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Abstract

Flipped learning has received increased recognition as an innovative pedagogical approach
that has the potential to improve students’ learning experience in higher education. This
approach creates a ‘reversed’ learning experience, where portions of the didactic lecture
traditionally presented in class is moved online in the form of pre-learning materials. There
is increasing evidence that this leads to improvements in academic performance with the

online pre-learning materials being an underlying factor.

This thesis reports student behavioural engagement, behavioural patterns, and approaches
to learning with the online component of a partially flipped learning model and its impact
on student academic performance in chemistry courses. An engagement index was
developed to quantify student engagement levels with pre-learning materials. The findings
revealed higher levels of engagement led to significant improvements in academic
performance. Several patterns were detected when measuring students’ frequency of access
for each of the pre-learning materials. The dominant pattern revealed that students tend to
favour accessing a pre-learning quiz more frequently than the video. Most students self-
identified to be strategic learners and were categorised to be moderately or highly engaged
with a preference to accessing the quizzes more frequently than the videos. Students
reported that weighting of the quizzes, although low, was a motivating factor for
completion. The most pronounced differences in academic performance were observed in
the mainstream rather than advanced courses, suggesting that the online component mainly
benefited students with lower proficiency levels of chemistry. Recommendations regarding
the design of the pre-learning materials were proposed to enhance student engagement,

encourage the desired behavioural pattern and adoption of a deep learning approach.
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Chapter 1: Introduction
1.1 Brief background

Flipped learning has gradually emerged, receiving increased recognition as an innovative
pedagogical approach that has the potential to improve students’ learning experience in higher
education (Birgili, Seggie, & Oguz; 2021; Bredow, Roehling, Knorp, & Sweet, 2021;
O’Flaherty & Philips, 2015). Flipped learning “at its simplest, involves pushing lecture
material outside the classroom as a form of homework or other pre-class preparation, leaving
more time in class for interactive or engaging exercises” (Smith 2013, p. 607). Thus, flipping
the instructional design of a course creates a reversed learning experience when compared to
traditional teaching paradigms (Bergmann & Sams, 2012; Hamdan, McKnight, McKnight, &
Arfstrom, 2013). The degree and the extent in which a course is “fully” or “partially” flipped
varies widely across different educational contexts and depends on the intended learning
outcomes (Burgoyne & Eaton, 2018; Flynn, 2015; Roach, 2014; Seery, 2015). To effectively
implement this pedagogical approach, some portions of the didactic lecture traditionally
delivered in class are moved to an online pre-learning environment (Bishop & Verleger, 2013;
Lage, Platt, & Treglia, 2000). This allows students to gain initial exposure to foundational
knowledge required for the in-class session where they engage in a series of active learning

opportunities (Bergmann & Sams, 2012; Hamdan et al., 2013).

Many studies have relied primarily on students’ self-reported data in the form of questionnaires
or think-aloud methods (Jovanovié¢, Gasevi¢, Dawson, Pardo, & Mirriahi, 2017) to examine
the relationship between students’ behavioural engagement and academic performance. The
data gathered from these self-reported measures may often be subjective to recollection biases
as they are not captured in real-time (Dazo, Stepanek, Fulkerson, & Dorn, 2016). While most
studies have focused on students’ behavioural engagement with the in-class component of the
flipped learning model (Cormier & Voisard, 2018; Smallhorn, 2017), limited research has
explored their behavioural engagement with the pre-learning materials. However, the pre-
learning materials are perceived to be a critical feature in providing students with the
foundational knowledge needed for the in-class session where they actively engage in building
their procedural and conceptual understanding of course content (Cormier & Voisard, 2018;
Ryan & Reid, 2016). In addition, there is increasing evidence suggesting that students’ online
behavioural engagement with the pre-learning materials may also be a contributing factor that

impacts their academic performance (Wang; 2017; Wang, 2019). Recent studies have
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suggested the use of learning analytics as an alternative approach to self-reported data to
quantify students’ online behavioural engagement with the pre-learning material (Jovanovic et
al., 2017; Wang, 2019). The data gathered from these measures provide direct evidence of
students’ actual behaviour which can supplement the current understanding of how varying
levels of engagement with the online pre-learning material can impact students’ academic

achievement.

Further research exploring students’ online behavioural engagement often focused on
identifying context specific trends with the individual components of the pre-learning materials
and its impact on academic performance (Beatty, Merchant, & Albert, 2019; Dazo et al., 2016;
Long, Wang, Yang, & Chen, 2019). Other studies have expanded on this by providing a more
profound understanding of students’ overall behavioural patterns with several pre-learning
materials (Brennan, Sharma, & Munguia, 2019; Jovanovic et al., 2017). Despite this, there is
still limited empirical evidence focused on examining the diverse distribution of online
behavioural patterns with the pre-learning materials and its potential correlation with academic
performance (Brennan et al., 2019; Jovanovi¢ et al., 2017). It has been proposed that the
learning process and strategies students adopt may influence their behavioural pattern and
behavioural engagement (Jovanovi€ et al., 2017). Several studies have suggested that a flipped
learning environment has the potential to influence students’ approaches to learning and
promote deep engagement with the learning materials (Jeong, Gonzédlez-Gomez, Cafiada-
Cafiada, Gallego-Pic6, & Bravo, 2019; McLean, Attardi, Faden, & Goldszmidt, 2016).
However, little focus has been placed on the approach students adopt whilst completing the
pre-learning materials. It is expected that the knowledge they have gained from the online
component can facilitate deep learning to occur during the in-class session (Eichler, 2022;
McLean et al., 2016). The relationship between students’ behavioural engagement, displayed
behavioural pattern, adopted approach to learning and their impact on academic performance

remains largely underexplored.

1.1.1 Research aims

The focus of this thesis is to evaluate an existing partially flipped learning model, implemented
in the chemistry courses at the University of Sydney as part of a curriculum renewal to improve
students’ learning experience. In this thesis three distinct yet interrelated research studies will
be presented. The studies focus on examining (1) second year students’ online behavioural

engagement, (2) behavioural patterns, and (3) approaches to learning with the online
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component of a partially flipped learning model and its impact on their academic performance
in intermediate chemistry courses. While this thesis predominantly focuses on intermediate
chemistry courses, parallel data from junior chemistry courses were gathered to compare

students’ approaches to learning.

The aim for the first study was to:

e Develop a behavioural engagement index as part of this doctoral research project.

e Measure students’ behavioural engagement with the online component using the
specifically developed engagement index (as part of this doctoral research project) and
the impact of their behavioural engagement on their academic performance.

e Identify potential factors that may have influenced students’ behavioural engagement.

An engagement index was developed to quantify students’ behavioural engagement levels with
the pre-learning materials in the online component of partially flipped learning model. The

following questions were addressed:

1. What is the effect of students’ behavioural engagement with the online component on
their academic performance?

2. What are the factors that affect students’ behavioural engagement with the online
component?

3. How do changes in students’ behavioural engagement across consecutive semesters

affects their academic performance?

The aim for the second study was to:

e Identify students’ behavioural patterns with the online component and its impact on
their academic performance.

e Evaluate students’ perceptions towards the pre-learning materials.

Behavioural patterns were established based on the frequency of access for each of the two
pre-learning materials: pre-learning videos and pre-learning quizzes. The following questions

were addressed:

1. How do students interact with the pre-learning videos?



a. How does student viewing behaviour correlate with academic performance in
the weekly online pre-learning quizzes, overall online pre-learning quiz score
and the online in-semester quizzes?

2. How do students interact with the online pre-learning quizzes?

a. How does student interaction with the pre-learning online quizzes correlate with
the online in-semester quizzes?

3. What behavioural patterns can be identified using aggregated data from students’
interaction with the online pre-learning material?

a. How does student behaviour with the pre-learning material change over the
course of a semester?

b. How does student identified learning behaviour relate to their academic
performance?

c. How does student identified learning behaviour relate to their behavioural
engagement level and their academic performance?

d. What is the association between the students’ identified learning behaviour and
their engagement index group?

4. What are students’ perceptions towards the pre-learning material of a partially flipped

learning environment?

The aim for the third study was to:

e Explore students’ self-identified approach to learning and its impact on their academic
performance.
e Compare students’ self-identified approach to learning with their observed and self-

described approach.

Students’ self-identified approach to learning was measured using Biggs et al. (2001) Revised

Study Process Questionnaire (R-SPQ-2F). The following questions were addressed:

1. How do students approach learning in the online component of the flipped learning
model and how does it affect their academic performance?
2. How does a student’s self-identified approach to learning relate to their behavioural

engagement level and their behavioural pattern in the online component?



1.2 Significance

This thesis contributes in several ways to current research on partially flipped learning models

in undergraduate chemistry courses by focusing on the online component.

Firstly, the engagement index developed uses learning analytics as an alternative approach to
quantify students’ online behavioural engagement which expands on existing frameworks and
traditional research methods of developing engagement models that often rely on students’
self-reported responses. It provides an insight on ~ow students engaged with the pre-learning
materials, change their online behaviours between consecutive semesters and how their online
behavioural engagement relates to their academic performance. Furthermore, it can be used to
detect online [dislengagement and provide teachers with insightful data allowing targeted

support and personalised feedback.

Secondly, the identified behavioural patterns based on the frequency of access for each of the
two pre-learning materials provide valuable insight regarding the dominant displayed

behavioural pattern(s) and how these may change over the course of a semester.

Thirdly, the self-identified approach to learning gathered from the R-SPQ-2F questionnaire can
identify the learning process and strategies students adopt while accessing the pre-learning
materials. In addition, it provides a comprehensive understanding on how students’ self-
identified approach to learning aligns with their observed and self-described approach and what

factors prompted them to adopt a particular approach.

Finally, the combined data gathered from students’ behavioural engagement, behavioural
pattern and self-identified approach to learning can inform future designs of the partially
flipped learning model. More specifically: (1) how to design pre-learning materials that can
encourage higher levels of engagement, (2) display behavioural patterns that access both pre-
learning materials, and (3) ways to adjust the nature of the pre-learning materials to encourage

students to adopt a deep approach towards learning.

1.3 Structure of the thesis chapters

This thesis focuses on examining the impact the online component of a partially flipped
learning model had on students’ behavioural engagement, behavioural pattern, approaches to

learning and its effects on students’ academic performance and perception in undergraduate



chemistry courses. The three research studies were conducted with one cohort of first year
undergraduate students in junior chemistry courses and two cohorts of second year

undergraduate students in intermediate chemistry courses.

This introductory chapter provides a brief background of the rationale for flipped learning,
followed by the research questions investigated and their significance to the research field. The
first part of Chapter 2 outlines general learning theories and frameworks related to educational
research. The second part of Chapter 2 provides a critical review of the existing research on
flipped learning, identifies emerging trends related to the online component which informed
the research reported on in this thesis. Chapter 3 outlines the methodology used by focusing on
the philosophical underpinnings behind the quantitative and qualitative research methods used
to gather and analyse the data. The second part of Chapter 3 describes the context of the study
and presents a detailed overview of the partially flipped learning model implemented in the
chemistry courses, with information about each of the investigated chemistry courses. Chapter
4 proposes an engagement index to quantify students’ behavioural engagement with the online
component of a partially flipped learning model and its impact on their academic performance.
In addition, it proposes factors that may have influenced students’ online behavioural
engagement. Chapter 5 details an investigation of patterns in students’ behavioural engagement
with the online component of a partially flipped learning model. In addition, it explores changes
in weekly interaction with the online pre-learning material and its effect on academic
performance. Also discussed in Chapter 5 is students’ perception towards the online component
of a partially flipped learning model. Chapter 6 explores students’ self-identified approach to
learning and its impact on their academic performance. The use of observational and follow up
interviews provide valuable insight regarding students’ self-identified approach to learning and
factors that may have contributed to their adopted learning processes and strategies. Further
analysis was carried out to compare students’ self-identified approach to learning with their
online behavioural engagement and behavioural pattern discussed in the previous chapter.
Finally, Chapter 7 briefly summarises the key findings, discusses the implications of the
research findings and highlights key limitations and recommendations for future work with

some concluding remarks on the research reported on in this thesis.



Chapter 2: Literature review

2.1 Brief overview

There is an increasing demand to implement innovative pedagogies in higher education that
extend students’ learning experience “beyond developing subject specific knowledge and
understanding” (Armellini, Antunes, & Howe, 2021, p. 434). These can equip students with
the necessary skillsets to address the learning needs of the twenty first century which include
core competencies such as critical and analytical thinking, problem solving and collaboration
(Trilling & Fadel, 2009; Zhao, He, & Su, 2021). In response, flipped learning has recently
emerged as a pedagogical approach that creates a reversed learning experience when compared
to traditional teaching paradigms. The theoretical framework of a flipped learning model is
grounded in constructivism. The online and in-class components of this pedagogical approach
are designed to involve students in the learning process by actively constructing their own
knowledge. The research reported on in this thesis focuses on examining students’ learning
experience by exploring their behavioural engagement, behavioural patterns, and self-
identified approach to learning in the online component of a partially flipped learning model
implemented in undergraduate chemistry courses. The first part of this chapter outlines general
learning theories and frameworks related to educational research. The second part provides a
critical review of the existing research on flipped learning, identifying emerging trends related

to the online component which informed the research reported on in this thesis.

2.2 The philosophical foundations of research

It is essential to consider the philosophical foundations of research, as they inform the
direction(s) of a research study. Grix (2004) outlines the interrelationship between five

essential building blocks of research (see Figure 2.1). Furthermore, Grix (2004) proposes that:

“By setting out clearly the interrelationship between what a researcher thinks
can be researched (her ontological position), linking it to what we can know
about it (her epistemological position), and how to go about acquiring it (her
methodological approach), you can begin to comprehend the impact your

ontological position can have on what and how you decide to study” (p. 68).



Ontology > Epistemology > Methodology > Methods —>| Sources

What'’s out
there to know?

\

What and how can
we know about it?

\

A How can we go about
acquiring that knowledge?

\ Which precise procedures can we

use to acquire it?

\ Which data
can we

collect?

Figure 2.1. The interrelationship between the building blocks of research (extracted from
Grix, 2002, p. 180).

Krauss (2005) further expands on three of these interrelationships by suggesting that
“epistemology is intimately related to ontology and methodology; as ontology involves the
philosophy of reality, epistemology addresses how we come to know that relatively while

methodology identifies particular practises used to attain knowledge of it” (p. 759).

Allison and Pomeroy (2000) explored the principles of ontology and epistemology and
identified distinguishing features of both. Ontology refers to the “nature of reality” and
proposes two views with some suggesting that “reality is out there to be discovered whereas
others consider that reality is socially constructed” (Allison & Pomeroy, 2000, p. 92). As such,
ontology focuses on exploring what is real. Epistemology refers to “the nature of knowledge”

and thus focuses on “questioning the sources of knowledge, the assumptions upon which it is
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based” (Allison, 2000 as cited in Allison & Pomeroy, 2000, p. 92) and therefore questioning
the relationship between what is known and what can be known. Others propose that
epistemology can also refer to the “extent of human knowledge” (Williams, 1996). As such,
epistemology focuses on exploring what constitutes knowledge, how can knowledge be
attained or produced and /ow to evaluate the degree of its transferability. The underlying
principles of ontology and epistemology can influence the philosophical lens and which

learning theory will be used to explore research.

2.3 The philosophy of learning
2.3.1 Early theory of learning

While the theoretical framework underpinning the educational research reported on in this
thesis is constructivism, it is essential to review how it developed from early theories of
learning. Early theories have been recognised as adopting a teacher-centred approach towards
learning where “the accepted model for instruction was based on the hidden assumption that
knowledge can be transferred intact from the mind of the teacher to the mind of the learner”
(Bodner, 1986, p. 873). This view suggests that knowledge is merely transmitted, and as such,

the learner passively acquires the knowledge being presented by the teacher.

Rationalism is an early epistemological view that perceives knowledge to be innate, or inborn,
and that it can be acquired through intellectual and deductive reasoning rather than from
sensory experiences (Thomas, 2009). Neimeyer and Morton (1997) expand on this further and

suggest that rationalism:

“(a) argues for the distinction between thinking and feeling, (b) favours
thinking as a superior vehicle for validating knowledge, and (c) adheres to a
realist version of ontology, in which there is a single, stable, and potentially

knowable external reality” (p. 110).

Another early epistemological view is empiricism which suggest that knowledge, mainly if not
exclusively, is acquired from sensory experiences (Childers, Hvorecky, & Majer, 2021).
Behaviourism is a perspective that evolved from this and “is restricted to externally observable
inputs (known as stimuli) and outputs (known as behaviour)” (Childers et al., 2021, p. 2). This
view discards the idea that “mental entities are explanatory” but instead explains behaviours to

be fundamentally related to observable events.



2.3.2 Constructivism and social constructivism

Early work conducted by Dewey (1916) informed Piaget cognitive constructivism theory
(1952) which propose that “learners form or construct their own understanding of knowledge

and skills” (Schunk, 1996, p. 230).
Bodner (1986) expands on this suggesting that:

“Knowledge is constructed in the mind of the learner... they do not simply
mirror and reflect what they are told or what they read. Learners look for
meaning and will try to find regularity and order in the events of the world

even in the absence of full or complete information (pp. 874-876).

Piaget’s cognitive theory was derived from ideas on children’s cognitive development. This
depends on four factors: “biological maturation, experience with the physical environment,
experience with the social environment, and equilibration” (Schunk, 1996, p. 236). The process
of equilibration has received significant recognition with two main components identified:
assimilation and accommodation which focus on how learning can occur in the mind of the
learner instead of what influences them to learn. Assimilation is defined as the process “of
fitting external reality to the existing cognitive structure” (Schunk, 1996, p. 236) whereas
accommodation “refers to changing internal structures to provide consistency with external
reality” (Schunk, 1996, p. 236). Schunk (1996) proposes that assimilation and accommodation

“are complementary processes as reality is assimilated, structures are accommodated” (p. 236).

Vygotsky’s (1978) social constructivism theory of learning was not focused “on the internal
structure of concepts and the individual student but instead the social context” (Cooper &
Stowe, 2018, p. 6057) or cultural context within which learning can take place. Vygotsky
suggests that an individual student may achieve a higher level of learning with the assistance
of a more knowledgeable teacher or peer. This form of scaffolding is formally referred to as

the zone of proximal development which is defined as:

“The distance between the actual developmental level (of a student) as
determined by independent learning and the level pf potential development
as determine through learning under the guidance of a teacher, or in
collaboration with more capable peers” (Vygotsky, 1978 as cited in Copper
& Stowe, 2018, p. 6057).
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Both these theories reinforce the notion that “knowledge is constructed in the mind of
the learner, and they emphasize that, for useful and transferrable learning to occur,
connections must be constructed between what is known and what is to be learned”
(Copper & Stowe, 2018, p. 6057). Ausubel further refines the notion of constructivism

and proposes three criteria for meaningful learning to take place:

(1) The student must have appropriate prior knowledge to which the new
knowledge can be connected. (2) The new knowledge must be perceived as
relevant to this prior knowledge. (3) The student must choose to make these
connections (i.e., to learn meaningfully) (Ausubel, 1963; Ausubel, 1968
Ebenezer, 1992 as cited in Cooper & Stowe, 2018, p. 6057).

The instructional design principles of the flipped learning model are grounded in constructivist
learning theory (Piaget, 1952) and social constructivist learning theory (Vygotsky, 1978). The
design of the online component of the flipped learning model aims to support students to
develop relevant prior knowledge by integrating new or modifying their existing knowledge of
concepts. This in turn aims to ensure that students obtain a meaningful learning experience
during the in-class component. The in-class component of the flipped learning model provides
students with the additional opportunity to construct their knowledge and understanding in the
social setting of the classroom by completing guided inquiry activities. This allows students to
collectively co-construct their understanding of new materials with assistance from their peers

or teachers.

2.3.3 Storage of knowledge and cognitive load theory

Three distinct yet interrelated theoretical models have been proposed with respect to storage of
knowledge: long-term memory, short-term memory, and working memory (Cowan, 2008).
While the distinction between long-term memory and short-term memory is often related to
the time for which knowledge is remembered, they have distinguishing features related to “(1)
temporal decay and (2) chunk capacity limits” (Aben, Stapert, & Blokland, 2012, p. 1). Long-
term memory is a permanent storage of information and suggests that everyone possesses a
rich set of long-term memories which can be retrieved and accessed when processing new
information (Aben et al., 2012). Short-term memory refers to a temporary storage of knowledge
with a limited capacity on how much information can be retained in this space. It has been

proposed that working memory is derived from the concept of short-term memory and is
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suggested to be “an interface between perception, long-term memory and action” (Baddeley,

2003 as cited in Aben et al., 2012, p. 1).

Cowan (2008) expands on this further and provides three, slightly discrepant ways of defining
working memory “as short-term memory applied to cognitive tasks, as a multi-component
system that holds and manipulates information in short-term memory, and as the use of
attention to manage short-term memory” (p. 1). Miller (1956) proposed the concept of capacity
limit of working memory suggesting that information should be presented in ‘seven plus or
minus two’ chunks. This provides valuable guidance on how to effectively design and present
information to students so that newly acquired knowledge can be retained in long-term

memory.

According to cognitive load theory, the process of learning imposes a load on the working
memory, a limited space in which information is being used, processed, and stored (Sweller,
1988). When the amount of information and instructions exceed the mental capacity, it causes
a cognitive overload and thus learning becomes hindered. To address this, it is essential to
differentiate between the varying level of intrinsic, extraneous, and germane cognitive load
(Chandler & Sweller, 1991; Sweller, Merrienboer, & Paas, 1998). Intrinsic load is based on the
implicit delivery method of the material, extraneous load reflects the difficulty the learner will
have from extracting the information from the learning materials. Whereas the germane load,
refers to the process of integrating the new information with existing schemas structures stored
in the long-term memory. Cognitive overload can be alleviated, if the intrinsic and extraneous
loads are considered in the design and delivery of the content, thus allowing the learner to

successfully process new information in their working memory.

Abeysekera and Dawson (2014) proposed that the online learning platform in a flipped learning
model has the potential to reduce cognitive load. The design of the online learning platform
allows students to initially access, process and construct their own knowledge at a pace that
suits their individual learning needs. This gives students the opportunity to manage the
constraints imposed on their working memory before attending the in-class component where
the learning material presented during the in-class session builds upon the knowledge they have

acquired from the online component.
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2.3.4 Active learning

Bonwell and Eison (1991) provide one of the earliest definitions of active learning by stating
it involves “any instructional method that engages students in the learning process. In short,
active learning requires students to do meaningful learning activities and think about what they
are doing” (p. 2). Prince (2004) identifies that the “core elements of active learning are student
activity and engagement in the learning process” (p. 223). Proponents of flipped learning argue
that a contributing factor for the success of this instructional approach is due to its grounding
in active learning pedagogies (O’Flaherty & Philips, 2015; Eichler & Peeples, 2016; Li, Lund,
& Nordsteien, 2020).

Mori (2017) describes a two-way pathway where “internalization refers to understanding and
acquiring knowledge while externalization refers to making use of knowledge the performance
that occurs in this process” (p. 104). This two-way pathway can be observed in a flipped
learning environment, the pre-learning material provides students with the opportunity to
‘internalize’ foundational knowledge needed for the in-class session at a pace that suits their
individual learning needs. This is critical as Mori (2017) states that “if the internalization is of
poor quality before active learning is instituted, then active learning activities tend not to be
very lively” (p. 104). During the in-class session, students are given the opportunity to
‘externalize’ their knowledge through a series of active learning strategies, such as think-pair-
share, informal group discussion, problem-based learning (Nilson, 2010), that take place in a
social context in collaboration with peers facilitated by the instructor. In this approach, students
become actively involved in the learning process compared to traditional teaching paradigms

where information is often passively transmitted from the teacher.

2.3.5 Self-determination (motivation) theory

Early work by Deci and Ryan (1985) proposed two central components underlying self-
determination theory: active organism and the social context. According to Deci and Ryan
(1991), active organism indicates how an individual can integrate “new experiences and
regulatory processes with one’s intrinsic self” (p. 239). Ntoumanis (2001) expands on this and
suggests that self-determination theory encourages individuals to “achieve integration and
cohesion of new ideas and interests both within themselves and with others” (p. 398). On the
other hand, the social context is critical as it facilitates or hinders the individual’s ability to
integrate these processes. Self-determination theory can be facilitated if the cognitive needs of

an individual are taken into consideration: competence (experience mastery in knowledge,
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skills, behaviour and produce desired outcomes), autonomy (ownership of one’s behaviour),
and relatedness (sense of belonging) (Deci & Ryan, 1991; Abeysekara & Dawson, 2015). The
application of self-determination theory in a learning environment “lies in the emphasis it
places on students’ level of motivation to be an outcome of their learning environment which
can either promote or impede the satisfaction of their basic cognitive needs” (Deci & Ryan,
2008 as cited in Abeysekara & Dawson, 2015, p. 4). Abeysekara and Dawson (2015) suggested
that the relationship between self-determination theory and flipped learning are mediated by
different types of motivation: intrinsic and extrinsic. Intrinsically motivated behaviours “occurs
without the incentive of external reward and is undertaken out of interest in the activity itself
rather than the outcome of the activity” (Ntoumanis, 2001, p. 399). Whereas extrinsically
motivated behaviours relate “to activities that are carried out as a means to an end and not for
their own sake” (Deci & Ryan, 1991, as cited in Ntoumanis, 2001, p. 399) and often based on

some external reward for completing the task.

In a flipped learning environment, students are given the flexibility to independently access the
online pre-learning materials at a pace that suits their individual learning needs, thus promoting
their autonomy and competence (He, Holton, Farkas, & Warschauer, 2016; Long, Logan,
Waugh, 2016; Ponikwer & Patel, 2018; Xiu, Moore, Thompson, & French, 2019). The in-class
component seeks to promote a learning environment mediated by social interactions and as
such encourages a sense of relatedness. The degree to which students’ motivation is influenced
is also dependent on the course design. In some implementation of the flipped learning model,
a small, graded component is assigned to the pre-learning quizzes as an incentive to encourage
students to complete them (Seery, 2015). The student who chooses to complete the pre-learning
materials and seeks to master the content tends to be more intrinsically motivated when
compared to those students that feel they are required to complete them to be rewarded these

marks (Abeysekara & Dawson, 2015).
2.3.6 Bloom’s Taxonomy

Bloom’s Taxonomy (1956) is a hierarchical framework used to classify educational learning
objectives into three key domains depending on their level of complexity and specificity. The
cognitive domain focuses on the mental processes required to develop knowledge and
intellectual skills. The affective domain describes the way individuals emotionally react in and
to the learning environment/context. The psychomotor domain refers to the physical skills and

movements individuals use to complete a learning task. The research reported on in this thesis
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refers to the revised Bloom’s Taxonomy (Anderson & Krathwohl, 2001), which rearranged the
original categorises, changed the names to verb form, and created levels of cognitive
processing. The revised Bloom’s Taxonomy (2001) also contains six levels of cognitive
processing skills represented on a continuum of increasing complexity ranging from lower
order to higher order skills (see Figure 2.2). In addition to these cognitive processes, knowledge
is categorised into four distinct types. Factual knowledge refers to the basic elements and
terminology used in specific learning context. Conceptual knowledge focuses on the
interrelationship between the basic elements and broader theories related to the specific
learning context. Procedural knowledge relates to the specific skills or methods needed to
perform a certain task. Metacognitive knowledge refers to the individual self-awareness about

the learning process and their own cognitive ability to complete a particular task.

Bloom's Taxonomy

Produce new or original work
e Design, assemble, construct, conjecture, develop, formulate, author, investigate

Justify a stand or decision
eva | u ate appraise, argue, defend, judge, select, support, value, critique, weigh

3 Draw connections among ideas
differentiate, organize, relate, compare, contrast, distinguish

/ \
./.'f analyze “},\ experiment, question, test z

Use information in new situations
~nnl execute, implement, solve, use, demonstrate, interpret, operate,
fule, sketch

Explain ideas or concepts
understand Sl ki

Recall facts and basic concepts
define, duplicate, list, memorize, repeat, state

Figure 2.2. Bloom's Taxonomy hierarchical framework (extracted from Ouda & Ahmed,
2016, p. 430).

By applying Bloom’s Taxonomy to flipped learning environment students are using lower
levels cognitive processing skills that traditionally take place during the in-class session in an
online pre-learning environment prior to the in-class session so they can develop their

foundational knowledge of the course material. During the in-class sessions students are then
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using higher levels cognitive processing skills as they participate in active learning strategies

(see Figure 2.3).
Traditional Model Flipped Model
Studentsare Students and
responsiblefor Creating ™~ teacherswork
homework in together
these levels of E : during the
valuatin
understanding . 5 school dayon
) theselevels of
Analyzing learning.
Teachers New material
introduce is introduced
new to students
material to outside of
students. class as their
homework.

Figure 2.3. Bloom’s Taxonomy hierarchical framework in a traditional versus flipped
learning. Model (extracted from Ouda & Ahmed, 2016, p. 430).

2.3.7 From general to domain specific theories

Cooper and Stowe (2018) provide an extensive review of chemistry education research and
how learning theories have shifted over time, to not only guide dominant learning theories such
as constructivism as previously discussed, but also multilevel thought and information

processing model that have informed chemistry education research.

Johnstone (1991) represented the multilevel thought in chemistry as a triangle with each corner
reflecting one of the three different levels macro, sub-micro, and symbolic (see Figure 2.4).
Students often experience difficulties in learning as instructions are primarily focused on the
centre of the triangle and thus, they are required to simultaneously think about all three levels
of chemistry. Instead, students’ learning opportunities should be presented at each level before

linking these multilevel thoughts to support students’ conceptual and procedural understanding
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of chemistry. By taking this into consideration, it is possible to adjust the level of information

processed by the individual and potentially reduce the gap between novice and expert learners.

Macro

Sub-Micro Symbolic

Figure 2.4. Johnstone’s triangle, representing the multilevel thought in chemistry
(Johnstone (1991) extracted from Cooper and Stowe, 2018, p. 6058).

Johnstone (1997) proposed an information processing model that still has a prominent impact
in higher education chemistry (see Figure 2.5). In this model the incoming information is
screened by a perception filter which has mainly two functions, (1) information is temporarily
held in the working memory where it is processed and (2) the incoming information is
processed with aid from information previously stored in the long-term memory. Johnstone

(1997) notes that an individual’s working memory:

“Is limited shared space in which there is a trade-off between what has to be
held in conscious memory and the processing activities required to handle it,
transform it, manipulate it, and get it read for storage in long-term memory
store. If there is too much to hold there is not enough space for processing; if

a lot of processing is required, we cannot store much” (p. 263).

Further research extends the use of this model to explain the potential difference in information
processing between novice and experts. It has been noted that “experts consider, store, and
retrieve information in a different manner than novices” (Cooper & Stowe, 2018, p. 6058). To
support students in effectively processing information and develop expertise “related

knowledge can be consolidated in our minds into “chunks” and processed as a single unit
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(instead of multiple fragments)” (Cooper & Stowe, 2018, p. 6059). While it is possible to
“chunk” the information to support students understanding of chemistry, it is essential to note
that experts might operate at the centre of Johnston’s multilevel thought triangle, whereas

novices might be processing information in a fragmented manner at each corner of the triangle.

Perception
Filter Rejected
/ Long-term
Memory
\_A Working Memory | | sormation Information:
Information Space Transfer '
Connected
. . Misconnected
Information Holding
. Unconnected
/V Processing
I Controlling (recognition, interest, experience)

Figure 2.5. Johnstone's information processing model (Johnstone (2006) extracted from
Cooper & Stowe, 2018, p. 6059).

2.4 Technology mediated learning environment

Blended learning has become a prominent pedagogical practice in higher education that fosters
the learning core values of the twenty first century such as critical and analytical thinking,
problem solving and collaboration (Ginns & Ellis, 2007; Trilling & Fadel, 2009; Lee, Lim &
Kim, 2017; Zhao et al., 2021). Blended learning offers a flexible learning environment, an
alternative to traditional teaching paradigms (Lee et al., 2017). A blended learning environment
offers a combination of “face-to-face interaction and technologically mediated interactions
between students, teachers, and learning resources” (Bliuc, Goodyear, & Ellis, 2007). To
effectively design a blended learning environment, it is essential to determine the extent, i.e.,
the “right blend of learning” (Lee et al., 2017, p. 428) offered in each component of the learning
environment. Blended learning does not mean merely combining the two components, but
instead integrating these in a coherently linked manner to maximise the affordances offered by

each component. Several researchers have criticised the typical blended learning experience
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which often “involves adding supplementary online discussion activities to the classroom
lecture” (Lee et al., 2017, p. 428). However, in this form of blended learning, the in-class
components “have remained unchanged leaving learners passive recipients, and online
activities have not engaged learners as intended” (Arum & Roska, 2011; Garrison & Kanuka,
2004 as cited in Lee et al., 2017, p. 428). As such, there is an increasing need to offer a blended
learning environment in which students are engaged in a series of active learning opportunities
facilitated by the teacher during the in-class session, supported by technology- mediated
learning that offers an individualised and flexible learning experience to accommodate for the
learning needs of different types of students. A recently emerging form of blended learning

that can achieve this, is flipped learning.

2.5 Flipped learning model in higher education
2.5.1 History of flipped learning

Flipped learning evolved from four key developments in educational research. Early work by
Mazur (1991) as cited in Crouch and Mazur (2001) introduced peer instruction as an alternative
approach to teaching introductory physics. Students were required to complete a set of readings
before attending the in-class session. Following an instructor-led lecture, students were asked
to individually answer conceptual questions which were then discussed with their peers before
making a revised decision of their initial answer. The in-class session was facilitated by a
classroom response system, an interactive technology tool that enabled the instructor to collect
immediate feedback based on student’s responses. When content management systems
emerged online, Baker (2000) was first to model “the classroom flip” by posting lecture notes
online supplemented by online quizzes. By reducing the lecture component, the in-class
sessions were designed around four key features to create an active learning opportunity.
Initially, students would clarify any questions they may have from the assigned readings. They
would then expand on the course content by adding knowledge from their own experience. The
remaining in-class session was focused on students’ understanding and ability to apply course
content followed by practise to encourage creative thinking in collaborative groups (Baker,
2000). Meanwhile, Lage et al. (2000) adopted a similar approach to Baker (2000) and proposed
the concept of “inverted classroom” in a large introductory economic course to accommodate
for the learning needs of different types of students. By inverting the classroom “events that
have traditionally taken place inside the classroom now take place outside the classroom and

vice versa” (Lage et al., 2000, p. 32). The modern reference of flipped learning is accredited to
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Bergmann and Sams (2012) as they initially used online videos to support high school students
who were absent from class, and later to allow for more active learning opportunities to take

place during class time.

2.5.2 Definition of flipped learning

Flipped learning takes several forms but is commonly defined as a pedagogical approach in
which some portion of the didactic lecture traditionally delivered in class is moved to an

independent pre-learning environment, typically delivered online (Eichler, 2022).

Instead of being exposed to content in class and then applying it as ‘homework’, students are
initially exposed to learning course content on their own outside of class and then apply the
knowledge they have acquired in-class through a range of active learning activities (Flynn,
2015; Lage et al., 2000; O’Flaherty & Philips, 2015; Seery, 2015). Since the design and
implementation of a flipped learning model can vary widely across different educational
context (Flynn, 2015; Seery, 2015), a universally recognised definition is provided by the
Flipped Learning Network (FLN):

“Flipped learning is a pedagogical approach in which direct instruction moves
from the group learning space to the individual learning space, and the resulting
group space is transformed into a dynamic, interactive learning environment
where the educator guides students as they apply concepts and engage

creatively in the subject matter.” (FLN, 2014).

For educators to successfully facilitate an effective flipped learning model, the FLN (2014)
proposed four pillars that are fundamental to this pedagogical approach (see Figure 2.6). A
flexible environment is needed. This not only refers to the physical learning space but also
relates to flexibility the teacher has with the type of content delivered in the various component
of the flipped learning. Moreover, teachers need to implement objective assessment and
evaluation tools to measure students learning in a meaningful way. A learning culture is
required with a shift in the teaching and learning paradigms, with teachers facilitating the
learning process whilst students actively engaged in the course material. Intentional content
needs to be developed, whereby the teacher selects which content is most appropriately
delivered in class and outside of class. This selection is critical as it can help develop students’

procedural and conceptual understanding of course material. The role of the teacher is changed
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Figure 2.6. The four pillars of flipped learning (adapted from Hamdan et al., 2013).

2.5.3 Traditional learning environment versus flipped learning
environment

It has been proposed that flipping the instructional design of a course creates a reversed learning
experience when compared to traditional teaching paradigms (Bergmann & Sams, 2012;
Hamdan, et al., 2013). Bishop and Verleger (2013) expands on this view by emphasising that
flipping or inverting the classroom “actually represents an expansion of the curriculum, rather

than a mere re-arrangement of activities” (p. 6).

In a flipped learning environment, there is a noticeable shift in the role of the student and the

teacher when compared to a traditional learning environment (see Figure 2.7).
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Figure 2.7. Comparison of traditional learning environment and flipped learning
environment (adapted from Al-Samarraie, Shamsuddin, & Alzahrani, 2020).

In a traditional learning environment, students gain initial exposure to course content during
the in-class session. In this teacher-centred learning environment, students take on the role of
passive listeners whilst the teacher delivers the course material. Often, limited active learning
opportunities are embedded during the in-class session and students may be often assigned
homework to complete independently afterwards. In contrast, in a flipped learning environment
students gain initial exposure of course content, typically delivered online, before the in-class
session. During the in-class session, students are engaged in a series of active learning
opportunities facilitated by the teacher. In this student-centred learning environment, students
take on an active role in their learning where they participate in collaborative activities that
enables them to apply their knowledge and further develop their conceptual and procedural
knowledge.

2.5.4 Types of flipped learning models

The design of the flipped learning model varies widely across different educational contexts.
To effectively implement this approach, a blend of in-class and online learning activities that
are more focused on creating an active, personalised learning experience is critical in
supporting students’ engagement and learning processes. The examples in subsequent section

focus on the implementation of partially or fully flipped learning models.

