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ARTICLE INFO ABSTRACT

Keywords: Flipped classrooms are becoming increasingly important in higher education. While their value
Flipped classroom over traditional practices has been identified, it is possible to implement a flipped classroom in
Procrastination

many ways. Therefore, research needs to consider the distinct ways flipped classrooms are
structured to identify their relative effectiveness. The usefulness of flipped classrooms is reduced
when students’ procrastination in the pre-class phase, resulting in a lack of student engagement
with online resources. This paper uses a cluster analysis of log-file data from three cohorts of a
flipped classroom module, involving 169 undergraduate business students, to identify their
learning strategies. It considers when students first begin to access online material and relates this
to the timing of their classes and assessments. Two distinct learning strategies were identified.
Prepared students accessed online resources as expected in advance of flipped -classes.
Assessment-focused students used the available resources after class to prepare for impending
assessments. Prepared students performed significantly better than those that were assessment
focused. In addition, there was more engagement with video-based material over text-based re-
sources and also more engagement when assessments were weekly and low-stakes rather than
terminal and higher-stakes. Concsequently, the way in which flipped classrooms are structured
can reduce the level of student procrastination present and improve the effectiveness of this
method.

Learning strategies
Learning resources
Cluster analysis

1. Introduction

Flipped classrooms (FCs) are a ‘hot topic’ (Turan & Goktas, 2016). They are particularly widespread in higher education (Choa
etal., 2021; Jakobsen & Knetemann, 2017; Jang & Kim, 2020) with research on FCs increasing dramatically (Lundin et al., 2018). FCs
reverse traditional teaching (Cheng et al., 2019; Wang et al., 2019) with material traditionally taught in class delivered in advance and
outside of the classroom (Aznar-Diaz et al., 2020; Cheng et al., 2019). Students in FCs primarily learn outside class (Jakobsen &
Knetemann, 2017) so they are prepared for face-to-face interactions (vanLeeuwen et al., 2019). This frees up class time for more
enquiry-based activities (Jang & Kim, 2020) making in-class learning more active and engaging (Davies et al., 2013; Kazanidis et al.,
2019). The development of flipped classrooms is heavily reliant on educational technology (Elmaadaway, 2018) that makes resources
more accessible (Prashar, 2015). It is a student centred approach (Hsia & Hwang, 2020; Lee & Choi, 2019; Steen-Utheim & Foldnes,
2018; Zainuddin & Halili, 2016) where learners actively construct their knowledge (Sohrabi & Iraj, 2016).

It is argued that FCs lack substantial empirical evidence (Al-;Samarraie et al., 2020; Luo et al., 2019; McNally et al., 2017). Most
research focuses on undergraduates (Cheng et al., 2019; Hendrik & Hamzah, 2021) and consider students that take only a single course
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(Divjak et al., 2022). Currently, there is a lack of research on business-related courses. A review by Hwee and Koh (2019) identified
only 9.8% of studies examined Business and Social Science disciplines while a review of 149 papers by Yang et al. (2017) did not
include business in the 10 most productive subject categories. Research also needs to measure FC student engagement and performance
more objectively (Elmaadaway, 2018). While many studies have compared performance between FCs and traditional classrooms (Choi
& Lee, 2018; Kazanidis et al., 2019; Prashar, 2015; Sezer & Abay, 2019; Turan & Goktas, 2016) there is a need to examine how, why,
when, and for whom FCs are beneficial (Stohr & Adawi, 2018). Pre-class preparation is a key activity (Boevé et al., 2017; Lee & Choi,
2019) with student procrastination being problematic (Al-Zahrani, 2015; Turan & Goktas, 2016; Xiu & Thompson, 2020). Such issues
lead some to suggest that student activity can be increased using assessments (He et al., 2019; Hwee & Koh, 2019; McNally et al., 2017;
Shahnama et al., 2021). The objective of this study is to examine FC pre-class procrastination among business students using cluster
analysis, to categorise students’ learning strategies. Then the level of virtual learning environment (VLE) activity and performance for
each learning strategy is examined.

The remaining sections are structured as follows. The next section reviews FC research, considering online resources, pre-class
procrastination and in-class phases followed by a methodology section where the FC structure and participants are outlined along
with the variables developed and detailing the use of cluster analysis. The next sections present findings and discuss the theoretical
implications. Finally, the conclusions section considers implications for further research and outlines limitations.

