainly on students’ activities in the online environment. This approach disregards offline 
activities as well as students’ perceptions and motivations. Thus, further research could use other 
reasearch methodologies (e.g., interviews with students, surveys) in order to shed light on the different 
patterns of flexibility usage that were found and obtain a more holistic understanding.   
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