22



2.5.4.1 Traditional “fully” flipped learning model

The flipped learning model intentionally shifts content traditionally delivered in-class outside
of class, which is allocated for students to complete independently in an online pre-learning
environment. In-class, students engage in a series of active learning opportunities. Pioneers in
flipped learning, Bergmann and Sams (2012) provide an example of a traditional flipped
learning model. In their model, video lectures are assigned for students to complete as
homework prior to attending the in-class session. A brief review of the key concepts from the
pre-learning video is provided at the start of the in-class session and any misconceptions are
addressed prior to commencing the in-class learning activities. During the in-class session,
students are actively involved in constructing their knowledge whilst the teacher facilitates the
learning environment. Other traditional flipped learning models encourage the use of pre-
learning quizzes to assess students’ levels of understanding of the content presented during the
pre-learning videos (O’Flaherty & Philips, 2015). The quizzes can act as a gateway check for
both students and teachers as they provide valuable feedback regarding students’ level of
understanding. This aids teachers in guiding the start of their in-class session by targeting
specific misconceptions or misunderstanding that were identified in the performance of

students in the quizzes.

2.5.4.2 Partially flipped learning model

In a partially flipped learning model, some components of the course are flipped instead of the
entire course. The design and delivery of this modified model varies. For example, the partially
flipped learning model adopted by Roach (2014) consisted of three weekly in-class sessions
and one weekly pre-learning video. The first two in-class sessions took place at the start of the
week and the content presented was mainly delivered using a traditional didactic teaching
approach (lecture-based format) where students had minimal opportunity to engage with active
learning activities. The last in-class session was solely dedicated for application of concepts
that had been delivered in the pre-learning videos and in other in-class sessions were students
engaged in a range of individual or group-based active learning activities. An alternative
approach to implementing a partially flipping learning model is to select a chunk (Vidic, Clark,
& Claypool, 2015) or a specific module (Burgoyne & Eaton, 2018) from the course in which
the content can be effectively delivered in the pre-learning environment with meaningful active
learning activities embedded in the in-class session to support and build students conceptual

understanding.

23



2.5.5 Components of a fully or partially flipped learning model

2.5.5.1 Online component

The types of online pre-learning materials in flipped learning models vary across different
educational contexts, and may include assigned readings, web-based tutorials, discussion
forums, animations, pre-recorded lectures. The most prevalent modalities used, however, are
videos and quizzes (O’Flaherty & Philips, 2015). Most of the pre-learning videos use
screencast capturing audio narration over PowerPoint slides which are delivered through
YouTube or a learning management system (LMS). The length of the screencast varies, often
kept as relatively short segments to optimise students’ engagement with the learning process
(Clark, Nguyen, & Sweller, 2006). The design of the pre-learning videos often adheres to the
principles outlined in the cognitive theory of multimedia learning which suggest that
combining both visual and verbal representation of abstract construct supports students’
learning experience (Baggett, 1984). After viewing the pre-learning videos, students typically
complete pre-learning quizzes and in some cases are incentivised with a small portion of the
course grade (Flynn, 2015; Seery, 2015). The format of the pre-learning quizzes differs based
on the intended learning outcomes and can be structured in a mastery format to allow for
multiple attempts. The intention of the pre-learning quizzes is to provide students with the
opportunities to assess the knowledge they have acquired from the pre-learning videos and
receive instantaneous feedback and target support to address any potential misunderstanding
in course content before the in-class session (Fautch, 2015). An alternative to students
completing a pre-learning quiz after viewing the pre-learning video or at the beginning of the
in-class session is to assign problem solving questions where students can further demonstrate
the knowledge they attained and provide teachers with valuable instantaneous feedback

regarding their level of understanding of course content.

Fewer studies have reported on the inclusion of post-learning materials to further consolidate
the in-class learning materials. For example, in Flynn (2015) proposed the use of post-class
assignments in their flipped chemistry courses to further consolidate, and in some cases extend

students’ understanding in a deeper manner.

2.5.5.2 In-class component

The in-class session often begins with a teacher-led ‘mini-lecture’ that addresses any

difficulties students may have experienced with the pre-learning materials followed by a range

24



of individual or group-based active learning activities (Fautch, 2015; O’Flaherty & Philips,
2015; Seery, 2015). While a variety of active learning activities are reported on in the flipped
learning literature, several studies, including ones in the field of chemistry education, have
focused on the use of Problem-Based Learning (PBL), Peer-Led Team Learning (PLTL) and
Process Oriented Guided Inquiry Learning (POGIL). For example, in the instructional
approach POGIL, students work collaboratively in small groups facilitated by the teacher to
guide them through three phases of the learning cycle. The first phase is focused on exploring
where students try to identify trends or patterns in the concept provided by the teacher. In the
second phase, students propose a new concept using the trends or patterns they have identified
in the first phase. In the last phase, students apply the knowledge they have discovered to a

new situation, to further develop their conceptual and procedural understanding.

Despite the use of these student-centred instructional approaches, the formative and summative
assessment embedded in the flipped learning model reported in the existing literature in large
is still focused on measuring students’ understanding by course grades or retention rates which
are reflective of traditional performance metrics (Eichler, 2022). Flynn (2015) offers an
alternative approach to measure students’ learning gains by purposefully designing the in-class
learning in accordance with the course learning objectives to address higher cognitive

processing skills from Bloom’s Taxonomy.

2.5.6 Factors that influence students’ learning

2.5.6.1 Conceptualisation of engagement

There is an increased recognition that student engagement is an essential prerequisite for
learning, given its potential to improve academic achievement and retention (Fredricks,
Blumenfeld, & Paris, 2004; Fredricks, Filsecker, & Lawson, 2016; Wang & Fredricks, 2014).
Conceptualisation of engagement varies considerably across different education context.
Therefore, there is a strong emphasise in the literature to clearly define engagement to avoid
any potential overlap with other motivational and cognitive constructs (Fredricks et al., 2016).
A commonly cited definition is the one proposed by the seminal work of Fredricks et al. (2004)
which conceptualised engagement as a multidimensional construct that encompasses three
distinct yet interrelated dimensions: behavioural, emotional/affective, and cognitive

engagement.
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More specifically, Fredricks et al. (2004) state that:

“Behavioural engagement draws on the idea of participation; it includes
involvement in academic and social or extracurricular activities and is
considered crucial for achieving positive academic outcomes and preventing
dropping out. Emotional engagement encompasses positive and negative
reactions to teachers, classmates, academic, and school and is presumed to
create ties to an institution and influence willingness to do work. Finally,
cognitive engagement draws on the idea of investment; it incorporates
thoughtfulness and willingness to exert the effort necessary to comprehend

complex ideas and master difficult skills” (p. 60).

Bond et al. (2020) draw from the existing literature several indicators of student engagement
and disengagement for each of the three dimensions: behavioural, emotional/affective, and
cognitive (see Table 2.1 and Table 2.2). These indicators vary on a continuum depending on
students “activation (high or low) and valence (positive or negative)” (Pekrun & Linnenbrink-

Garcia, 2012, as citied in Bond et al., 2020, p. 4).

Although most of the reported literature draws upon the work of Fredricks et al. (2004) on the
conceptualisation of engagement, more recent developments have broadened the dimensions
of engagement. For example, Reeve and Tseng (2011) expanded on the conceptualisation of
engagement to include an agentic dimension which refers to the actions students proactively,
intentionally, and constructively take towards the set of instructions provided by teachers
during the learning process. Linnenbrink-Garcia et al. (2011) proposed social (social-
behavioural) engagement as another dimension which focuses on student’s interaction and

collaboration with peers and teachers inside and outside of the learning environment.
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Table 2.1. Some indicators of student engagement (modified from Bond et al., 2020).

. Emotional/Affective o

Behavioural Engagement Cognitive Engagement
Engagement
Effort Interest Self-efficacy
Attendance Attitude Self-regulation
Task completion Course value Deep learning
Access course content Satisfaction Integration of ideas
. . Focus on conceptual
Time on task (persistence) Confidence )
understanding
Participation (in class and Critical and analytical thinking
. Relevance )

online) skills
Interaction (peers, teachers, Sense of belonging and  Personalised and sophisticated
content, and technology) connectedness learning strategies

Table 2.2. Some indicators of student disengagement (modified from Bond et al., 2020).

Behavioural Emotional/Affective o )
) ) Cognitive Disengagement
Disengagement Disengagement
Inattentive Dislike Unwilling
Procrastination Disinterest Avoidance
Underprepared Boredom Disconnect of ideas
Non-Attendance Frustration Surface learning
Task incompletion Overwhelmed No specific learning strategies

Whilst student engagement is critical in any learning environment, Henrie et al. (2015)
systematic review focused on measuring student engagement in technology-mediated learning
environments in higher education. They reported that quantitative self-reported instruments, in
the form of surveys, were the most common methods used followed by qualitative
observational measures including screen capture observation of students’ interaction, interview
or focus groups. Fewer studies combined quantitative observational measures in the form of
learning analytics to track students’ engagement level with follow up qualitative measures to

gather a holistic understanding of engagement. A more recent systematic review by Bond et al.
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(2020) reported that self-reported instruments were also predominately used to measure
students’ engagement in educational technology courses in higher education. In a follow up
systematic review by Bond (2020), self-reported instruments were also commonly used to
measure students’ engagement in flipped learning course in K-12 educational contexts. Across
these systematic reviews, it was noted that although self-reported instruments provide valuable
insights, the results provided a narrow view of engagement as they tend to mainly focus on
behavioural engagement with limited attention being placed on the emotional and cognitive

dimensions (Fredricks et al., 2014).

The National Survey of Student Engagement (NSSE) and the Australasian Survey of Student
Engagement (AUSSE) are the most frequently used questionnaires to measure students’
engagement from a behavioural lens in higher education (Kahu, 2013). The NSSE measures
engagement using five scales: (1) level of academic challenge, (2) active and collaborative
learning, (3) student-faculty interaction, (4) enriching educational experience, and (5)
supportive learning environment. The AUSSE builds on the NSSE and adds an additional
engagement scale related to work integrated learning. Despite their popular use and their claims
to be empirically derived from good psychometric measures, several studies have critiqued
their validity and the way NSSE and AUSSE conceptualised and measured engagement
specially since they focus on the behavioural dimension of engagement rather than the complex
multidimensional nature of students’ engagement (Henrie et al., 2015; Kahu, 2013). Moreover,
Fredricks and McColskey (2012) conducted a recent review of self-reported measures that
revealed items measuring the behavioural, emotional, and cognitive dimensions are used
inconsistently across questionnaires which makes comparison of research findings difficult

across studies.

One possible way to overcome this is to develop and validate a comprehensive scale or index
that encompasses the multidimensional constructs of engagement. Although scales and indexes
are used interchangeably, and both are composite measures, they possess notable differences
(Babbie, 2012). An index can be constructed by accumulating scores assigned to individual
indicators. A scale assigns scores based on a response pattern and takes into consideration
different intensities of those indicators, where some indicators are relatively weak, and others
are strong. For example, Deng et al. (2020) developed and validated a Massive Open Online
Courses (MOOCs) scale to measure students’ engagement across four dimensions:

behavioural, cognitive, emotional, and social engagement. The scale development process
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included four phases: (1) item generation and reduction whereby existing construct in the
literature were reviewed and relevant measures were selected, (2) item refinement was carried
out to eliminate redundant items and generate new ones, (3) construct validity was conducted
to examine the purity of the items, (4) construct validation was carried out to measure the

reliability and validity of the items.

Tasker et al. (2003) constructed an engagement index to quantitatively measure student’s
engagement with online chemistry modules. In their study engagement was defined using
measurable tracking data based on their interaction patterns with the online modules. The
engagement index was comprised of five parameters:(1) completion time for module, (2) time
spent on both introductory screens, (3) time spent on experimental set-up screen, (4) time spent
between opening screen and selecting an answer and (5) access to rules. Tasker et al. (2003)
attempted to classify students based on their level of engagement rather than construct a scale
of engagement. Students were assigned a score from 0-2 depending on their level of
engagement (not engaged = 0, engaged = 1 and very engaged = 2) for each parameter which
were then added to get an overall engagement index score. The cut-off values for the three
engagement levels were subjective and derived from the students’ interaction data with each
of the parameters. The reliability of the developed engagement index was validated in two
ways, firstly by measuring the correlation between the engagement index score with an
independent parameter not included in the original design of the index and secondly by
comparing the engagement index score with students’ personal recollection of their interaction

with the online modules.

Although these proposed methods provide alternative quantitative measures to potentially
examine engagement, there is a strong emphasis in the literature to combine the use of
quantitative and qualitative measures to gain a holistic understanding of students’ engagement

(Fredricks et al., 2016).

2.5.6.2 Approaches to learning

Substantial research has been conducted on students’ approaches to learning in higher
education. Broadly, an approach to learning reflects the student’s intention when starting a task
and the learning processes and strategies they adopt to complete the task (Jovanovi¢ et al.,
2017). The seminal work by Marton and Séljo (1976) used a phenomenographic research

approach to examine from the student’s perspective their approach to learning whilst reading
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academic articles and texts followed by answering a series of related comprehension questions.
Differences between students’ approaches to learning were analysed qualitatively based on
students interview responses. Based on their results, students’ approaches were classified into
two main levels of processing: surface and deep. Surface learning processes were displayed by
students that relied on rote learning and memorisation of materials, whereas those that adopted
deep learning process focused on seeking meaning and relating concepts with previously
acquired knowledge. Subsequent research identified a third level of processing, the achieving
or strategic approach where students are extrinsically motivated to adopt a surface or deep
approach towards their learning to maximise their academic performance (Biggs, 1987;
Kember & Leung, 1998; Ramsden, 1979). Entwistle (2000) outlines in more detail the

characteristics of these three different approaches to learning (see Table 2.3).

Table 2.3. Defining features of approaches to learning (extracted from Entwistle, 2000).

Surface approach Strategic approach Deep approach
Passively reproduction Reflective organising Actively transforming
Intention — merely to cope Intention - to achieve the Intention - to understand
with course requirements by:  highest possible grades by: ideas for yourself by:
Treating the course as Putting consistent effort Relating ideas to previous
unrelated bits of knowledge into studying knowledge and experience

Memorising facts and
carrying out procedures
routinely

Finding difficulty in making  Finding the right conditions Checking evidence and
sense of new ideas presented  and materials for studying  relating it to conclusions

Managing time and effort Looking for patterns and
effectively underlying principles

o . Monitoring the Examining logic and
Seeing little value or meaning . 3
. effectiveness of ways of argument cautiously and
in either courses or tasks set . >,
studying critically
. . : . Being aware of
Studying without reflecting Being alert to assessment &

understanding developing

on either purpose or strategy requirements and criteria while learning

) Gearing work to the Becoming actively
Feeling undue pressure and . . .
perceived preferences of interested in the course
worry about work
lecturers content

Further research expanded on the initial conceptualisation of Marton and Séljo (1976) by
developing self-reported questionnaires to quantify students’ approaches to learning. Entwistle
and Ramsden (1983) originally developed the Approaches to Studying Inventory (ASI) with

several versions adapted over the years including the Revised Approaches to Studying
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Inventory (Entwistle & Tait, 1995), Approaches and Study Skill Inventory for Student (Tait,
Entwistle, & McCune, 1998) and Approaches to Learning and Studying Inventory (Entwistle
& McCune, 2004). The original ASI classifies students according to four orientations of
studying: meaning, reproducing, achieving orientation, and non-academic orientation. Students
with a meaning orientation are intrinsically motivated and are focused on understanding and
relating knowledge. Students with a reproducing orientation are extrinsically motivated and
rely on rote learning strategies to build their understanding. Students with an achieving
orientation are aware of the learning requirements and use organised study methods with the
sole purpose of achieving their goal. Students with a non-academic orientation possess lower

levels of motivation and are less organised in their study methods.

Biggs (1987) initially proposed a 43-items Study Process Questionnaire (SPQ) that
conceptualised the three approaches to learning (surface, deep, and achieving approach) further
into two main sub-components: motive and strategy. Students that adopt a surface approach
towards learning are extrinsically motivated. Their learning strategies are limited to rote
learning as they seek to put minimal time and effort into the learning process. Students that
adopt a deep approach towards learning are intrinsically motivated. Their learning strategies
focus on seeking meaning to enhance their level of understanding. The motive of students that
display an achieving approach is to maximise their academic performance, while being
strategic with their use of time and space as their learning. Further research by Biggs et al.
(2001) revised the original SPQ and refined it to 20 items in the R-SPQ-2F questionnaire. The
R-SPQ-2F questionnaire focused on only measuring students’ surface and deep approaches
while also taking into consideration the motive and strategy sub-components. It is critical to
note that students cannot be categorised as “surface” or “deep” learners based on their SPQ or
R-SPQ-2F questionnaire responses. Students’ approaches to learning are not stable
psychological traits but instead are influenced by both individual factors and the teaching
context. Thus, students’ approaches to learning are relational, suggesting that a student can
vary their approach depending on the nature of the task and the way they perceive the task in

each context.

Biggs’s (1993) presage, process, and product model (3P) provides a framework for
understanding the role of students’ approaches to learning in an educational context (Figure
2.8). In the 3P model, the presage stage represents the characteristics the students initially

possess which include background knowledge, ability, and their preferred approach to learning.
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In the presage stage individual students can be influenced by several factors from the teaching
environment. These then influence the process stage which reflects students’ behaviour in the
learning environment and their adopted approach while learning. The last stage is the product
which reflects the effect of students’ adopted approach to learning and strategies on their
academic performance. The 3P model reflects several direct and indirect factors that can

influence students’ behaviour and as a result their academic performance.

Presage Process Product

Student Factors

Prior Knowledge Ability
Motivation

Student Learning
Outcomes Block

* Learning Focused

Activities
—> Quantitative (Facts and

y Skills)
Approprla‘te ot Deep~ Qualitative (Structure
A 4 Inappropriate or Surface and Transfer)

Affective Involvement

Teaching Context
(Traditional, Blended
or Flexible)

Objectives

Assessment
Climate/Ethos
Teaching

Institutional Procedures

Figure 2.8. Bigg's 3P model (extracted from Hamilton & Tee, 2013, p. 751).

The review by Baeten et al. (2010) highlighted several factors that encourage and discourage
students to adopt a deep approach to learning in student-centred learning environment. Their
findings revealed that students varied their approach to learning according to disciplines, with
the deepest approach generally observed in human science. It was noted that teachers played a
critical role in stimulating students towards the use of a deep approach to learning. Students’
initial approach appeared to be a main factor in determining which approach they will adopt

whilst learning. Gijbels et al. (2008) found that the stronger the students’ initial approach, the
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less likely they are to change their approach. In addition, it was noted that a student’s
motivation, self-confidence, and self-efficacy are key contributing factors in influencing their
adopted approach to learning. The main contextual factor that appeared to influence students’
approaches to learning is their perceived course value. Students that were satisfied with the
course quality were observed to have a general tendency towards adopting a deep approach to
learning. These results, in conjunction with the 3P model, highlight the complex processes that
are involved in encouraging or discouraging students from adopting the desired approach to

learning in an educational context.

2.5.7 Impact of flipped learning on academic performance and failure rate

There is increasing evidence that a flipped or partially flipped learning model has the potential
to yield significant gains in academic performance and reduction in failure rates when
compared to traditional didactic teaching paradigms across a range of disciplines and
educational context. A meta-analysis by Cheng et al. (2019) evaluated the effect of flipped
learning as an instructional strategy on students’ learning outcomes across 55 studies and found
an overall small significant Hedge’s effect size of g = 0.19 when compared to traditional
teaching methods. The effect sizes varied significantly across disciplines, with the smallest
effect size observed in Science, Technology, Engineering and Mathematics (STEM) courses.
More recently, a comprehensive meta-analysis by Bredow et al. (2021) across 317 studies
evaluated the efficacy of flipped versus traditional STEM and non-STEM courses and found
small to moderate positive effects on academic performance and intra-/interpersonal skills, and
small positive effects on satisfaction in flipped courses. Educational context was identified as
a leading factor responsible for the observed variability in the efficacy of flipped learning
outcomes in higher education. Similar findings are reported in a meta-analysis by Lag and Sale
(2019) where the difference in the effect of flipped learning was observed to be more
pronounced in non-STEM courses when compared to STEM courses. Due to their broad
classification of disciplines, however, it was not feasible to identify differences within specific

non-STEM and STEM courses.

The effect of flipped learning on students’ academic performance in chemistry education is
further explored with noticeable variation reported in the literature. The meta-analysis by
Rahman and Lewis (2020) of evidence-based instructional practise in undergraduate chemistry
education covered 15 flipped classroom implementations. They observed, using Hedge’s effect

size, a small to medium positive effect size with respect to students’ academic performance.
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The three-year longitudinal study by Weaver and Sturtevant (2015) of first year general
chemistry courses reported significant improvements in the American Chemical Society (ACS)
exam scores in the flipped course format when compared to a traditional course format. In a
broader study conducted by Flynn (2015), significant improvements in course grades and
decreased failure rates and D’s, F’s, and withdrawal (DFW) rates were observed in four flipped
organic and spectroscopy courses when compared to their historical course data pre-flipped
model implementation. In contrast, Yestrebsky’s (2015) parallel study found no significant
difference in the ACS exam score between first year general chemistry courses taught in a
flipped versus a traditional lecture-based format. In the flipped format course, however,
significantly higher overall course grades were noted but no changes in the lower grade merits

(D’s and F’s).

A recent systematic review by Bancroft et al. (2021) noted that studies examining the impact
of the flipped learning model on the academic performance in undergraduate chemistry courses
have mainly focused on the broader student population with limited emphasis being placed on
the academic diversity of the student population within a course. Eichler (2022) built on this
notion and suggested several studies that have shown the impact of the flipped learning model
to be more pronounced for less academically prepared students. Ryan and Reid’s (2016) year-
long parallel controlled study in an undergraduate general chemistry course found no
significant difference in exam performance between the flipped and traditional course format.
In the flipped course format, however, significant improvements in exam grades and decreased
DFW rates were noted for the bottom third of student population as measured by their ACS
pre-test score. In another study, Crimmins and Midkiff (2017) implemented a flipped learning
model in an undergraduate organic chemistry course and observed improvements in learning
outcomes for all students, but those at the lowest academic achievement levels appeared to
experience the most gains. Similar findings were also observed in Cormier and Voisard (2018)
undergraduate organic chemistry course where significantly higher course grades were
observed compared to historical course data. Moreover, they observed that the flipped format
had the greatest effect on performance for “low-achieving” students as categorised by their
academic ability. Differences in performance were suggested to be related to students’ varying
levels of engagement with the active learning activities. Differences in performance may have
also been influenced by students’ level of interaction with the pre-learning materials, however,
this was purposefully not measured as it was assumed to be the responsibility of the students

to be come prepared to the in-class sessions.
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Further, even partially flipping undergraduate chemistry courses can have a significant and
positive impact on students’ academic performance. Shattuck’s (2016) controlled parallel study
on a partially flipped organic course flipped a third of the content that focused on challenging
concepts. A significant improvement was observed in the exam questions related to the topics
delivered in the partially flipped format and there was a noticeable increase in the A and B
grades and a decrease in withdrawal rates. More recently, Bokosmaty et al. (2019) observed
significant improvements in higher grades distribution across three introductory undergraduate
chemistry courses with lower or relatively unchanged failure rates when compared to historical

course data.

In another study, He et al. (2018) found that a partially flipped model in an undergraduate
chemistry course had a small effect on the exam performance of the current course, but positive
effects in performance were eventually transpired in the subsequent course offering. These
results align with those of Casasola et al. (2017) who found that students in a flipped chemistry
course to achieve higher grades in the subsequent chemistry course when compared to those in
the traditional course format in the same semester. However, He et al. (2018) extended on this
and suggests that adopting a partially flipped learning model has the potential to bridge the
achievement gap between various groups of students. They reported that “academically
weaker” students were perceived to have benefited much more from this instructional approach
compared to academically stronger students where their performance remained relatively

constant.

Despite the varied reported effects on students’ academic performance across different
disciplines, it remains unclear which feature(s) of the flipped or partially flipped model result
in the desired positive outcomes (Bancroft et al., 2021; Eichler, 2022; O’Flaherty & Philips,
2015). The lack of clarity may in part be related to the variations in implementation of the
instructional design and the types of learning activities embedded in each of the pre-learning
and in-class component. For example, a study by Eicher and Peeples (2016) in a large
introductory chemistry course found a significant improvement in the course grade point
average (GPA) of students in the partially flipped format compared to students in a non-flipped
course format. No significant differences, however, were observed in final exam scores
between the two formats. It was proposed that the interactive learning activities in the in-class
component may not be the only contributing factor that improved students’ learning gains.

Although it was not feasible to isolate the direct effects of the various components of the model,
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it was hypothesised that the online pre-learning materials may have had a greater impact on
students’ academic performance. More recently, Lee and Choi (2019) observed, in a life
science course, a strong positive correlation between the two components of the flipped
learning model. A strong positive correlation was also observed between the pre-learning
component and final learning outcome. This relationship was almost twice when compared to

the effect of the in-class learning component on learning outcomes.

2.5.8 Impact of flipped learning on engagement

Several studies have examined the effects of a flipped or partially flipped learning model on
students’ engagement and learning outcomes, however, few studies have been conducted in
higher education chemistry courses. Student engagement is characterised by “the quality of
efforts students themselves devote to educationally purposeful activities that contribute directly
to desired outcome” (Hu & Kuh, 2002, p. 555). Student engagement is conceptualised as a
multi-dimensional construct that encompasses three components: emotional, cognitive
engagement and behavioural (Fredricks et al., 2004). Although emotional and cognitive
engagement have an important influence on academic performance and achievement (Wang,
2017), behavioural engagement has been identified as the “strongest indicator of success in

terms of learning outcomes” (Lee, Park, & Davis, 2018).

Seery (2015) evaluated students’ engagement with the various components of a flipped
undergraduate chemistry course. Analysis of students access to the pre-learning materials
showed high levels of engagement with overall 92% of students viewing the pre-learning
videos and completing the associated pre-learning quizzes. To quantify students’ cognitive
engagement with the in-class component, questionnaire responses were gathered on four
questions from the students whilst they were working through the assigned work to evaluate in
real time their engagement levels. Responses from three of the questions indicated that students
were generally engaged, were perceived to be applying effort and were content to continue
working on these assigned tasks. Students strongly disagreed that they were unaware of their
surroundings, which is expected given the active nature of the in-class component. It was
proposed that future research should investigate the relationship between engagement and

learning outcomes and which feature(s) of the model may lead to improved learning outcome.

A broader study conducted by Burke and Fedorek (2017), in a crime control course, compared

students’ engagement across traditional, online and flipped formats. It was anticipated that
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students in the flipped course format would report higher levels of engagement as they were
actively engaged in the learning process during the in-class component. However, this was not
the case. Students in the flipped format reported lower levels of engagement, developed fewer
personal skills, and applied fewer critical and analytical thinking skills compared to those in
the other formats. Different findings were observed by Subramaniam and Muniandy (2019) in
a computer science course where students self-reported higher levels of engagement across the
four constructs of engagements (behavioural, agentic, cognitive, and emotional) in the flipped
format of the course. However, no significant difference in terms of students self-reported
engagement levels were observed when comparing the flipped to the traditional course format.
It was suggested that a potential factor that may have led to the observed results may be related
to the instructional design adopted in these course and further refinements related to the online
pre-learning lectures such as adding subtitles or captions might be needed to better support

students learning experience.

Limited research has examined the relationship between students’ engagement and learning
outcomes in the online component, with the majority focused on the in-class component of the
flipped learning model. Smallhorn (2017) found that the flipped learning model implemented
in a genetics, evolution and biodiversity course led to an increase in students’ engagement as
measured by their attendance and submission rates of assigned tasks. Despite improved levels
of engagement, no significant differences were observed in paired answers to multiple choice
questions as classified by Bloom’s Taxonomy when comparing before and after flipped model
implementation. Further analysis showed no significant differences in the final course grade
between the flipped and historical course data. Smallhorn (2017) suggested that a flipped
learning model creates a “cultural shift towards a more engaged learner” (p. 51) instead of

measurable academic learning gains.

A more recent study by Meyliana et al. (2022) revealed that a flipped learning model
implemented in an undergraduate information technology course resulted in improved learning
outcomes when compared to a traditional course format. No strong causal links were observed.
It was proposed, however, that higher levels of engagement in-class may have been responsible
for the improved mid-term and final course exam scores. Although limited research has
explored the effect of students’ engagement with the pre-learning materials, it is perceived to

be a critical feature in providing students with the foundational knowledge needed for the in-
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class sessions where they actively engage in building their procedural and conceptual

understanding of course content (Cormier & Voisard, 2018; Ryan & Reid, 2016).

Lee et al. (2018) measured students’ self-reported responses on their pre-class and in-class
engagement in a general biology or chemistry flipped learning course and its impact on
different types of learning outcomes. The overall learning outcomes of the courses were
significantly influenced by all three multi-dimensional constructs of engagement with the
greatest impact observed from the affective engagement domain. The most influential affective

factors were students’ attitude and perceived value of the flipped learning environment.

For content/learning related outcomes of the courses, behavioural engagement was observed
to have the greatest impact followed by affective engagement. No significant differences were
noted for the cognitive engagement domain. It was noted that the main behavioural factor that
led to these noticeable trends in content/learning related outcomes was students’ persistent
effort with the course material. All the reported findings related to flipped learning outcomes

appeared to be influenced by the students’ pre-class and in-class engagement levels.

To examine the relationship between students’ behavioural engagement and achievement, most
of these studies have primarily relied on students’ self-reported data of engagement in the form
of questionnaires or think-aloud methods (Jovanovi¢ et al., 2017). While these studies provided
valuable insights, self-reported perceptions of behavioural engagement may often lead to an
inaccurate recall of events of their learning as they are not captured in real-time (Hsiao, Huang,
Huang, Lu, Yin, & Yang, 2019). An alternative approach that provides direct evidence of

2 ¢

students’ “actual” behaviour is the use of learning analytics (Jovanovi¢ et al., 2017; Wang,
2017; Wang, 2019). The data obtained through these measures supplement the current
understanding of how online behavioural engagement with the online learning platform may

affect achievement.

Preliminary research by Wang (2017) developed an exploratory behavioural model using the
partial least square structural equation modelling (PLS-SEM) method to reveal how students’
online behavioural engagement affects their achievement in a flipped learning environment.
Wang’s (2017) research is a preliminary contribution to the field, as learning analytics were
used to analyse data extracted from the courses’” LMS instead of self-reported measures to
gather data on students’ behavioural engagement. The design principles of the flipped learning

model adopted by Wang (2017) were grounded in Merrill’s framework (2013) that uses a
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problem-centred learning approach to activate, demonstrate, apply, and integrate information.
Moreover, self-reflection and self-assessment learning activities were embedded in the design
of the flipped learning model to further promote behavioural engagement with the online
learning material and promote students’ engagement with the problem-solving activities. It was
observed that students’ engagement with this problem-centric framework had a significant

positive effect on formative assessment and students’ overall academic achievement.

2.5.9 Impact of flipped learning on behavioural pattern

Numerous studies have identified context specific trends related to the pre-learning videos and
pre-learning quizzes used in a flipped or partially learning environment. However, there is
limited empirical evidence focused on examining the diverse distribution of online behavioural
patterns with the pre-learning materials and its potential correlation with academic

performance.

Dazo et al. (2016) attempted to address the gap in the literature by using objective data instead
of self-reported measures from students to gain an understanding on their video-viewing
behaviours in a flipped computer programming course across three different offerings. When
comparing the percentage of pre-learning videos accessed over a semester, noticeable
differences were observed between the courses with some having high access rates whilst other
having a lower one. However, this is a binary measure that only indicates whether a student
has accessed the pre-learning video instead of the length of them viewing it. Thus, content
coverage was used to report on the duration spent watching the pre-learning videos, but no
clear patterns were observed across course. Another important measure was punctuality which
monitored when students accessed the pre-learning video relative to the start of class with
noticeable variations across courses. The last measure used was distribution of pre-learning
videos which revealed that most students watched the pre-learning video once or not at all. A
significant relationship was observed between students’ punctuality measure and their
academic performance. Students that accessed the course content for the first time prior to the
in-class session performed better than the remaining students. Variation across the three
courses were proposed to be related to sociotechnical factors. Favourable behavioural patterns
were observed for one of the three courses due to the following adjustments: (1) introduction
of a new course requirement to create one post per pre-learning video led to an improvement
in content coverage, (2) personalised feedback related to which segments of the pre-learning

had and not been viewed, (3) automated reminders to view pre-learning videos prior to class
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and complete any overdue tasks. Although this study provides empirical data related to
students’ interaction with the pre-learning videos and its effect on academic performance,
further analysis investigating interaction within the pre-learning video can potentially identify

different forms of engagement adopted by the students.

In contrast, Beatty et al. (2019) found no significant relationship between video-viewing
patterns and academic performance in an introductory management flipped course. In their
study, students were categorised as either low or high performing in relation to the median
score in each of the three exams and overall course grade. Whilst no significant results were
observed, it was noted that high performing students in the overall course grades watched all
the pre-learning videos. When comparing video-viewing patterns with performance in the
second and third exam, the number of low-performing and high-performing students not
watching the pre-learning videos drastically increased compared to the first exam. It was
proposed that students may not have expected that watching the pre-learning videos would be
helpful for their exam. To enhance students’ video-viewing behaviour several suggestions were
made: (1) present important content at the start of the videos, (2) access important content only
from the videos, (3) build interactive component such as a quiz into video, (4) choice selection

of video based on their learning needs.

Long et al. (2019) found that the use of interactive pre-learning videos instead of the ‘typical’
pre-learning video structure had a significant impact on students’ academic performance, self-
efficacy, and cognitive and metacognitive skills in a flipped pre-service teaching course. The
design of the interactive pre-learning videos was based upon the Knowledge Integration
Theory, embedding probing problems at various intervals enabled students to integrate their
prior knowledge and further develop their conceptual understanding of the course material. It
was proposed that the use of interactive pre-learning videos can address the traditionally
perceived shortcomings of the pre-learning material being passive in nature. Creating
interactive pre-learning experiences can thus improve students’ in-class engagement level

which potentially leads to improved academic performance.

A more recent study by Naibert et al. (2020) noted that variation in students’ video-viewing
behaviours may be related to the structure of the in-class environment. For example, students
in courses where the dominant behaviour was responding to teacher-led questions were less
likely to watch the pre-learning videos compared to courses where the dominant behaviour

encourages group work interaction between students. Although the results do not report on the
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nature of the pre-learning videos used, they focused on categorising students’ self-reported
engagement through the Interactive-Constructive-Active or Passive (ICAP) framework.
According to this framework, passive is the lowest mode of engagement and refers to students
only receiving information. An active mode includes students repeating the presented
information. A constructive mode relies on students producing new information based on what
is presented, and an interaction mode encourages students to converse about the information.
Most of the students displayed active and constructive engagement behaviours. This supports
O’Flaherty and Philips (2015) claim that suggests students are less inclined to engage in pre-
learning materials that lack interactivity, formative feedback and are not logically linked to the
in-class material. Another factor that also encourages students’ engagement with the pre-
learning videos is the flexibility in access and the relative short length to manage students

cognitive load (Abeysekera & Dawson, 2014; O’Flaherty & Philips, 2015).

Further insights about students’ online behavioural engagement were reported in a preliminary
study by Lacher and Lewis (2014) which mainly focused on the impact of the pre-learning
quizzes on academic performance in a flipped undergraduate computer science course. It was
observed that completing the pre-learning quizzes did not lead to significant improvements in
students’ course grades. However, higher aptitude students tend to benefit more from having
pre-learning quizzes than lower aptitude students. Several factors contributed to the observed
results; pre-learning quizzes are used as a ‘gateway’ tool to assess students’ level of
understanding of course material presented in the pre-learning videos. By completing the pre-
learning materials, students improve their preparedness level for the content presented in the
in-class sessions. Despite these perceived benefits, it was proposed that “higher aptitude”
students tend to benefit more from having pre-learning quizzes as they are usually less inclined
to watch the pre-learning videos. Thus, having pre-learning quizzes would encourage them to
complete all the required learning activities. The design of the pre-learning quizzes, specifically
the multiple-choice nature of the questions, leads to more surface learning rather than
facilitating deep learning which may explain why lower aptitude students may not have
benefited equally. It was suggested that future implementation of the pre-learning quizzes
should include a variety of question formats, such as filling in blanks or short answer questions.
In a follow up study, Lacher and Lewis (2015) observed similar results but extended the
research further by exploring how different approaches to learning (deep, surface, and
strategic) impacted students’ academic performance. It was observed that the pre-learning

quizzes improved the grades of students who had a tendency towards adopting a surface
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approach sufficiently to be aligned with those that tended to adopt a deep learning approach.

No detailed analysis, however, appears to have been carried out to explore this further.

Previous studies have almost exclusively focused on examining students’ behaviours with
individual components of the pre-learning materials and its effect on academic performance.
Other research has not only considered this but also provided a more profound understanding
of students’ overall online behavioural patterns with all the pre-learning materials and its
impact on academic performance. Jovanovi¢ et al. (2017) used learning analytics to examine
learning strategies and behavioural patterns of students in a flipped undergraduate computer
engineering course. Agglomerative hierarchical clustering, based on Ward’s (1963) method,
was used to detect five students’ behavioural patterns (i.e., adopted learning strategies) based
on the observed sequence of learning actions. This was followed by clustering students based
on the identified behavioural pattern (i.e., learning strategies) for each of the four pre-learning
activities over the course of the semester and how these impact on academic performance. The
results revealed that there was an association between students’ behavioural pattern, (i.e.,
adopted learning strategies) and their course performance. Students that adopted an intensive,
strategic, or highly strategic approach to learning displayed higher levels of engagement with
the pre-learning materials which lead to higher academic performance. Those that reduced their
level of engagement and focused only on solving summative tasks resulted in lower academic
performance. Thus, students’ academic performance is influenced by the adopted learning
strategy and their level of engagement with each of the pre-learning activities. These results,
however, did not elicit reasons why students adopted a particular approach nor what design

features may have encouraged or inhibited students’ behavioural patterns.

A more recent study by Dooley and Makasis (2020) adopted a similar clustering analysis
approach but only used three parameters to gain an understanding of students online learning
behaviours with the pre-learning materials of a flipped pre-veterinary science course. It was
noted that the parameter measuring the first time students accessed the pre-learning materials
relative to the in-class session was a key indicator of students’ performance. Students that
accessed the pre-learning materials as originally intended (i.e., before the in-class session)
received better course grades when compared to those that accessed the pre-learning materials
after the in-class session. The other two parameters, the number of sessions and size of session,
appeared to have no association with students’ academic performance. In contrast, AlJarrah et

al. (2018) found no significant difference in the time the pre-learning materials were accessed
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between low and high performing students. Although both studies reported the use of similar
pre-learning materials (pre-learning videos and complementary learning activities) differences
in results may be related to the instructional design of the flipped learning model and the
relationship between the online pre-learning materials and the active in-class learning

activities.