2. Flipped classrooms

FCs create an improved learning experience (Steen-Utheim & Foldnes, 2018). They provide more flexible learning opportunities
(Dianati et al., 2022) as well as increasing student engagement (Judson & Aurand, 2021; Sarkar et al., 2020) through active learning
(Diaz et al., 2021; Elmaadaway, 2018). Some studies find student performance higher in flipped than traditional classrooms (Choi &
Lee, 2018; Davies et al., 2013; Hsia & Hwang, 2020; Kazanidis et al., 2019; Pattanaphanchai, 2019; Prashar, 2015; Sezer & Abay, 2019;
Shahnama et al., 2021; Turan & Goktas, 2016). Reviews of FC research report different results: some find positive results (Hwee & Koh,
2019; Zainuddin & Halili, 2016) which vary from small (Cheng et al., 2019) to moderate (Zheng et al., 2020) size effects while other
studies find no difference (Sommer & Ritzhaupt, 2018; Stover & Houston, 2019). Most studies examined STEM disciplines, with
business not explicitly identified (Lundin et al., 2018). Indeed, where business studies were considered no effect was identified (Cheng
et al., 2019).

Research has also identified lower motivation among undergraduate students (vanderVelde et al., 2021; Walsh et al., 2021) with
FCs being most beneficial for post-graduates (Dianati et al., 2022). Studies have also considered student perceptions of flipped
classrooms. Students believe FCs provide a more positive learning experience (Pattanaphanchai, 2019; Price & Walker, 2021; Stee-
n-Utheim & Foldnes, 2018), allowing them to learn more (Masland & Gizdarska, 2018). Nonetheless, the benefits derived from FCs
tend to go to those that already possess higher levels of motivation and are diminished when negative student perceptions exist
(Chuang et al., 2018).

2.1. Technology

Technological advances make FCs easier to implement (Davies et al., 2013). E-learning tools are important (Al-Zahrani, 2015;
Divjak et al., 2022) inovercoming traditional classroom limitations (Sezer & Abay, 2019). In particular, technologies supportpre-class
preparationthrough the use of e-books (Judson & Aurand, 2021), slides with audio (Chan et al., 2020) and videos (Choi & Lee, 2018;
Hendrik & Hamzah, 2021; Luo et al., 2019; Shahnama et al., 2021). When compared to reading materials, videos have been associated
with improved student performance (Lee & Choi, 2019) though less so for undergraduates (Walsh et al., 2021). Videos should
encourage student interaction rather than mere passive viewing (Zainuddin & Halili, 2016). Student interactivity can be increased
using tests and quizzes (Haagsman et al., 2020; Lo, 2018), especially when online materials are seen as meaningful and helpful (Choa
et al., 2021).

2.2. Pre-class phase

In FCs, lectures take place outside the classroom (Luo et al., 2019) with pre-class activities introducing students to new knowledge
(Limaymanta et al., 2021; Long et al., 2019; Sarkar et al., 2020). This requires students to engage with material in advance of class
sessions (Al-;Samarraie et al., 2020; Boevé et al., 2017; Lo, 2018). Typically, FCs involve students watching videos before class (Jang &
Kim, 2020) but may also involve reading articles, playing games and taking quizzes (vanderVelde et al., 2021).