Brennan et al. (2019) provide a broader alternative approach to explore students’ online
behavioural patterns across a large diversity of courses (n = 225) range courses that are not
limited to adopting a flipped or partially flipped learning model. Students’ online behavioural
patterns were based on the relative frequency of access of each of the four online activities:
content views, discussion posts, content downloads and others. A total of 64 behaviours were
identified that correspond to a unique behavioural pattern and were ranked in a descending
order based on the aggregated frequency of weekly access in each of the four online activities.
Despite the wide variation in behaviours, it was noted that students’ behavioural pattern may
not be limited to those 64 identified patterns, and the frequency of access does not reflect the
level of engagement with the content presented. It was proposed that these variations in
behavioural patterns may be attributed to individual preferences, the instructional design of the
course and how instructors can encourage or inhibit certain behaviours. Changes in behavioural
diversity were captured on a weekly basis over the length of a semester for a given course using
two metrics: richness and evenness. Behavioural richness is the number of different behaviours
observed within a course. This metric, however, is biased towards rare behaviours as it only
considers the presence or absence of behaviours and is bounded between 1 to 64. Thus, low
richness refers to rare behaviours and high richness refers to common behaviours. Behavioural
evenness measures the frequency of these behaviours. This metric, however, is also biased
towards common behaviours, as it only considers the frequency of each of the 64 behavioural
types in each week. Thus, low evenness refers to one or few dominant behaviours, whereas
high evenness refers to behaviours of similar frequencies. It was reported that behavioural
richness decreased over the duration of the semester whereas behavioural evenness remained
relatively constant but reflected some strong dominant behaviours with relatively equal
distributions of students in each behavioural type. It was also observed that students tend to
shift towards a common online behaviour which may be influenced by the structure of the
course. The approach reported by Brennan et al. (2019) proposes a valuable tool to examine
students online behavioural engagement and evaluate engagement level with a variety of online

learning activities. Adopting this approach within a flipped or partially flipped learning context
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can potentially provide valuable insight regarding the varying behavioural patterns present
within a course with reference to the specific pre-learning materials embedded. It can also
highlight how students’ initial behavioural patterns may change of the course of the semester

and identify which behavioural pattern is the most dominant.

2.5.10 Impact of flipped learning on approaches to learning

Leiva-Brondo et al. (2020) examined life science students’ approaches to learning using the R-
SPQ-2F questionnaire across thirteen different courses to identify the factors that may have
influenced their approaches. Students’ deep approach scores were higher than their surface
approach scores which suggested that a deep approach was their preferred approach to learning.
Difference in a students’ approach to learning were noted between subjects. This was mainly
attributed to the different requirements associated within each discipline and the wide range of

instructional course designs implemented instead of the level or year of the students.

Although the study by Leiva-Brondo et al. (2020) reports on students’ approaches to learning
across a wide range of instructional approach approaches, students’ approaches to learning is
still insufficiently explored in a partially or flipped learning model. Jeong et al. (2019)
attempted to address this gap and explored students’ self-identified approach to learning using
the R-SPQ-2F questionnaire in a flipped undergraduate sustainable science course. When
comparing R-SPQ-2F questionnaire responses pre- and post-course completion, students had
a general inclination towards adopting a deep approach to learning; the number of students
with a deep approach to learning score increased and those with surface approach to learning
score decreased. Further analysis revealed that when comparing a students’ deep and surface
approach score difference to their academic performance, a positive correlation was observed
which suggests that students with a deep approach to learning achieved better in the learning
outcomes as they may have been more engaged in the learning process. These findings provide
a general understanding about students’ self-identified approaches to learning but remains
limited in its scope as it was not clear which component of the flipped learning model prompted
students to adopt their preferred approach. Hava (2021) proposed that students’ approach to
learning is highly influenced by the innovative teaching and learning activities embedded in
the learning environment. The results from the R-SPQ-2F questionnaire revealed that the use
of a flipped learning model in undergraduate courses was more effective than traditional
teaching methods in promoting students’ use of deep learning approaches. No differences,

however, were noted in relation to surface learning approaches. Higher levels of cognitive and
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emotional engagement were also observed in the flipped learning format when compared to
the traditional format, however, no differences were observed between students’ behavioural
engagement levels. It appears that the various components of the flipped learning model may
have contributed to the observed differences. Results of a study by Danker (2015) align with
these findings and further suggests that the pre-learning material provide students with a
valuable opportunity to engage with the course content at a pace that suits their individual
learning needs prior to the in-class sessions. The pre-learning material encourages students to
be more cognitively engaged in building upon their knowledge through various interactive
learning activities. A study by McLean et al. (2016) reinforces the need for further research to
investigate the impact of flipped learning on students’ approaches to learning. It was
highlighted that the perceived benefits of the flipped learning model extend beyond academic
gains. Students reported that they used deep and active learning strategies to engage with the
pre-learning material and the interactive in-class component. However, these findings were
based on students self-reported weekly responses; future qualitative research in the form of
observational session, individual and focus group interviews can provide further insight

regarding students’ adopted approaches to learning.

The study by Hamm and Robertson (2015) complemented the use of R-SPQ-2F questionnaire
with semi-structured interviews to gain a deeper understanding about students self-identified
approach and their observed learning behaviour in a multimedia course. The results revealed
that students can adopt either a surface, deep or strategic approach towards their learning which
was mainly influenced by individual factors such as their motivation and course. Moreover, it
was observed that students’ self-identified approaches to learning from the R-SPQ-2F
questionnaire does not necessarily align with their self-described learning behaviour. This
highlights that there might be underlying factors that influencing students’ approaches to
learning and the need to examine these holistically through various quantitative and qualitative

measurcs.

2.5.11 Impact of flipped learning on students’ perception of learning

There is substantial research investigating students’ perception of learning in a flipped or
partially flipped learning model, with the majority reporting a generally more positive
perception when compared to a traditional learning environment in undergraduate chemistry
courses (Flynn, 2015; Seery, 2015). Similar trends were reported across several studies.

Students perceived positively this instructional design due to the flexibility it offers in
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independently accessing online pre-learning materials at a pace that suits their learning needs,
individualised and personalised learning opportunities and increased interaction with peers and
teachers during the in-class session (Christiansen, 2014; Mooring, Mitchell, & Burrows, 2016;
Roach, 2014; Shattuck, 2016). Others have reported mixed results. For example, He at al.
(2016) observed that academically well-prepared students tend to perceive the learning
environment more positively due to the variety of learning activities embedded across the
various components of this instructional design. Those students that negatively perceived the
learning environment often did not comply with completing the pre-learning material and was
seen as “extra work™ they had to complete instead of a shift in workload. A more recent study
by Ponikwer and Patel (2018) revealed that students appreciated the pre-learning materials,
specifically the ability to check and apply the knowledge they have attained from the pre-
learning video in the interactive in-class activities. Students that had a negative perception
towards learning in a flipped learning environment often commented on the level of difficulty
of the concepts presented and the inability to seek clarification online which made learning
during the in-class session hard to understand. Consistent with the results of He et al. (2016),
students in this study found adjusting to this learning environment challenging as they had to

adapt their approach and take ownership of their own learning.

Further research conducted in other undergraduate science courses focused specifically on
examining students’ perception towards the pre-learning videos. Long et al. (2016) reinforce
and extend some of the above-mentioned points related to the pre-learning videos. Generally,
students perceived the pre-learning videos to not only to be easily accessible but also to be
well-structured. They perceived them to be a valuable learning tool to build their conceptual
understanding and aid them in completing the complementary pre-learning quizzes. Students
preferred the pre-learning videos to be kept relatively short and to be developed by the course
instructors. Similar findings were observed by Xiu et al. (2019) who showed that most of the
students perceived the pre-learning videos to facilitate their learning, however, some reported
the inability to promptly ask questions online hindered their learning experience whilst others
noted that watching the pre-learning videos required more time and effort than other forms of

tasks.
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Chapter 3: Methodology

3.1 Ethical consideration

The research reported in this thesis involves human participants and was conducted in an
ethical manner to protect the rights and welfare of the research participants. The research was
designed in accordance with the guidelines outlined in the 2007 National Statement on Ethical
Conduct in Human Research by the National Health and Medical Research Council (NHMRC).
It is necessary to explicitly consider and comply with these guidelines throughout every stage
of the investigation to address any foreseen or potential ethical concerns or issues (Denzin &
Lincoln, 1994). In addition to the National Statement on Ethical Conduct in Human Research
(2007), it is essential to obtain permission to conduct the research from the relevant Human
Research Ethics Committee (HREC) at the University of Sydney. Two separate ethics
applications were submitted. The projects were recognised as low risk and approval was
granted for the research. Copies of the approval letters obtained from HREC for both projects
are included in Appendix A. Project number 2014/219 referred to the investigation of students’
online learning experience in junior and intermediate chemistry courses, focusing on their
approach to learning and eliciting reasons for their interaction with the online learning
resources (Appendix B). Project number 2016/190 referred to the investigation of the efficacy
of flipped learning to promote student engagement and achievement in junior (first year) and

intermediate (second year) chemistry courses (Appendix C).

The 2007 National statement on Ethical Conduct in Human Research by NHMRC outlines four
main aspects that need to be considered with respects to ethics when research involves human
participants. These, as well as other ethical principles from the literature (Kayser-Jones &
Koenig, 1994), were carefully considered in the design and implementation stages of this
research. The importance of these aspects will be discussed in the points below and in greater

detail in the following sections:

Research merit and integrity
= Respect:
* Informed consent and voluntary participation

* Privacy, anonymity, and confidentiality

Beneficence: risk versus benefits

Justice
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3.1.1 Research merit and integrity

The research described here adheres to the requirements outlined by the National Statement on
Ethical Conduct in Human Research (NHMRC, 2007). The research has merit as it is justified
by potential benefits, its methods were designed to align with the aims, and it is based on a
comprehensive review of the literature. The research was conducted by experienced and

competent researchers in the field of chemistry education.

The perceived benefits of this project are twofold. One relates to its contribution to the body
of research related to students’ approaches to learning and interaction with the online learning
component of a partially flipped learning model in junior and intermediate chemistry courses.
The second is that the research findings may inform future design and development of online
resources to support the wider student learning experience. The qualitative and quantitative
research methods employed are commonly used in the chemistry education field, and
appropriately align with the research aims and the research context. Research merit was
maintained by the inclusion of experienced researchers in chemistry and tertiary education to

supervise the project.

This research was conducted with integrity since it was committed to search for knowledge
and understanding, while following principles of research such as honesty. Additionally, the
results were, or will be, disseminated and communicated (NHMRC, 2007). Research findings
have been published in the Journal of Chemical Education (JCE), presented at the conferences
for International Scholarship of Teaching and Learning (ISSoTL), and the Junior Researchers
(JURE) of European Association for Research on Learning and Instructions (EARLI)
conferences. By communicating the research findings, contributing knowledge, and
understanding to the field of flipped learning, the research was open for scrutiny, reinforcing

the integrity of it.

3.1.2 Respect

3.1.2.1 Informed consent and voluntary participation

Participation in the questionnaires, interview, and observational session was voluntary.
Learning analytics data were collected for all the enrolled students to examine their interaction
patterns with the online pre-learning materials of the partially flipped learning model, but data
were triangulated for only those that consented. During the recruitment process, the idea that

participation was voluntary was reinforced and an emphasis was placed on this. Furthermore,
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it was clearly stated that a student's decision regarding participation would not have any effect
y g gp p y

with respect to their candidature or course grade.

To comply with the HREC conditions, students were provided with a Participation Information
Sheet (PIS) outlining the context of the research, including the data collection methods
(questionnaire, interview, observational session, and data tracking) and the implications of their
participations in the study. Participants were informed that completion of a questionnaire was
required as an indication of their consent to participate in the study. The use of students’
tracking data from their LMS e-learning records is controlled by the University of Sydney’s
Privacy Policy (2017) and the consent the students give as part of their enrolment. The ethics
application for the project number 2016/190 permitted the use of tracking data to address the
aims of the research. Furthermore, students were informed that at any point prior to the de-

identification of an individual’s data, it was possible for them to withdraw.

Participants who were willing to take part in other stages of the research, for example in
interviews and observations, were asked to provide their university email address on the
consent form. Only these participants were contacted to arrange suitable meeting times.
Informed consent was obtained to audio tape the interviews and video observations from these

participants.

3.1.2.2 Privacy, anonymity, and confidentiality

The confidentiality of participants was maintained throughout the research process. Students
were asked to provide their Student Identification Number (SID) to link student questionnaire,
interview responses, observations, and data tracking with final course grades, so students were
de-identified for this process, but it was not possible for it be conducted anonymously. To
comply with the HREC conditions, the PIS informed students that their SIDs would be
removed prior to dissemination of any results to ensure confidentiality. The participants’
identity was further protected by ensuring that only the author was able to identify the
participants. This information was not provided to any other individuals. Pseudonyms for
interview participants were used as another means to ensure participants’ privacy,

confidentiality, and anonymity.
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3.1.3 Beneficence: risk versus benefits

The principles of beneficence (‘risk versus benefits’) were considered in the design and
conduct of this research. The HREC identified this study as low risk, as no potential harm was
associated with students participating in the project. The data collected from the surveys and
interviews were de-identified, which presents no risk of harm to the participants when research
findings are disseminated. Students’ course grades were not affected by their participation in
the project. The only identified discomfort or inconvenience is related to students giving up
their time to participate in completing surveys and interviews. Whilst the results obtained from
these surveys and interviews will not directly benefit the current participants, future students
may benefit from improvements made to the design and delivery of online learning resources

in a partially flipped learning model to teaching chemistry courses.

3.1.4 Justice

This research complies with ethical principles of justice by managing the recruitment process
in a manner that fairly considers the distribution, and the inclusion and exclusion of research
participants (NHMRC, 2007). The recruitment of the participants was conducted fairly and
followed procedural justice by informing all first and second year chemistry students of the
research project during one of their weekly compulsory lectures. This ensured that all students
were made aware of and had access to the same research information irrespective of their
course level or stream. All students were eligible to be potential participants in the study as no

exclusion criteria were used in the recruitment process.

Distributive justice is evident in the “fair distribution of the benefits and burdens of research”
(NHMRC, 2007). No unfair burden resulted from participating in this study except for the
inconvenience caused to students by time consumed in relation to data collection. The benefits
from this study may not directly impact current participants but will potentially inform changes

in courses that can benefit future students.
3.2 Quantitative and qualitative approaches in educational
research

The design of educational research is classified under three major paradigms: qualitative,
quantitative, or mixed methods approach (Cohen, Manion, & Morrison, 2007). These

paradigmatic approaches differ with respect to their ontological and epistemological
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assumptions, methodology and research methods (Kuhn, 1970; Bryman, 2008). Ontology is
related to the “claims and assumptions made about the nature of social reality” (Grix, 2004, p.
59). Whereas epistemology is related to a set of methods used in investigating and learning
about social reality (Bryman, 2008). These underlying assumptions can inform which approach
will be adopted by the researcher to investigate the phenomenon of interest. A quantitative
approach is grounded in the philosophical ideas of positivism whereas a qualitative approach

is mainly founded on the philosophical ideas of interpretivism (Hammersley, 2014).

A positivist approach perceives realities to be scientific and static in nature (Bryman, 2001).
The use of quantifiable methods generates numerical data from predetermined variables to
acquire knowledge about the investigated phenomenon (Creswell, 2009). This approach is
deductive as it focuses on the theory and relies on hypothesis testing (Minichiello, 2004). The
use of a quantitative approach can yield knowledge that is verified empirically and replicable.
It also enables the researcher to objectively draw inferences from the findings, predict and
generalise their data to a larger population sample. To achieve this, the research methods that
can be employed are experiments and surveys. In these methods, the researcher is not directly

in contact with the participants and as such, yield results that are free from bias.

An interpretivist approach perceives realities to be dynamic in nature and socially constructed
(Johnson & Christensen, 2012). The use of qualitative methods generates non-numerical data
and draws on multiple interpretations to gain factual and descriptive information about the
investigated phenomenon (Johnson & Christensen, 2012). In this approach, knowledge is
obtained by acknowledging “the differences between people and the objects of natural science
and therefore requires the social scientist to grasp the subjective meaning of social action”
(Bryman, 2001 as cited in Grix, 2004, p. 64). This reinforces the notion that data captured from
multiple perspectives can provide a unique understanding about the complexity of the
investigated phenomenon (Creswell, 2009). This approach is inductive as it focuses on
developing “a theory or pattern of meanings” (Creswell, 2009, p. 9). The research methods that
can be used include interviews, observations, tracking patterns and focus groups. In these
methods, the researcher is drawing inferences from the participants personal experiences,

behaviours, and interactions with the investigated phenomenon.

Quantitative and qualitative approaches are incompatible as each offers a distinct contribution

to understanding the investigated phenomenon (Smith, 1983). Despite this, Bryman (2001)
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suggests that research should avoid this ontological and epistemological divide and instead
adopt a mixed method approach. By combining both approaches greater insight can be obtained
and stronger inferences can be made about the investigated phenomenon when compared to
using findings from a single approach. A mixed method approach can overcome shortcomings
related to validity and reliability of results obtained from using a single approach. A mixed
method approach supports triangulation of research data, which promotes the credibility of
inference drawn from both quantitative and qualitative approaches (discussed further in Section

3.3).

In this thesis, a quantitative dominant mixed methods approach was used to gain an
understanding of students’ learning experience with the online component of a partially flipped
learning model (Johnson, Onwuegbuzie, & Turner, 2007). The two research methods were
concurrently conducted to collect and analyse the data in parallel (Venkatesh, Brown, & Bala,

2013).

3.3 Triangulation of data

In educational research, triangulation involves the use of multiple methods of data collection
or analytical approaches to examine the phenomena being studied (Cohen et al., 2007; Burns,
2000). There are various forms of triangulation. Methodological triangulation (Denzin, 1970)
was used in this study to corroborate qualitative and quantitative data against one another to
investigate students’ online learning experience in a partially flipped learning model. This
multiple-method approach (Denzin, 1970) can lead to gaining a comprehensive understanding
of the “richness and complexity” (Cohen et al., 2007, p. 141) of the students’ behaviours and
interactions with the resources. This might not have been possible if a single method for data

collection was used to examine the phenomenon as it is limited in its scope (Cohen et al., 2007).

Moreover, the use of methodological triangulation is perceived to be an effective approach as
it enhances the internal validity of the data and leads to confirming the research findings
obtained, as conclusions investigating the same phenomena are drawn from multiple data

sources (Meijer, Verloop, & Beijaard, 2002).

In this thesis, various types of data were used to address the research questions (see Sections

3.3.1-3.3.4). The data are initially analysed independently and then triangulated to explore the
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research questions from various perspectives. This provides a holistic understanding of the

research questions being explored.
In this study, data were collected from a range of sources:

= A survey instrument was used to gather demographic information, students’ learning
preference and perception of the online learning resources.

= Semi-structured interviews were conducted to gain a comprehensive understanding of
their personal online learning experience.

= Tracking data were used to examine students’ behaviour patterns and interactions with
each of the online learning resources.

= Observations were used to gain an insight on how students interact with the online
learning resources.

= Performance data were collected from the online component (weekly pre-learning
quizzes), in-semester quizzes, end of semester examination and overall theory course

performance.
3.3.1 Survey instruments

Surveys provide a quantitative description “on one or more characteristics of a specific
population” (Gay, Mills, & Airasian, 2009, p. 175) and may “serve as a stimulus for more in-
depth analytical research” (Brewers, 2009, p. 520). Survey data allow researchers “to gain
insight into the thoughts, ideas, opinions, and attitudes of a population” (Brewers, 2009, p.
520). In addition, with larger cohorts surveys are a feasible research method to collect a
representative data sample and therefore improve the statistical power of the analysis (Leppink,
Winston, & O’Sullivan, 2016). Another perceived benefit of using surveys is the ability to use
pre-established and validated instruments to measure the desired parameters of the research.
While a researcher can construct a new survey instrument, the design of the parameters needs
to be carefully considered so that they yield reliable result under similar conditions and are
valid for measuring the intended research. The refining and validation processes can be time
consuming. Another potential disadvantage associated with data collected by survey is that
participants may not always provide an accurate representation of themselves and instead

provide an idealistic view. This self-reporting bias should be considered when interpreting data.

For this thesis, two surveys were administered either during the laboratory sessions or online

to collect a representative sample form the large cohorts of undergraduate chemistry students.
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The first survey was administrated at the beginning of semester 1 (weeks 2-3) and consisted of
two parts. The first part was used to gather general demographic participant information. The
second part included Biggs et al.’s (2001) R-SPQ-2F questionnaire to identify students’
metacognitive approaches to learning (See Appendix D). Further details regarding the use of

this questionnaire are found in Section 6.2.2.1.

The second survey was administrated at the end of semester (weeks 12-13). The survey was
internally developed by the research team to gather information about the students’ perception
towards their learning experience with the online pre-learning materials. The survey included
a combination of closed-ended questions, 5-point Likert-type questions, and open-ended
questions (See Appendix E). Further details regarding the use of this questionnaire are found

in Section 5.2.2.3.

3.3.2 Tracking data

Learning analytics is widely used in the field of flipped learning as an alternative approach to
quantify students’ interaction with the online learning resources (Seery, 2015; Flynn, 2015).
This approach provides a direct analysis of students’ actual behaviour instead of relying on
their self-reported behaviours (Jovanovi¢ et al., 2017). In this thesis, students’ behavioural
patterns were tracked through accessing their interactions with each of the online learning
resources of the partially flipped learning model, which were captured by the University’s
LMS. The LMS click data were recoded via a bespoke software written by one of the members
of the research team, which recorded students’ weekly behaviours with the pre-learning videos
and pre-learning quizzes over the course of a semester. The metrics measured for students’
video-viewing behaviours were the frequency of views, and the time of access for each video.
The time spent watching the video and whether students were actively watching it during that
length of time were not recorded. These video-viewing metrics could have provided valuable
information regarding whether the students watched them in part, fully or even repeated certain
segments but the software used did not allow for such data collection. The tracking data for the
pre-learning quizzes provided an in-depth view of students’ behavioural patterns. From these
data, it was possible to identify the frequency of access, time of access of each attempt, score
for each attempt, how many questions were (in)completed for a given attempt, the time spent
to select an answer and the time spent reading the provided feedback. The gathered tracking
data were then exported as a csv file and imported into Excel to analyse students’ weekly trends

with the videos and associated quizzes. Section 4.3.1 provides further details on which metrics
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were used for developing an index that measures students’ online engagement with the pre-

learning videos and pre-learning quizzes.

3.3.3 Observational methods

Observational methods are used to collect data in a real-time setting and focus on understanding
human behaviours and interactions as they unfold during the observed event (Cohen et al.,
2007). In this approach, data are obtained from a natural setting and are less influenced by the
researcher’s personal agenda (Cotton, Stokes, & Cotton, 2010). However, this approach results
in a vast range of unstructured data that might present practical challenges when transcribing
it and might deviate from the focus of the investigated research question (Cotton et al., 2010).
Agar (1980) suggested use of a progressive focusing approach or funnelling process (Cousin,
2009) whereby the researchers make an informed decision about selecting parts of the dataset

to focus on that are directly related to addressing the investigated research question.

In this thesis, observational sessions were conducted by the researcher based on the participants
availability during the semester in the University’s learning centre at the School of Chemistry.
Based on students’ responses to the R-SPQ-2F questionnaire, a representative sample of
students were selected to gain a more detailed insight into how students with varying self-
identified approaches to learning interacted with the pre-learning materials. The data gathered
from the R-SPQ-2F questionnaire responses, observational sessions and follow-up semi-
structured interview were used in conjunction and presented in the form of case studies.
Entwistle’s (2000) characterisation features of surface, strategic, and deep were used to
describe the adopted approach in each of the case studies. Section 6.2.2.3 describes in more

details the observational sessions and case studies.

3.3.4 Interviews

The selection of interview types and techniques are often guided by which ones most
appropriately address the research questions (Hobson & Townsend, 2010). Powney and Watts
(1987) described interviews as “conversational encounters to a purpose” (p. vii). Semi-
structured interviews allow greater flexibility in exploring the researchers’ agenda whilst also
providing interviewees with the opportunity to freely express themselves (Hobson, &
Townsend, 2010). To effectively achieve this, Tomlinson (1989) suggested that semi-
structured interviews should be conducted in a ‘hierarchically focused manner.” That is,

interviews are constructed based on an agenda and the researcher begins with a probing

55



question that guides the interviewee to discuss their personal experience about the investigated
topic. Throughout the semi-structured interview, a variety of techniques are employed to
encourage interviewees “in a non-directive manner to elaborate and expand upon the views
they are expressing” (Tomlinson, 1989, p. 169). The use of explicit prompts and targeted
questions should only be used if the interviewee does not spontaneously target those areas of
interest being investigated. The aim of this approach is to “elicit as spontaneous a coverage of
as much of the interview agenda as possible” (Tomlinson, 1989, p. 169) to minimise the

researcher’s influence on the interviewees’ responses.

In this thesis, semi-structured interviews were conducted by the researcher with participants
that consented to the observational sessions, with no remuneration of their time, to elicit the
reasons behind their adopted approach with the online pre-learning materials of the partially
flipped learning model. The semi-structured interview questions build on those widely used to
explore students’ approaches towards learning (Bliuc, Ellis, Goodyear, & Piggott,2010; Hamm
& Robertson, 2010) but with a narrower focus on students’ interaction with the online pre-
learning materials (Appendix E). The interviews were designed to be approximately 20 minutes
in length, audio recorded and transcribed by the researcher so responses can be analysed by
thematic analysis. Section 6.2.2.4 describes in more details the semi-structured interviews and

Section 3.6.1 describes in more details the process of thematic analysis.

3.4 Quantitative data analysis
3.4.1 Statistical hypothesis testing

In a research study, selection of appropriate statistical testing depends on the following three

criteria (Mishra, Pandey, Singh, Keshri, & Sabaretnam, 2019; Parab & Bhalerao, 2010):

1. Number of variables: single variable often referred to as descriptive statistics or
two/three variables often refers to as multivariable relationships.

2. Type and distribution of data used: parametric (continuous data) and non-parametric
(nominal, ordinal, and discrete data).

3. Paired or unpaired observation: paired (same subjects are measured at different

intervals or using different methods) and non-paired (different subject in each group)

In statistical hypothesis testing, a null hypothesis (H,) and alternative hypothesis (H,) are used

to determine if the relationship between two or more variables is significant. The null
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hypothesis suggests no differences between variables, while the alternative hypothesis suggests
that there are differences between variables. Hypothesis testing calculates statistical
significance, or a p-value, which represents the probability that a result occurred due to chance
alone (Sullivan & Feinn, 2012). When statistical tests are performed there are three threshold
values 0.05, 0.01, and 0.001 that can be used to determine statistical significance («). If the
obtained p-value is less than the value of the selected threshold value of significance (p < «),
the relationship between the two or more variables is said to be statistically significant. Thus,

we reject the null hypothesis and accept the alternative hypothesis.

The statistical tests reported on in this thesis compares the p-value against all three threshold
values of significance. Several statistical tests were performed using Statistical Package for

Social Science (SPSS) 26.0 for Mac.

3.4.1.1 Independent (unpaired) sample #-test

The independent samples #-test (unpaired sample z-test) is used to determine a significant

difference in the mean score between two independent groups.

The independent #-test assumptions are:

1. Independence: two independent (categorical) groups are needed to represent an
independent variable. No relationship between the observations in each group.

2. Normality: data for each group should be (approximately) normally distributed. The
Shapiro-Wilk test of normality was used instead of Kolmogorov-Smirnov as it is more
appropriate for sample sizes smaller than 2000 (Zimmerman, 2004).

3. Homogeneity of variance: the variance of the dependent variable should be equal at
each level of the independent variable. To check for homogeneity of variance Levene’s

test for equal variance (F-test) is used. For unequal variance Weltch (z-test) is used.
3.4.1.2 One-way Analysis of Variance (ANOVA)

A one-way ANOVA is used to determine a significant difference in the mean scores between
multiple independent groups. If a statistically significant result (p < 0.05) is obtained the H,is
rejected. This suggests that there are at least two independent group means that are statistically
significantly different from one another. A post-hoc test, Tukey’s Honestly Significant
Difference (HSD) can be used to determine which specific independent groups differed from

one another.
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3.4.1.3 Correlation analysis

Prior to conducting correlation analysis, a scatterplot is used to display the strength, direction,

and form of the relationship between two variables.

Pearson’s correlation (r) is a parametric test used to examine the linear relationship between
two continuous variables (Ratner, 2009). In a linear relationship, a change in one variable is
directly proportional to the change in the other variable. The correlation coefficient ranges
between the values —1 < r < 1 and varies in the strength (weak, moderate, or strong) and
direction (positive or negative) of the relationship between two continuous variables (see Table
3.1). No linear relationship is observed between the two variables when r = 0. A perfect positive
linear relationship between variables is observed when » = 1 and a perfect negative linear
relationship is observed when r = —1. The remaining accepted guidelines for interpreting the

correlation coefficient are presented in Table 3.1

Spearman’s correlation (p) is a non-parametric test used to examine the monotonic relationship
between two continuous or ordinal variables. In a monotonic relationship, the variables change
at the same time but not necessarily at a constant rate. The correlation coefficient is measured

using ranked values for each variable.

Table 3.1. Suggested guidelines for interpreting the correlation coefficient.

Direction
Strength Positive Negative
Weak 0to0.3 0to-03
Moderate 03t00.7 -03t0-0.7
Strong 0.7to 1 -0.7to-1

3.4.1.4 Effect size

Cohen’s effect size (d) complements statistical hypothesis testing as it measures the strength
of the relationship between two variables (Sullivan & Feinn, 2012). It measures the differences
in means between groups in terms of standard deviation and classifies effect sizes as small (d
= 0.2), medium (d = 0.5) and large (d = 0.8). The use of effect size complements findings
obtained from statistical significance test. A statistically significant difference between mean
values of two groups does not necessarily indicate if the difference is substantial. For example,

in a large sample size a statistical significance can be reached with a small effect size, in this
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case the results may not be of value, compared with a small sample size where statistical

significance may not be observed although the effect size might be large.

3.5 Qualitative data analysis

3.5.1 Thematic analysis

Thematic analysis is used to identify patterns or themes derived from qualitative data, gathered
in this thesis from open-ended questionnaire items, semi-structured interviews, and
observational cases. By carrying out thematic analysis it is possible to interpret and make
meaningful inferences of the research findings. There are two types of thematic analysis:
semantic and latent. Semantic analysis focuses on “the explicit or surface meanings of the data
and the analyst is not looking for anything beyond what a participant has said or what has been
written” (Braun & Clarke, 2006, p. 84). In this case, data are analysed on a descriptive level.
Whereas latent analysis focuses on identifying or examining “the underlying ideas,
assumptions, and conceptualisations, and ideologies, that are theorised as shaping or informing
the data” (Braun & Clarke, 2006, p. 84). In this case, data are analysed on an interpretive level
to gain a deeper level of understanding of the participants responses. The distinction between
these two types is important to consider when interpreting data as combined it provides a

comprehensive understanding of the research findings.

3.6 Validity and reliability

In educational research, validity and reliability are two fundamental prerequisites used to
ensure the merit and integrity of the data collection tools or instruments (Cohen et al., 2007,
Creswell, 2009; Drost, 2011). By assessing validity and reliability it is possible to increase
transparency and decrease potential bias of the research findings. This also enables researchers

to effectively examine the relationship between two or more variables.

3.6.1 Validity

Validity has different forms depending on the nature of the educational research. In quantitative
research, validity measures the accuracy to which a data collection tool or instrument measures
what it is designed to measure (Cohen et al., 2007; Creswell, 2009; Drost, 2011). The validity
of quantitative data can be improved by using appropriate sampling methods, suitable tools or
instruments, and appropriate statistical analysis tests to examine the data (Cohen et al., 2007).

Since it is difficult to reach optimum validity (i.e., 100%), it is important to acknowledge the
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standard error which is typical built into quantitative research methods (Cohen et al., 2007). In
contrast, validity in qualitative research relies on the researcher to follow certain procedures to
confirm the accuracy of the research findings (Creswell, 2009). The validity of qualitative data
can be improved by extending the scope of the data, the methods in which participants are
approached, the use of triangulation and the researcher’s objective stance in analysing and
interpreting the research findings (Cohen et al., 2007). By taking these into consideration it is
possible to address any potential degree of bias gathered from the participants’ subjective
responses in relation to their opinion, attitudes, and perceptions (Cohen et al., 2009). As such
validity “should be seen as a matter of degree rather than as an absolute state” (Gronlund, 1981

as cited in Cohen et al., 2007, p. 133).

There are two main parts for validity: internal and external validity. Internal validity focuses
on whether the research findings are credible due to the way the participants may have been
selected, and the way data were collected and analysed. Internal validity also focuses on the
extent to which the examined cause and effect relationship is not influenced by other factors.
As such it enables the researcher to determine whether the independent variable caused the
observed change(s) in the dependent variable and if any confounding variable may have
influenced the independent variable. External validity focuses on whether the research findings
are transferable, in this case the extent to which the research findings can be “generalised to
the wider population, cases or situations” (Cohen et al., 2007, p. 136). To increase external
validity, it is essential to have a representative sample of the studied population so that
inferences can be drawn from the examined sample and potentially extrapolated to the wider

population.

In educational research, internal and external validity can be achieved by designing an
experiment (i.e., a research study) in a suitable environment. In a true experiment, all the factors
that may affect the observed variable are completely controlled. However, it is not often
possible or practical to control all factors. Instead, a quasi-experimental research design may
be used to investigate the relationship between variables. A true experiment controls the
environment in which the research takes place and often does not reflect a natural setting
compared to a quasi-experiment. Thus, although a quasi-experiment provides some control
over certain variables it allows generalisation of research findings to be extended to broader

contexts.
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In this thesis, a quasi-experimental research design was adopted to measure the relationship
between variables. To collect data, quantitative and qualitative research methods were used to

enhance the internal and external validity of the research findings (Cohen et al., 2007, p. 156):

= Experimental mortality: participants systematically drop out over the course of the
semester. For example, the number of students completing the online pre-learning
materials of the partially flipped learning model may start with a high number of
students, but that number may decrease over the course of the semester.

= Selection bias: the students self-select to participate so may not be representative.
Participation was voluntary, while inferences can be drawn from the students that
participated it was not feasible to draw conclusions about the remaining students. It
was perceived that those who participated were somewhat engaged in the learning
process.

= Sample size: small sample size may undermine the causal effect between variables,
whereas a high sample size may observe small differences to be statistically
significant.

= Hawthorne effect (reactive effect of testing): participant responsiveness to the
measured variable. During the observational sessions if students were made aware
of the investigated parameters, they may have altered their behaviour to achieve the

researcher desired goal.
3.6.2 Reliability

Reliability has different forms depending on the nature of the educational research. In
quantitative research, reliability measures the “dependability, consistency and replicability
over time, over instruments and over groups of respondents” (Cohen et al., 2007, p. 146) of the
research findings. In quantitative research, there is an assumption that the same research
findings would be obtained if the research is replicated on a similar group of participants in a
similar context. Unlike validity, reliability can be measured statistically using reliability
coefficient to examine the correlation between two or more variables. Stability is another
important concept which suggests that the measure will yield the same result and remain the

same despite different research settings and respondents.

In contrast, reliability in qualitative research relies on the researcher’s ability to record data of

what takes place during the research setting (Cohen et al., 2007). In qualitative research there
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is no uniform approach to analyse the research finding and the level of reliability may be
influenced by the researcher’s subjective approach. Thus, two researchers can examine the

same variables which may result in different interpretations, but both are reliable.

3.6.3 Relationship between validity and reliability

In educational research, it is essential for data collection tools or instruments to address the
criteria for both validity and reliability (Cohen et al., 2007; Creswell, 2009; Drost, 2011). If a
measure is valid but not reliable, it is measuring the intended variable from the selected
instrument but not in a consistent way. Likewise, if a measure is reliable but not valid, it is
measuring the consistency of the intended variable but using an inappropriate instrument.
Therefore, it is essential to ensure both validity and reliability are met so that the data collected

from the tools or instruments used effectively measure the aims of the research.

3.6.4 Validity and reliability of instruments used in this thesis

The validity and reliability of the various data collection instruments used in this thesis were
considered. Biggs et al. (2001) R-SPQ-2F questionnaire was used to identify students’
metacognitive approaches to learning. By selecting a widely recognised questionnaire it
ensures that it has validated across various research contexts. The second questionnaire used
focused on measuring students’ perception towards their learning experience with the online
pre-learning materials. The questionnaire items were internally developed by the research team
and content validity was checked by an external researcher in the School of Chemistry. Both
questionnaires were repeated to ensure consistent results (reliability) are obtained to address

the intended research questions.

The observational sessions were used to explore students’ approaches to learning with the
online pre-learning materials. To achieve internal and external validity, a representative sample
of students were selected to determine how students’ individual approaches to learning
attributed to variations in their interactions with the online pre-learning materials. While
observational sessions provided direct evidence of students’ behaviours in their natural setting
(Carlson & Morrison, 2009), there is a high risk of observer bias. Two considerations were
taken to address this, (1) conclusions regarding students’ observed approaches to learning were
made with reference to Entwistle (2000) learners characteristics of surface, strategic and deep

learning and (2) follow-up semi-structured interviews to corroborate observational findings.
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The questions used for the semi-structured interviews were adopted from the existing research
on students’ approaches to learning (Bliuc et al., 2010; Hamm & Robertson, 2010) with a more

specific focus on their interaction with the online pre-learning materials.

The use of learning analytics provides extensive quantitative data (Joksimovi¢, Kovanovi¢, &
Dawson, 2019), as it captures in real-time students’ interactions with the online pre-learning
materials. The internal validity was considered in the selection of the various metrics used to
measure students’ interactions with each of the pre-learning videos and pre-learning quizzes.
Section 3.3.2 describes in more details the list of the metrics measured for each of the pre-
learning materials. Furthermore, the external validity was met since tracking data was collected
on a weekly basis for the same metrics over the course of a semester. Several data trends
emerged, and inferences were drawn to generalise the findings to a wider context. To ensure
the reliability of the tracking data several aspects were considered such as: the same bespoke
software was used to extract the data, the same weekly pre-learning materials were used across
the various chemistry groups and the same metrics were used to extract data regarding their

interactions with each of the pre-learning videos and pre-learning quizzes.

3.7 Chemistry courses reported on in this thesis

The data reported on in this thesis were gathered from two groups of undergraduate chemistry
students. Group A consisted of one cohort of first year undergraduate students. Data was
gathered over one academic year (2017) for the semester 1 junior chemistry courses, at the
fundamental, mainstream, and advanced level. The overall participation rate in each junior

chemistry course for Group A is provided in Chapter 6.

Group B consisted of two cohort of second year undergraduate students. Data were gathered
over two academic years (2016-2017), in a two-semester sequence, at the mainstream,
advanced and special studies program (SSP) level. Group B consisted of students enrolled in
2016 and Group B> consisted of students enrolled in 2017. The overall participation rate in each
intermediate chemistry course for Group B1 and Group B: during each semester is provided in
Chapter 4 and 5. In addition, the total number of students that completed both semester 1 and
semester 2 chemistry courses is provided in Chapter 4 and 5. See Sections 3.8 and 3.9 for full

description for each of the chemistry courses.
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The participants from Group A were unique as it was not possible for these participants to be
enrolled in either Group B, or Group B,. When comparing the participants of Group B; and
Group B,, 8 students were common across both groups for semester 1, whereas 4 students were

common across both groups for semester 2.

At the University of Sydney, each semester consists of thirteen teaching weeks, one-week mid-
semester break, one-week study vacation and two weeks of examination. For the junior
chemistry courses, each teaching week consists of three one-hour in-class sessions and one
one-hour tutorial session. In addition, there are nine three-hour laboratory sessions across the
semester. For the intermediate mainstream and advanced courses, each teaching week consists
of three one-hour in-class sessions. There are seven one-hour tutorial sessions and eight four-
hour laboratory sessions across the semester. The intermediate SSP courses consist of three
one-hour in-class sessions each week and twelve one-hour SSP seminars plus eight four-hour

laboratory sessions across the semester.

3.8 First year (junior) chemistry courses at the University of
Sydney

At the University of Sydney, junior chemistry courses are taken by a large cohort of first year
students across a range of degree programs. Students enrol in these courses to major in
chemistry, to meet their degree program requirements or out of interest. Prior to curriculum
changes in 2018, the School of Chemistry offered five different two semester-sequence course
streams in each academic year (see Table 3.2), with approximately 2,000 students completing
a chemistry course in semester 1 (March-June). Of these, approximately 1,400 students
commence or continue to complete a chemistry course in semester 2 (August-November). The
concepts covered in semester 1 primarily focus on general and inorganic chemistry, whereas
the concepts in semester 2 are divided between general, inorganic, and organic chemistry. Out
of the five first year junior chemistry courses offered by the University, this thesis reports on
data gathered for the following three first year junior chemistry 1A courses: Fundamentals of
Chemistry (CHEM1001), Mainstream Chemistry (CHEM1101) and Advanced Chemistry
(CHEM1901). The remaining junior courses will not be discussed further as they were not part

of this study.

These three first year junior courses have broadly similar learning outcomes but differ in the

depth of conceptual detail addressed, with enrolment generally based on advice on whether the
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student completed chemistry for their High School Certificate (HSC), and their performance
score in the Australian Tertiary Admission Rank (ATAR) or equivalents. The HSC is the
credential awarded in New South Wales, Australia to secondary high school students who have
satisfactorily completed their senior level of studies (Year 11 and 12) (National Educational
Standards Authority, 2018). The ATAR is a measure that ranks an individual student’s position
relative to the entire state-wide student cohort based on their HSC performance and ranges
from 0 to 99.95. The ATAR is the primary criterion used by Australian universities for

undergraduate student admissions.

Table 3.2. Junior chemistry courses at University of Sydney.

High school
Unit title Code chemistry Semester offered
background
knowledge
Fundamentals of Chemistry 1A* CHEM1001 1
No prior
Fundamentals of Chemistry 1B CHEM1002 2
Chemistry 1A” CHEMI1101 1 and 2
Sound
Chemistry 1B CHEM1102 1 and 2
Chemistry 1A (Pharmacy) CHEMI611 1
Sound
Chemistry 1B (Pharmacy) CHEM1612
Chemistry 1A (Advanced)” CHEM1901 1
Exceptional
Chemistry 1B (Advanced) CHEM1902 2
Chemistry 1A (Special Studies CHEM1903 1
Program - 85P) = . Exceptional
Chemistry 1B (Special Studies CHEM1904 )

Program - SSP)
*Junior chemistry courses investigated for this thesis.

3.8.1 Junior fundamentals of chemistry courses

The fundamentals of chemistry (CHEM1001 and CHEM1002) courses are designed for
students who have not completed HSC chemistry or have a weak background in chemistry.
Although no formal prior knowledge of chemistry is assumed, students are strongly advised to
complete a chemistry bridging course offered prior to the start of the semester. The bridging
course aims to familiarise students with the language of chemistry and provide fundamental

theoretical knowledge and practical skills required for broad application in chemistry
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(Bridgeman & George, 2014) generally equivalent to those in the core part of the HSC.
Compared to the mainstream and advanced chemistry courses described below, the theory
component of the fundamentals of chemistry course begins with more introductory concepts,

and either does not include some topics, or covers the topics in less detail.

3.8.2 Junior mainstream courses

The mainstream chemistry (CHEM1101 and CHEM1102) courses are designed for students
who have completed HSC chemistry. This course builds on students’ prior knowledge and
further develops this knowledge and skills in chemistry for application to a variety of fields
and further study in chemistry.

3.8.3 Junior advanced courses

The advanced chemistry (CHEM1901 and CHEM1902) courses are designed for students who
have received a mark greater than 80% in HSC chemistry and achieved at least 95% in their
ATAR. Compared to the mainstream chemistry courses, the theory component of the advanced
chemistry courses provides students with a “higher level of academic rigour and makes broader

connections between topics” in chemistry (Unit of Study Outline, School of Chemistry, 2021).

3.9 Second year (intermediate) chemistry courses at the
University of Sydney

To major in chemistry, students must successfully complete two junior level courses, two core
intermediate level courses followed by four senior courses. Prior to the introduction of a new
curriculum in 2019, three different two-semester courses were offered in each academic year.
The courses in which a student enrols depends on which junior chemistry courses they have
completed and their academic performance in those courses (see Table 3.3). Approximately
280 students complete Molecular Reactivity and Spectroscopy (CHEM2401, CHEM2911 and
CHEM2915) in semester 1 (March-June) and of those students, approximately 200 continue to
complete Chemical Structure and Stability (CHEM2402, CHEM2912 and CHEM2916) in
semester 2 (August-November). The semester 1 courses focus on organic chemistry, medicinal
chemistry, quantum theory and molecular spectroscopy. The semester 2 courses focus on
coordination chemistry, predicting reactivity, materials, and nanotechnology. Students who

complete these two core chemistry courses may also enrol in the elective courses in Forensic
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and Environmental Chemistry (CHEM2404), and the Chemistry of Biological Molecules
(CHEM2403).

This thesis reports on data gathered for the following three core intermediate chemistry course,
in a two-semester sequence. The first semester intermediate courses were: Mainstream
Molecular Reactivity and Spectroscopy (CHEM?2401), Advanced Molecular Reactivity and
Spectroscopy (CHEM2911) and Special Studies Program Molecular Reactivity and
Spectroscopy (CHEM2915). The second semester intermediate courses were: Mainstream
Chemical Structure and Stability (CHEM2402), Advanced Chemical Structure and Stability
(CHEM2912) and Special Studies Program Chemical Structure and Stability (CHEM2916).

Table 3.3. Intermediate chemistry courses at the University of Sydney. The pre-requisites are
described in Table 3.2.

Unit title Code Pre-requisites Ss,?l&iitgr
Molecular Reactivity and
Spectroscopy” CHEM2401 CHEMI101 and 1
Chemical Structure and CHEM?2402 CHEM1102 2
Stability”
Molecular Reactivity and A mark of 65 or above in
Spectroscopy (Advanced) CHEM2911 CHEM1101 and 1
Chemical Structure and ggg&/l 1191(;) 12 ’a?lil
Stability (Advanced)* CHEM2912 CHEML1902 2
Molecular Reactivity and A mark of 75 or above in
Spectroscopy SSP” CHEM2915 CHEM1101 and 1
Chemical Structure and ggg&/l 1191(;) 12 ’a?lil

ili * CHEM2916 2
Stability SSP CHEM1902
Forensic and Environmental
Chemistry CHEM?2404 CHEM1101 and 1

CHEM1102, or

Chemistry of Biological CHEM1901 and
Molecules CHEM2403 CHEM1902 2

* Intermediate chemistry courses investigated for this thesis.

3.9.1 Intermediate mainstream courses

The mainstream chemistry (CHEM2401 and CHEM2402) courses are designed for students
who have completed CHEM1101 and CHEM1102 in first year. Students who had completed
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the junior fundamentals courses needed to complete an online supplementary course before

enrolling in intermediate chemistry courses.

3.9.2 Intermediate advanced courses

The advanced chemistry (CHEM2911 and CHEM2912) courses are limited to students who
have either received a mark of 65 or above in the two mainstream junior courses or have
completed both advanced junior courses. The theory component in the advanced courses is the
same as the mainstream courses; the practical component, however, differs between the

advanced and mainstream courses.

3.9.3 Intermediate special studies program (SSP)

The SSP chemistry (CHEM2915 and CHEM2916) courses are limited to students who have
achieved a mark of 75 or above in the two mainstream junior courses or have completed both
advanced junior courses. In these courses, the theory component is the same as the mainstream
course and the practical component is the same as the advanced course. These courses,

however, include an additional SSP seminar series on research led topics in chemistry.

3.10 Assessment and grading system

The course assessments and weighting for the junior and intermediate chemistry courses are
represented in Table 3.4. At the end of the semester, the student obtains a final mark (out of
100) and a merit grade to reflect their performance in that course. Table 3.5 explains how the

University merit grade descriptors relate to course marks.
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Table 3.4. Assessment weighting (%) for junior and intermediate chemistry courses
investigated.

CHEM1001, CHEM2401, CHEM2915,
CHEM1002, CHEM2402,
Assessment format CHEM1101, CHEM2911, CHEM2916
CHEM1102, CHEM2912,
CHEM1901,
CHEM1902,
Surnr.native‘online pre- 10 10 Not graded
learning quiz
In-semester tutorial quiz 1 5 7.5 3.75
In-semester tutorial quiz 2 5 7.5 3.75
In-semester tutorial quiz 3 5 - -
Laboratory component 15 15 25
SSP Task 1 - - 7.5
SSP Task 2 - - 7.5
End of semester 60 60 595

examination
Note. For all three junior course levels the online pre-learning quizzes are summative
assessment. For the normal and advanced intermediate chemistry courses, the online pre-
learning quizzes are summative assessment. For the SSP intermediate chemistry course, the
online pre-learning materials are not compulsory, and no marks are rewarded for completion
of the online pre-learning quizzes.

Table 3.5. Merit grade definitions at University of Sydney.

Merit Grade Grade Code Mark Range (%)
High Distinction HD 85-100
Distinction DI 75-84
Credit CR 65-74

Pass PS 50-64

Fail FA 0-49

3.11 Design of the partially flipped learning model

The partially flipped learning model reported on in this thesis (Figure 3.1) is comprised of two
major components, the online learning platform and the in-class learning sessions (Bokosmaty,
Bridgeman, & Muir, 2019). While the online learning platform is comprised of four pre-
learning elements, this thesis reports on student use of two of these resources: weekly

introductory videos and the associated quizzes. Based on the course coordinator’s experience
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with the content aspects of the course were flipped by identifying which learning outcomes
would be most effectively delivered in the online learning platform and during the in-class
sessions. Key chemistry concepts that require a developmental learning approach (e.g., moles,
nomenclature, orbitals, etc.) and have been traditionally delivered during the in-class sessions
of the course were shifted to the online learning platform. The intention was to free up time for
the in-class session so that students can engage in a series of active learning opportunities
facilitated by the teaching team (Section 3.11.2.2 provides an example of this). The pre-
learning materials were designed to expose and develop students’ foundational knowledge and

understanding of key chemistry concepts prior to the in-class learning sessions.

Over the course of a semester students were expected to interact with the 10 weekly online pre-
learning materials by watching the assigned pre-learning video that provides an overview of
the foundational key concepts explored across the three weekly in-class sessions, followed by
completing the associated pre-learning quiz to master the material, and use the embedded
formative feedback to address any misconceptions. The pre-learning materials were
purposefully designed to balance between the students who complete them whilst not
marginalising those who do not. For instance, the design of the pre-learning quiz questions was
targeting lower cognitive processing skills to measure students’ mastery of the key concepts
presented during the pre-learning videos. The other pre-learning materials were optional, and
participation was voluntary. The web-based tutorials provided further support to the concepts
addressed in the videos and quizzes. A discussion forum allowed students to seek further

clarification related to the weekly concepts presented.

Content delivered in the in-class sessions was not entirely didactic; but rather combines 50%
instructor-led and 50% independent or collaborative interactive learning activities focused on
inquiry to facilitate a student-centred learning environment. These in-class sessions are
delivered by one instructor in a fixed seating, tiered, theatre-style auditorium with a capacity
for approximately 300 students. Typically, students are expected to attend three weekly in-
class sessions that are streamed live two or three times depending on the chemistry course. The
flexible nature of the in-class component enables the instructor to deliver parts of the course
content that are perceived to be challenging whilst simultaneously devoting the remaining class
time to active learning. Moreover, the instructor can adjust the number of active learning
activities and the time spent on them whilst providing students with feedback at various

intervals throughout the in-class session.
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Web-based Introductory
- “3 M

05
Presentation of content
Discussion Introductory 15
platform quizzes Worksheet activity
. ! - 28 Class discussion (Socrative)
Presentation of content
* Interactive demonstration
s linked to worksheet
Class discussion (Socrative)
55 Lecture summary

Figure 3.1. Overview of the partially flipped design implemented in the junior and
intermediate chemistry courses. The pre-learning material is delivered in the online
learning platform. In-class learning activities are delivered in segments of varying length,
suggested timing in minutes (extracted from Bokosmaty et al., 2019, p. 630).

3.11.1 Active in-class learning component of the partially flipped learning
model

The in-class sessions were structured in a series of segments. During each in-class session, the
instructor initially recaps key concepts from the previous lesson followed by a series of short
segments involving instructor-led content delivery, peer collaboration on the inquiry-based
worksheet, chemical demonstrations and classroom discussion mediated by Socrative: an

interactive web-based student response system (https://www.socrative.com).

Inquiry-based worksheets, adapted in style from the widely used instructional initiative Process
Oriented Guided Inquiry Learning (POGIL) (Moog & Spencer, 2008), were used to facilitate
a student-centered learning approach during the in-class sessions. The POGIL worksheets are
designed as a single two-sided sheet with a brief description of the theory followed by a series

of questions “broken down into two or three self-contained blocks” (Bokosmaty et al., 2019,
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p. 632). They were provided as a hard copy at the start of each in-class session and can be

accessed online post-class through the LMS.

The POGIL-style worksheets supplemented the segments of the instructor-led explanation
delivered during the in-class sessions with the intention to actively engage the students in the
learning process and encourage peer-to-peer collaboration. Two types of worksheets are used
depending on the chemistry concept delivered; either a worksheet that is primarily theory based

or one that focuses on integrating interactive lecture demonstrations.

Formative clicker questions using Socrative were embedded in various segments of the in-class
sessions to provide instructors and students with real time feedback about their progress. They
were also used to check students’ understanding, extend certain sections of the POGIL-style

worksheet or poll students for their opinion on some topics.

In each of these cases, the students’ responses allow the instructors to identify the potential
misconceptions and misunderstandings. These also create and promote a social learning
environment where students can work collaboratively and individually to assess their

knowledge.

3.11.2 Interactive online learning component of the partially flipped
learning model

The primary platform by which students access course materials is the University’s LMS
(Blackboard during this research). An interactive e-learning site was developed on an external
server and embedded in the LMS (Bridgeman, 2011). This was only available, however, for
junior chemistry courses. A “crowd sourcing” approach, like the one used on news aggregation
sites, was used to extend the resources for each topic. Each resource is automatically tagged
under the relevant topic with a brief description (Figure 3.2). These supplementary resources
can be added by any member from the teaching team and/or student enrolled in the course. The
list of resources is then ranked according to votes based on how “useful” or “useless” each
resource was perceived by members of the teaching team and students. The votes made by the

teaching team weigh higher than those of students.
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~ Contributed Links and Resources
o0 e Add a New Resource for CHEM1102

Periodic Trends in Aqueous Oxide - add new link for this topic @ © https://scilearn.sydney.edu.au/firstyear/contribute/add_link.cfm?unit=chem11028t

Physical States and Phase Diagrams - add new link for this topic (

Supercritical carbon dioxide (2) URL: https /www.youtube.com/watch ?v=GnswiP4:6d0
Description: Supercritical carbon dioxide being stirred like a

liquid Title: intermolocular and intramolecular forces

Tags: phase diagrams | Contributed by Description: Physical States and Phase Diagrams
Supercritical carbon dioxide Animated video describing and

comparing intermolecular forces

Description: At 31 'C, carbon dioxide becomes super critical if
the pressure is very high. In the supercritical phase, it
occupies space like a gas but flows like a liquid
Tags: phase diagrams | Contributed by comma soparated
Nickname*

*optionally add your name or nickname for dsplay

Tags: dispersion, intermolecular forces

How to make liquid carbon dioxide

Description: Under pressure, dry ice melts to givi
carbon dioxide. It only sublimes at lower pressur
Tags: phase diagrams | Contributed by Add Bookmark

The chemistry of snowflakes

Description: Video showing how snowflakes fo row
Contributed by

Intermolecular Forces and Phase Behaviour - add new link for this topic ®

Marbles defy entropy Puseful”"| luseless, | Ak

Tags: entropy | Contributed by

Figure 3.2. Example of the crowd sourcing approach used in junior chemistry courses for
contributing links and resources (extracted from Bokosmaty et al., 2019, p. 631).

3.11.2.1 Pre-learning videos

Several principles from Mayer (2005) cognitive theory of multimedia learning were considered
to effectively design the pre-learning videos and support students’ learning experience. The
multimedia principle suggests that people learn better from words and pictures than just words
alone. The voice principle states that people learn more effectively from a human voice rather
than an automated computer voice. There was no standard video composition format followed
instead the format varied depending on the weekly concepts addressed with some pre-learning
videos focusing on content delivery whereas others were problem-solving based. Tables 3.6
and Table 3.7 lists the weekly videos for the junior and intermediate chemistry courses
respectively, the video tittle reflect the key concept of that week. The weekly videos using
screencasts, capturing audio narration supplemented with visual support were developed by
various members of the chemistry teaching team using PowerPoint. The pre-learning videos
were then published as multimedia resources hosted and delivered through YouTube channels
(Adam Bridgeman and Sydney 2" year YouTube channel), accessed by an external link
embedded in the LMS. The screencast materials were chunked to produce short segments (5-
10 minutes) to ensure that the students’ attention span did not decline. Additionally, the length

of the videos was kept relatively short to take into consideration the students’ workload and
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avoid an overwhelming amount of learning expected to be completed prior to the in-class
component. This aligns with the segmenting principle, which suggests that people learn more
effectively in segments rather than one continuous stream, as it gives them the flexibility to
self-direct their learning as they access the videos and progress at a pace that suits their learning

(O’Flaherty & Philips, 2015).

The design of the pre-learning videos also adhered to the coherence principle which suggest
that people learn best when extraneous materials are excluded and the redundancy principle
which focuses on the use of narrations and visual support, instead of narrations, visual support,
and text. For example, during the video on assigning the absolute configuration of a
stereocenter as (R) or (S), extraneous materials are excluded, the video begins by presenting a
simple visual diagram of the molecule. The audio narration coherently works through the
various steps required to assign the configuration of the molecule (as seen in the following link:

https://www.youtube.com/watch?v=5Zg9FYKFAIQ).
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Table 3.6. Weekly pre-learning materials video topics for junior chemistry courses across both semesters.

Pre-learning material Week Semester 1 video title Semester 2 video title

1 1 Elements and Atoms Naming organic compounds

2 2 Molecules and Ions Acidity of Organic Molecules and types of organic reactions
3 3 Chemical Equations Introduction to Structure Determination

4 4 Stoichiometry Naming Alcohols Amines and Halides

5 6 Atomic Energy Level Assigning Priority and Absolute configuration
6 7 Molecular Shapes Carbonyls and Acid Derivatives

7 8 Gas Law Synthesis and Retrosynthesis

8 10 Thermodynamics pH of strong Acids and Bases

9 11 Oxidation Electronegativity and Bonding

10 13 Chemical Equilibrium or Electrochemistry  Coordination Numbers

Note. No weekly pre-learning materials take place during the weeks of the tutorial quizzes: week 5, week 9 and week 12 for junior courses.

Table 3.7. Weekly pre-learning materials video topics for intermediate chemistry courses across both semesters.

Pre-learning material Week Semester 1 video title Semester 2 video title
1 2 Energy Profile Diagrams Characteristic Temperature and the Partition function
2 3 Conformational Analysis Vibrational Heat Capacity
3 4 Carbocations The Clapeyron Equation
4 6 Directing Effects in SeAr Reactions Osmotic Pressure
5 7 The Mighty Carbonyl Coordination Chemistry 1
6 8 Enols and Enolates Coordination Chemistry 2
7 9 The Aldol Reaction Organometallic Chemistry
8 11 Electromagnetism and Spectroscopy Unit Cells and Lattice
9 12 Local Modes and Group Frequencies Lattice Planes and Miller Indices
10 13 Vibronic Transitions Condensed matter phase diagrams

Note. No weekly pre-learning materials take place during the weeks of the tutorial quizzes: week 5 and week 10 for intermediate courses.
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3.11.2.2 Pre-learning quizzes

The pre-learning quizzes provide students with the opportunity to answer concept-building
questions addressed in the weekly pre-learning videos. The quizzes are designed as a low-stake
summative assessment targeting lower cognitive processing skills from Bloom’s Taxonomy; a
1% mark is given for each quiz contributing a total of 10% to the final course grade. The
mastery nature of these quizzes enables students to have multiple attempts within a given
timeframe. The score of the last completed attempt is recorded in the students’ grade book in
the University’s LMS. For each attempt, the pre-learning quiz questions follow the same order
and structure. The questions are randomly selected form a large, purpose-build pool of
questions developed by the chemistry teaching team. This ensures that if a student chooses to

repeat a quiz, a different set of questions at the same level of difficulty will be generated.

The quizzes vary in length and format, consisting of a combination of 5-10 single best answer
questions (SBAs), short answer questions (SAQs) or interactive drag and drop questions
depending on the chemistry concept (Bokosmaty et al., 2019). SBAs are intended to expose
misunderstanding students may have with a particular concept (Figure 3.3). SAQs are designed
to either familiarise students with chemical terminology, or work through procedural steps to
solve calculation-based questions (Figure 3.4). Drag and drop questions use visual learning
aids to promote students’ understanding of abstract chemistry concepts (Figure 3.5). Formative
feedback is provided for each question irrespective of whether students selected the correct or

incorrect answer to provide a brief explanation behind the underlying theory concepts.

Figure 3.4 is an example of the chemistry concepts previously included in the lecture
component of the in-class sessions. By shifting this content to the online pre-learning materials,
it enabled a full length of lecture content previously delivered in-class session prior to the
partially flipped learning model implementation to be removed. By shifting naming inorganic
nomenclator to the online pre-learning materials, students can master ‘remembering’ this
concept, a lower cognitive processing skill, allowing for more time to be spent on active
learning opportunities during the in-class session where students engage in higher cognitive

processing skills as outlined by Bloom’s Taxonomy.
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Le Chatelier's J

Which way will the equilibrium shift, for the exothermic reaction below, if the
temperature is increased (and everything else is held constant)?

2S02(g) + O2(g) <> 2S03(g)

A To the left B To the right C It will not shift
(more reactants) (more products)

Correct!

If the temperature is increased, the reaction shifts to minimize the change.The
forward reaction is exothermic; it releases heat. The reverse reaction is
endothermic: it absorbs heat.

If the reaction shifts more to the left (ftowards reactants), it can absorb the
temperature change.

1710

Figure 3.3. Example of weekly online quiz question formats and auto-generated feedback
for single best answer question.

Nomenclature J

What is the name of the compound K2Cr207?

potassium dichromate

Correct!

The potassium ion is K* and the dichromate ion is Cr207%. The compound is
potassium dichromate.

5/25

Figure 3.4. Example of weekly online quiz question formats and auto-generated feedback
for short answer question.
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Molecular Orbital Diagram for N2
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Figure 3.5. Example of weekly online quiz question formats and auto-generated feedback
for drag and drop question.

3.12 Variation of the partially flipped learning model across the
chemistry courses

The partially flipped learning model was initially introduced in 2013 for the fundamentals of
chemistry course as part of a revised instructional approach to improve student engagement
and academic performance in the junior chemistry courses. In 2015, the model was
implemented in the mainstream and advanced junior chemistry courses. In 2016, the model
was implemented in the core intermediate chemistry courses. The content delivered in the
laboratory sessions is purposefully designed to be disconnected from the theory component
delivered online and during the in-class sessions. The tutorial and laboratory sessions were not
part of the revised curriculum and will not be discussed. The in-class sessions will also not be

discussed further.

The same online pre-learning materials (videos and quizzes) were used across all three levels
of junior chemistry courses. The courses have broadly similar learning outcomes but cater to
students with different chemistry background (see section 3.9 for further details). However,
since the partially flipped learning model was implemented semester by semester, the platform
used for the pre-learning quizzes differed slightly between the semesters. For semester 1 the

pre-learning quizzes were embedded as Flash-based modules whereas in semester 2, they were
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embedded using HyperText Markup Language (HTML) and Javascript. Due to these
differences, it was not possible to collect data from junior chemistry courses to use for data
tracking. For junior chemistry courses, no weekly pre-learning materials are presented during

the weeks of the semester in which tutorial quizzes take place: week 5, week 9 and week 12.

The same online pre-learning materials (videos and quizzes) were used across all three levels
of the intermediate chemistry courses. The courses have broadly similar learning outcomes but
cater to students with different chemistry background (see section 3.10 for further details). The
pre-learning quizzes across both semesters are embedded using HTML and Javascript. While
the junior chemistry courses pre-learning quizzes varied in the number of questions (5-10
questions per quiz), there were 10 questions for each pre-learning quiz in the intermediate
chemistry courses. The online pre-learning quizzes form part of the summative assessment
(10% of the final course grade) for the normal and advanced intermediate chemistry courses.
For the SSP intermediate chemistry courses, the online pre-learning materials are not
compulsory; participation is voluntary, and no marks are rewarded for completion of pre-
learning quizzes. For the intermediate chemistry courses, no weekly pre-learning materials are
presented during the weeks in which the online in-semester tutorial quizzes take place: week 5

and week 10.

Since the junior chemistry courses have a larger cohort of students spread over several
timetabled streams, quizzes are available for two weeks which accommodates for timetable
variability and ensures equitable access to all students. As the intermediate chemistry courses

have a smaller cohort, the period of availability for the quizzes is reduced to one week.

3.13 Data collection

This thesis reported on data collected from one cohort (Group A) of first year undergraduate
students in junior chemistry courses and two cohorts (Group B, and Group B,) of second year
undergraduate students in intermediate chemistry courses (See Sections 3.8 and 3.9 for full
description of the chemistry courses). Ethics approval was pending at various intervals
throughout this doctoral research, so it was not always possible to collect data from all the
junior and intermediate chemistry courses for all the above-mentioned research methods (See
Sections 3.3.1-3.3.4 for full details regarding the data collection methods). Figure 3.6
summarises the data collection for Group A, Group B, and Group B, regarding students’

approach to learning, perception towards online learning resources and interaction with the
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online component of the partially flipped learning model. As previously discussed, tracking
data was gathered on a weekly basis, the R-SPQ-2F questionnaire was administrated at the start
of semester 1 (week 2-3), the observational sessions and follow up interviews were conducted
at various intervals throughout the semester and the perception questionnaire was carried out

at the end of the semester (week 12-13).

Group B; Group B, Group A

R-SPQ-2F
R-SPQ-2F
Observational L )
sessions 3 %
. . : Observational
[ Tracking data ] Follow up 1nterv1ewsA Sessions
Tracking data
= Follow up
Perception interviews
questionnaire L )

Figure 3.6. Data collection for the various chemistry groups reported on in this thesis.
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Chapter 4: Behavioural engagement with the online
component of a partially flipped learning model

4.1 Introduction

This chapter explores the relationship between students’ behavioural engagement with the
online component of the partially flipped learning model and their academic performance.
Although this chapter focuses on behavioural engagement, it considers engagement as a multi-
dimensional construct that encompasses three components: behavioural, emotional, and
cognitive. This chapter draws on the definition proposed by the seminal work of Fredricks et
al. (2004) and considers behavioural engagement the observable level a student participates
and interacts with the learning activities. Emotional engagement entails students positive and
negative affective reactions in a classroom towards their teachers, peers, and learning activities.
Cognitive engagement relates to a student’s psychological investment in and effort they are

willing to direct towards learning to comprehend and master knowledge and skills.

There is substantial research evaluating the impact of a flipped learning environment on
students’ engagement and learning outcomes (Bancroft et al., 2021; Bredow et al., 2021; Burke
& Fedorek, 2017; Cheng et al., 2019; O’Flaherty & Phillips, 2015). Findings related to learning
outcomes as measured by academic performance, however, have been mixed, with some
studies reporting significant improvements in academic performance (Cormier & Voisard,
2018; Eichler & Peeples, 2016; Flynn, 2015) whilst others have found no measurable
differences with the implementation of a flipped learning model (Adams, Garcia, &
Traustadoéttir, 2016; Smallhorn, 2017; Yesterbsky, 2015). It has been proposed that a flipped
learning environment has the potential to influence students’ engagement levels (Seery, 2015).
Diemer et al. (2013) suggest the need to separately analyse the impact of pre-class and in-class
engagement on performance, as the two components (online and in-class) have distinct features
and different learning requirements. Limited research on the online component, however, has
examined the relationship between students’ engagement and learning outcomes, with the
majority focused on the in-class component (Meyliana et al., 2021; Smallhorn, 2017). Lee et
al. (2018) examined the impact of learner engagement on students in general biology or
chemistry flipped courses and found that both pre-class and in-class engagement were
significant predictors for content/learning related outcomes, with a larger effect observed from
the in-class engagement. The authors proposed a path diagram to show the effects different

dimensions of engagement have on flipped learning outcomes. The three multi-dimensional
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constructs of engagement; behavioural, emotional, and cognitive, were positively interrelated,
with behavioural engagement the “strongest indicator of success in terms of learning
outcomes” (Lee et al., 2018, p. 225). In another study Lee and Choi (2019) observed in a life
science course, a strong positive correlation between the two components of the flipped
learning model. The result also indicates a strong positive correlation between the pre-learning
component and final learning outcomes. This relationship was almost twice when comparing
the effect of the in-class component on learning outcomes. Combined, these studies suggest
that there is some evidence that students’ behavioural engagement with the pre-learning

materials may be a contributing factor that affects academic performance.

An early contribution to the field by Wang (2017) used learning analytics instead of self-
reported measures to gather data on students’ behavioural engagement. The design principles
of the flipped learning model adopted by Wang were grounded in Merrill’s framework (2013)
that used a problem-centred learning approach to activate, demonstrate, apply, and integrate
information. Self-reflection and self-assessment learning activities were also embedded in this
design of the flipped learning model to further promote behavioural engagement with the
online learning material and promote students’ engagement with the problem-solving
activities. It was observed that students’ engagement with this problem-centric framework had

a significant positive effect on formative assessment and overall academic achievement.

The design principles of the partially flipped learning model discussed in this thesis (see
Section 3.11 for further details), however, differ from those of Wang (2017). This thesis uses
learning analytics to provide a direct analysis of students’ behavioural engagement with the
main online learning resources, pre-learning videos and associated pre-learning quizzes, by
using tracking data collected from the University’s LMS throughout the semester. It was
hypothesised that a higher level of engagement with the online components of the flipped
learning model can lead to better academic performance compared to lower levels of

engagement. The following research questions were examined:

1. What is the effect of students’ behavioural engagement with the online learning
component on their academic performance?

2. What are the factors that affect students’ behavioural engagement with the online
component?

3. How do changes in students’ behavioural engagement across consecutive semesters

affect their academic performance?
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4.2 Methodology
4.2.1 Participants

The participants consisted of two groups of undergraduate chemistry students enrolled in
intermediate chemistry courses in semesters 1 and 2. Group B consisted of students enrolled
in 2016 and Group B> consisted of students enrolled in 2017. The semester 1 intermediate
courses were: Mainstream Molecular Reactivity and Spectroscopy (CHEM2401), Advanced
Molecular Reactivity and Spectroscopy (CHEM2911) and Special Studies Program Molecular
Reactivity and Spectroscopy (CHEM2915). The semester 2 intermediate courses were:
Mainstream Chemical Structure and Stability (CHEM2402), Advanced Chemical Structure
and Stability (CHEM2912) and Special Studies Program Chemical Structure and Stability
(CHEM2916). See Section 3.9 for a full description for each of the chemistry courses.

4.2.2 Procedure

The engagement index was developed using the aggregated data of students’ weekly
behavioural engagement with the online pre-learning materials across the three intermediate
chemistry courses over the course of a semester. For Group B, data were collected for the
intermediate chemistry courses during semester 1 (n = 262) and semester 2 (n = 179). For
Group B», data were collected for the intermediate chemistry courses during semester 1 (n =

247) and semester 2 (n = 175).

Students’ online behavioural engagement with each of the weekly pre-learning materials was
captured in a real-time manner in the University’s LMS, with LMS click data recoded via a
bespoke software (see Section 3.3.2 for more details regarding the use of tracking data). To
measure students’ video-viewing behaviours, tracking data captured the frequency of views
and the time of access for each video. It did not, however, capture the length of views for each
video. To measure students’ behavioural pattern with the pre-learning quizzes, tracking data
captured students’ frequency of access, time of access for each attempt, score for each attempt,
the number of questions completed for each attempt, the time spent to select an answer and the
time spent reading the feedback provided. The gathered tracking data were exported as a .csv
file and then imported into excel to identify weekly trends in students’ interaction with each of
the pre-learning materials by analysing the time of access, the total frequency of access, mean

quiz score, median/mean time spent on each question, feedback, and the overall quiz. Section
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4.3 provides further details on which parameters were used for developing an index that

measures students’ online engagement with the pre-learning materials.

4.3 Development of the Engagement Index

Following the method of Babbie (2012), an index was developed to measure students’
behavioural engagement with the online pre-learning materials. The index was developed by
combining multiple items into a single composite measure. Each item selected measures a
different aspect of the ways in which students engaged with the video or quiz. There are two
main reasons for developing an index using composite items instead of examining single items.
Firstly, individually analysing items may not adequately represent students’ overall
engagement. This may lead to invalid or unreliable inferences being made about students’
engagement. Secondly, an index formed by combining several items can measure students’
online engagement in numerous ordinal categories from low to high level, which might not

have otherwise been achievable when examining individual items.

The following section will detail the main steps required for constructing an engagement index:
selecting items, examining the empirical relationship between items, scoring and weighting of

items, managing missing data, and validating the index (Babbie, 2012).

4.3.1 Selection of items

In selecting the items for constructing a composite index to measure students’ online
engagement with pre-learning videos and pre-learning quizzes, it is essential to consider four
key components (Babbie, 2012). The first component is face/logical validity, which requires
that all items related to measuring students’ online engagement must be considered. Secondly,
it is important for the composite measure to be unidimensional by focusing only on the items
related to students’ online engagement. Thirdly, the items can be specific or general depending
on the variable being measured. In this case, to measure students’ online engagement, specific
items were selected and were exclusively related to the videos and quiz instead of being
general. Finally, the level of variance of each item is considered to determine whether an item
is useful in the construction of the index. Variance in the items selected can be achieved in two
ways. For example, the selected items can divide the students equally, i.e., approximately half
of the students watched the video and half did not. Although no observation on a single item
would justify the classification of a person as engaged, a person who was observed to engage

on all items might be classified as engaged. Another way is to select items that differ in
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variance, i.e., one item might identify approximately half of the students as engaged, while
another might identify few of the students as engaged. In either case, all items must have

sufficient variance to be statistically valid.

The items chosen for creating the engagement index were in part informed by the existing
literature and an understanding of the design features embedded in the pre-learning materials
reported on in this thesis (See Sections 2.5.6.1 and 2.5.10 for more details regarding
engagement parameters and students’ behavioural engagement with the pre-learning
materials). A commonly reported parameter to measure students’ video-viewing behaviours
and interactions with the pre-learning quizzes is the frequency of access (Beatty et al., 2019;
Dazo et al., 2016; Lacher & Lewis, 2014). This parameter provides valuable insight on how
often the students’ watched the assigned pre-learning videos and how many times the students’
have chosen to attempt the pre-learning quizzes. In addition, the score for each pre-learning
quiz accessed was recorded. This provides another facet to understanding students’ online
behavioural engagement, as it can give an indication on how students were performing, and
further inferences can be drawn on whether the number of pre-learning quizzes accessed can
impact students’ performance in them. Another reported measure to monitor students’
behavioural engagement is time spent on a certain task (Tasker et al., 2003). Due to the design
of the online pre-learning quizzes implemented in the described partially flipped learning
model, it was possible to measure the time spent on each pre-learning quiz attempt and the
embedded feedback. The parameter related to the time spent on feedback offers a distinct
insight on students’ behavioural engagement and indicate whether students used the feedback

provided as a reflective tool to aid them in answering the questions.

To gain a holistic understanding of students’ behavioural engagement the index developed in
was composed of one item related to the pre-learning video and four items related to the pre-

learning quizzes.

1. nvideo: total number of pre-learning videos viewed by each student

2. mtquiz: median time spent per attempted pre-learning quiz by each student

3. asquiz: average score of the total number of attempted pre-learning quizzes by each
student

4. afquiz: average time spent on feedback of the total number of attempted pre-learning
quizzes

5. nquiz: total number of attempted pre-learning quizzes by each student
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4.3.2 Empirical relationship between items

A bivariate relationship was used to determine the relative strength amongst the items
considered for inclusion in the engagement index (Babbies, 2012). The Spearman rank
correlation coefficient, p, was used to determine the degree to which the items were related by
measuring the strength and direction. The Spearman rank correlation range from -1 to +1 with
negative values implying negative correlations, positive values implying positive correlations

and zero value indicating no correlation between the variables (Ratner, 2008).