Pre-class activities should ultimately reduce learners’ cognitive load, enabling them to process information more effectively during
class (Cilliers & Pylman, 2022). FCs allow students to engage with material at their own pace (Limaymanta et al., 2021; Zainuddin &
Halili, 2016), which promotes stress-free learning (Hyttinen & Suhonen, 2022). Indeed He et al. (2019) found students did not spend
more time on study, but rather they spent more time studying before, rather than after, class. Sohrabi and Iraj (2016) argue pre-class
material reduces student cognitive load when students engage with in-class activities. Conversely, some studies have also found FCs
require more mental effort by students (Al-Zahrani, 2015; Hsia & Hwang, 2020) with higher cognitive loads reported (Turan & Goktas,
2016). Higher mental effort increases the need for student self-regulation of learning (Limaymanta et al., 2021). Too much online
material may tire students, decreasing their willingness to engage (Xiu & Thompson, 2020). The FCs ‘Achilles’s heel’ is the assumption
that students will adequately prepare for class (Fisher et al., 2020). This is a challenge (Pattanaphanchai, 2019) that can lead to
under-prepared learners (Lee & Choi, 2019) who use the flipped resources as a revision aids (Walsh et al., 2019).
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Using online material regularly is beneficial for students (vanLeeuwen et al., 2019). Insufficient preparation may arise from a lack
of confidence or organisational skills (Fisher et al., 2020). Way of improving engagement involve actions such as guidance (Turan &
Goktas, 2016; vanderVelde et al., 2021), including credits (Xiu & Thompson, 2020) and marks for watching videos before class (Sezer
& Abay, 2019), pre-class homework (Hwee & Koh, 2019), assignments (He et al., 2019) and quizzes (Haagsman et al., 2020; Lo, 2018;
McNally et al., 2017). , Exercises and pre-class activities improve student achievement (Shahnama et al., 2021), self-direction (Hwee &
Koh, 2019) and self-regulation (Chuang et al., 2018). Engaging in pre-class work reinforces the effort students put into learning (Xiu &
Thompson, 2020) and motivates them to study more regularly (Shahnama et al., 2021). Quizzes work best with highly motivated
participants (Chuang et al., 2018) with some students suggesting that while quizzes did not improve their performance their inclusion
motivated them to study more regularly (Shahnama et al., 2021).

Instructor and student roles change during pre-class activities (Yilmaz & Baydas, 2017). Students need to manage themselves
(Hyttinen & Suhonen, 2022) and take responsibility for their own learning (Elmaadaway, 2018). For FCs one such responsibility is that
students take control of how they prepare for class (Davies et al., 2013). Such preparation requires students to develop self-regulation
practices (Cheng et al., 2019; Dianati et al., 2022). Self-regulated learning is important in developing learning strategies (Davies et al.,
2021) and significantly affects pre-class learning performance (Lee & Choi, 2019). Students need to be motivated in order to learn to
regulate their activities (Boevé et al., 2017; Yilmaz & Baydas, 2017). They may monitor how they learn, deciding whether existing
learning strategies require modification (Yilmaz & Baydas, 2017). One way to increase motivation is by structuring each session
similarly, so participants know what to expect (vanderVelde et al., 2021).

Pre-class materials should be made available a few days before class, to provide time for engagement (Shahnama et al., 2021).
Regular engagement is more effective (vanLeeuwen et al., 2019). A few studies have focused on temporal access patterns. AlJarrah
et al. (2018) found students accessed material near class time, mostly on the day of class, with most variability seen among medium
performing students, but no difference in temporal access patterns between high and low performers. AlJarrah et al. (2018)posit high
performing students may do this to have the material ‘fresh in their minds’ while for low performing students it is due to procrasti-
nation, with earlier access by medium performing students may be due to their needing time to make sense of the material. Three
student clusters each with different learning strategies were identified by Davies et al. (2021)though interestingly with little difference
in performance. The ‘knowledgeable confident’ cohort, accessed less video and reading content but worked quickly on assignments,
with slightly more use of pre-class materials by a ‘confident traditional’ cohort and a ‘novice carefu’l cluster being diligent but un-
familiar with the topic resulting in their accessing more content. While learning strategies among students taking a flipped class can be
identified, this is not to suggest that such learning strategies may not be modified over time. Changes in learning strategies was
identified in as little as a 5-week period by Yilmaz and Baydas (2017). This indicates the malleability of learning strategies in response
to the structure of aa flipped class.

2.3. In-class phase

While both pre-class and in-class activities are important (Al-Zahrani, 2015) the in-class phase is considered by some to be the more
critical (Lee & Choi, 2019). An objective of FCs is to liberate time for such in-class activities (Masland & Gizdarska, 2018). These
activities involve applying knowledge (Sarkar et al., 2020) and concepts (Pattanaphanchai, 2019) through groupwork (Choa et al.,
2021) and problem-solving activities (Lo, 2018; Sarkar et al., 2020; Zainuddin & Halili, 2016). They may also include peer collabo-
ration (Hwee & Koh, 2019; Turan & Goktas, 2016; Wang et al., 2019) and group presentations (Al-;Samarraie et al., 2020). In-class
activities help develop higher-order thinking skills (Davies et al., 2013; Haagsman et al., 2020; Hwee & Koh, 2019; Long et al.,
2019) and deeper learning (Hyttinen & Suhonen, 2022). Knowledge acquisition occurs by interacting with more experienced in-
dividuals (Li & Suwanthep, 2017). New knowledge and connections are discovered by students as they complete tasks and solve
problems (Dong et al., 2021). In-class activities promote emotional and classroom engagement (Elmaadaway, 2018) as well as pro-
moting group dynamics (Diaz et al., 2021). They also result in increased commitment to peers (Steen-Utheim & Foldnes, 2018). In-class
activities require a ‘scaffolding process’ whereby students receive guidance from both peers and instructors until they are in a position
to solve problems on their own (Rahman et al., 2018).