As shown in Table 4.1, when examining the bivariate relationship between the nvideo item and
each of the other four items related to the quiz, there was a weak but positive correlation. This
might be because the videos and the quizzes are separate components of the online learning

platform and they each provide a different facet of students’ behavioural engagement.

The bivariate relationship amongst the other four pre-learning quiz items revealed valuable
features related to behavioural engagement. The mtquiz item reflects the amount of time a
student spent on attempting a quiz. A positive relationship is observed between mtquiz and
asquiz as well as between mtquiz and afquiz. It may be assumed that students taking a longer
time to complete tend to be more engaged as they may be carefully considering the questions
and the feedback provided to achieve a high score. The afguiz item suggests that students who
spend more time than the threshold value reading the feedback tend to be more engaged. A
negative relationship is observed between nquiz and afquiz which suggests that students who
do not engage with the feedback and have multiple attempts at the quiz are not engaging with
the material. A positive relationship is observed between asquiz and afquiz which suggests that
students who engage with the feedback may not require as many attempts. Their use of the
feedback may have led to a stronger understanding of the material and thus fewer pre-learning
quiz attempts to achieve a high score. A strong negative relationship is observed between
asquiz and nquiz, suggesting that having multiple quiz attempts without engaging with
feedback can lead to a lower score. The nquiz is thus assumed to be an engagement measure.
The asquiz was used instead of the final quiz score due to their mastery nature as majority of
students would attain a final score of ten irrespective of how many attempts they may have
made. As such, the asquiz provides a better indicator of engagement when comparing it to the

nquiz.
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Table 4.1. Bivariate relationship among index items.

Item pairs Item names Spearman rank coefficient (p)
1 and 2 nvideo and mtquiz 0.052
1 and 3 nvideo and asquiz 0.098
1 and 4 nvideo and afquiz 0.062
I and 5 nvideo and nquiz 0.009
2 and 3 mtquiz and asquiz 0.283**
2 and 4 mtquiz and afquiz 0.145%*
2and 5 mtquiz and nquiz -0.203
3 and 4 asquiz and afquiz 0.373%*
3and 5 asquiz and nquiz -0.793**
4 and 5 afquiz and nquiz -0.154*

Note. *p < 0.05 ** p < 0.01. Bivariate analysis based on aggregated data from the
intermediate chemistry courses.

4.3.3 Scoring and weighting of items

To create a single composite index made from several items, scores and weightings were
assigned for each of the five items. Descriptive statistics were calculated for each item to
measure the central tendency and variability of the data (see Section 3.4 in the methodology

for further details).

To group students based on their level of interactions with the online pre-learning materials,
an inter-limit value of 0, 1 or 2 was allocated on a weekly basis for each of the five items. To
calculate the cut-off of these inter-limit values, the students’ interaction data (tracking data) for
each item was divided into three-percentile group so that an inter-limit value of 0, 1 or 2 can
be assigned to one of the three engagement groups: low, moderate, and high. The use of the
percentiles provides meaningful benchmarking across each of the items. The data was
purposely divided into three-percentile groups to be assigned to one of the three engagement
groups, and while this is subjective it provided an appropriate sample size for the analysis to
be carried out. Creating more groups would have led to a smaller sample size in each
engagement group and limited the statistical power for detecting population differences

between the groups (Leppink, et al., 2016).

The assignment of the inter-limit value for each item was based on the hypotheses assumptions
made regarding students’ behavioural engagement (see Table 4.2) and an understanding of the
items themselves. For instance, for the mtquiz, asquiz and afquiz items, the low engagement

group included values below the 33 percentile, the moderate engagement group included
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values ranging between the 33" percentile and 66" percentile, and the high engagement group
included values above the 66" percentile. For the nquiz item, the low engagement group
included values above the 66™ percentile, the moderate engagement group included values
ranging between the 33™ percentile and 66" percentile, and the high engagement group
included values below the 33™ percentile. For these four items a score of 0, 1 or 2 was assigned
for the low, moderate, and high engagement groups respectively. It was not possible to score
the nvideo item based on percentile values since the 33" and 66™ percentile values were the
same. Students who did not watch the pre-learning video were assigned a score of 0, those that
watched it once or twice were assigned a score of 1 and those students that watched it more
than twice were assigned a score of 2. For this item a score of 0, 1 or 2 was assigned for the

low, moderate, and high engagement groups respectively.

As each item contributes to measuring students’ behavioural engagement with the online

resources, each item was given an equal weighting, multiplier of 1 (Babbie, 2012).

Table 4.2. Hypotheses regarding students’ behavioural engagement with the online learning
resources.

Item Low engagement Moderate/High engagement
Ho: Students that do not watch the Hi: Students that watch the pre-learning
nvideo pre-learning videos tend to be less videos tend to be more engaged
engaged
Ho: Students that spend less than the Hi: Students that spend a certain
. threshold time* answering the pre- threshold time* answering the pre-
miquiz . . . .
learning quizzes tend to be less learning quizzes tends to be more
engaged engaged
Ho: Students that have a lower average H;: Students that have a higher average
asquiz than the threshold value* score tend score than the threshold value* tend to be
to be less engaged more engaged
Ho: Students that spent less time than ~ Hj: Students that spend more time than
the threshold value* reviewing the threshold value* reviewing feedback
afquiz  feedback for questions answered for questions answered (correctly or
(correctly or incorrectly) tend to be incorrectly) tend to be more reflective
less reflective and less engaged and more engaged
nquiz  Ho: Students that attempt the pre- Hi: Students that attempt the pre-learning

learning quiz more times than the
threshold value* tend to be less
engaged

quiz fewer times than the threshold
value* tend to be more engaged

Note. *Threshold values are based on the percentile values determined for each item.
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4.3.4 Managing missing data

There were no missing data. Students’ online interactions over the ten weekly pre-learning

materials were compiled for both groups.

4.3.5 Validity and reliability of the index

The index was validated internally and externally using the method suggested by Babbie
(2012). To internally validate an index, item analysis was used to examine the “extent to which
the index is related to (or predicts responses to) the individual” (Babbie, 2012, p. 169) items it
comprises. This approach assesses whether each of the items included in developing this
composite index “makes an independent contribution or merely duplicates the contribution of

other items in the measure” (Babbie, 2012, p. 169).

To internally validate the engagement index, the independent contribution for each item was
determined. Table 4.3 shows an example of the weekly independent contribution for each of
the five items based on the inter-limit scores outlined in Section 4.3.3. The percentages
represent the distribution of students across each of the three engagement groups for the five
items that comprised the index. For example, for the nvideo, 22% of students were categorised
in the low engaged group, 58% of students were categorised in the moderately engaged group,
whereas 20% of students were categorised in the highly engaged group based on the assigned
inter-limit scores discussed in Section 4.3.3. For the mtquiz, asquiz and afquiz items similar
percentages in the distribution of students were observed across each of the three groups of
engagement. For the nquiz, 52% of students were categorised in the low engaged group, 22%
of students were categorised in the moderately engaged group, whereas 26% of students were
categorised in the highly engaged group based on the assigned inter-limit scores discussed in

Section 4.3.3.

The items appear to be an appropriate component of the engagement index, since each
individual item reflects similar measures to what the composite index aims to measure (Babbie,

2012).
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Table 4.3. Item analysis of the various composite measures that comprise the engagement
index.

Engagement index score

Items LE (%) ME (%) HE (%)
nvideo 22 58 20
mtquiz 42 29 29
asquiz 37 30 33
afquiz 42 29 29
nquiz 52 22 26

Note. LE = low engagement, ME = moderate engagement and HE = high engagement. The
percentages represent the distribution of students in each engagement group across the
various items of the engagement index (Group Bi, semester 1, week 1).

To externally validate the engagement index, an item that was not previously included in the
development of the index was selected. The item used was the average number of questions
accessed per pre-learning quiz attempt by each student, another potential measure of students’
online engagement. It is hypothesised that students who have answered more questions than
the threshold number tend to be more engaged with the learning resources compared to those

that have answered less than the threshold number of questions.

The reliability of the engagement index was considered by repeating the same steps outlined
in Section 4.3 for both Groups B and B». In addition, the same bespoke software was used to
extract the tracking data for the identified items used to measure students’ behavioural

engagement.

4.3.6 Overall Engagement Index

A composite engagement index score for each student was calculated by summing the inter-
limit values obtained on each of the five items across the ten weeks (as discussed in Section
4.3.3). For example, for the nvideo item, a student was assigned an inter-limit value between 0
and 2 on a particular week based on the percentile values determined for the group. As such, a
student may be assigned a score of 0 for a given week but a score of 1 or 2 for another week.
By the end of the ten weeks a student obtained a score out of twenty since the maximum inter-
limit value range is 2. The process is repeated for the other four items where the students will
obtain a maximum score of twenty per item. The scores for all five items were aggregated so
that each student obtained a cumulative item score ranging from 0 to 100. Students were

divided into three engagement groups (low, moderate, and high) based on their cumulative item
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scores. The three engagement groups were determined by using percentiles to provide

meaningful benchmarking across each of the three groups.

4.4 Results

4.4.1 Participation rates for intermediate chemistry courses

The overall participation rate and that of each of the three intermediate chemistry courses for
Group B, and Group B, across both semesters are shown in Table 4.4 and Table 4.5

respectively.

For Group Bi, a total of 143 (49%) students completed both semester 1 and semester 2
intermediate chemistry courses. For Group By, a total of 124 (37%) students completed both
semester 1 and semester 2 intermediate chemistry courses. When comparing the participants
of Group B and Group B, 8 students were common across both groups for semester 1, whereas

4 students were common across both groups for semester 2.

Table 4.4. Participation rate by intermediate chemistry course in Group B across both
semesters.

Semester 1 Semester 2
Participants Participation Participants Participation
rate rate
n % n %
CHEM2401 172 97 CHEM2402 97 80
CHEM2911 81 100 CHEM2912 76 97
CHEM2915 9 38 CHEM2916 6 46
Total 262 93 Total 179 84

Table 4.5. Participation rate by intermediate chemistry course in Group B: across both

semesters.
Semester 1 Semester 2
Participants Participation Participants Participation
rate rate
n % n %
CHEM?2401 155 87 CHEM2402 120 93
CHEM?2911 60 97 CHEM?2912 43 100
CHEM?2915 20 91 CHEM?2916 11 58
Total 235 90 Total 174 90
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4.4.2 Comparison of student groups

To compare the performance of Group B, with Group B, in each semester, it is necessary to
determine that there is a homogeneity of variances, indicating that the variance of Group B,
with Group B, is the same for each semester. The weighted average mark (WAM) score was
used to draw comparisons between the various groups (see Table 4.6). A WAM score for a
student is a weighted average mark of all the completed courses. At the University of Sydney,
weighting for a course is based on its credit point value and year level of the course completed.
Junior units are weighted one, intermediate units are weighted two and senior units are
weighted three. Students completing intermediate chemistry courses would have completed
two junior chemistry courses (6 credit points, level 1000), and other first year junior courses

(either 3 or 6 credits, level 1000).

Table 4.6. Cohort response rate for students with WAM score across all three intermediate
chemistry courses in Groups B and Bo.

Semester 1 Semester 2
Respondents Respondents
with WAM Response rate with WAM Response rate
n % n %
Group B 219 84 158 88
Group B» 200 85 134 77

The results for semester 1 indicated that there was no significant difference in the WAM score
between students in Group B, and Group B, (t,;;= 1.74, p = 0.083). The results for semester 2
indicated that there was no significant difference in the WAM score between students in Group
B, and Group B, (t290= 0.8, p = 0.936). These results suggest that comparison between groups
during semester 1 and 2 can be carried out as the variance was similar and no statistical

significance was observed in the WAM scores (see Table 4.7).

Table 4.7. Mean WAM scores to determine sample representation of the Groups B and Bs.

Semester 1 Semester 2
n M SD n M SD
Group B 219 68.93 10.60 158 70.18 9.29
Group B> 200 70.82 11.69 134 70.27 11.60

Note. M = mean, SD = standard deviation.
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4.4.3 Overall Engagement Index
4.4.3.1 Intermediate chemistry Group B

The engagement index score for students in Group Bi that completed all 10 weekly pre-learning
materials across semester 1 and 2 for 2016 was collated into a histogram (see Figure 4.1). The
Shapiro-Wilk test of normality was used to determine if the engagement index scores were
normally distributed. This test was used instead of Kolmogorov-Smirnov as it is more
appropriate for sample sizes smaller than 2000 (Zimmerman, 2004). The engagement index
scores were found to be normally distributed: semester 1 (W [262] = 0.99, p > 0.01) and
semester 2 (W [179] = 0.99, p > 0.01). The means and standard deviations for each semester

are represented in Table 4.8.
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Figure 4.1. Distribution of engagement index score for students across all three intermediate
chemistry courses in semester 1 (n = 262) and semester 2 (n = 179) for Group B..

Table 4.8. Means and Standard Deviation for engagement index score for Group Bi.

Engagement index score

n M SD
Semester 1 262 43.76 18.74
Semester 2 179 51.25 17.68

Note. M = mean, SD = standard deviation.
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The three engagement groups were obtained using the same method outlined in Section 4.3.3
by calculating three-percentile groups for the engagement index score to form the three groups:
low engagement, moderate engagement, and high engagement. The inter-limit values used are
outlined in Table 4.9. The distribution of the engagement index scores across each of the

chemistry course in Group B; are presented in Table 4.10.

Table 4.9. Inter-limit values for the engagement groups across all three intermediate
chemistry courses in Group B for both semesters.

Engagement group

LE ME HE
Semester 1 <34 34 < Score < 52.33 > 52.33
Semester 2 <45 45 < Score < 58 >58

Note. LE = low engagement, ME = moderate engagement and HE = high engagement
Semester 1(n = 262) semester 2 (n = 179).

Table 4.10. Distribution of the engagement index score across the various chemistry courses
for Group B1.

Semester 1 Semester 2
n n
LE ME HE LE ME HE
CHEM2401 63 55 54 CHEM2402 39 31 27
CHEM2911 20 29 32 CHEM2912 21 24 31
CHEM2915 5 3 1 CHEM2916 3 2 1
Total 88 87 87 Total 63 57 59

Note. LE = low engagement, ME = moderate engagement and HE = high engagement.

4.4.3.2 Intermediate chemistry Group B:

The engagement index score for students in Group B: that completed all 10 weekly pre-learning
materials across semester 1 and 2 for 2017 was collated into a histogram (see Figure 4.2). The
Shapiro-Wilk test of normality was used to determine if the engagement index scores were
normally distributed. The engagement index scores were found to be normally distributed:
semester 1 (W [235] =0.99, p > 0.01) and semester 2 (W [175] = 0.98, p > 0.01). The means

and standard deviations for each semester are represented in Table 4.11.
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Figure 4.2. Distribution of engagement index score for students across all three intermediate
chemistry courses in semester 1(n = 235) and semester 2 (n = 174) for Group B>.

Table 4.11. Means and Standard Deviation for engagement index score for Group Bo.

Engagement index score

n M SD
Semester 1 235 54.74 18.98
Semester 2 174 46.99 18.62

Note. M = mean, SD = standard deviation.

The three engagement groups were obtained using the same method outlined in Section 4.3.3
by calculating three-percentile groups for the engagement index score to form the three groups:
low engagement, moderate engagement, and high engagement. The inter-limit values used are
outlined in Table 4.12. The distribution of the engagement index scores across each of the

chemistry courses in Group B> are presented in Table 4.13.
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Table 4.12. Inter-limit values for the engagement groups across all three intermediate
chemistry courses in Group B> for both semesters.

Engagement group

LE ME HE
Semester 1 <38 38 < Score < 54 > 54
Semester 2 <41 42 < Score < 56 >56

Note. LE = low engagement, ME = moderate engagement and HE = high engagement.
Semester 1 (n = 235) and semester 2 (n = 174).

Table 4.13. Distribution of the engagement index score across the various chemistry courses
for Group B».

Semester 1 Semester 2
n n
LE ME HE LE ME HE
CHEM2401 49 55 51 CHEM2402 34 49 37
CHEM2911 19 23 18 CHEM?2912 18 11 14
CHEM2915 14 1 5 CHEM2916 7 1 3
Total 82 79 74 Total 59 61 54

Note. LE = low engagement, ME = moderate engagement and HE = high engagement.

4.4.4 Engagement index and academic performance

4.4.4.1 Academic performance at a cohort level for Group B; across semesters

The data for academic performance were initially analysed at a cohort level by combing all
intermediate chemistry students in Group B for a given semester to holistically examine the
impact of the model. Appendix F shows the relationship between students’ academic
performance in the online pre-learning quizzes with each of the following: in-semester quizzes,
end of semester examination, theory component (combines the scores for the online pre-
learning quizzes, in-semester quizzes, and end of semester examination), laboratory
component, and the final course performance (combines the scores for the theory component

and the laboratory component).

It is interesting to note that for Group B, there was some correlation between students’
academic performance in the online pre-learning quizzes and the in-semester quizzes. A
correlation was also observed between students’ academic performance in the online pre-
learning quizzes and laboratory component. Although this reflects engagement, the tutorial

sessions were not part of the revised curriculum and will not be discussed further. In addition,
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content delivered in the laboratory sessions is purposefully designed to be disconnected from
the theory component delivered online and during the in-class sessions. These correlations
were not investigated further. A one-way ANOVA was carried out to investigate the academic
performance of all intermediate chemistry students in each of the end of semester examination
as it contributes to 60% of the final course grade (see Section 4.4.4.1.1). Another one-way
ANOVA was conducted to investigate students’ course performance in the theory component
as measured by combining their scores for the online pre-learning quizzes, in-semester quizzes,
and end of semester examination as it contributes to 85% of the final course grade (see Section

44.4.12).

The following sections report on one-way ANOVA analyses carried out to investigate the
academic performance of students across the three engagement groups. Table 4.14 provides a
summary of the results obtained from the one-way ANOVA analyses and post-hoc Tukey’s ¢-
tests by identifying the significant differences in academic performance observed among the
engagement groups for Group B across both semesters. Appendix G (Tables G.1 to G.8)
provides more details regarding the individual one-way ANOVA analyses and post-hoc
Tukey’s t-test comparison for the end of semester examination and overall theory course

performance carried out on a cohort and course level for both groups across the semesters.

4.4.4.1.1 Academic performance in end of semester examination

A one-way ANOVA showed a significant difference among the three engagement groups for
semester 1 [F2250 = 12.245, p <0.001] and semester 2 [F2, 176 = 7.055, p <0.001]. For semester
1, post-hoc Tukey’s #-test indicated that the mean examination score for low engaged students
was significantly lower compared to those that are in the moderately engaged and highly
engaged group. For semester 2, post-hoc Tukey’s #-test indicated that the mean examination
score for low engaged students was significantly lower than those in the highly engaged group.
However, no significant difference was observed between the other engagement groups in both

semesters (see Tables G.1 and G.2).

4.4.4.1.2 Overall theory course performance

A one-way ANOVA showed a significant difference among the three engagement groups for
semester 1 [F2, 250 = 16.492, p < 0.001] and semester 2 [F2, 176 = 10.460, p < 0.001]. For both
semesters, post-hoc Tukey’s #-test indicated that the overall theory course performance for low

engaged students was significantly lower compared to those that are in the moderately engaged
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and highly engaged group. However, no significant difference was observed between the other

engagement groups in both semesters (see Table G.3 and Table G.4).

4.4.4.2 Academic performance at a course level for Group B; semester 1

The results for Group B at a cohort level showed a significant difference among the three
engagement groups in the end of semester examination and overall theory course performance
for both semesters (see Tables G.1 to Table G.4). All further data were analysed separately for
each chemistry course rather than being combined to observe the impact of the model on

students of varying proficiency level in chemistry.

4.4.4.2.1 Academic performance in CHEM2401

A one-way ANOVA revealed that there was a significant difference in the end of semester
examination score [F2, 160 = 10.676, p < 0.001] and the overall theory course performance [F»,
169 = 14.869, p < 0.001, d = 0.150] among the three engagement groups (see Table G.5). A
post-hoc Tukey’s #-test indicated that the mean scores for the end of semester examination and
the overall theory course performance for low engaged students was significantly different to

those that are in the moderately and highly engaged groups.

4.4.4.2.2 Academic performance in CHEM2911

A one-way ANOVA revealed that there was no significant difference in the end of semester
examination score [F2, 78 = 2.691, p = 0.074] but a significant difference was observed in the
overall theory course performance [F2, 78 = 3.369, p = 0.039] among the three engagement
groups (see Table G.6).A post-hoc Tukey’s ¢-test indicated that the mean score for the overall
theory course performance for low engaged students was significantly lower than those that

are in the highly engaged group.

4.4.4.2.3 Academic performance in CHEM2915

A one-way ANOVA revealed that there was a significant difference in the end of semester
examination score [F2,6 = 5.820, p = 0.039] and the overall theory course performance [F2, ¢ =
5.693, p = 0.041] among the three engagement groups. However, post-hoc Tukey’s 7-test was

not performed as one group had fewer than two cases.
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4.4.4.3 Academic performance at a course level for Group B; semester 2
4.4.4.3.1 Academic performance in CHEM2402

A one-way ANOVA revealed that there was a significant difference in the end of semester
examination score [F2 94 = 5.944, p = 0.004] and the overall theory course performance [F2, o4
= 7.781, p = 0.001] among the three engagement groups (see Table G.7). A post-hoc
comparison using the Tukey’s #-test indicated that the mean scores for the end of semester
examination and the overall theory course performance for highly engaged students was

significantly higher than those that are in the low engaged and moderately engaged.

4.4.4.3.2 Academic performance in CHEM2912

A one-way ANOVA revealed that there was a significant difference in the end of semester
examination score [F2, 73 = 3.865, p = 0.025] and overall theory course performance [F», 73 =
3.865, p = 0.009] among the three engagement groups (see Table G.8). A post-hoc Tukey’s #-
test indicated that the mean score for the end of semester examination for low engaged students
was significantly lower than those that are moderately engaged. Post-hoc Tukey’s #-test also
indicated that the mean score for the overall theory course performance for low engaged
students was significantly lower than those that are moderately engaged and highly engaged

students.

4.4.4.3.3 Academic performance in CHEM2916

A one-way ANOVA revealed that there was no significant difference in the end of semester
examination score [F2, 5 = 1.058, p = 0.449] and overall theory course performance [F», 5 =

1.018, p = 0.460] among the three engagement groups.
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Table 4.14. Engagement pairs showing significant differences in academic performance for Group B: according to a one-way ANOVA analyses

and post-hoc Tukey’s #-test results.

Semester 1 Semester 2
End of semester Overall theory course End of semester Overall theory course
examination performance examination performance
Cohort e LE and ME e LEand ME Cohort e LEand HE e LEand ME
e LEand HE e LEand HE e LEand HE
CHEM2401 e LE and ME e LEand ME CHEM2402 e LE and HE e LEand ME
e LEand HE e LEand HE e ME and HE e LEand HE
CHEM2911 e NS e LEand HE CHEM2912 e NS e LEand ME
e LE and HE
CHEM2915 e NS e NS CHEM2916 e NS e NS

Note. NS = no significance, LE = low engagement, ME = moderate engagement and HE = high engagement.
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4.4.4.4 Academic performance at a cohort level for Group B: across semesters

The data for academic performance were initially analysed at a cohort level by combing all
intermediate chemistry students in Group B: for a given semester to holistically examine the
impact of the model. Appendix H shows the relationship between students’ academic
performance in the online pre-learning quizzes with each of the following: in-semester quizzes,
end of semester examination, theory component (combines the scores for the online pre-
learning quizzes, in-semester quizzes, and end of semester examination), laboratory
component, and the final course performance (combines the scores for the theory component

and the laboratory component).

It is interesting to note that for Group B, there was some correlation between students’
academic performance in the online pre-learning quizzes and the in-semester quizzes. A
correlation was also observed between students’ academic performance in the online pre-
learning quizzes and laboratory component. As noted for Group B, the tutorial sessions were
not part of the revised curriculum and content delivered in the laboratory sessions is
purposefully designed to be disconnected from the theory component delivered online and

during the in-class sessions These correlations were not investigated further.

A one-way ANOVA was carried out to investigate the academic performance of all
intermediate chemistry students in each of the end of semester examination as it contributes to
60% of the final course grade (see Section 4.4.4.4.1). Another one-way ANOVA was
conducted to investigate students’ course performance in the theory component as measured
by combining their scores for the online pre-learning quizzes, in-semester quizzes, and end of

semester examination as it contributes to 85% of the final course grade (see Section 4.4.4.4.2).

The following sections report on one-way ANOVA analyses carried out to investigate the
academic performance of students across the three engagement groups. Table 4.15 provides a
summary of the results obtained from the one-way ANOVA analyses and post-hoc Tukey’s #-
tests by identifying the significant differences in academic performance observed among the
engagement groups for Group B across both semesters. Appendix I (Table 1.1-1.8) provides
more details regarding the individual one-way ANOVA analyses and post-hoc Tukey’s #-test
comparison for the end of semester examination and overall theory course performance carried

out on a cohort and course level for both groups across the semesters.
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4.4.4.4.1 Academic performance in end of semester examination

A one-way ANOVA results showed a significant difference among the three engagement
groups for semester 1 [F2, 232 =9.729, p <0.001] and semester 2 [F2, 171 = 6.723, p = 0.002]. A
post-hoc Tukey’s #-test indicated that the mean score for the end of semester examination for
low engaged students was significantly lower than those in the highly engaged group in both
semesters. However, no significant difference was observed between the other engagement

groups in both semesters (see Table 1.1 and Table 1.2).

4.4.4.4.2 Overall theory course performance

A one-way ANOVA showed a significant difference among the three engagement groups for
semester 1 [F2 232 = 12.325, p < 0.001] and for semester 2 [F2, 171 = 8.094, p < 0.001]. A post-
hoc Tukey’s #-test indicated that the overall theory course performance for highly engaged
students was significantly higher than those in the low and moderately engaged group for both
semesters. However, no significant difference was observed between the other engagement

groups for both semesters (see Table 1.3 and Table 1.4).

4.4.4.5 Academic performance at a course level for Group B; semester 1

The results for Group B: at a cohort level showed a significant difference among the three
engagement groups in the end of semester examination and overall theory course performance
for both semesters (see Tables 1.1 to Table 1.4). All further data were analysed separately for
each chemistry course rather than being combined to observe the impact of the model on

students with varying proficiency levels in chemistry.

4.4.4.5.1 Academic performance in CHEM2401

A one-way ANOVA revealed that there was a significant difference in the end of semester
examination score [F2, 152 = 18.278, p < 0.001] and the overall theory course performance [F»,
152 = 23.376, p < 0.001] among the three engagement groups (see Table 1.5). A post-hoc
Tukey’s #-test indicated that the mean scores for the end of semester examination and the
overall theory course performance for low engaged students was significantly lower than those

in the moderately engaged and highly engaged groups.
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4.4.4.5.2 Academic performance in CHEM2911

A one-way ANOVA revealed that there was no significant difference in the end of semester
examination score [F2, 57 = 2.789, p = 0.070] but a significant difference in the overall theory
course performance among [F2, 57 = 3.662, p = 0.032] the three engagement groups (see Table
1.6). A post-hoc Tukey’s #-test indicated that the mean score for the overall theory course

performance for low engaged students was significantly lower than those in the highly engaged

group.

4.4.4.5.3 Academic performance in CHEM2915

A one-way ANOVA revealed that there was no significant difference in the end of semester
examination score [F2, 17 = 1.436, p = 0.265] and the overall academic performance [F», 17 =

1.626, p = 0.226] among the three engagement groups.

4.4.4.6 Academic performance at a course level for Group B: semester 2
4.4.4.6.1 Academic performance in CHEM2402

A one-way ANOVA revealed that there was a significant difference in the end of semester
examination score [F2, 117 = 7.099, p = 0.001] and overall theory course performance [F», 117 =
10.360, p < 0.001] among the three engagement groups (see Table 1.7). A post-hoc Tukey’s ¢-
test indicated that the mean score for the end of semester examination for low engaged students
was significantly lower than those that are highly engaged. Post-hoc Tukey’s t-test also
indicated that the mean score for the overall theory course performance for low engaged

students was significantly lower than those in the moderately and highly engaged groups.

4.4.4.6.2 Academic performance in CHEM2912

A one-way ANOVA revealed that there was a significant difference in the end of semester
examination score [F2, 40 = 7.039, p = 0.002] and in the overall academic performance [F», 40 =
8.374, p = 0.001, d = 0.295] among the three engagement groups (see Table 1.8). A post-hoc
comparisons using the Tukey’s #-test indicated that the mean scores for the end of semester
examination and overall theory course performance for highly engaged students was

significantly higher than those in the low and moderately engaged groups.
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4.4.4.6.3 Academic performance in CHEM2916

A one-way ANOVA revealed that there was no significant difference in the end of semester
examination score [F2, 5 = 1.823, p = 0.223] and the overall academic performance [F», g =

1.559, p = 0.268] between the three engagement groups.
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Table 4.15. Engagement pairs showing significant differences in academic performance for Group B: according to a one-way ANOVA analyses
and post-hoc Tukey’s #-test results.

Semester 1 Semester 2

End of semester Overall theory course End of semester Overall theory course

examination performance examination performance

e LE and HE e LEand HE Cohort e LE and HE e LE and HE
Cohort e ME and HE e ME and HE e ME and HE e ME and HE

e LE and ME e LE and ME CHEM2402 e LE and HE e LEand HE
CHEM2401 e LE and HE e LE and HE e LEand ME

e NS e LE and HE CHEM2912 e LE and HE e LE and HE
CHEM2911 e ME and HE e ME and HE
CHEM2915 e NS e NS CHEM2916 e NS e NS

Note. NS = no significance, LE = low engagement, ME = moderate engagement and HE = high engagement.
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4.4.5 Comparison across Group B and Group B:

Academic performance across the engagement groups was compared using students’ overall
course performance in the theory component. This academic measure was used instead of the
end of semester examination performance as it contributed to 85% of the final course grade
and provides a holistic understanding on how engagement with the pre-learning material can

affect academic performance

4.4.5.1 Comparison of overall theory course performance across Group B; and Group
B:

For Group B and Group B>, similar trends were observed in semester 1 for the overall theory
course performance of the three engagement groups across each of the chemistry courses (see
Table 4.16). However, for Group B and Group B> different trends were observed in semester
2 for the overall theory course performance of the three engagement groups for the CHEM?2402
and CHEM2912 chemistry courses. Section 4.4.5.2 will further explore the academic

performance of students in each of the engagement groups across the various courses.

Table 4.16. Comparison of overall theory course performance across engagement groups for
Group B and Group Bo.

Group B Group B2
Semester 1 n M SD n M SD
CHEM2401 172 41.61 13.44 155 46.36 12.94
CHEM2911 81 54.03 10.74 60 55.80 9.23
CHEM2915 9 64.37 6.07 20 65.57 4.58
Semester 2 n M SD n M SD
CHEM2402 97 44.47 13.15 120 41.33 13.68
CHEM2912 76 57.22 13.89 43 53.78 10.25
CHEM?2916 6 41.50 16.84 11 67.44 5.08

Note. M = Mean, SD = standard deviation.

106



4.4.5.2 Comparison of overall theory course performance per engagement group across
Group B; and Group B».

4.4.5.2.1 Overall theory course performance in Group B;

A one way-ANOVA revealed that there were significant differences in the overall theory
course performance between the low engaged students [F», 35 = 13.546, p < 0.0001], moderately
engaged students [F2, g4 =21.795, p < 0.0001] and highly engaged students [F2 g4 = 7.425, p <
0.001] for semester 1 (see Figure 4.3 and Table 4.17). A post-hoc Tukey’s #-test indicated that
for the low engaged students the mean score for the overall theory course performance for
students in CHEM2401 was significantly lower than those that are in CHEM2911 and
CHEM2915. For the moderately engaged students, a significant difference in the mean score
for the overall theory course performance was observed between all three chemistry courses.
A post-hoc Tukey’s #-test was not performed for the highly engaged students as one group had
fewer than two cases. Instead, an independent samples #-test revealed that highly engaged
students in CHEM2911 performed significantly higher in the overall theory course
performance than those in CHEM2401(tg4=-3.770, p < 0.0001).
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Figure 4.3. Overall theory course performance per engagement groups across all three
intermediate chemistry courses: CHEM2401 (n = 172), CHEM2911 (n = 81) and
CHEM2915 (n =9) for Group B; in semester 1.

Note. LE = low engagement, ME = moderate engagement, HE = high engagement. Error bars
represent the standard error in the mean.

Table 4.17. ANOVA comparisons and post-hoc Tukey’s #-test results for the overall theory
course performance for students in Group B, for semester 1 across the engagement groups.

Low engagement Tukey’s HSD Comparisons

n M SD CHEM2401 CHEM2911 CHEM2915

CHEM2401 63 35.18 14.57 -
CHEM2911 20 49.07 13.88 p =0.001*** -

CHEM2915 5 6139 495 p<0.001*** p=0195 -
Moderate engagement Tukey’s HSD Comparisons
n M SD CHEM2401 CHEM2911 CHEM2915

CHEM2401 55 43.17 9.07 -
CHEM2911 29 5445 1097 p<0.001*** -
CHEM2915 3 70.88 134  p<0.001*** p=0017% -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, *p < 0.05, ***p < 0.001
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A one way-ANOVA revealed that there were significant differences in the overall theory
course performance between the low engaged students [F2, 60 = 4.056, p = 0.022], moderately
engaged students [F2, 54 = 16.714, p < 0.0001] and highly engaged students [F2, 56 = 3.596, p =
0.034] for semester 2 (see Figure 4.4 and Table 4.18). A post-hoc Tukey’s #-test indicated that
for the low engaged students the mean score for the overall theory course performance for
students in CHEM?2402 was significantly lower than those in CHEM2912. For the moderately
engaged students, the mean score for the overall theory course performance was significantly
higher for students in CHEM2912 compared to those that are in CHEM2402 and CHEM2916.
A post-hoc Tukey’s #-test was not performed for the highly engaged students as one group had
fewer than two cases. Instead, an independent samples #-test revealed no significant difference
in the overall theory course performance for highly engaged students in CHEM2402 and
CHEM2912 (tsa=-3.770, p <0.0001).

CHEM?2402 CHEM2912 CHEM?2916
Intermediate chemistry courses

D ~ (o]
o o o

(%]
o

Mean theory course performance
N w B
o o o

=
o

o

ELE mME mHE

Figure 4.4. Overall theory course performance per engagement groups across all three
intermediate chemistry courses: CHEM2402 (n = 97), CHEM2912 (n = 76) and
CHEM2916 (n = 6) for Group B; in semester 2.

Note. LE = low engagement, ME = moderate engagement, HE = high engagement. Error bars
represent the standard error of the mean.
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Table 4.18. ANOVA comparisons and post-hoc Tukey’s #-test results for the overall theory
course performance for students in Group B for semester 2 across the engagement groups.

Low engagement

Tukey’s HSD Comparisons

n M SD CHEM2402 CHEM2912 CHEM2916
CHEM2402 39 3991 10.55
CHEM2912 21 49.67 17.05 p =0.026* -
CHEM2916 3 51.08 20.49 p =0.356 p =0.984 -
Moderate engagement Tukey’s HSD Comparisons

n M SD CHEM2402 CHEM2912 CHEM2916
CHEM2402 31 43.65 16.62 -
CHEM2912 24 61.58 944  p<0.001*** -
CHEM2916 2 2995 225 p =0.299 p = 0.003** -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate

engagement, HE = high engagement, *p < 0.05, ** p <0.01, ***p <0.001.

4.4.5.2.2 Overall theory course performance in Group B;

A one way-ANOVA revealed that there were significant differences in the overall theory

course performance between the low engaged students [F», 76 = 54.290, p < 0.0001] and highly

engaged students [F2, 72 = 7.366, p = 0.001] but no significant differences were observed for

the moderately engaged students [F», 75 = 3.953, p = 0.023]for semester 1 (see Figure 4.5 and

Table 4.19). A post-hoc Tukey’s #-test indicated that for the low engaged students a significant

difference in the mean score for the overall theory course performance was observed between

all three chemistry courses. For the highly engaged students, the mean score for the overall

theory course performance was significantly higher for students in CHEM2401 compared to

those that are in CHEM?2911 and CHEM?2915.

110



D ~ (o]
o o o

(%]
o

Mean theory course performance
N w S
o o o

=
o

o

CHEM2401

CHEM2911 CHEM2915

Intermediate chemistry courses

ELE mME mHE

Figure 4.5. Overall theory course performance per engagement groups across all three
intermediate chemistry courses: CHEM2401 (n = 155), CHEM2911 (n = 60) and
CHEM2915 (n = 20) for Group B; in semester 1.

Note. LE = low engagement, ME = moderate engagement, HE = high engagement. Error bars
represent the standard error in the mean.

Table 4.19. ANOVA comparisons and post-hoc Tukey’s #-test results for the overall theory
course performance for students in Group B> for semester 1 across the engagement groups.

Low engagement

Tukey’s HSD Comparisons

n M SD CHEM2401 CHEM2911 CHEM2915
CHEM2401 49 37.71 10.53 -
CHEM2911 19 52.17 7.65  p<0.001*** -
CHEM2915 14 64.53 4.69  p <0.001*** p < 0.001%** -
High engagement Tukey’s HSD Comparisons

n M SD CHEM2401 CHEM2911 CHEM2915
CHEM2401 51 53.03 10.79 -
CHEM2911 18 60.46 8.10 p =0.021% -
CHEM2915 5 6732 347  p=0.008** p =0.363 -

Note. M = mean,

SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, *p < 0.05, ** p <0.01, ***p <0.001.
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A one way-ANOVA revealed that there were significant differences in the overall theory
course performance between the low engaged students [F2, 56 =23.696, p < 0.0001], moderately
engaged students [F», 58 = 3.774, p = 0.029] and highly engaged students [F2, 51 = 20.427, p <
0.0001] for semester 2 (see Figure 4.6 and Table 4.20). A post-hoc Tukey’s ¢-test indicated that
for the low engaged students a significant difference in the mean score for the overall theory
course performance was observed between all three chemistry courses. A post-hoc Tukey’s #-
test was not performed for the moderately engaged students as one group had fewer than two
cases. Instead, an independent samples #-test revealed no significant difference in the overall
theory course performance for highly engaged students in CHEM?2402 and CHEM2912 (ts7-=-
1.474, p=0.146). For the highly engaged students, the mean score for the overall theory course
performance was significantly lower for students in CHEM2402 compared to those that are in

CHEM?2912 and CHEM2916.
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Figure 4.6. Overall theory course performance per engagement groups across all three
intermediate chemistry courses: CHEM2402 (n = 120), CHEM2912 (n = 43) and
CHEM2916 (n = 11) for Group B: in semester 2.
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Table 4.20. ANOVA comparisons and post-hoc Tukey’s t-test results for the overall theory
course performance for students in Group B: for semester 2 across the engagement groups.

Low engagement Tukey’s HSD Comparisons

n M SD CHEM2402 CHEM2912 CHEM2916

CHEM2402 34 35.61 13.41
CHEM2912 18 5094 9.66 p <0.001*** -
CHEM2916 7 65.50 5.03 p<0.001*** p =0.019* -

High engagement Tukey’s HSD Comparisons
n M SD CHEM2402 CHEM2912 CHEM2916

CHEM2402 37 4791 9.26 -
CHEM2912 14 61.58 6.59 p<0.001*** -
CHEM2916 3 7098 4.13  p<0.001*** p =0.201 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, *p < 0.05, ** p <0.01, ***p <0.001.

4.4.5.3 Comparison of sub-groups of students

The academic performance of a sub-group of students that had completed both semester 1 and
semester 2 intermediate chemistry courses in the same academic year was analysed for each of
the two different cohorts from Group Bi and Group B.. The academic measure used was the
end of semester examination performance and data were compared on a cohort and course
level. To compare changes in academic performance across semesters, students’ engagement
group for each semester was recorded. For example, the academic performance for low
engaged students in semester 1 was compared to how they performed in semester 2 based on

their identified engagement group for semester 2 (low, moderate, and high).

Initial analysis was made by comparing students’ academic performance in the end of semester
1 examination and unmodified end of semester 2 examination. Student outcomes across the
two semesters are different even though the course activities and end of semester examinations
are designed to be equivalent. Historically, in semester 2 the failure rates are higher, as can be
seen by the unmodified end of semester 2 examination performance. To allow for the

comparison across both semesters, the end of semester examination results for semester 2 were
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modified based on a common ratio for the sub-group of students that had completed the

intermediate chemistry courses for both semesters.

To calculate the modified end of semester examination results, d was calculated:

M,
M,

d= 4.1)
Where M, is the mean value of the end of semester examination for semester 1 and M is the
mean value of the end of semester examination for semester 2. The unmodified semester 2
results were then multiplied by d to generate the modified end of semester examination results

for semester 2.

4.4.5.3.1 Comparison of sub-groups of students in Group B;

The overall cohort data showed that there were no significant differences in the end of semester
examination performance between the two semesters (see Table 4.21). From the course data,
significant differences in the end of semester examination performance were observed between
one group in CHEM2401/CHEM2402 and one group in CHEM2911/CHEM?2912 (see Table
4.22). For these two pairs of groups, detailed patterns for their online behavioural engagement
are presented to identify which other parameters contributed to the observed changes in
academic performance (See Table 4.23 and Table 4.24). It should be noted that fewer
inferences were drawn for the CHEM2915/CHEM2916 group due to the relatively small
sample size and the process of modifying the end of semester 2 examination results has been

reported for completion.
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Table 4.21. Course comparison of end of semester examination for the sub-group of students that completed both pairs of intermediate
chemistry courses in sequence in Group Bi.

Unmodified Significance Significance
Semester 1 Modified semester 2 unmodified modified
semester 2
Chemistry course pairs " M, SD, M, SD, My’ SDy’
Overall cohort 143 61.87 17.42 63.74 23.74 61.87 16.91 p=0.130 p=0.500
CHEM2401/CHEM2402 76 53.47 15.99 54.68 21.06 53.47 19.76 p=0.272 p=0.499
CHEM2911/CHEM2912 62 70.24 13.51 76.16 20.26 70.24 18.68 p=0.007**  p=0.499
CHEM2915/CHEM?2916 5 85.70 11.13 47.50 34.10 65.44 31.71 p=0.041* p=0.139

Note. M| = semester 1 mean, SD; = semester 1 standard deviation, M, = unmodified semester 2 mean, SD, = unmodified semester 2 standard
deviation, M2’ = modified semester 2 mean, SD>’ = modified semester 2, standard deviation, *p < 0.05, **p < 0.01.
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Table 4.22. Course comparison per engagement group for the end of semester examination for the sub-group of students that completed both

pairs of intermediate chemistry courses across semesters 1 and 2 in Group B;.

Semester 1 Semester 1 Semester 2 Semester 2 Significance Significance
unmodified modified unmodified modified
CHEM2401 n M, SD1 CHEM2402 n I\/IlA SDlA M, SD> My’ SDy’ P value P value
LE 18 45.67 9.97 5073 949 4961 9.28 p=0.015* p =0.040*
LE 21 4588 12.05 ME 3 47.17 2458 5129 31.73 50.16 31.03 p=0.340 p=10.054
HE 0 - - - - - - - -
LE 10 49.80 13.03 51.55 18.00 5029 17.56 p=0.320 p=0.447
ME 28 5032  14.02 ME 11 50 2224 5006 22.24 48.83 4 p =0.496 p=0412
HE 7 51.57 1141 5905 13.71 5761 9.76 p=0.146 p=0.190
LE 4 6638 1261 3628 42.81 3548 41.87 p=0.123 p=0.09%4
HE 27 62.65 16.34 ME 9 5778 1792 5571 2871 5448 28.08 p=0.386 p=0.318
HE 14 6471 1657 68.78 16.86 67.25 16.49 p=0.067 p=0.165
CHEM2911 n M1 SD1 CHEM2912 n M1 SD1 Mz SDz Mz’ SDz’ P Value P Value
LE 6 6642 1057 7046 1022 6498 942 p =0.199 p =0.374
LE 13 56.29 8.47 ME 7 7457 1186 8479 16.28 7820 15.02 p=0.021*% p =0.180
HE 0 - - - - - - - -
LE 8 6069 2543 6298 2496 58.09 23.02 p=0414 p =0.399
ME 21 54.67 10.13 ME 7 7443  9.75 80.29 1630 74.05 15.04 p=0.192 p=0475
HE 6 6758 11.15 8121 14.03 7490 1294 p=0.005* p =0.035*
LE 4 73 1221 61.88 32.02 5707 38.75 p=0310 p =0.228
HE 28 5734 648 ME 7 7314 8.85 7905 19.05 7291 12.29 p=0.132 p=0480
HE 6 71.68 10.79 7951 19.05 7333 18.12 p=0.033* p=0.329

Note. M| = semester 1 mean, SD; = semester 1 standard deviation, M;" = semester 1 mean of specific engagement group, SD;" = semester 1
standard deviation of specific engagement group, M» = unmodified semester 2 mean, SD, = unmodified semester 2, standard deviation, M’ =
modified semester 2 mean, SD>” = modified semester 2 standard deviation. LE = low engagement, ME = moderate engagement, HE = high
engagement, *p < 0.05, **p <0.01.
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The results revealed a significance increase in the end of semester examination performance
when the sub-group of low engaged students in CHEM2401 remained low engaged in
CHEM?2402 (see Table 4.22). The sub-group of low engaged students in semester 2 improved
on three of the five engagement index parameters, specifically mtquiz, time spent on quiz and
afquiz time spend on feedback, with some improvements noted in asquiz their average quiz

score (see Table 4.23).

Table 4.23. Changes in engagement index parameters for a sub-group of students in
CHEM2401/CHEM2402 for Group B across both semesters.

Mtquiz [/20] Asquiz [/20] Afquiz [/20] Engagement index score [EI/100]

Student Sy S S So Si So EI Sy EI S>
A 9 11 1 4 10 7 34 45
B 6 8 5 12 12 11 34 45
C 4 5 5 10 5 8 29 44
D 1 3 5 7 1 7 28 42
E 6 10 3 6 3 10 26 42
F 11 7 1 3 2 4 25 37
G 7 6 0 7 7 9 25 36
H 10 2 0 1 5 13 24 33
| 5 4 3 3 5 7 24 30
J 10 5 3 1 2 4 24 29
K 1 6 7 5 0 1 23 28
L 5 2 2 6 6 1 18 27
M 4 2 2 6 1 0 17 25
N 1 5 2 5 0 5 16 25
@) 1 3 1 5 0 6 14 23
P 2 1 3 1 1 2 11 22
Q 9 2 6 2 1 3 8 22
R 0 2 0 4 0 3 6 17

Note. S1 = semester 1, S2 = semester 2. mtquiz = median time spent per attempted quiz,
asquiz = average score of the total number of attempted quizzes, and afquiz = average time
spent on feedback of the total number of attempted quizzes. EI S; = semester 1 engagement
index score, EI S; = semester 2 engagement index score.

The results revealed a significance increase in the end of semester examination performance
when the sub-group of moderately engaged students in CHEM2911 changed to highly engaged
in CHEM2912 (see Table 4.22). The sub-group of highly engaged students in semester 2
improved on three of the five engagement index parameters, specifically mtquiz, time spent on
quiz and afquiz time spend on feedback, with some improvements noted in asquiz their average

quiz score (see Table 4.24).
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Table 4.24. Changes in engagement index parameters for a sub-group of students in
CHEM2911/CHEM2912 for Group B; across both semesters.

Mtquiz [/20] Asquiz [/20] Afquiz [/20] Engagement index score [EI/100]

Student Sy S S So Si So EI Sy EI S>
A 6 17 15 9 8 17 49 76
B 4 12 12 14 13 14 49 68
C 11 10 10 15 17 9 48 65
D 10 7 5 19 8 12 38 63
E 9 15 3 12 5 12 37 63
F 8 13 7 13 5 5 35 59

Note. S1 = semester 1, S2 = semester 2. mtquiz = median time spent per attempted quiz,
asquiz = average score of the total number of attempted quizzes, and afquiz = average time
spent on feedback of the total number of attempted quizzes. EI S; = semester 1 engagement
index score, EI S; = semester 2 engagement index score.

4.4.5.3.2 Comparison of sub-groups of students in Group B;

The overall cohort data showed that there were no significant differences in the end of semester
examination performance between the two semesters (see Table 4.25). From the course data,
significant differences in the end of semester examination performance were observed between
one group in the CHEM?2401/CHEM?2402, one group in the CHEM2911/CHEM?2912 and one
group in CHEM2915/CHEM?2916 (see Table 4.26 and Table 4.27). For these three pairs of
groups, detailed patterns for their online behavioural engagement are presented to identify
which other parameters contributed to the observed changes in academic performance (See
Table 4.28 to Table 4.30). It should be noted that fewer inferences were drawn for the
CHEM2915/CHEM2916 group due to the relatively small sample size.
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Table 4.25. Course comparison of end of semester examination for the sub-group of students that completed both pairs of intermediate
chemistry courses in sequence in Group Bo.

Unmodified Significan Significan
Semester 1 Modified semester 2 ghtlicance ghiticance
unmodified modified
semester 2
Chemistry course pairs " M, SD, M, SD, My’ SDy’
Overall cohort 124 64.83 18.80 61.07 20.65 64.83 21.93 p <0.001***  p=0.499
CHEM2401/CHEM2402 73 57.84 18.90 52.45 19.21 57.79 21.08 p <0.001***  p=0.487
CHEM2911/CHEM2912 41 71.92 13.15 69.62 15.29 71.87 15.69 p=0.122 p=0.489
CHEM2915/CHEM2916 10 86.76 5.91 88.90 6.42 86.76 6.27 p=0.123 p =0.499

Note. M| = semester 1 mean, SD; = semester 1 standard deviation, M, = unmodified semester 2 mean, SD, = unmodified semester 2 standard
deviation, M>’ = semester 2 mean, SD>’ = modified semester 2 standard deviation, ***p < 0.001.
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Table 4.26. Course comparison per engagement group for the end of semester examination for the sub-group of students that completed both
pairs of CHEM2401/CHEM2402 and CHEM2912/CHEM2912 across semesters 1 and 2 in Group Bo.

S ter 1 S ter 1 Semester 2 Semester 2 Significance Significance
emester emester unmodified modified unmodified modified
CHEM2401 n M1 SD1 CHEM2402 n M1A SDlA Mz SDz Mz’ SDQ’ p Value P Value
LE 10 46.18 12.54 40.50 1698 44.66 18.72 p=0.168 p=0.403
LE 19 46.18 12.54 ME 9 5152 11.57 4950 1094 5459 12.07 p=0.204 p =0.121
HE 0 - - - - - - - -
LE 9 5896 23 4728 23.73 52.14 26.17 p=0.017* p =0.196
ME 30 5032 14.02 ME 14 5836 23.53 5439 2445 5998 26.97 p =0.061 p =0.278
HE 7 5257 19.14 4993 20.60 55.06 22.71 p =0.223 p =0.258
LE 1 6729 - 41.5 - - - - -
HE 24 62.65 1634 ME 10 60.69 19.28 56.35 15.78 61.78 16.44 p=0.151 p=0.393
HE 13 69.77 14.10 64.38 12.90 71 1422 p=0.039* p <0.001***
CHEM2911 n M1 SD1 CHEM2912 n M1 SD] Mz SDz Mz’ SDQ’ p Value P Value
LE 11 67.80 10.08 6822 14.65 7048 15.14 p=0.464 p=0.293
LE 14 68.19 891 ME 2 6834 023 58.75 0.35 60.69 0.37 p=0.014%* p=0.017*
HE 1 7224 - 68.5 - - - - - - -
LE 7 7559 13.14 6493 1576 67.07 1628 p=0.030* p=0.061
ME 13 6845 15.51 ME 5 57.12 14.19 58.1 1338 60.02 16.92 p=0.452 p=0.367
HE 1 75.18 - 76 - - - - -
LE 1 71.89 - 62 - - - - -
HE 14 78.87 12.32 ME 2 6686 1096 59.5 7.78 61.47 8.04 p=0.339 p=0.379
HE 11 81.69 1194 83.27 10.72 85.82 10.77 p=0.203 p=0.023

Note. M = semester 1 mean, SD; = semester 1 standard deviation, M;" = semester 1 specific engagement group mean, SD;" = semester 1 specific
engagement group standard deviation, M> = unmodified semester 2, mean, SD> = unmodified semester 2 standard deviation, M>” = modified
semester 2 mean, SD>’ = modified semester 2 standard deviation. LE = low engagement, ME = moderate engagement, HE= high engagement,
* p<0.05, *** p< 0.001.
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Table 4.27. Course comparison per engagement group for the end of semester examination for the sub-group of students that completed both
pairs of CHEM2915/CHEM2916 across semesters 1 and 2 in Group Bo.

Semester 1 Semester 1 Semester 2 Semester 2 Significance Significance
unmodified modified unmodified modified
CHEM2915 n M, SD; CHEM2916 n 1\/[1A SDlA M SD» My’ SDy’ p value P value
LE 4 83.51 538 86.67 6.60 83.08 6.06 p=0.234 p = 0.465
HE 6 46.18 12.54 ME 1 85.29 - 49.5 - 54.59 - p=0.204 p=0.121
HE 1 88.39 - - - - - - -
LE 2 94.67 322 91.5 849 89.30 8.28 p=0.275 p=0.187
HE 4 6265 1634 ME 0 - - - - - - - -
HE 2 85.62 817 9325 6.13 91 5.94 p=0.039* p <0.001%***

Note. M = semester 1 mean, SD; = semester 1 standard deviation, M;" = semester 1 specific engagement group mean, SD;" = semester 1 specific
engagement group standard deviation, M> = unmodified semester 2, mean, SD> = unmodified semester 2 standard deviation, M>” = modified
semester 2 mean, SD>” = modified semester 2 standard deviation. LE = low engagement, ME = moderate engagement, HE= high engagement,

* p< 0.05, *** p< 0.001.
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The results revealed a significance increase in the end of semester examination performance
when the sub-group of highly engaged students in CHEM2401 remained highly engaged in
CHEM?2402 (see Table 4.26). The sub-group of highly engaged students in semester 2
improved on three of the five engagement index parameters, specifically mtquiz, time spent on
quiz and afquiz time spend on feedback, but a decrease was noted in asquiz their average quiz

score (see Table 4.28).

Table 4.28. Changes in engagement index parameters for a sub-group of students in
CHEM2401/CHEM2402 for Group B> across both semesters.

Mtquiz [/20] Asquiz [/20] Afquiz [/20] Engagement index score [EI/100]

Student Si S Si S Si S EI S, EI S,
A 20 18 20 4 20 15 89 89
B 15 19 20 12 14 20 79 87
C 13 18 15 10 17 15 77 86
D 17 19 16 7 15 17 73 75
E 16 17 18 6 13 6 72 72
F 20 12 17 3 18 14 69 69
G 17 16 19 7 14 12 68 68
H 18 12 17 1 10 16 63 63
I 18 17 12 3 8 9 62 63
J 14 16 10 1 17 12 59 63
K 10 12 16 5 10 12 58 60
L 11 10 14 6 9 11 55 58
M 13 12 12 6 10 9 55 58

Note. S1 = semester 1, So = semester 2. mtquiz = median time spent per attempted quiz,
asquiz = average score of the total number of attempted quizzes, and afquiz = average time
spent on feedback of the total number of attempted quizzes. EI S; = semester 1 engagement
index score, EI S; = semester 2 engagement index score.

The results revealed a significance decrease in the end of semester examination performance
when the sub-group of low engaged students in CHEM2911 changed to moderately engaged
in CHEM2912 (see Table 4.26). The sub-group of moderately engaged students in semester 2
improved on one of the five engagement index parameters, specifically afquiz time spend on

feedback (see Table 4.29).
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Table 4.29. Changes in engagement index parameters for a sub-group of students in
CHEM2911/CHEM2912 for Group B> across both semesters.

Mtquiz [/20] Asquiz [/20] Afquiz [/20] Engagement index score [EI/100]

Student Si Sy Si S» Si Ss EI Sy EI S,
A 5 7 8 8 7 12 35 47
B 6 6 9 7 5 8 34 46

Note. S1 = semester 1, S2 = semester 2. mtquiz = median time spent per attempted quiz,
asquiz = average score of the total number of attempted quizzes, and afquiz = average time
spent on feedback of the total number of attempted quizzes. EI S; = semester 1 engagement
index score, EI S; = semester 2 engagement index score.

The results revealed a significance increase in the end of semester examination performance
when the sub-group of highly engaged students in CHEM2915 remained highly engaged in
CHEM?2916 (see Table 4.26). The sub-group of highly engaged students in semester 2 had a
lower score on one of the five engagement index parameters, specifically afquiz time spend on

feedback (see Table 4.30).

Table 4.30. Changes in engagement index parameters for a sub-group. of students in
CHEM2915/CHEM2916 for Group B> across both semesters.

Mtquiz [/20] Asquiz [/20] Afquiz [/20] Engagement index score [EI/100]

Student Si Sy Si S» Si Ss EI Sy EI S,
A 16 16 15 12 12 9 59 64
B 15 10 12 13 12 8 56 62

Note. S1 = semester 1, So = semester 2. mtquiz = median time spent per attempted quiz,
asquiz = average score of the total number of attempted quizzes, and afquiz = average time
spent on feedback of the total number of attempted quizzes. EI S; = semester 1 engagement
index score, EI S; = semester 2 engagement index score.

4.4.5.4 Level of engagement and academic performance

To further analyse engagement, the percentage of students in each merit grade distribution was
compared across the three level of engagements (see Figures 4.7 to Figure 4.10). Similar trends
were observed across Group B and Group B», with the percentage of students failing decreased
with higher levels of engagement and the percentage of students achieving a Distinction or

High Distinction grade increased with higher levels of engagement.
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The data for Group B revealed that 18% of the students who failed in semester 1 were in the
low engaged group, compared to 7% in the highly engaged group (see Figure 4.7). Five percent
of low engaged students achieved a Distinction or High Distinction compared to 8% in the

highly engaged group (see Figure 4.7).

The data for Group Bi revealed that 14% of the students who failed in semester 2 were in the
low engaged group, compared to 4% in the highly engaged group (see Figure 4.8). Six percent
of low engaged students achieved a Distinction or High Distinction compared to 16% in the

highly engaged group (see Figure 4.8).
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Figure 4.7. Comparison of grade distribution across levels of engagement for all three
intermediate chemistry courses: Overall (n =262), CHEM2401 (n=172), CHEM2911 (n
= 81) and CHEM2915 (n = 9) for Group B in semester 1.

Note. LE = low engagement, ME = moderate engagement, HE = high engagement. HD =
high distinction (>85), D = distinction (75-84), C = credit (65-74), P = pass (50-64), F = fail
(<50).
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Figure 4.8. Comparison of grade distribution across levels of engagement for all three
intermediate chemistry courses: Overall (n = 179), CHEM2402 (n = 97), CHEM2912 (n
=76) and CHEM2916 (n = 6) for Group B in semester 2.

Note. LE = low engagement, ME = moderate engagement, HE = high engagement. HD = high
distinction (>85), D = distinction (75-84), C = credit (65-74), P = pass (50-64), F = fail (< 50).

The data for Group B> revealed that 13% of the students who failed in semester 1 were in the
low engaged group, compared to 5% in the highly engaged group (see Figure 4.9). Six percent
of low engaged students achieved a Distinction or High Distinction, compared to 16% in the

highly engaged group (see Figure 4.9).

The data for Group Bz revealed that 15% of the students who failed in semester 2 were in the
low engaged group, compared to 8% in the highly engaged group (see Figure 4.10). There was
10% of low engaged students achieved a Distinction or High Distinction, compared to 11% in

the highly engaged group (see Figure 4.10).
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Figure 4.9. Comparison of grade distribution across levels of engagement for all three
intermediate chemistry courses: Overall ( n =235) CHEM2401 (n=155), CHEM2911 (n
= 60) and CHEM2915 (n = 20) for Group B> in semester 1.

Note. LE = low engagement, ME = moderate engagement, HE = high engagement. HD =
high distinction (>85), D = distinction (75-84), C = credit (65-74), P = pass (50-64), F = fail
(<50).
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Figure 4.10. Comparison of grade distribution across levels of engagement for all three
intermediate chemistry courses: Overall ( n =174), CHEM2402 (n = 120), CHEM2912
(n=43) and CHEM2916 (n = 11) for Group B> in semester 2.

Note. LE = low engagement, ME = moderate engagement, HE = high engagement. HD =
high distinction (>85), D = distinction (75-84), C = credit (65-74), P = pass (50-64), F = fail
(< 50).

On a cohort level, no significant differences were observed in the final course grade
performance between failing students across the three levels of engagement for both groups.
Similarly, on a cohort level, no significant differences were observed in the final course grade
performance between students who achieved a distinction or high distinction merit grade across
the three levels of engagement for both groups. For Group B, a significant difference was
observed in the failed merit grade distribution for CHEM2401, with failure rates decreasing
with higher levels of engagement. For Group B, significant difference was observed in the
failed merit grade distribution for CHEM?2402, with failure rates decreasing with higher levels

of engagement.
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4.5 Discussion

4.5.1 Online behavioural engagement effect on academic performance

This chapter developed an engagement index to measure students’ online behavioural
engagement levels with the pre-learning materials of a partially flipped learning model. The
engagement index was comprised of one parameter related to the pre-learning videos, nvideo
and four parameters related to the pre-learning quizzes, mtquiz, asquiz, afquiz, and nquiz. This
chapter contributes to the field as it provides empirical evidence using learning analytics to
quantify students’ level of engagement (low, moderate, and high) with the online pre-learning
materials based on their engagement index score derived from their varying levels of
interactions with the five engagement index parameters. The behavioural engagement index
proposed also advances current understanding of how varying levels of interaction with the

online pre-learning materials may impact academic performance.

Initial analysis comparing cohort level responses for Group B; and Group B: revealed a
significant positive correlation between students’ online behavioural engagement score and
academic performance. It was observed that higher levels of engagement as measured by
students’ engagement index score led to significant improvements in their academic
performance. More specifically, students that were identified as highly engaged performed
significantly better in the end of semester examination and overall theory course performance
when compared to those in the moderately and low engaged groups. A preliminary study by
Wang (2017) that also developed a behavioural engagement model revealed that engagement
with the online problem-solving activities has a significant positive effect on academic
achievement in flipped classroom. Although similar findings are reported regarding the effect
of students’ online behavioural engagement on academic performance, it should be noted that
Wang (2017) embedded self-reflection and self-assessment learning activities to facilitate
students’ online behavioural engagement with the problem-solving activities. The engagement
index developed in this thesis focused exclusively on quantifying students’ interactions with
the online pre-leaning materials. In addition, it reports on how varying degree of interactions
with the five parameters related to each of the online pre-learning materials may impact
academic performance. Intuitively, it was hypothesised that students who viewed the videos
tend to be more engaged with their learning. It was reasonable to assume that more engaged
students would spend an adequate amount of time attempting and reading the feedback to

achieve a maximum score on the first attempt, or at least with the lowest number of quiz
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attempts. These results, in conjunction with Wang’s (2017) study, support Eichler and Peeples
(2016) hypothesis that engagement with the pre-learning materials may be the leading factor

behind the observed improvements in academic performance.

Quantifying students’ online behavioural engagement using learning analytics complements
current findings that rely on traditional self-reported responses collected from students often in
the form of questionnaires (Jovanovi¢, et al., 2017). For instance, Lee and Choi (2019) found
that students’ engagement with the pre-learning materials were positively correlated with final
learning outcomes. This relationship was almost twice when compared to the effect of the in-
class component on learning outcomes. Another study by Lee et al. (2018) in a general biology
and chemistry flipped learning course revealed that students’ behavioural engagement had the
greatest impact on content/learning related outcomes. As Wang (2019) suggested, behavioural
engagement with the pre-learning materials is important in mediating the relationship between
engagement during the in-class sessions and achievement. The engagement index has practical
implications for future research as pre-learning videos and quizzes are perceived to be critical
components in a flipped learning environment and are integral in facilitating learning during
the in-class sessions (Lee & Choi, 2019). Therefore, the engagement index provides a more
comprehensive understanding of how students ‘actually’ engaged with the pre-learning
materials and to what extent did their online behavioural engagement with the pre-learning
materials relate to their academic performance. The engagement index may also be useful in
detecting [dis]engaged behaviours in online learning and assist in targeting interventions that
are personalised and address students’ individual needs. This is particularly valuable as
completing the pre-learning materials improves students’ preparedness for the content
presented during the in-class sessions which can potentially influence their overall learning

experience and their academic performance in a flipped learning environment.

Despite these proposed implications, using learning analytics as a measure of behavioural
engagement may not be sufficient to provide an adequate understanding of the quality of
engagement (Appleton, Christenson, & Furlong, 2008). Since behaviour with the online pre-
learning materials varies across students, it may be difficult to determine the amount of
engagement needed for quality academic performance (Henrie et al., 2015). However, the
behavioural engagement index proposed classified students on a spectrum based on their level
of interaction with the pre-learning materials. This can be used as a tool to examine the

relationship between student’s behavioural engagement and their academic performance.
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Chapter 5 will further expand on students’ online behavioural engagement by identifying their
distinct behavioural patterns with the pre-learning materials which can potentially detect the

dominant behavioural pattern(s).

Several findings were observed when comparing the relationship between students’ online
behavioural engagement and merit grade distribution. Although not significant, a shift in the
merit grade distribution was observed on a cohort level, with an overall increase in distinction
and high distinction rates and decrease in failure rates with increased levels of engagement. On
a course level, a significant decrease in failure rates with increased levels of engagement was
observed only in some of the mainstream courses, CHEM2401 in Group B; and CHEM2402
in Group B In the remaining courses, despite showing improvements in merit grade
distribution with higher levels of engagement, no significant differences were noted.
Combined, these results suggest that higher levels of engagement with pre-learning materials
may lead to an improvement in academic performance and a reduction in failure rates. It is
possible that completing the pre-learning materials improved students’ preparedness for the
content presented during the in-class sessions which may have influenced their overall learning
experience and their academic performance in a flipped learning environment. These findings
align with other studies reporting significant improvements in students’ grades and reduced
withdrawal and failures rates (Bokosmaty et al., 2019; Smallhorn, 2017; Ryan & Reid, 2016;
Flynn; 2015; Weaver & Sturtevant, 2015). Although a direct causal link cannot be concluded,
various cognitive and personality constructs of learner’s characteristics can facilitate, or hinder,
their online behavioural engagement with the pre-learning materials (Swan, 2004). Subsequent
sections and chapters will explore how proficiency levels, behavioural patterns, learning
processes and strategies can influence online behavioural engagement and impact the academic
performance of chemistry students across a range of courses (Keskin & Yurdugiil, 2019; Lee

& Choi, 2019).

4.5.2 Factors that affect the academic performance of students in a flipped
learning model

On a cohort level, it was found that students with higher levels of engagement with the pre-
learning materials, as quantified by the engagement index, performed significantly better in the
end of semester examination and had better overall theory course performance than those less
engaged. When comparing the three different course levels; mainstream, advanced and SSP

courses in Group Bi and Group B., similar trends were observed amongst the semester 1
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courses, whereas different trends were observed amongst the semester 2 courses. While this
was the case, general patterns were apparent across both semesters when comparing differences
in the academic performance of the specific engagement levels (low, moderate, and high)
amongst the three different course levels. The most pronounced statistically significant
differences were observed in the academic performance of students in the mainstream courses
across the three levels of engagement. Some statistically significant variations were observed
in the advanced courses whereas no statistically significant differences were noted for the SSP
courses. While the pre-learning materials were not compulsory for the mainstream and
advanced courses, it is presumed that the incentive marks associated with the pre-learning
quizzes may have encouraged students’ engagement. No incentive graded component was
awarded for completing the pre-learning materials in the SSP courses and participation was
voluntary. It should also be noted that while the overall academic performance of the SSP
courses was higher than the remaining courses, the sample size was relatively small for further

inferences to be drawn.

The differences observed in students’ engagement levels across the three intermediate
chemistry courses may be related to students’ motivation (Abeysekara & Dawson, 2015). The
graded component assigned to the online pre-learning materials in the mainstream and
advanced course compared to the SSP may have influenced students’ intrinsic motivation
through extrinsic means i.e., the incentive mark may have encouraged those students to
complete them. This may also be a reason for the relatively small sample size observed in the
SSP course, since no summative marks are available for completing the pre-learning quizzes
the students may have decided to not complete them. While it is not feasible from the data
collected to determine whether students were intrinsically motivated to complete or felt the
need to complete them to be rewarded the marks subsequent chapters provide insight into

students’ perception towards the online pre-learning materials.

The differences in academic performance as measured by the end of semester examination and
overall theory course performance across the different engagement levels may have also been
influenced by a range of factors including individual learners’ related characteristics as well as
the instructional design of the pre-learning materials (Jesurasa, Mackenzie, Jordan, & Goyder,
2017; Lee et al., 2018). The observed trends were proposed to be associated with students’
proficiency level of chemistry; students in the mainstream courses tend to have a weaker

background in chemistry than the advanced and SSP courses. There is some evidence to
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suggest that the instructional design of the flipped learning model has the potential to reduce
cognitive load and lead to higher academic performance (Abeysekera & Dawson, 2015). The
pre-learning materials are designed to support students in creating relevant cognitive schemas
to reduce the demands imposed on their working memory during the in-class sessions (Mayer
& Morena, 2003; Seery & Donnelly, 2012). However, the effectiveness of these instructional
designs may depend on the levels of expertise in a particular domain, in this case, students’
proficiency levels in chemistry. The direct instructions embedded in the pre-learning material
can be highly effective for students with lower proficiency but may have minimal, or even
negative consequences, on students with higher proficiency levels (Kalyuga, Ayres, Chandler,
& Sweller, 2003). This is referred to as the ‘reverse expertise effect’ and should be taken into
consideration in the instructional design of the flipped learning model to appropriately
accommodate for students of varying proficiency levels (Kalyuga et al., 2003). According to
the reverse expertise effect (Kalyuga et al., 2003) the pre-learning materials may have provided
students in the mainstream course with the needed scaffolding to develop their foundational
knowledge prior to attending the in-class sessions. Students in the advanced and SSP courses
may not have felt the need to interact with the pre-learning materials as they might already
have a thorough understanding of the concepts presented or may not perceive the benefits of

the pre-learning materials and its contribution to their learning.

The online pre-learning materials may have practical implications towards student learning as
they may reduce the “achievement” gap between students in various chemistry courses. Since
all students had access to the same pre-learning materials, more consideration needs to be taken
in the design of future pre-learning materials to cater for students with diverse learning
backgrounds. This can be achieved by adjusting the level of difficulty of the pre-learning
materials. The current design offered students to achieve a mastery of the foundational
concepts. Alternatively, a different set of pre-learning materials can be designed for each of the
three different chemistry courses instead of all students accessing the same ones, to closely

align with students’ specific background knowledge of chemistry.

Self-regulated learning has been identified as a key learner-related factor that can influence
behavioural engagement and improve academic performance (Kim, So, & Joo, 2021). In a
flipped learning environment, students are responsible for developing new or adapting their
existing learning strategies to regulate their own learning behaviours (Wang, 2019). However,

students generally lack the skills to achieve this and often have underdeveloped self-regulated

132



learning skills which can influence their engagement with the pre-learning materials
(Jovanovi¢ et al., 2017; Jovanovi¢, Mirriahi, Gasevi¢, Dawson, & Pardo, 2019). To address
this, instructional designs need to embed self-regulated learning prompts to help students
regulate their learning behaviours (Kim et al., 2021). Although self-regulated learning was not
explicitly measured in this thesis, it may be another contributing factor that influenced students’
engagement with the pre-learning materials and resulted in the varying differences in academic
performance. The study was conducted in the intermediate chemistry courses and most of these
students had already been exposed to the flipped learning model in the junior chemistry
courses. Therefore, they may have developed some self-regulated learning skills from junior
chemistry courses. Further research is warranted to examine the extent students’ self-regulated
learning skills developed from first to second year and to what extend their learning strategies
may have influenced their behavioural engagement and impacted their academic performance.
Subsequent chapters will provide further insight regarding students’ behavioural patterns and

adopted learning process and strategies with the pre-learning materials.

While these findings may be context specific to the discussed chemistry courses, some
comparisons can be drawn with other research that has measured the influence of students’
academic capability as measured by their graded point average (GPA) on their engagement and
their academic performance. Lee et al. (2018) showed that students with mid- and high-GPAs
tend to be more engaged with pre-learning material and perform significantly better in
educational outcomes when compared to those with lower GPAs. Their results imply that the
pre-learning materials may have better supported students with higher levels of schema as
identified by their GPAs, when compared to those with lower GPAs. Students with lower GPAs
may have lower levels of schema and be least familiar with the course material. These findings,
however, differ from this current research study which observed the greatest effect in the
courses with students of lower proficiency levels. The findings from this study are, however,
somewhat consistent with Cormier and Voisard (2018) who categorised students within the
same course according to their academic ability and revealed that “low-achieving” students, as
categorised by their academic ability, were more engaged and performed significantly better
in the final course grades when compared to “high-achieving” students. However, it was not
explicitly identified which component(s) of the flipped model may have contributed to the
varying levels of engagement and differences in academic performance. Crimmins and Midkiff
(2017) also noted improvements in learning outcomes for all students but those at the lowest

academic achievement levels appeared to experience the most gain. While it is possible that
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within each of the chemistry courses a wide spectrum of students with varying proficiency
levels are present, this was beyond the scope of this research study. Instead, the data compared
the courses holistically by focusing on how the nature of the student cohort different amongst

the courses.

4.5.3 The effect of changes in students’ behavioural engagement on
academic performance across consecutive semesters

To further examine the relationship between students’ online behavioural engagement and their
academic performance over time, it was essential to focus on a sub-group of students that had
completed the intermediate chemistry courses in both semesters. The cohort data for Group Bi
and Group B> showed no significant differences in the end of semester examination
performance across both semesters. On a course level, no significant differences were noted
when comparing end of semester examination performance across semesters for Group B and
Group B:. Since no differences were observed, it was essential to explore how changes in
students’ online behavioural engagement, as categorised by the engagement index (low,

moderate, and high), across semesters affected their academic performance.

There has been limited evidence examining the effects of a flipped learning environment on
short-term and long-term educational learning outcomes (O’Flaherty & Philips, 2015). The
positive impacts of a flipped learning environment on educational outcomes have been well
documented (O’Flaherty & Philips, 2015). Eichler and Peeples (2016) analysed a large
introductory chemistry course and found significant improvement in the GPA of students in
the flipped learning environment when compared to a traditional teaching setting. Although it
was not feasible to isolate the direct effects of the various components of the flipped learning
model: pre-learning and in-class learning activities, it was hypothesized that the online pre-
learning material had the greater impact on students’ academic performance. This supports the
findings previously discussed in this study which showed that higher levels of engagement
with the pre-learning materials, as measured by the engagement index, led to improvements in
end of semester examination and overall theory course performance. Despite this, the effects

varied when comparing students’ online behavioural engagement across semesters.

Preliminary research conducted by Hsaio et al. (2019) in an introductory calculus course
explores the effects of online learning behaviour on short-term and long-term learning

outcomes by conducting a multiple linear regression and multiple correspondence analysis.

134



Their findings revealed that online behavioural learning does not have a significant impact on
short-term outcomes as measured by course performance but has a significant impact on long-
term learning outcomes as measured by students GPA at the end of the academic year.
Although this study also investigated the relationship between learning behaviour and learning
outcomes, the presented findings differed from those of Hsaio et al. (2019) as they focused on
examining how changes in students’ online behavioural patterns as measured by their

engagement group across semesters affected their academic performance.

For Group B, a significant increase in academic performance was observed when low engaged
students in CHEM2401 remained in the low engaged group in CHEM2402. A significant
increase in academic performance was observed when moderately engaged students in
CHEM2911 changed to highly engaged in CHEM2912. For Group B, a significant decrease
in academic performance was observed when highly engaged students in CHEM2401 remained
highly engaged in CHEM2402. Also, a significant decrease in academic performance was
observed when low engaged students in CHEM2911 changed to moderately engaged in
CHEM2912. A statistically significant increase in academic performance, was observed when

highly engaged students in CHEM2915 remained highly engaged in CHEM2916.

These results reveal no clear pattern between how changes in students’ online behavioural
engagement across semesters can affect their academic performance. It was expected that if
students remained in the same engagement group across both semesters, they would maintain
a similar academic performance. This was the case when comparing the academic performance
between CHEM2401 and CHEM2402 in Group B: and Group B>. Moreover, it was expected
that if students moved up an engagement group, their academic performance would increase
and if they moved down an engagement group, their academic performance would decrease.
While this was the case when comparing the academic performance between CHEM2911 and
CHEM2912 in Group B it was not the case for CHEM2911 and CHEM2912 in Group Bo.
These results suggest the need to examine in more detail which of the engagement index

parameters may have contributed to the observed changes.