FCs support deeper relationships being developed between instructors and students (J.C-Y. Sun et al., 2017) that come about
through increased interactions (Stover & Houston, 2019). This facilitates students in asking questions (Steen-Utheim & Foldnes, 2018)
and receiving guidance and feedback (Hyttinen & Suhonen, 2022; S McCallum et al., 2015). Such supports are more immediate
(Haagsman et al., 2020; Hwee & Koh, 2019) and individualised (Limaymanta et al., 2021; Steen-Utheim & Foldnes, 2018) to students.
This phase encourages students to develop a capability to seek external help (J.C-Y. Sun et al., 2017) while making instructors more
effective (Elmaadaway, 2018).

3. Methodology

Reviews of FC research by both Yang et al. (2017) and Hwee and Koh (2019) found a lack of research on business students. While
some studies have recently been published involving business students (Pérez et al., 2019; Price & Walker, 2021; Swart et al., 2021;
Walsh & Risquez, 2020) a gap still remains. This study helps fill this gap by examining a flipped course taken by final year under-
graduate business students. As no changes were made in the content, structure, or instructor for this course over a three-year period it
was possible to include three cohorts, 169 of students, in total.

A notable limitation of FC studies is that they are over-reliant on potentially inaccurate students self-reported data (Davies et al.,
2021). One wat to overcome this limitation is to use log-file data as this has the ability to provide ‘learning traces’ of student behaviours
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(Gasevic et al., 2015). Such data can be used to analyse students’ learning strategies (Davies et al., 2021). This has been achieved, for
example, by calculating a weekly activity score (vanLeeuwen et al., 2019) or a visualisation of work intensity (AlJarrah et al., 2018) as
well as analysing temporal aspects of students’ behaviours (AlJarrah et al., 2018; Boevé et al., 2017). For this study three years of VLE
data for the 169 students were gathered.

Content for each week was released exactly one week in advance of the relevant 2-h class. The flipped course was divided into two
sections. Each of the two sections was worth 30% and was assessed separately. While the course included a 40% group project this was
not considered in this study as it was not associated with specific flipped classes. For section 1, material was assessed through five
weekly assessments, each worth 6%, conducted in separate invigilated sessions a few days after each class. Classes in week 8 were
replaced with student meetings to discuss projects. Section 2 of the course ran from weeks 9-12. Flipped classes were held in weeks
9-11 with a final (30%) exam being held in week 12.

Data were analysed using SPSS 28. Similar to prior studies (Lu et al., 2018; Walsh & Risquez, 2020), variables were calculated from
VLE log-file data that represented students’ interactions on the class site and viewing patterns of online material. The data extracted
totalled 41,690 events. For each event the following data was available: a student identifier, the date and time of the event, the event
type, and a session identifier. Each time a student logged into the class site a different session identifier was generated making it easy to
identify actions within a single session and to calculate the length of each session. As data for three separate years were included it was
necessary to identify the dates for the week in which each lesson was made available, as well as the day and time of the relevant class
and assessment, for each year. This allowed several variables to be calculated for each student. Some variables were relevant to the
students activities over the entire course: the total number of sessions, total number of events and the average number of events per
session. For each of the two sections of the course the following variables were calculated: the total number of sessions, total number of
events, the weekly average number of events and the average number of events per session. The material for each class was available
on separate ‘lesson’ pages in the class website. For each week, in each of the three years examined, details of class time were compared
to the time that lesson pages were accessed. This made it possible to identify when a lesson was accessed and identify whether it was
before a class, after a class but before the relevant assessment or after the assessment. The earliest time each lesson was accessed before
each class was calculated. In addition, for each student performance data, a percentage graded out of 30% respectively, for each of the
two sections were added. Student identifiers were removed before any analysis was carried out.

By tracking students’ interactions with flipped resources educational data mining, using techniques such as cluster analysis, can
help identify students’ learning strategies (Davies et al., 2021). Cluster analysis has the ability to categorise different (Salehudin &
Alpert, 2022), previously uncategorised (Del Valle & Duffy, 2009) groups and ‘aims at identifying and characterising the structure or
features in data’ so those with similar patterns are placed in the same cluster (Fan et al., 2021). This technique has been used to
categorise students based on their perceptions (Carvalho, 2013) and enabled student profiles to be developed, based on their online
interactions (Mirriahi et al., 2016). To minimise within-group variability (Kreber et al., 2005), Wards method was used, similar to
Carvalho (2013). This study used 2-Step cluster analysis as this categorises non-readily identifiable groups and identifies the value of
the input variables (Brown et al., 2016). Various numbers of clusters were examined, with consideration given to the proportions of
students within clusters. The final model that was developed, like other studies (Walsh & Risquez, 2020; Wu et al., 2022), met a
goodness of fit requirement with a silhouette score over 0.5.

Research using cluster analysis for FCs (Davies et al., 2021; Fan et al., 2021; Walsh & Risquez, 2020; Wu et al., 2022) has examined
behaviours based on activities such as reading and video watching (Davies et al., 2021; Salehudin & Alpert, 2022; Walsh & Risquez,
2020). VanLeeuwen et al. (2019) argue that, when trying to explain a link between student activities and performance in a blended
learning context, research has not adequately considered temporal aspects, including the timing of activities. It is just such variables
that are key elements of this study. In addition, this analysis addresses the need to examine why and for which students the FC works, as
identified by (Stohr & Adawi, 2018) and a call by (Cheng et al., 2019) to examine the effects of different FC designs.

4. Findings

Two clusters of student behaviours were identified. The larger ‘Prepared’ cluster included 58% of students. These students accessed
pre-class materials, on average, before classes and also before assessments throughout the course. A second, ‘Assessment-focused’
group (42%) was also identified. This cluster accessed online resources, on average, after the relevant class was over, but in advance of
their weekly assessments.

The Prepared cluster always accessed material before class, though this occurred earlier for section 1 of the course (19 h before)
than section 2 (1 h before). This difference in when flipped resources were accessed could be related to the timing of the assessments
and also to the nature of the online materials used. Students prepared well in advance of both classes and assessments for section 1
which used video-based material and small-stakes weekly assessments. This cohort’s strategy centred on gaining an initial under-
standing of material in advance of the class, applying it during in-class activities and then using the online resources to revise any
unclear points before the assessment. However, hteir learning strategy changed for section 2 of the course where they focused on
accessing the written material just before class so as to have it available for use during in-class activities rather than engaging with this
text-based content before class.

On average the Assessment-focused cluster accessed resources for both sections of the flipped course after the relevant classes but
before the assessments. When the structure of the course changed, from weekly low-stakes assessments based on video material
(section 1) to a higher-stakes assessment that was based on three weeks written material (section 2) this group procrastinated more
before accessing the online resources. This indicates the important role played by how the FC is structured, in this case the timing and
the number of marks associated with assessments. This group did not seek to engage with and understand online materials before class,
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in order to learn and prepare for their assessments. These findings show that learning strategies can change quickly in response to
changes in how the FC is structured. As well as considering when material was accessed, the two clusters were also examined in terms
of their performance, and level of VLE activity using independent sample t-tests.

4.1. Performance by cluster

Having identified two learning strategies, the performance of each is now examined. The flipped class had two sections, both of
which were worth 30% of the available marks. The course also included a 40% group project but that is not included as part of this
study. Section 1 was assessed through a 6% assessment each week for 5 weeks. Section 2 of the course involved a 30% written exam
based on three weeks of content. Students in the Prepared cluster performed better (Table 2) than those in the Assessment-focused
cluster for both section 1 (22.1% versus 18.3%) and section 2 (13.7% versus 12.8%). Only the performance for section 1 was statis-
tically significant (Table 2). Therefore, it was those students who followed the flipped classroom structure as intended that performed
better in assessments than those students that focused on the assessments rather than the classes.

4.2. Activity by cluster

Students’ activity was measured based on the number of times they accessed the class website (total number of sessions), the
number of activities that took place within each section (total number of events, average number of events per session). As each section
of the course had a different duration a weekly average number of sessions and a weekly average number of events figure was
calculated to allow for more direct comparisons to be made.