For Group B1, the students in semester 2 improved on three of the five parameters, specifically
time spent on quiz and time spent on feedback, which led to an improvement in their average
quiz score. For Group B>, changes in academic performance between CHEM2401 and
CHEM2402 may be related to a decrease in students’ average quiz score as all other parameters

remained relatively constant across both semesters. For the remaining courses in Group Bo, it
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was not possible to draw conclusions on which parameters may have contributed to the
observed changes as the sample size was small (n = 2). Further research with a larger sample
is warranted to draw comparison between the advanced courses (CHEM2911 and CHEM2912)
and the SSP courses (CHEM2915 and CHEM1916) as it can provide valuable insight on how
the online behavioural engagement pattern of students with a stronger chemistry proficiency

level changes across semesters and as a result affects their academic performance.

Although quantifying students’ behavioural engagement is perceived to provide valuable
insight on their learning process, it is essential to explore student engagement holistically.
Wang (2017) suggests that behavioural engagement only explained around 60% of the variance
in the final course grade and that other factors related to course design may influence
behavioural engagement. O’Flaherty and Philips (2015) suggest that future research should
consider examining engagement as a multi-dimensional construct and explore the relationship
between indicators of behavioural, cognitive, and emotional engagement and how these may
influence achievement in a flipped learning environment. The following chapters explore other
facets of students’ online behavioural engagement by examining their displayed behavioural
patterns and adopted approach to learning with the online pre-learning materials of a partially

flipped learning model.
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Chapter 5S: Behavioural pattern in the online component
of a partially flipped learning model

5.1 Introduction

This chapter investigates patterns in students’ learning behaviour with the online component
of the partially flipped learning model. It explores the potential relationship between students’
interaction with the online pre-learning materials, students’ engagement level as measured by

their engagement index score (see Chapter 4) and their academic performance.

The design principles of a flipped learning instructional approach encourage students to
initially access the online pre-learning materials prior to the in-class sessions (O’Flaherty &
Philips, 2015). There is limited research examining students’ behavioural patterns with the pre-
learning materials which are a contributing factor that influences their level of preparedness
prior to the in-class sessions (Dazo et al., 2016; Long et al., 2019). Dooley and Makasis (2020)
suggest that variability in students’ level of preparedness with the pre-learning materials may
hinder their ability to actively engage with the learning activities during the in-class sessions.
Research suggests that if students are not accessing the pre-learning material, it may impact
their engagement (Dooley & Makasis, 2020) and negatively affect their performance (Long et
al., 2019) during the in-class sessions. Although it is widely recognised that students’
preparedness can lead to a successful learning experience in a flipped learning environment,
limited research has focused on examining the degree to which students interact with the pre-
learning material. Studies that have reported on students’ interaction with the pre-learning
material often rely on student self-reports which may be subjective due to recollection biases

(Dazo et al., 2016).

This chapter utilises learning analytics to track student’s interaction with the pre-learning
material: pre-learning videos and associated pre-learning quizzes. By examining how students
use the pre-learning material, a valuable insight can be gained about their online behavioural

patterns and the relationship to student engagement and impact on their academic performance.
The following research questions were addressed in this chapter:

1. How do students interact with the pre-learning videos?
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a. How does student viewing behaviour correlate with academic performance in
the weekly online pre-learning quizzes, overall online pre-learning quiz score
and the online in-semester quizzes?

2. How do students interact with the online pre-learning quizzes?

a. How does student interaction with the pre-learning online quizzes correlated
with the online in-semester quizzes?

3. What behavioural patterns can be identified from students’ interaction with the online
pre-learning material?

a. How does student behaviour with the pre-learning material change over the
course of a semester?

b. How does student identified learning behaviour related to their academic
performance?

c. How does student identified learning behaviour relate to their behavioural
engagement and their academic performance?

4. What are students’ perceptions towards the pre-learning material of a partially flipped

learning environment?

5.2 Methodology
5.2.1 Participants

The participants consisted of two groups of undergraduate chemistry students enrolled in
intermediate chemistry courses in semesters 1 and 2. Group B consisted of students enrolled
in 2016 and Group B> consisted of students enrolled in 2017. The semester 1 intermediate
courses were: Mainstream Molecular Reactivity and Spectroscopy (CHEM2401), Advanced
Molecular Reactivity and Spectroscopy (CHEM2911) and Special Studies Program Molecular
Reactivity and Spectroscopy (CHEM2915). The semester 2 intermediate courses were:
Mainstream Chemical Structure and Stability (CHEM2402), Advanced Chemical Structure
and Stability (CHEM2912) and Special Studies Program Chemical Structure and Stability
(CHEM2916). See Section 3.9 for a full description for each of the chemistry courses.

5.2.2 Procedures
5.2.2.1 Tracking data

Students’ behavioural patterns were based on the aggregated data of students’ weekly
interactions with the online pre-learning materials across the three intermediate chemistry

courses over the course of a semester. For Group Bi, data were collected in 2016 for the
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intermediate chemistry courses during semester 1 (n = 262) and semester 2 (n = 179). For
Group B>, data were collected in 2017 for the intermediate chemistry courses during semester

1 (n = 247) and semester 2 (n = 175).

Students’ behavioural patterns with the weekly online pre-learning materials were captured in
a real-time manner in the University’s LMS, with LMS click data recoded via a bespoke
software (See Section 3.3.2 for more details regarding the use of tracking data). To analyse
students’ video-viewing behaviours, tracking data captured frequency of views and time of
access for each video, which were hosted and delivered through a YouTube channel. However,
from the software used it was not possible to determine whether the students watched the videos
in part, fully or even repeated certain segments. Excel was used to aggregate the video-viewing
data and to analyse weekly trends related to the frequency of access, the distributions of video
views as well as total and mean number of video views accessed. An independent two tail #-
test with unequal variance was used to measure how variations in students’ weekly video-
viewing behaviours related to their weekly pre-learning quiz performance. A one-way ANOVA
was used to measure the effect of video-viewing behaviours on the students’ performance in
their overall pre-learning quiz score, their online in-semester quizzes, end of semester

examination and overall theory course performance.

To analyse students’ behaviours with the online pre-learning quizzes, tracking data captured
students’ frequency of access, time of access of each attempt, score for each attempt, how many
questions were completed for a given attempt, the time spent to select an answer and the time
spent reading the provided feedback. Excel was also used to aggregate the data to analyse
weekly trends related to the total and mean number of quizzes accessed. A one-way ANOVA
was used to measure the effect of pre-learning quiz interactions on the students’ performance
in their pre-learning quiz score, their online in-semester quizzes, end of semester examination

and overall theory course performance.

5.2.2.2 Development of online behavioural pattern

This chapter adapted the approach suggested by Brennan et al. (2019) to explore how students’
behavioural pattern and distribution with the online pre-learning materials changes over the

course of a semester.

Based on students’ interaction with the weekly online pre-learning material, a set of

behavioural patterns were identified. The behavioural types are defined according to the
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relative frequency that students accessed each of the pre-learning materials. For each student,
the number of times they accessed the videos and the quizzes was aggregated over the week,
and then these two activities were ranked in order of their frequencies. Based on the order of
these frequencies, a student interaction was assigned to a specific behavioural type that

corresponded to a particular behavioural pattern for each given week (see Table 5.1).

Based on the partially flipped learning model implemented, students can potentially display
one of six behavioural patterns on a weekly basis (see Table 5.1). However, it was not possible
to capture from the University’s LMS one of these behavioural patterns, related to students’
only accessing the pre-learning video (V), and as such no further data is reported on this
behavioural type, and it was not part of the calculations for behavioural richness or evenness

(see Section 5.2.2.2.1).

A one-way ANOVA analyses carried out to investigate differences in the academic
performance of varying behavioural patterns derived from students’ interactions with the

online pre-learning materials.

Table S.1. Description of the six online behavioural patterns.

Belljlzt\;ﬁral Behavioural type Description

Q BP, Quiz was only accessed

Quiz was more frequently accessed
Qv BP: when compared to the video
Q=V BP; Quiz was equally accessed to the video

Video was more frequently accessed
v=Q BP4 when compared to the quiz
v BPs Video was only accessed
N/A BP Neither of the quiz or video were

6 accessed

Note. Q = quiz, V = video.

5.2.2.2.1 Distribution of online behavioural patterns

The range in the distribution of students’ online behaviour can be captured by two metrics:

richness and evenness (Brennan et al., 2019).

Behavioural richness, R, refers to the number of various behavioural patterns displayed. It

provides information on how chemistry students are interacting with the learning resources:
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whether all the students are accessing the resources in a similar or different manner in each
week. This metric, however, is biased towards rare behaviours as it only considers the presence
or absence of behaviours. As such, rare behaviours are classified as ‘low richness’ and common

behaviours are classified as ‘high richness’.

Behavioural evenness, E, measures the frequency of each of the six behavioural patterns
displayed. It provides insight on whether a particular behaviour pattern is dominant compared
to other patterns or whether the different behaviours patterns are evenly distributed across the
students. This metric, however, is biased towards common behaviour, as it only considers the
frequency of each of the six behaviour types in each week. As such, high evenness refers to
behaviours of similar frequencies, and low evenness refers to one or few dominant behaviours.

Magurran (1988) defined E as:

-2 fi x1oga(fi)
F=k
logz(n)

(5.1)

Where evenness is bounded between 0 and 1, f;is the fraction of the cohort that displays

behaviour i, and n is the total number of behaviours present in the course in each week.

5.2.2.3 Survey

The survey used in this chapter was internally developed by the research team. It was
administered online at the end of the semester to gather information about the students’
perception towards their learning experience with the online pre-learning materials. The survey
included a combination of closed-ended questions, 5-point Likert-type questions, and open-
ended questions (see Appendix E). The closed-ended questions focused on gathering
information related to students’ access to each of the pre-learning materials and select reason(s)
as to why or why not they might have accessed the videos and quizzes. The students were then
asked to rate the extent to which they perceived the pre-learning videos to introduce, facilitate,
and reinforce their understanding of the weekly concepts covered during the in-class sessions,
and the usefulness of pre-learning quizzes using a 5-point Likert Scale (Strongly Disagree = 1,

Disagree = 2, Neutral = 3, Agree = 4, Strongly Agree = 5).

The students were also asked to rate the link between the weekly videos and associated quizzes
and how this aided their learning. Open-ended questions asked students to give their opinion

on what aspects they found most helpful in the online pre-learning materials, and their
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suggestions on how the learning experience with the pre-learning materials may be improved.
The codes for the open-ended responses were analysed by thematic analysis. A combination
of deductive and inductive codes was used to review students’ responses to the open-ended
questions. The use of deductive codes was derived from the existing literature on students’
perception towards the pre-learning material (See section 2.5.12) whereas inductive codes were
derived from the collected data (Saldafia, 2012). For example, the ‘flexible access’ the pre-
learning material offers was considered as a deductive code as the students’ responses obtained
in this study aligned with those identified in similar research on students’ perception towards
the pre-learning material in a flipped learning environment (Christiansen, 2014; Mooring et al.,
2016; Roach, 2014; Shattuck, 2016). The inductive codes were explicitly related to the design
of the pre-learning materials implemented in the chemistry courses. Students’ individual
responses were compared, using thematic analysis common themes were identified and similar
responses were aggregated under one code, for instance ‘auto-generated quiz feedback’ was

perceived to be a valuable feature embedded in the pre-learning quizzes.

5.3 Results

5.3.1 Participation rates for each intermediate chemistry course

The overall participation rate and that of each of the three intermediate chemistry courses for
Group B, and Group B, across both semesters are shown in Table 5.2 and Table 5.3

respectively.

For Group B, a total of 145 (49%) students completed both semester 1 and semester 2
intermediate chemistry courses. For Group B,, a total of 124 (37%) students completed both

semester 1 and semester 2 intermediate chemistry courses.

Table 5.2. Participation rate by intermediate chemistry course in Group B across both
semesters.

Semester 1 Semester 2
Participants Participation Participants Participation
rate rate
n % n %
CHEM2401 172 97 CHEM2402 97 80
CHEM2911 81 100 CHEM2912 76 97
CHEM2915 9 38 CHEM2916 6 46
Total 262 93 Total 179 84
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Table 5.3. Participation rate by intermediate chemistry course in Group B: across both
semesters.

Semester 1 Semester 2
Participants Participation Participants Participation
rate rate
n % n %
CHEM2401 155 87 CHEM2402 120 93
CHEM2911 60 97 CHEM2912 43 100
CHEM2915 20 91 CHEM2916 11 58
Total 235 90 Total 174 90

5.3.2 Comparison of student groups

To compare the performance of Group B, with Group B, in each semester it is necessary to
determine that there is a homogeneity of variances, indicating that the variance of Group B,
with Group B, is the same for each semester. The Weighted Average Mean (WAM) score was
used to draw comparisons between the various groups (see Section 4.4.2 for further details
regarding WAM scores). The analysis was carried out only for students who had a WAM score

(see Table 5.4).

Table 5.4. Cohort response rate for students with WAM score across all three intermediate
chemistry courses in Groups B and Bo.

Semester 1 Semester 2
Respondents Respondents
with WAM Response rate with WAM Response rate
n % n %
Group B 219 84 158 88
Group B» 200 85 134 77

The results for semester 1 indicate that there was no significant difference in the WAM score
between students in Group B, and Group B, (t,;;=1.74, p = 0.083). The WAM score for Group
B, (M = 68.93, SD =10.60) was not significantly different from that of Group B> (M = 70.82,
SD = 11.69). These results suggest that comparison between groups during semester 1 can be
carried out as the variance was similar and no statistically significant difference was observed

in the WAM scores.
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The results for semester 2 indicate that there was no significant difference in the WAM score
between students in Group B; and Group B, (t290 = 0.8, p = 0.936). The WAM score for Group
B, (M = 70.18, SD = 9.29) was not significantly different from that of Group B> (M = 70.27,
SD =11.60). These results suggest that comparison between groups during semester 2 can be
carried out as the variance was similar and no statistically significant difference was observed

in the WAM scores (see Table 5.5).

Table 5.5. Mean WAM scores to determine sample representation of the Groups B and Bo.

Semester 1 Semester 2
n M SD n M SD
Group B 219 68.93 10.60 158 70.18 9.29
Group B> 200 70.82 11.69 134 70.27 11.60

Note. M = mean, SD = standard deviation.

5.3.3 Interaction with pre-learning videos in a partially flipped learning
environment

5.3.3.1 Percentage of student accessing pre-learning videos

The percentage of students accessing the 10 weekly videos over the course of each semester
are presented in Figure 5.1. As previously noted in Section 3.12, no weekly pre-learning
materials are presented during the weeks in the semester in which the online in-semester
tutorial quizzes take place (week 5 and week 10). The weeks corresponding to the pre-learning
videos for the first semester and second semester are listed in Table 3.7. For Group B; the
viewing access for students during the first semester was lower than that of the second
semester. The range of viewing access in semester 1 was from 67% to 83% whereas for

semester 2, the range was from 89% to 96% (see Figure 5.1).
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Figure 5.1. Percentage of students accessing weekly pre-learning videos for Group B
across semester 1 (n = 262) and semester 2 (n = 179).

Similar trends can be observed for Group B, whereby viewing access for students during the
first semester was relatively lower than that of the second semester. The range of viewing
access in semester 1 was from 69% to 87% whereas in semester 2, the range was from 72% to

94% (see Figure 5.2).
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Figure 5.2. Percentage of students accessing weekly pre-learning videos for Group B:
across semester 1 (n =235) and semester 2 (n = 174).

5.3.3.2 Distribution of pre-learning video views

As previously noted in Section 3.12, the same online pre-learning materials were used across
all three levels of the intermediate chemistry courses. Initial analysis revealed similar weekly
patterns in the distribution of video views across all three courses for Groups B and Bo. The
subsequent analyses related to the distribution of video views were carried out at a cohort level
by combining the students from all three intermediate chemistry courses for each semester
rather than separating them by courses (see Figures 5.3 and Figure 5.6). The distribution of

videos viewed by the students ranged from 0 to 4 (or more) throughout each semester.

For Group B, students’ viewing behaviour of the weekly videos varied across both semesters.
Over the course of semester 1, an average of 26% of students did not view the videos, 37%
viewed the videos once, and 37% viewed the videos more than once (see Figure 5.3). For
semester 2, an average of 6% of students did not view the videos, 24% viewed the videos once,

and 70% viewed the video more than once (see Figure 5.4).

Similar trends were observed in Group B with viewing behaviour of the weekly videos

varying across both semesters. Over the course of semester 1, an average of 22% of students
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did not view the videos, 40% viewed the videos once, and 38% viewed the videos more than
once (See Figure 5.5). For semester 2, an average of 16% of students did not view the videos,

21% viewed the videos once, and 63% viewed the video more than once (see Figure 5.6).
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Figure 5.3. Distribution of students for the weekly pre-learning video views for Group
B semester 1 (n = 262).
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Figure 5.4. Distribution of students for the weekly pre-learning video views for Group
B1 semester 2 (n = 179).
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Figure 5.5 Distribution of students for the weekly pre-learning video views for Group
B> semester 1 (n = 235).

10
9
8
7
6
5
4
3
2

0
1 2 3 4 5 6 7 8 9 10

Distribution of pre-learning video views

Distribution of student (%)
o O O O O o o o o

=
o

mOviews mlview m2views m3views M4views M4+ views

Figure 5.6. Distribution of students for the weekly pre-learning video views for Group
B> semester 2 (n = 174).
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5.3.3.3 Video view access

The total number of video views was analysed for Group B and Group B; at a cohort level for
each semester by combining the students from all three intermediate chemistry courses rather
than separating them by courses (see Figures 5.7 to Figure 5.10). The mean number of video
views over the course of the semester was then analysed for each of the three courses in Group

B1 and Group B: (see Table 5.6).

The total number of video views per week for Group B varied across both semesters. As
semester 1 progressed, no clear pattern was observed with video views varying from week to
week with the fourth video reaching the most views (444) and the remaining videos between
320-440 views (see Figure 5.7). The average video views at a cohort level were relatively
similar with most videos watched once or twice (see Table 5.6). At a course level, the fourth
video appeared to be the most frequently watched for CHEM2401 and CHEM2911. For
CHEM2915, the second, third and tenth videos were the most frequently watched.

As semester 2 progressed, the number of videos viewed dropped, with the first video reaching
749 views and the remaining videos between 350 to 660 views (see Figure 5.8). The average
video views at a cohort level varied from week to week, with most videos watched on average
two or three times (see Table 5.6). At a course level, the first video appeared to be the most

frequently watched across all three chemistry courses.
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Figure 5.7. Total pre-learning video views and mean pre-learning video views for
Group Bj semester 1 (n = 262).
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Figure 5.8. Total pre-learning video views and mean pre-learning video views for
Group Bi semester 2 (n = 179).

The total number of video views per week for Group B; varied across both semesters. As the
semester 1 progressed, no clear pattern was observed with video views varying from week to
week with the fourth and sixth videos reaching the most views (444) and the remaining videos
between 270-440 views (see Figure 5.9). The average video views at a cohort level were
relatively similar with most videos watched on average once or twice (see Table 5.6). At a
course level, the fourth and sixth videos appeared to be the most frequently watched for
CHEM2401 and CHEM2911. For CHEM2915, the second and third videos was the most
frequently watched.

As semester 2 progressed, the number of videos viewed dropped with the first video reaching
664 views and the remaining videos between 310 to 610 views (see Figure 5.10). The average
video views at a cohort level varied from week to week, with most videos watched on average
two or three times (see Table 5.6). At a course level, the first video appeared to be the most

frequently watched across all three chemistry courses.
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Figure 5.9. Total pre-learning video views and mean pre-learning video views for

Group B> semester 1 (n = 235).
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Table 5.6. Mean number of video views for Group B; and Group B> across both semesters.

Cohort*! CHEM2401s! CHEM2911s' CHEM2915!  Cohort> CHEM2402%> CHEM2912%2 CHEM2916%
Group B M SD M SD M SD M SD M SD M SD M SD M SD
1 1.62 1.74 184 193 1.19 1.17 133 166 4.18 3.16 424 332 416 3.00 3.67 3.74
2 1.69 149 184 159 138 1.19 144 142 3.69 262 338 253 413 273 317 214
3 1.50 123 162 134 127 091 144 133 276 198 243 1.78 326 2.14 1.67 1.86
4 1.69 1.74 185 1.67 152 197 022 044 339 247 318 230 376 2.67 2.00 2.00
5 1.38 131 142 140 143 1.12 022 0.67 227 157 234 166 225 145 133 1.21
6 1.40 145 145 150 142 138 022 044 213 139 207 143 220 129 233 207
7 1.38 1.59 145 1.75 133 123 044 073 226 174 232 184 230 1.60 083 1.17
8 1.30 1.50 134 145 123 167 1.11 078 272 190 272 1.72 278 213 2.00 1.79
9 1.24 11 127 119 121 093 089 127 209 135 213 132 212 139 1.00 0.89
10 1.36 1.70 139 1.79 128 130 144 296 2.06 148 199 152 217 144 183 147
Group B» M SD M SD M SD M SD M SD M SD M SD M SD
1 1.27 1.03 144 1.11 095 083 09 0.64 382 252 393 259 351 240 382 232
2 1.67 .27 174 128 1.75 126 095 1.05 355 259 370 256 326 2.66 3.00 276
3 1.48 .13 157 1.11 142 108 095 132 262 216 273 209 272 235 1.00 1.55
4 1.89 147 192 143 215 151 085 1.23 287 228 278 194 356 298 1.09 1.38
5 1.18 1.04 126 1.04 1.12 109 0.75 085 239 1.79 248 1.68 2.63 199 045 0.82
6 1.89 147 192 143 215 151 085 123 191 154 193 139 207 192 1.00 1.26
7 1.40 141 144 146 157 135 0.65 099 1.68 158 183 1.62 153 152 0.64 092
8 1.22 .19 131 117 122 119 055 1.19 208 1.68 223 1.67 188 1.72 127 149
9 1.54 129 150 134 19 166 080 1.82 187 136 188 136 209 134 082 098

10 1.29 1.25 120 1.06 1.68 149 0.75 155 183 175 193 180 184 157 082 1.66
Note. M = mean, SD = standard deviation, S1 = semester 1 course, S2 = semester 2 course, Group Bi: cohorts'= semester 1 cohort (n = 262),
CHEM?2401(n = 172), CHEM2911 (n = 81), CHEM2915 (n = 9), cohort*?> = semester 2 cohort (n = 179), CHEM2402 (n = 97), CHEM2912 (n
=76) and CHEM2915 (n = 6), Group B.. cohort;= semester 1 cohort (n = 235), CHEM2401 (n = 155), CHEM2911 (n = 60), CHEM2915 (n =
20), cohort, = semester 2 cohort (n = 174) CHEM2402 (n =120) CHEM2912 (n = 43) and CHEM2915 (n =11).
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5.3.4 Video interaction and impact on academic performance

5.3.4.1 Differences in video interaction between no video views and video views

An independent two tail #-test with unequal variance was conducted to determine whether there
was any difference in the weekly quiz performance between the group of students who did not
view the video and those that did. To compare students’ weekly video interactions effect on
the associated quizzes, the mean quiz score over the total number of quiz attempts was used
rather than the students final quiz score. Using the mean quiz score instead of their final quiz
score provides a more accurate measure for this analysis of their weekly quiz behaviour as
often the final quiz score would have been either a nine or a ten. The differences in weekly
quiz performance between the group of students who did not view the video and those that
viewed it was analysed for Group B and Group B at a cohort level for each of the semesters.
Moreover, differences in weekly quiz performance were compared between those students that

viewed the video once to those that viewed it multiple times.

Student interaction with the weekly videos and its effect on the associated quizzes for Group
B varied across both semesters. For semester 1, there were significant differences in mean
weekly quiz performance between the group of students who did not view the video to those
that viewed it (once or multiple times) (see Table 5.7). The students who viewed the videos
once or multiple times performed significantly better in the associated quizzes across the whole
semester than those who did not view it. There were inconsistent results when comparing the
weekly quiz performance of students who viewed the video once to those that viewed it
multiple times. There were significant differences in only three of the ten weeks; video 2, video
7 and video 10. The students who viewed the video once performed significantly better in the

associated quizzes than those who viewed it multiple times.

For semester 2, there were significant differences in mean weekly quiz performance between
the group of students who did not view the video to those that viewed it (once or multiple
times) (see Table 5.7). The students who viewed the videos once or multiple times performed
significantly better in the associated quizzes across the whole semester than those who did not
view it. There were inconsistent results when comparing the weekly quiz performance of
students who viewed the video once to those that viewed it multiple times. There was a
significant difference in one week; video 9. The students who viewed the video once performed

significantly better in the associated quizzes than those who viewed it multiple times.
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Table 5.7. Video interaction and impact on academic performance for Group B; for semester 1 (n = 262) and semester 2 (n = 179).

Significance Significance
Not vi . Viewed multiple =~ Viewed (once or between not between viewed
ot viewed Viewed once . . . . .
times multiple times) viewed and once and viewed
viewed multiple times
Semester 1 M SD M SD M SD M SD p value p value
1 3.61 4.17 8.20 4.17 7.70 1.90 5.04 3.47 p <0.00]%** p =0.100
2 3.14 3.22 5.80 3.22 4.60 2.67 5.12 2.81 p <0.00]%** p = 0.002%**
3 4.67 3.96 6.76 3.96 6.35 2.20 6.65 2.24 p =0.003 p =0.175
4 2.63 3.55 5.33 3.55 4.96 249 5.12 2.52 p <0.00]%** p =0.390
5 3.46 3.94 6.41 3.94 5.56 2.30 5.98 2.53 p <0.00]%** p =0.190
6 3.29 3.93 5.98 3.93 6.21 2.40 6.09 2.33 p <0.00]%** p =0.506
7 3.38 4.02 5.99 4.02 5.17 2.11 5.59 2.43 p <0.00]%** p =0.022%
8 5.74 4.08 7.38 4.08 6.72 2.52 7.09 2.65 p =0.009 p =0.087
9 3.86 4.25 5.89 4.25 5.49 2.39 5.71 2.44 p =0.001** p =0.247
10 2.94 4.02 6.47 4.02 5.12 2.44 5.88 2.66 p <0.00]*** p <0.00]***
Semester 2 M SD M SD M SD M SD p value p value
1 2.98 1.37 3.70 2.33 3.47 1.81 3.49 1.84 p =0.147 p=0.774
2 0 0 4.07 2.03 3.52 1.53 3.58 1.59 p <0.00]%** p =0.283
3 0.71 1.48 4.98 1.96 4.58 1.94 4.69 1.95 p <0.00]%** p =0.236
4 0.75 1.98 4.53 2.20 4.61 1.66 4.59 1.78 p = 0.002%* p =0.844
5 0.63 1.82 5.40 1.84 5.76 3.88 5.56 2.40 p <0.00]%** p =0.430
6 1.90 3.78 5.90 2.43 5.64 2.12 5.73 2.22 p =0.037 p =0.483
7 1.05 2.08 4.47 242 5.02 1.96 4.82 2.15 p <0.001%** p =0.127
8 1.25 2.51 4.30 2.57 4.55 1.65 4.49 11.90 p=0.014 p =0.571
9 0.36 1.21 6.13 2.80 5.12 2.44 5.45 2.60 p <0.00]%** p = 0.024*
10 1.42 2.11 5.18 1.62 5.08 1.34 5.12 1.45 p <0.00]*** p =0.688

Note. M = mean, SD = standard deviation, *p < 0.05 ** p <0.01 ***p < 0.001.
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Student interaction with the weekly videos and its effect on the associated quizzes for Group
B> varied across both semesters. There were significant differences in the mean weekly quiz
performance in semester 1 between the group of students who did not view the video to those
that viewed the video once or multiple times (see Table 5.8). The students who viewed videos
once or multiple times performed significantly better in the associated quizzes across the whole
semester than those who did not view the videos. There were inconsistent results, however,
when comparing the weekly quiz performance of students who viewed the video once to those
that viewed it multiple times. There were significant differences in only four of the ten weeks;
video 2, video 6, video 7 and video 8. The students who viewed the video once performed

significantly better in the associated quizzes than those who viewed the video multiple times.

For semester 2, there were significant differences in the mean weekly quiz performance
between the group of students who did not view the video to those that viewed the video once
or multiple times (see Table 5.8). The students who watched the videos once or multiple times
performed significantly better in the associated quizzes than those who did not view the videos.
The students who viewed the videos once or multiple times performed significantly better in
the associated quizzes across the whole semester than those who did not view the videos. There
were inconsistent results when comparing the weekly quiz performance of students who
viewed the video once to those that viewed it multiple times. There were significant differences
in only three of the ten weeks; video 1, video 2, and video 10. The students who viewed the
video once performed significantly better in the associated quizzes than those who viewed the

video multiple times.
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Table 5.8. Video interaction and impact on academic performance for Group B for semester 1 (n = 235) and semester 2 (n = 174).

Significance Significance
) ) Viewed multiple =~ Viewed (once or between not between viewed
Not viewed Viewed once . . . }
multiple times) viewed and once and viewed
viewed multiple times

Semester 1 M SD M SD M SD M SD p value p value
1 7.13 4.10 9.63 1.14 9.43 1.8 9.56 1.41 p <0.001*** p =0.410
2 2.35 3.37 4.65 2.72 3.82 2.22 423 2.50 p = 0.006** p =0.019*
3 2.61 3.15 6.19 2.14 5.80 1.97 6.01 2.07 p <0.001*** p =0.182
4 1.22 2.13 5.17 2.29 4.56 2.16 4.78 2.22 p <0.001*** p =0.071
5 5.48 3.81 7.23 3.33 6.74 3.83 7.03 3.53 p = 0.006** p =0.395
6 2.96 2.61 5.1 2.23 4.42 2.41 4.67 2.36 p <0.001*** p = 0.048*
7 1.34 2.45 5.27 2.18 4.46 1.88 491 2.08 p <0.001*** p = 0.009%*
8 2.08 2.77 6.61 3.14 5.63 2.77 6.17 3.01 p <0.001*** p =0.037*
9 0.77 1.79 4.54 2.15 435 1.72 4.43 1.91 p <0.001*** p =0.535
10 1.11 1.98 5.02 2.18 4.82 2.27 493 2.22 p <0.001%** p =0.568
Semester 2 M SD M SD M SD M SD p value p value
1 0.59 1.95 5.25 2.27 3.92 1.92 4.09 2.01 p <0.001*** p =0.017%*
2 0 0 4.25 1.49 3.16 1.39 3.30 1.45 p <0.001*** p = 0.005%*
3 0.60 1.75 4.54 1.49 4.54 1.57 4.54 1.55 p <0.001*** p =0.958
4 1.28 2.18 4.27 1.17 4.70 1.76 4.63 1.68 p <0.001*** p =0.139
5 0.99 2.57 5.23 1.59 5.17 1.64 5.18 1.63 p <0.001*** p =0.861
6 1.26 2.57 6.32 2.27 6.06 2.12 6.16 2.17 p <0.001*** p =0.483
7 0.96 2.22 5.30 2.13 4.61 1.85 4.84 1.96 p <0.001*** p =0.081
8 1.62 2.78 5.29 2.30 492 1.83 5.02 1.97 p <0.001*** p =0.374
9 1.45 2.63 5.73 2.66 5.21 2.33 5.39 2.45 p <0.001*** p =0.244
10 1.47 2.56 5.44 1.26 491 1.01 5.11 1.13 p <0.00]1*** p =0.014*

Note. M = mean, SD = standard deviation, *p < 0.05 ** p <0.01 ***p < 0.001.

156



5.3.5 Interaction with online pre-learning quizzes in a partially flipped
learning model

The total number of quizzes accessed was analysed for Group Bi and Group B> at a cohort level
for each semester by combining the students from all three intermediate chemistry courses
rather than separating them by courses (see Figures 5.11 to Figure 5.14). As previously noted
in Section 3.12, no weekly pre-learning materials are presented during the weeks in the
semester in which the online in-semester tutorial quizzes take place (week 5 and week 10). The
mean number of quizzes accessed over the course of the semester was then analysed for each

of the three courses in Group Bi and Group B> (see Table 5.9).

The total number of quizzes accessed per week for Group B varied across both semesters. As
semester 1 progressed, no clear pattern was observed with quiz access varying from week to
week with the fourth quiz reaching the most access (2408) and the remaining quizzes between
700-1800 access (see Figure 5.11). The average number of quizzes accessed at a cohort level
varied across the weeks (see Table 5.9). At a course level, the fourth quiz appeared to be the
most frequently accessed for CHEM2401 and CHEM2911. For CHEM2915, the ninth quiz

was the most frequently accessed.

As semester 2 progressed, the number of quizzes accessed increased with the first and second
quiz accessed 2780 and 2992 times respectively and the remaining quizzes accessed between
970 to 2500 times (see Figure 5.12). The average number of quizzes accessed at a cohort level
varied from week to week (see Table 5.9). At a course level, the first quiz appeared to be the

most frequently accessed across all three chemistry courses.
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Figure 5.11. Total pre-learning quiz access and mean pre-learning quiz access for
Group Bi semester 1 (n = 262).
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Figure 5.12. Total pre-learning quiz access and mean pre-learning quiz access for
Group Bj semester 2 (n =179).

The total number of quizzes accessed per week for Group B; varied across both semesters. As
semester 1 progressed, no clear pattern was observed with quiz access varying from week to
week with the fourth quiz reaching the most access (2541) and the remaining quizzes between
330-2130 access (see Figure 5.13). The average number of quizzes accessed at a cohort level

varied across the weeks (see Table 5.9). At a course level, the fourth quiz appeared to be the
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most frequently accessed for CHEM2401 and CHEM2911. For CHEM2915, the second quiz

was the most frequently accessed.

As semester 2 progressed, the number of quizzes accessed increased with the second quiz being
accessed 2582 times and the remaining quizzes between 970 to 2500 access (see Figure 5.14).
The average number of quizzes accessed at a cohort level varied from week to week (see Table
5.9). At a course level, the second quiz appeared to be the most frequently accessed across all

three chemistry courses.
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Figure 5.13. Total pre-learning quiz access and mean pre-learning quiz access for
Group B> semester 1 (n = 235).
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Figure 5.14. Total pre-learning quiz access and mean pre-learning quiz access for
Group Bz semester 2 (n = 174).
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Table 5.9. Mean number of quiz attempts for Group B and Group B> across both semesters.

Cohort*! CHEM24018! CHEM29118! CHEM?29158! Cohort %2 CHEM2402%2 CHEM2912%2 CHEM2916%

Group B M SD M SD M SD M SD M SD M SD M SD M SD
1 2.83 3 3.10 334 232 210 233 245 1553 1588 1843 19.17 12.49 10.07 7.17 3.82
2 7.06 723 823 804 505 475 267 235 1672 13 1841 1557 1532 871 7.00 498
3 526 467 586 504 425 364 289 348 1139 1026 12.80 11.99 1036 736 150 1.22
4 9.19 11.11 10.58 12.84 698 594 256 3.50 14.06 12.13 15.73 1452 1255 819 6.00 3.95
5 5.13 579 566 656 438 382 1.89 237 1044 8.04 11.71 884 938 6.75 333 3.20
6 5.69 6.71 6.16 724 506 568 233 245 7.69 732 778 622 797 868 267 197
7 6.42 758 7.10 841 551 562 156 1.74 957 890 11.05 1031 825 656 233 2.07
8 340 402 380 442 269 307 222 211 986 851 1087 885 895 815 517 445
9 6.86 7.57 7.59 839 552 553 500 512 541 550 651 661 408 327 467 5.01
10 6.35 970 734 1130 4.65 499 278 517 999 696 1045 753 964 628 683 5.15
Group B» M SD M SD M SD M SD M SD M SD M SD M SD

1.43 1.67 145 132 152 255 1.00 032 1282 13.78 13.85 1547 1121 895 7.82 17.05
9.06 10.16 10.17 1145 7.67 6.75 460 538 1484 11.53 1560 11.59 13.33 11.31 1245 11.88
5.93 527 6.61 572 508 375 3.15 428 12,10 12.03 13.17 1247 1149 11.04 291 5.68
10.81 12.77 11.79 13.09 10.82 13.04 320 501 13.84 1795 1579 2048 1130 9.09 245 4.03
2.03 220 223 250 185 142 1.05 1.10 1042 957 11.23 1020 1051 7.51 1.18 2.75
7.81 7.79 857 867 762 545 245 325 680 642 733 672 667 572 155 2.16
7.66 7.55 833 816 775 606 225 368 834 974 931 1036 7.53 827 1.00 1.26
4.61 536 506 590 448 420 145 206 667 699 753 734 505 475 3.64 883
9.65 1028 10.70 11.09 940 846 220 3.64 519 557 593 6.19 414 345 127 1.56
0 7.40 820 799 855 802 771 095 184 88 785 953 841 895 595 1.18 2.14
Note. M = mean, SD = standard deviation, S1 = semester 1 course, S2 = semester 2 course, Group Bi: cohort*! = semester 1 cohort (n = 262),
CHEM2401(n = 172), CHEM2911 (n = 81), CHEM2915 (n = 9), cohort*?>= semester 2 cohort (n = 179), CHEM2402 (n = 97), CHEM2912 (n
=76) and CHEM2915 (n = 6). Group B.. cohort;= semester 1 cohort (n = 235), CHEM2401 (n = 155), CHEM2911 (n = 60), CHEM2915 (n =
20), cohort,= semester 2 cohort (n = 174), CHEM2402 (n =120), CHEM2912 (n = 43), and CHEM2915 (n =11).
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5.3.6 Online behavioural patterns

5.3.6.1 Distribution of online behavioural patterns

Students’ interactions with the weekly online pre-learning material were analysed for Group
Bi1 and Group B: at a cohort level for each semester. As previously noted in Section 3.12, no
weekly pre-learning materials are presented during the weeks in the semester in which the
online in-semester tutorial quizzes take place (week 5 and week 10). For each group, the
distribution of students’ online behaviour across the six behavioural types was captured (see
Table 5.1 for description of behavioural types). However, this was not possible for BPs (V) as
no student is able to solely access the video without the quiz. As such, the value for this
behavioural type across both groups and both semesters remained at zero. Distribution of online
behavioural pattern for each the three intermediate chemistry courses and variation in

individual behaviours throughout the course of each semester were not examined.