At the semester level, differences between cluster activities were statistically significant (Table 3). The Prepared cluster accessed
the class site more often with a higher number of sessions than the assessment focused group (72.22 vs. 58.96, p = 0.026). Students
from the prepared cluster also engaged with the class site more over the semester, with a higher total number of events (256.39 vs.
216.75, p = 0.039) than the Assessment focused group. The Prepared group had a slightly lower number of events per session (3.59 vs.
3.94, p = 0.013). The low number of events per session, for both groups, suggest students accessed the VLE for a specific purpose each
time.

The Prepared cluster accessed the VLE more often. For section 1, the number of times the prepared cluster accessed the class
website (23.95) was higher than the Assessment-focused session (16.97). For session 2, the Prepared number of sessions (21.22) were
again higher than the Assessment-focused (15.90) at p = 0.000 and 0.001 significance levels respectively. In terms of events, again the
Prepared cohort had 104.93 events for section 1 and 135.03 events for section 2 compared with lab-focused students’ scores of 82.39
and 116.90 respectively. However, this was only statistically significant for section 1.

The average number of sessions per week was examined for each cluster for each of the 12 weeks of the semester (Fig. 1). For
section 1 the Prepared cluster was more active every week. It is worth noting that while there was no class in week 8 there were
individual group meetings regarding the group project which might help explain the increased activity that week.

Instead of weekly assessments, section 2 (weeks 9-11) was examined in week 12. In addition, online materials changed from videos
to journal articles. The Prepared cluster were consistently active in accessing material, albeit closer to class time (Table 1). Activity for
the Assessment-focused cluster for section 2 dropped until the week of the last class when, for the first time, it exceeded the Prepared
cluster level indicating that this group engaged with online material when an assessment was imminent (Fig. 1).

5. Discussion

A key difference between flipped classrooms and traditional lectures is that, for FCs, online material is provided before class
(Aznar-Diaz et al., 2020; Cheng et al., 2019; Shahnama et al., 2021) to enable preparation (Shahnama et al., 2021; vanLeeuwen et al.,
2019). This paper focuses on the ‘Achilles’s heel’ (Fisher et al., 2020) of the FC, namely the underlying assumption that students will
not use the available online resources to prepare for in-class sessions. In doing so this research fills a recognised gap, answering answers
calls by Stohr and Adawi (2018) to examine how and why the FC works and Cheng et al. (2019) to examine the effects of different ways
in which the FC can be designed and implemented.

This study is methodologically novel in the way it uses cluster analysis. This analytics technique was used to identify learning
strategies used by students based on when they interacted with online pre-class materials. Although cluster analysis has the ability to

Table 1

Description of clusters.
Cluster Prepared Assessment-focused
Description Accessed all elements ahead of time. Only Accessed Labs ahead of time.
Proportion of population in cluster (Cluster size) 58% (n = 98) 42% (n = 71)
Variables:
Earliest access time before section 1 classes” 19Hours, 11 Minutes —3 days, 7 Hours, 23 Minutes
Earliest access time after class but before weekly section 1 assessment” 4 Days, 8 Hours, 44 Minutes 2 Days, 2 Hours, 28 Minutes
Earliest access time before section 2 classes” 60 min —10 days, 14 Hours, 55 Minutes

@ Positive cluster variable values indicate the length of time before the event while negative values indicate the length of time after the event.
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Table 2

Cluster performance.
Percentage Score (out of 30) Prepared Cluster (n = 98) Assessment Focused Cluster (n = 71) t Sig

Mean (SD) Mean (SD)

Section 1 22.12 (5.00) 18.30 (5.54) 4.68 0.000
Section 2 13.79 (4.81) 12.83 (4.69) 1.29 0.100

Table 3

Cluster activity.
Variable Prepared Cluster (n = 98) Assessment-Focused Cluster (n = 71) t Sig

Mean SD Mean SD
Section 1
Total number of sessions 23.95 8.71 16.97 7.17 5.53 0.000
Weekly average number of sessions 3.42 1.25 2.42 1.02 5.53 0.000
Total number of events 104.93 54.96 82.39 42.50 2.86 0.002
Weekly average number of events 14.99 7.85 11.77 6.07 2.86 0.002
Average number of events per session 4.53 1.97 5.04 1.86 -1.70 0.045
Section 2
Total number of sessions 21.22 12.04 15.90 7.57 3.28 0.001
Weekly average number of sessions 4.25 2.40 3.18 1.51 3.28 0.001
Total number of events 135.03 97.62 116.90 80.77 1.28 0.101
Weekly average number of events 27.00 19.53 23.38 16.15 1.28 0.101
Average number of events per session 6.30 3.12 7.62 5.81 —1.90 0.029
Both Sections
Total number of sessions 72.22 47.31 58.96 37.55 1.96 0.026
Total number of events 256.39 156.78 216.75 121.63 1.78 0.039
Average number of events per session 3.60 0.82 3.95 1.29 —-2.23 0.013
Section 1 Section 2

Number of Sessions

Week

—e—Prepared ——Assessment-Focused

Fig. 1. Average number of sessions per cluster per week.

identify patterns of student behaviour the technique has not been used extensively in FC studies. While Davies et al. (2021) identified
clustersbased on activity codes, this study was novel by including, as input variables, the length of time prior to class and prior to
assessments that online material was first accessed. Some studies have used cluster analysis to identify clusters based on students
perceptions of the FC such as McNally et al. (2017) who found flip resistors and flip endorsers or Salehudin and Alpert (2022) who
grouped students based on preferences for videos. However, this research categorises students based on the timing of their interaction
with online pre-class materials. Given flipped classrooms rely on students interacting with such resources in advance of class it is
clearly important to examine whether this took place, or whether students procrastinated, before then considering their ultimate
activity and performance in a flipped classroom. The inclusion and emphasis on this temporal perspective in future studies could help
explain the differences in findings that currently exist in the flipped classroom literature.

This study identified two distinct learning strategies used by FC students. The Prepared cluster accessed material prior to class, in a
way that is expected and consistent with the flipped classroom method. The second, Assessment-focused group, did not access online
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material before class but rather waited until an assessment was looming. This latter group procrastinated, confirming the existence of
the flipped classroom’s ‘Achilles’s heel’. Indeed, including temporal variables in the analysis helped to quantify the degree to which
such procrastination took place.

Our findings, for undergraduates, are similar to results for post-graduates that were examined by Walsh and Risquez (2020) who
identified average and below average performance among what they termed clusters of last-minute preparers and exam-focused
students respectively. However, our findings differ from Davies et al. (2021) whose high-performing student cluster used videos
very little while their Novice-Careful cluster relied more on video material. Additionally, while Davies et al. (2021) found students
relied more on written material over video resources, this study found the opposite. A key difference was that while Davis et al. (2021)
point out some of their students would have a knowledge of the material before, this was not the case in the current study, which
explains why online resources were used more in this FC. Fan et al. (2021) used the length of time students spent on activities,
identifying learning strategies that were search, content, content and assessment, and assessment orientated: this study extends their
analysis by including additional variables such as the timing of when content was accessed and also whether this occurred pre-class or
pre-assessment. Like Yilmaz and Baydas (2017) this study also found that students adapted their learning strategy over the course of
only a few weeks. However, while Yilmaz and Baydas (2017) attributed this change to students increasing familiarity with the FC, this
research posits that adaption of students’ learning strategies also occurs in response to changes in changes in the structure ofthe FC.
Therefore, it is important that FC research findings are considered in light of the particular way in which the flip is implemented.

Previous work has considered the importance of self-regulation within learning strategies (AlJarrah et al., 2018; Cheng et al., 2019;
Davies et al., 2021; Dianati et al., 2022). The two learning strategies identified in this paper have implications for self-regulation. For
the Prepared cluster, regular small-stakes assessments, coupled with video-based resources in section 1 of the course, helped students
regulate their learning in a manner that was to be expected in a FC. This implementation of the flip allowed students to take advantage
of in-class learning opportunities such as problem-solving (Lo, 2018; Sarkar et al., 2020; Zainuddin & Halili, 2016) and collaboration
(Hwee & Koh, 2019; Turan & Goktas, 2016; Wang et al., 2019). Even in section 2 of the course, an element of self-regulation and
preparation was present: instead of reading material, the articles were downloaded before class for easy access and use during the
in-class activities. Assessment-focused students engaged with material, so that transmittal was achieved, albeit after class. This strategy
meant they could not capitalise on a key advantage of the FC, namely deepening higher-order skills by drawing on pre-class knowledge
during in-class activities (Davies et al., 2013; Haagsman et al., 2020; Hwee & Koh, 2019; Long et al., 2019). Without having accessed
the online materials in advance of class they then had limited opportunity to engage with in-class discussions and exercises which Lee
and Choi (2019) deem the most important phase of the FC. Inadequate preparation limits students’ in-class collaboration and
problem-solving abilities, increasing student passivity. Therefore, the way in which a flipped classroom is structured, in terms of the
type of resources and assessments used, can facilitate, or detract from, students self-regulation.

The existence of Prepared and Assessment-focused groups raises issues for in-class group formation when engaging in-class ex-
ercises. Allowing groups to self-form may result in prepared students working together to maximise their own learning. This would
have the effect of limiting the less prepared students involvement, placing them merely in the role of onlookers. Alternatively,
randomly allocating class groups, mixing preparedness levels, benefits the less prepared students and limits the learning opportunities
for prepared students. By limiting the value derived from preparation, a possible consequence of this would be to reduce subsequent
preparation and reduce the overall value of the flipped classroom.

In both sections of the course Prepared students performed better than their Assessment-focused counterparts indicating FCs in-
crease learning when used as intended. Performance differences between groups was less apparent in section 2. This was to be expected
as, even for the Prepared group, less engagement was evident from both groups with participants not having time to read and digest
material in advance. AlJarrah et al. (2018) and Perera et al. (2009) first categorised students by performance before applying cluster
analysis when examining temporal patterns of student behaviour This study was different as it used cluster analysis based on student
activity to categorise students and only then examining cluster performance. This approach allowed learning strategies to be deter-
mined first, among the three years of students that took the course, withthe performance of each strategy then compared. Rather than
consider the time spent on activities as input variables for clustering, like Davies et al. (2013), this study examined the length of time
material was accessed before events rather than time spent on events. Luo et al. (2019) found student agency aids higher performance.
In this paper an important aspect of agency was accessing pre-class material sufficiently well in advance of class to aid increased
learning and performance. This study found that the FC benefitted prepared students who engage consistently with online materials in
advance of class. This confirms the value of regular assessments both in increasing interactivity with online material (Haagsman et al.,
20205 Lo, 2018) and in regulating student activity (Shahnama et al., 2021).

6. Conclusion

A key problem with the flipped classroom method is student procrastination and a lack of pre-class preparation which limits the
potential value of subsequent in-class activities. This paper is novel by examining how far in advance of class students begin engaging
with online materials, identifying the main learning strategies used, and the relative performance of each. Using cluster analysis, two
learning strategies were identified: ‘prepared’ and ‘assessment-focused’. While cluster analysis is a widely used learning analytics
technique there is a need for its increased use when examining FCs. In particular, temporal variables should be included in future
analyses. A limitation of this research is that both the timing of assessments and the type of online material used both changed from
section 1 to section 2 of the course. Future studies should examine each change separately.

Compared to traditional lectures, FCs provide students with additional online resources. The Prepared cluster, using the FC largely
as expected, had higher performance than the Assessment-focused cluster. Such findings raise the question of whether higher
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performance in FCs, compared to traditional methods, is partly due to the increased availability of online materials which can be used
for learning and revision. This would mean that, for some students, it may not necessarily be the FC method that resulted in improved
performance but rather it was the availability of online resources. There is a need for more research that uses VLE data to consider the
timing and extent of student engagement with online resources both before class and before assessments.

This study was novel by examining how the same students engaged with two differently structured versions of a flipped classroom.
For all students, there was earlier pre-class engagement when online materials involved videos, rather than when they were text based.
However, even the prepared cluster of students engaged in a late and limited way when the resources were texts. The FC involved a
fourth-year final semester course where it might be assumed students would possess stable learning strategies. However, this study
found that such students were still quick to modify learning strategies in response to changes in the FC structure. This may be partly
due to the novel nature of the FC to students that were more used to traditional methods. More studies are needed that consider the
stability or malleability of learning strategies among the same group of students, ideally as they encounter differently structured FCs.

While assessments reduce procrastination, their timing is important. This study considered how students responded to differently
timed assessments. Regular weekly post-class assessments encouraged students use of online resources. However, while placing the
assessment after-class enabled higher-order skills to be assessed it also resulted in the assessment-focused cluster not preparing for the
class session that developed the very skills that were going to be assessed. When classes were even a few weeks in advance of the
assessment, class preparation decreased. Low-stakes regular assessments support the regulation of student behaviours aligned with the
FC method. A question for future research is whether assessment over-use inhibits students’ ability to self-regulate.
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