For Group B, the distribution of the online behavioural patterns varied across both semesters
(see Figure 5.15 and Figure 5.16). The dominant behavioural pattern during semester 1 was
BP> (Q > V) where the quiz was more frequently accessed when compared to the associated
video. An average of 54% of students adopted this pattern throughout the semester. The
remaining students were distributed across the other behavioural types, with 12% in BP; (Q),

13% in BP3 (Q = V), 9% in BPs (V > Q) and 12% in BPs (N/A).

The dominant behavioural pattern during semester 2 was also BP», with an average of 79% of
students adopting this type throughout this semester. The remaining students were distributed
across the other behavioural types, with 2% in BP; and the rest approximately evenly

distributed across BP3, BP4and BPsranging between 6-7%.
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Figure 5.15. Distribution of online behavioural patterns across the pre-learning materials
(LM) for Group B semester 1 (n =262).
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Figure 5.16. Distribution of online behavioural patterns across the pre-learning
materials (LM) for Group B; semester 2 (n = 179).

Similar trends can be observed for Group B,, with the distribution of the online behavioural
patterns varying across both semesters (Figures 5.17 and Figure 5.18). The dominant
behavioural pattern during semester 1 was BP,. An average of 58% of students adopted this
pattern throughout the semester. The remaining students were distributed across the other

behavioural types, with 8% in BPi, 14% in BP3, 6% in BP4 and 13% in BPs. The dominant
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behavioural pattern during semester 2 was also BP,, with an average of 71% of students
adopting this type throughout this semester. The remaining students were distributed across the

other behavioural types, with 3% in BP1, 7% in BP3; and BP4 and 13% in BPs.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
LM1 LM2 LM3 Lm4 LM5 LM6 Lm7 LM8 LM9

Distribution of student (%)

X

LM10
Distribution of behavioural patterns
mBP1 mBP2 mBP3 mBP4 mBP5 mBP6
Figure 5.17. Distribution of online behavioural patterns across the pre-learning
materials (LM) for Group B> semester 1 (n = 235).
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Figure 5.18. Distribution of online behavioural patterns across the pre-learning
materials (LM) for Group B semester 2 (n = 174).

164



5.3.6.2 Richness and Evenness of online behavioural patterns

The behavioural richness and evenness were analysed for Group Bi and Group B; at a cohort
level for each semester. The behavioural richness for Group B remained relatively constant
and was on average 2.6610.21 for semester 1 and on average 2.43+0.15 for semester 2 (see
Figure 5.19). This indicates that students were accessing the online material in a similar manner
during semester 1 (slope = 0.007, F = 0.078, R? = 0.009, p > 0.05) and semester 2 (slope =
0.011, F=0.470, R*= 0.055, p > 0.05).

The behavioural richness for Group B» remained relatively constant and was on average
2.7240.22 for semester 1 and on average 2.61+0.13 for semester 2 (see Figure 5.19). This
indicates that students were accessing the online pre-learning material in a similar manner
during semester 1 (slope = 0.034, F = 2.254, R? = 0.220, p > 0.05) and semester 2 (slope =
0.023, F = 4.426, R*= 0.356, p > 0.05).
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Figure 5.19. Behavioural richness for Group B and Group B: across both semesters.

The behavioural evenness for Group B remained relatively constant and was on average
0.2340.03 for semester 1 and on average 0.151+0.04 for semester 2 (see Figure 5.20). Since
this behavioural evenness value is low, it shows that there was one or few dominant behaviours
in students access to the online pre-learning material during semester 1 (slope = 0.0002, F =

0.004, R = 0.0005, p > 0.05) and semester 2 (slope = 0.005, F = 1.76, R = 0.18, p > 0.05).
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The behavioural evenness for Group B» remained relatively constant and was on average
0.2010.05 for semester 1 and on average 0.181+0.03 for semester 2 (see Figure 5.20). Since
this behavioural evenness value is low, it shows that there was one or few dominant behaviours
in students access to the online pre-learning material during semester 1 (slope = 0.0003, F =

0.003, R =0.0004, p > 0.05) and semester 2 (slope = 0.007, F = 5.82, R = 0.421, p < 0.05).
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Figure 5.20. Behavioural evenness for Group B; and Group B> across both semesters.

5.3.7 Pre-learning videos effect on academic performance

5.3.7.1 Effect of viewing behaviour on academic performance

The students’ behaviour with the videos and its effect on their academic performance were
analysed for Group B and Group B at a cohort level for each semester. As previously noted,
the same online pre-learning materials (see Section 3.12) and the same course assessment items
(see Section 3.10) were used across the three levels of intermediate chemistry courses.
Therefore, data was aggregated for the three levels of intermediate chemistry courses to
improve the statistical power of the analysis. Table 5.10 shows the cohort academic
performance across various course assessments for both Group B; and Group B: for each

semester.
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Table 5.10. Academic performance of the cohort across various course assessment items.

Group B Group B2
Semester 1 Semester 2 Semester 1 Semester 2
n=262 n=179 n =235 n=174

M SD M SD M SD M SD
Online pre-learning quizzes 87.03 10.67 79.08 18.63 85.72 11.11 84.76 11.06
Online in-semester quizzes  72.24 19.50 74.25 23.56 73.06 15.87 66.25 22.77
End of semester 5495 2126 6337 2471 6217 2052 57.91 20.78
examination
Overall theory course
performance
Note. M = mean performance, SD = standard deviation.

46.23 14.11 49.78 14.96 50.41 13.09 46.06 14.67

Students were then categorised into four groups according to their viewing behaviours over the
course of the semester; those that viewed all ten videos (Van), greater or equal to five videos

(V>s), less than five videos (V<s) and those that did not view any videos (V).

Sections 5.3.7.2 to Section 5.3.7.5 report on one-way ANOVA analyses carried out to
investigate the academic performance of students across the various behavioural viewing
groups. To compare the academic performance of the various viewing groups the measures
used were the scores for: the online pre-learning quizzes, in-semester quizzes, end of semester
examination and overall theory course performance (combines the scores for the online pre-
learning quizzes, in-semester quizzes, and end of semester examination). The data will report
on four behavioural viewing groups for semester 1 and three behavioural viewing groups for
semester 2 (as there were no students in the Vy group) for both Groups B, and B,. Table 5.11
provides a summary of the results obtained from the one-way ANOVA analyses and post-hoc
Tukey’s t-test by identifying the significant differences in academic performance observed on
a cohort level among the behavioural viewing pairs for Groups B, and B, across each semester.
Appendix J (Tables J.1 to Table J.8) provides more details regarding the individual one-way
ANOVA analyses and post-hoc Tukey’s #-test comparison of the academic performance of the

cohort across the various measures for both groups across the semesters.
5.3.7.2 Effect of viewing behaviour on the online pre-learning quizzes
5.3.7.2.1 Viewing behaviour effect on the online pre-learning quizzes for Group B;

A one-way ANOVA showed a significant difference in the online pre-learning quizzes among

the four behavioural viewing groups for semester 1 [F32s55=40.031, p < 0.001] and between
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the three behavioural viewing groups for semester 2 [F2,176 = 10.848, p < 0.001] (see Table
J.1). A post-hoc Tukey’s #-test indicated significant differences in the mean score for the pre-
learning quiz among four behavioural viewing pairs for semester 1 and three behavioural

viewing pairs for semester 2.

5.3.7.2.2 Viewing behaviour effect on the online pre-learning quizzes for Group B;

A one-way ANOVA showed a significant difference in the online pre-learning quizzes among
the four behavioural viewing groups for semester 1 [F3231=66.391, p < 0.001] and between
the three behavioural viewing groups for semester 2 [F2,171=89.751, p < 0.001] (see Table J.2).
A post-hoc Tukey’s t-test indicated significant differences in the mean score for the pre-
learning quiz among five behavioural viewing pairs for semester 1 and three behavioural

viewing pairs for semester 2.

5.3.7.3 Effect of viewing behaviour on the online in-semester quizzes

5.3.7.3.1 Viewing behaviour effect on the online in-semester quizzes for Group B

A one-way ANOVA showed no significant difference in the online in-semester quiz
performance among the four behavioural viewing groups for semester 1 [F32s58=1.598, p =
0.190], however, a significant difference was observed between the three behavioural viewing
groups for semester 2 [F2,176 =21.744, p < 0.001] (see Table J.3). A post-hoc Tukey’s #-test
indicated significant differences in the mean score for the in-semester quizzes among all three

behavioural viewing groups for semester 2.

5.3.7.3.2 Viewing behaviour effect on the online in-semester quizzes for Group B,

A one-way ANOVA showed no significant difference in the online in-semester quiz
performance among the four behavioural viewing groups for semester 1 [F3231=0.914, p =
0.435], however, a significant difference was observed between the three behavioural viewing
groups for semester 2 [F2,176 = 21.744, p < 0.001] (see Table J.4). A post-hoc Tukey’s t-test
indicated significant differences in the mean score for the in-semester quizzes between one

behavioural viewing pair for semester 2.

5.3.7.4 Effect of viewing behaviour on the end of semester examination

5.3.7.4.1 Effect of viewing behaviour on the end of semester examination for Group B;

A one-way ANOV A showed no significant difference in the end of semester examination score

among the four behavioural viewing groups for semester 1 [F3258=2.532, p = 0.058], however,
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a significant difference was observed between the three behavioural viewing groups for
semester 2 [F2176 = 7.837, p < 0.001] (see Table J.5). A post-hoc Tukey’s t-test indicated
significant differences in the mean score for the end of semester between one behavioural

viewing pair for semester 2.

5.3.7.4.2 Effect of viewing behaviour on the end of semester examination for Group B;

A one-way ANOVA showed a significant difference in the end of semester examination score
among the four behavioural viewing groups for semester 1 [F3231=2.855, p = 0.038], however,
no significant difference was observed between the three behavioural viewing groups for
semester 2 [Fa166 = 1.292, p = 0.277] (see Table J.6). A post-hoc Tukey’s t-test indicated
significant differences in the mean score for the end of semester between one behavioural

viewing pair for semester 1.

5.3.7.5 Effect of viewing behaviour on the overall theory course performance

5.3.7.5.1 Effect of viewing behaviour on the theory course performance for Group B;

A one-way ANOVA showed a significant difference in the overall theory course performance
among the four behavioural viewing groups for semester 1 [F32s8 = 4.352, p = 0.005] and
among the three behavioural viewing groups for semester 2 [F2176 = 11.766, p < 0.001] (see
Table J.7). A post-hoc Tukey's #-test indicated significant differences in the mean score for the
overall theory course performance between one behavioural viewing pair for semester 1 and

semester 2.

5.3.7.5.2 Effect of viewing behaviour on the theory course performance for Group B;

A one-way ANOVA showed a significant difference in the overall theory course performance
among the four behavioural viewing groups for semester 1 [F3231 =4.413, p = 0.005] and
among the three behavioural viewing groups for semester 2 [F2,171 = 5.246, p = 0.006] (see
table J.8). A post-hoc Tukey's ¢-test indicated significant differences in the mean score for the
overall theory course performance between two behavioural viewing pairs for semester 1 and

semester 2.
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Table 5.11. Behavioural viewing pairs showing significant differences in academic
performance at a cohort level according to a one-way ANOV A analyses and post-hoc
Tukey’s t-test results.

Group B Group B>
Semester 1 Semester 2 Semester 1 Semester 2

Online pre- e VatandV<s e VajandV<s e Vajand Vs o Vajand Vs
learning quizzes o Vajand Vos o Vajand Vss e Vagand Vss e  Vapand Vss

o VagandVex ® VwsandVss e Vajand Vv e Vosand Vss

e Vssand Vss e Vssand Vss

e Vyand V<s

Online in- e NS e Vanand V<s e NS e Vapand Vzs
semester e Vanand Vss
quizzes e Vsand Vss
End of semester e NS e VanandVss e Vajand Vs e NS

examination

Overall course Vanand Vos e Vujand V<s e Vajand Vs e Vyjand Vss
performance e Vanand Vss

Note. NS = no significance, Van = all videos, V<s = less than five videos, V5= greater or
equal to five videos and Vn = no video views.

5.3.8 Pre-learning quiz effect on academic performance

5.3.8.1 Effect of pre-learning quiz interaction on academic performance

The students’ behaviour with the pre-learning quizzes and its effect on their academic
performance were analysed for Group Bi and Group B: at a cohort level for each semester.
Students were categorised into three groups according to their quiz interaction over the course
of the semester; those that attempted all ten videos (Qau), less than five quizzes (Q-<s), greater
or equal to five quizzes (Q>s). For Group B and Group B> across both semesters there were no

students that did not attempt all quizzes (Qn).

Sections 5.3.8.2 to Section 5.3.8.5 report on one-way ANOVA analyses carried out to
investigate the academic performance of students across the various behavioural quiz groups.
To compare the academic performance of the various behavioural quiz groups the measures
used were the scores for: the online pre-learning quizzes, in-semester quizzes, end of semester
examination and overall theory course performance (combines the scores for the online pre-
learning quizzes, in-semester quizzes, and end of semester examination). The data will report
on three behavioural quiz groups for Groups B, and B, across both semesters. Table 5.12

provides a summary of the results obtained from the one-way ANOVA analyses and post-hoc
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Tukey’s t-test by identifying the significant differences in academic performance observed on
a cohort level among the behavioural quiz pairs for Groups B, and B, across each semester.
Appendix K (Tables K.1 to Table K.8) provides more details regarding the individual one-way
ANOVA analyses and post-hoc Tukey’s #-test comparison of the academic performance of the

cohort across the various measures for both groups across the semesters.

5.3.8.2 Effect of pre-learning quiz interaction on the pre-learning quizzes

5.3.8.2.1 Effect of pre-learning quiz interaction on the pre-learning quizzes performance in
Group B;

A one-way ANOVA showed a significant difference in the online pre-learning quiz score for

semester 1 [F2250=295.97, p < 0.001] but no significant difference was observed for semester

2 [F2,176=3.236, p = 0.042] among the three behavioural quiz groups (see Table K.1). A post-

hoc Tukey’s #-test indicated a significant difference in the mean score of the online pre-learning

quiz among all behavioural quiz pairs for semester 1.

5.3.8.2.2 Effect of pre-learning quiz interaction on the pre-learning quizzes performance in
Group B;

A one-way ANOVA showed a significant difference in the online pre-learning quiz score for

semester 1 [F2232=637.08, p < 0.001], however, no significant difference was observed for

semester 2 [F2,171=99.45, p = 0.048] among the three behavioural quiz groups (see Table K.2).

A post-hoc Tukey’s #-test indicated a significant difference in the mean score of the online pre-

learning quiz among all behavioural quiz pairs for semester 1.

5.3.8.3 Effect of pre-learning quiz interaction on the online in-semester quizzes

5.3.8.3.1 Effect of pre-learning quiz interaction on the online in-semester quizzes in Group
B,

A one-way ANOVA showed a significant difference in the online in-semester quiz for both

semester 1 [F2250= 14.687, p < 0.001] and semester 2 [F2,176 = 13.00, p < 0.001] among all

three behavioural groups (see Table K.3). A post-hoc Tukey's #-test indicated a significant

difference in the mean score for the in-semester quizzes among all behavioural quiz pairs for

both semesters.
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5.3.8.3.2 Effect of pre-learning quiz interaction on the online in-semester quizzes in Group
B;

A one-way ANOVA showed a significant difference in the online in-semester quiz for both

semester 1 [F2232=3.562, p = 0.030] and semester 2 [F2,171=5.638, p = 0.004] among the three

behavioural quiz groups (see Table K.4). A post-hoc Tukey’s #-test indicated significant

differences in the mean score for in-semester quiz among one behavioural quiz pair for

semester 1 and two behavioural quiz pairs for semester 2.

5.3.8.4 Effect of pre-learning quiz interaction on the end of semester examination

5.3.8.4.1 Effect of pre-learning quiz interaction on the end of semester examination in
Group B;

A one-way ANOVA showed a significant difference in the end of semester examination

performance for semester 1 [F2250 = 17.248, p < 0.001] and semester 2 [F2,176 = 6.126, p =

0.003] among the three behavioural quiz groups (see Table K.5). A post-hoc Tukey’s #-test

indicated significant differences in the mean end of semester examination performance among

all three behavioural quiz groups for semester 1 and one behavioural quiz pair for semester 2.

5.3.8.4.2 Effect of pre-learning quiz interaction on the end of semester examination in
Group B;

A one-way ANOVA showed a significant difference in the end of semester examination

performance for semester 1 [F2232=8.817, p < 0.001], however, no significant difference was

observed for semester 2 [F2,176 =0.891, p = 0.412] among the three behavioural quiz groups

(see Table K.6). A post-hoc Tukey’s #-test indicated a significant difference in the mean end of

semester examination performance between one behavioural quiz pair for semester 1.

5.3.8.5 Effect of pre-learning quiz interaction on the overall theory course performance

5.3.8.5.1 Effect of pre-learning quiz interaction on the overall theory course performance
in Group B

A one-way ANOVA showed a significant difference in the overall theory course performance

for semester 1 [F2,250=30.436, p < 0.001] and semester 2 [F2,176= 11.766, p < 0.001] among

all three behavioural quiz groups (see Table K.7). A post-hoc Tukey’s #-test indicated that there

was a significant difference in the overall theory course performance among all three

behavioural quiz groups for semester 1 and one behavioural quiz pair for semester 2.

172



5.3.8.5.2 Effect of pre-learning quiz interaction on the overall theory course performance
in Group B>

A one-way ANOVA showed a significant difference in the overall theory course performance

for semester 1 [F2230=13.239, p < 0.001] and semester 2 [F2,171=4.049, p = 0.019] among the

three behavioural groups (see Table K.8). A post-hoc Tukey’s #-test indicated that there was a

significant difference in the overall mean academic performance between one behavioural quiz

group for both semesters.

Table 5.12. Behavioural quiz pairs showing significant differences in academic performance
at a cohort level according to a one-way ANOVA analyses and post-hoc Tukey’s #-test
results.

Group B Group B>
Semester 1 Semester 2 Semester 1 Semester 2

Online pre- e Qanand Q<s e NS e Qanand Q<s e NS
learning quizzes e Qanand Qss e Qanand Qss

e (Q<sand Qs e Q<sand Qs
Online in- e QanandQ<s o QanandQ<s e Qapnand Q<s e Qanand Qs
semester e Qanand Qx5 e Qanand Qs e Qanand Qss
quizzes ¢ QsandQ>s e Q<sand Qss
End of semester e QapandQ<s o QanandQ<s e QanandQ<s e NS
examination e Qanand Qss

L] Q<5 and st
Overall course e QaandQ<s e QapandQ<s e QanandQ<s e Qapand Qs
performance e Qanand Qs

L] Q<5 and st
Note. NS = no significance, Qan = all quizzes, Q<s = less than five quizzes, Q>s5 = greater or
equal to five quizzes.

5.3.9 Online behavioural pattern and effect on academic performance

The students’ weekly quiz performance across varying behavioural patterns was analysed for
Group B and Group B> at a cohort level for each semester. For each semester, the mean score
across the total number of quiz attempts was used instead of the final quiz score as this score
is more indicative of students’ interactions with the pre-learning materials. Due to the mastery
nature of the pre-learning quizzes most of the students would attain a final score of ten
irrespective of how many attempts they may have had. A student making many attempts to
master the pre-learning materials may have a lower mean score in the pre-learning quizzes. As

such, the mean score provides a better indication of students’ interaction when comparing it to
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their number of attempts. The number of students in each behavioural pattern category varied

on a weekly basis (see Section 5.3.6).

Across both semesters, students in Group B; that displayed BP3 and BP4 consistently achieved

a higher mean score in the pre-learning quizzes relative to the remaining behavioural types (see

Figure 5.21 and Figure 5.22). These students had a higher score in the pre-learning quizzes

than the overall mean quiz score throughout the semester. However, varying trends were

observed for the remaining behavioural types. In semester 1, students that displayed BP»

achieved the lowest mean scores in the pre-learning quizzes whereas in semester 2 students

that displayed BP; achieved the lowest mean scores in the pre-learning quizzes throughout the

weeks.

Mean pre-learning quiz score
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Qv Q=V V>Q = @« Mean pre-learning quiz score

Figure 5.21. Mean weekly quiz score across the various behavioural pattern types for

Group B semester 1.
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Figure 5.22. Mean weekly quiz score across the various behavioural types for Group B,
semester 2.

Across both semesters, students in Group B that displayed BP3 and BP4 consistently achieved
a higher mean score in the pre-learning quizzes relative to the remaining behavioural types (see
Figure 5.23 and Figure 5.24). These students had a higher mean score in the pre-learning
quizzes than the overall mean quiz score throughout the semester. However, varying trends
were observed for the reimaging behavioural types. In semester 1, students that displayed BP;
and BP> achieved lowest mean scores in the pre-learning quizzes whereas in semester 2,
students that consistently displayed BP; achieved the lowest mean scores in the pre-learning

quizzes throughout the weeks.
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Figure 5.23. Mean weekly quiz score across the various behavioural types for Group B>

semester 1.
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Figure 5.24. Mean weekly quiz score across the various behavioural types for Group B>
semester 2.
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5.3.9.1 Difference in academic performance of varying behavioural pattern groups on a
cohort level

The following section report on one-way ANOVA analyses carried out to investigate the
academic performance of students across the behavioural pattern groups. To compare the
academic performance of the various behavioural patterns groups the measures used were the
scores for: the online pre-learning quizzes, in-semester quizzes, end of semester examination
and overall theory course performance (combines the scores for the online pre-learning
quizzes, in-semester quizzes, and end of semester examination). Table 5.13 provides a
summary of the results obtained from the one-way ANOVA analyses and post-hoc Tukey’s #-
test by identifying the significant differences in academic performance on a cohort level
observed among the behavioural pattern pairs for Groups B, and B, across each semester.
Appendix L (Tables L.1 to Table L.4) provides more details regarding the individual one-way
ANOVA analyses and post-hoc Tukey’s #-test comparison of the cohort level academic

performance across the various measures for both groups across the semesters.

5.3.9.1.1 Academic performance of behavioural pattern groups in Group B

A one-way ANOVA showed a significant difference in the overall pre-learning quiz score
[Fa257=78.447, p < 0.001], the end of semester examination [F4257 = 8.839, p < 0.001] and
overall theory course performance [Faps7 = 12.925, p < 0.001] for semester 1 among the
behavioural pattern groups (see Table L.1). A post-hoc Tukey’s #-test indicated that there were
significant differences in the overall mean scores for the pre-learning quiz and overall theory
course performance among five behavioural pattern pairs. A post-hoc Tukey’s #-test also
indicated that there were significant differences in the mean score for the end of semester

examination among three behavioural pattern pairs.

A one-way ANOVA showed a significant difference in the overall pre-learning quiz score
[F3,175=10.852, p < 0.001], however, there was no significant difference in the end of semester
examination [F3,175=0.389, p =0.761] and the overall course performance for semester 2 [F3 175
=0.852, p = 0.467] among the behavioural pattern groups (see Table L.2). A post-hoc Tukey’s
t-test indicated that there were significant differences in the mean score for the pre-learning

quiz among two behavioural pattern pairs.
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5.3.9.1.2 Academic performance of behavioural pattern groups in Group B;

A one-way ANOVA showed a significant difference in the overall pre-learning quiz score
[Fa230= 114.312, p < 0.001], however, no significant difference was observed in the end of
semester examination [F4230= 1.530, p = 0.194] and the overall theory course performance
among the behavioural pattern groups for semester 1 [F3,175=0.849, p = 0.496] (see Table L.3).
Post-hoc Tukey’s #-test indicated that there were significant differences in the mean score for

the pre-learning quiz among six behavioural pattern pairs.

A one-way ANOVA showed a significant difference in the overall pre-learning quiz score
among all behavioural pattern groups for semester 2 [F3 170 =46.632, p < 0.001], however, no
significant difference was observed in the end of semester examination [F3175 = 2.757, p =
0.05] and the overall theory course performance among the behavioural pattern groups for
semester 2 [F3175=0.328, p = 0.021] (see Table L.4). A post-hoc Tukey’s ¢-test indicated that
were significant differences in the mean score for the pre-learning quiz among five behavioural

pattern pairs.

Table 5.13. Behavioural pattern pairs showing significant differences in academic
performance at a cohort level according to a one-way ANOV A analyses and post-hoc
Tukey’s t-test results.

Group B Group B>
Semester 1 Semester 2 Semester 1 Semester 2

Online pre- e BPiand BPs e BP>and BPs e BP;and BPs BP> and BP3
learning quizzes e BP,and BP4 e BP;and BPs e BP;and BP; BP; and BP;

e BP;and BP¢ e BP; and BP4 BP> and BPs

e BP;and BP¢ e BP; and BP¢ BP; and BP4

e BPsand BP¢ e BP;and BP¢ BP3 and BPs

e BPsand BP¢

End of semester e BP;and BPc e NS e NS NS
examination e BP, and BPs

e BP;and BP¢
Overall course e BPjandBPs e NS e NS NS
performance e BP;and BPs

e BP;and BP¢

e BP;and BP¢

e BPsand BP¢

Note. NS = no significance, BP = behaviour pattern where BP, =Q >V, BP; =Q =V,
BPs=Q <V, BPs =V and BPs = N/A, where Q represents frequency of pre-learning quiz
access and V represents frequency of pre-learning video access.
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5.3.9.2 Difference in academic performance of varying behavioural pattern groups on a
course level

The following section report on one-way ANOVA analyses carried out to investigate the
academic performance of students across the behavioural pattern groups. To compare the
academic performance of the various behavioural pattern groups the measures used were the
scores for: the online pre-learning quizzes, in-semester quizzes, end of semester examination
and overall theory course performance (combines the scores for the online pre-learning
quizzes, in-semester quizzes, and end of semester examination). Table 5.14 provides a
summary of the results obtained from the one-way ANOVA analyses and post-hoc Tukey’s #-
test by identifying the significant differences in academic performance on a course level
observed among the behavioural pattern pairs for Groups B, and B, across each semester.
Appendix M (Tables M.1 to Table M.9) provides more details regarding the individual one-
way ANOVA analyses and post-hoc Tukey’s #-test comparison of the course level academic

performance across the various measures for both groups across the semesters.

5.3.9.2.1 Mainstream course analysis of varying behavioural pattern for Group B

For CHEM2401, a one-way ANOVA showed a significant difference in the pre-learning quiz
score [Fa,167=39.639, p <0.001], end of semester examination [F4,167=10.376, p <0.001] and
overall theory course performance [F4,167= 15.069, p < 0.001] among the behavioural pattern
groups for semester 1 (see Table M.1). Post-hoc Tukey’s #-test revealed that there were
significant differences in the mean scores for the pre-learning quiz, end of semester

examination and overall theory course performance among five behavioural pattern pairs.

For CHEM2402, a one-way ANOVA showed a significant difference in the pre-learning quiz
score [F393=20.822, p <0.001], however, no significant difference was observed in the end of
semester examination and overall theory course performance among the behavioural pattern
groups for semester 2 (See Table M.2). A post-hoc Tukey’s #-test revealed that there were
significant differences in the mean score for the pre-learning quiz among four behavioural

pattern pairs.

5.3.9.2.2 Advanced course analysis of varying behavioural pattern for Group B,

For CHEM2911, a one-way ANOVA showed a significant difference in the pre-learning quiz
score [Fags=72.212, p <0.001], however, no significant difference was observed in the end of

semester examination and overall theory course performance among the behavioural pattern
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groups for semester 1 (see Table M.3). A post-hoc Tukey’s t-test revealed that there were
significant differences in the mean score for the pre-learning quiz among four behavioural

pattern pairs.

For CHEM2912, a one-way ANOVA showed a significant difference in the pre-learning quiz
score [F372=9.004, p < 0.001], however, no significant difference in the end of semester
examination and overall theory course performance among the behavioural pattern groups for
semester 2 (See Table M.4). A post-hoc Tukey’s #-test was not carried out as fewer cases (n <

4) were present in several behavioural pattern group.

5.3.9.2.3 SSP course analysis of varying behavioural pattern for Group B;

For CHEM2915, a one-way ANOVA showed a significant difference in the pre-learning quiz
score [Fags=72.212, p <0.001], however, no significant difference was observed in the end of
semester examination and overall theory course performance among the behavioural pattern
groups for semester 1 (See Table M.5). A post-hoc Tukey’s #-test was not carried out as fewer

cases (n < 3) were present in several behavioural pattern group.

For CHEM2916, a one-way ANOV A showed no significant difference in the pre-learning quiz
score, end of semester examination and overall theory course performance among the

behavioural pattern groups for semester 2 (See Table M.4).

5.3.9.2.4 Mainstream course analysis of varying behavioural pattern for Group B;

For CHEM2401, a one-way ANOVA showed a significant difference in the pre-learning quiz
score [Fa,150 = 40.670, p < 0.001] and overall theory course performance [Fs,150 = 3.746, p <
0.001], however, no significant difference was observed in the end of semester examination
among the behavioural pattern groups for semester 1 (See Table M.6). A post-hoc Tukey’s #-
test revealed that there were significant differences in the mean scores for the pre-learning quiz
among five behavioural pairs and between one behavioural pair in the overall theory course

performance for semester 1.

For CHEM2402, a one-way ANOVA showed a significant difference in the pre-learning quiz
score [Fa15=25.799, p < 0.001] and overall theory course performance [F4,15= 19.499, p <
0.001], however, no significant difference was observed in the end of semester examination

among the behavioural pattern groups for semester 2 (See Table M.7). A post-hoc Tukey’s #-
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test revealed that there were significant differences in the mean scores for the pre-learning quiz
among four behavioural pattern pairs and between two behavioural pairs in the overall theory

course performance for semester 2.

5.3.9.2.5 Advanced course analysis of varying behavioural pattern for Group B:

For CHEM2911, a one-way ANOVA showed a significant difference in the pre-learning quiz
score [F2,57=7.592, p <0.001] and overall theory course performance [F2,57=3.662, p <0.001],
however, no significant difference was observed in the end of semester examination among the
behavioural pattern groups for semester 1 (See Table M.8). A post-hoc Tukey’s #-test revealed
that there were significant differences in the mean scores for the pre-learning quiz among two
behavioural pattern pairs and between one pair in the overall mean course performance for

semester 1.

For CHEM2912, a one-way ANOVA showed a significant difference in the pre-learning quiz
score [F339=41.930, p <0.001], however, no significant difference was observed in the end of
semester examination and overall theory course performance among the behavioural pattern
groups for semester 2 (See Table M.9). A post-hoc Tukey’s #-test was not carried out as fewer

cases (n < 4) were present in several behavioural pattern group.

5.3.9.2.6 SSP course analysis of varying behavioural pattern for Group B:

For CHEM2915, a one-way ANOVA showed a significant difference in the pre-learning quiz
score [Fa,15=25.799, p <0.001], however, no significant difference was observed in the end of
semester examination and overall theory course performance among the behavioural pattern
groups for semester 1 [Fa415=25.799, p < 0.001] (See Table M.8). A post-hoc Tukey’s z-test

was not carried out as fewer cases (n < 3) were present in several behavioural pattern group.

For CHEM2916, a one-way ANOV A showed no significant difference in the pre-learning quiz
score, end of semester examination and overall theory course performance among the

behavioural pattern groups for semester 2.
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Table 5.14. Behavioural pattern pairs showing significant differences in academic performance at a course level according to a one-way
ANOVA analyses and post-hoc Tukey’s #-test results.

Semester 1 Semester 2
CHEM2401 CHEM2911 CHEM2915 CHEM?2402 CHEM2912 CHEM2916
e BPandBPs e BPjand BP, e BP;and BP4 e BP; and BP4 NS e NS
Group Bi e BP,andBP, e BPandBPs e BPjandBPs e BP,and BPs
Online pre-learning e BP,andBPs e BP,and BP¢ e BP;and BPs e BP;and BP4
quizzes e BP;andBPs e BP;and BPs e BP;and BPs e BP;and BP¢
e BPsandBPs e BPsand BPs e BP.and BPs
e BPandBPs e NS e NS e BP; and BP; NS e NS
End of semester e BP;and BP¢ e BP;and BP4
examination e BP;and BP¢ e BP;and BP¢
e BPsand BP¢ e BP;and BP4
e BP;and BP¢
Overall course e NS e NS e NS e NS NS e NS
performance
e BPandBPs e BPjandBP, e NS e BP;and BP4 NS e NS
Group Bz e BP,andBP; e BP and BP; e BP,and BPs
) . e BP;and BP¢ e BP;and BP¢
qolﬁlzfgspre'leammg ¢ BP;and BP; ¢ BPsand BP;
e BPsand BP¢
End of semester e NS e NS e NS e NS NS e NS
examination
e BP,andBPs e BPjandBP; e NS e BP;and BP¢ NS e NS

Overall course
performance

Note. NS = No significance, BP = behaviour pattern where BP, =Q >V, BP; =Q =V, BP4=Q <V, BPs =V and BPs = N/A, where Q
represents frequency of pre-learning quiz access and V represents frequency of pre-learning video access.

e BPj3;and BPs¢
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5.3.10 Difference in academic performance of varying behavioural patterns
across engagement groups

The following section report on one-way ANOVA analyses carried out to investigate the
academic performance of students across the behavioural pattern groups according to their
engagement level. Students were categorised into three groups according to their level of
engagement (as identified in Chapter 4). To compare the academic performance of the various
behavioural pattern groups the measures used were the scores for: the online pre-learning
quizzes, in-semester quizzes, end of semester examination and overall theory course
performance (combines the scores for the online pre-learning quizzes, in-semester quizzes, and
end of semester examination). Table 5.15 and Table 5.16 provides a summary of the results
obtained from the one-way ANOVA analyses and post-hoc Tukey’s #-test by identifying the
significant differences in academic performance observed on a cohort level among the
behavioural pattern pairs based on the three engagement levels for Groups B, and Groups B,
across both semesters respectively. Appendix N (Tables N.1 to N.9) provides more details
regarding the individual one-way ANOV A analyses and post-hoc Tukey’s 7-test comparison of
the cohort level academic performance across the various measures for both groups across the

semesters.

5.3.10.1 Difference in academic performance of varying behavioural patterns across
engagement groups for Group B semester 1

For the low engaged group, a one-way ANOVA showed a significant difference in the pre-
learning quiz score [F483=49.475, p <0.001], end of semester examination [F433=5.410, p <
0.001], and overall course performance [F4,83=7.668, p <0.001] among the behavioural pattern
groups (see Table N.1). A post-hoc Tukey’s #-test revealed that there were significant
differences in the mean scores for the pre-learning quiz among five behavioural pairs, between
two behavioural pairs in the end of semester examination and among three behavioural pairs

in the overall theory course performance.

For the moderately engaged group, a one-way ANOVA showed a significant difference in the
pre-learning quiz score [Fag» = 20.955, p < 0.001], however, no significant difference was
observed in the end of semester examination [F4g = 0.755, p = 0.558], and overall theory
course performance [Fs 5> = 0.850, p = 0.498] among the behavioural pattern groups (see Table
N.2). A post-hoc Tukey’s t-test revealed that there were significant differences in the mean

score for the pre-learning quiz among six behavioural pairs.
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For the highly engaged group, a one-way ANOVA showed no significant difference in the pre-
learning quiz score [F3 3= 0.868, p = 0.461], end of semester examination [F3g3=0.915, p =
0.437], and overall theory course performance [F3g3=1.025, p =0.386], among the behavioural
pattern groups (see Table N.3).

5.3.10.2 Difference in academic performance of varying behavioural patterns across
engagement groups for Group B semester 2

For the low engaged group, a one-way ANOVA showed no significant difference in the pre-
learning quiz score [F233=2.475, p = 0.120], however, a significant difference was observed
in the end of semester examination [F233 = 1.410, p < 0.001], and overall theory course
performance [F233=1.320, p < 0.001] among the behavioural pattern groups (see Table N.4).
A post-hoc Tukey’s t-test revealed that there were significant differences in the mean scores
for the end of semester examination and overall theory course performance among two

behavioural pairs.

For the moderately engaged group, a one-way ANOVA showed a significant difference in the
pre-learning quiz score [F399 = 9.851, p < 0.001], however, no significant difference was
observed in the end of semester examination [F399 = 0.092, p = 0.964], and overall theory
course performance [F399=0.410, p = 0.746] among the behavioural pattern groups (see Table
N.5). A post-hoc Tukey’s t-test revealed that there were significant differences in the mean

score for the pre-learning quiz among three behavioural pairs.

For the highly engaged group, a one-way ANOVA showed no significant difference in the pre-
learning quiz score [F333=2.038, p = 0.128], end of semester examination [F333=10.312, p =
0.817], and overall theory course performance [F333=0.339, p =0.797], among the behavioural
pattern groups (see Table N.6).
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Table 5.15. Behavioural pattern pairs showing significant differences in academic performance across engagement groups at a cohort level

according to a one-way ANOVA analyses and post-hoc Tukey’s #-test results for Group Bi.

Semester 1 Semester 2
Low Moderate High Low Moderate High
engagement engagement engagement engagement engagement engagement

e BPandBPs e BPjandBPs e NS e NS e BPandBPs e NS

e BP;and BPs e BP;and BP; e BP;and BP¢
Online pre-learning e BP,and BPs e BP;and BPs e BPsand BP¢
quizzes e BP,and BP¢ e BP;and BPs

e BP;and BP¢ e BP;and BPs

e BPsand BP¢

e BPandBPs e NS e NS e BPand BP; e NS e NS
End of semester e BP,and BPs e BP; and BP,
examination
Overall course e BPiand BPs e NS e NS e BP,and BP; e NS e NS

e BP;and BP¢ e BP;and BP4
performance

e BP;and BP¢

Note. NS = no significance, BP = behaviour pattern where BP, =Q >V, BP3; =Q =V, BP4=Q <V, BP;s = V and BPs = N/A, where Q

represents frequency of pre-learning quiz access and V represents frequency of pre-learning video access.
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5.3.10.3 Difference in academic performance of varying behavioural patterns across
engagement groups for Group B: semester 1

For the low engaged group, a one-way ANOVA showed a significant difference in the pre-
learning quiz score [Fs76= 68.452, p <0.001], however, no significant difference was observed
in the end of semester examination [Fs76 = 1.763, p = 0.131], and overall theory course
performance [Fs76=1.564, p = 0.180] among the behavioural pattern groups (see Table N.7).
A post-hoc Tukey’s #-test revealed that there were significant differences in the mean score for

the pre-learning quiz among seven behavioural pairs.

For the moderately engaged group, a one-way ANOVA showed a significant difference in the
pre-learning quiz score [F375 = 10.448, p < 0.001], however, no significant difference was
observed in the end of semester examination [F375= 1.362, p = 0.261], and overall theory
course performance [F375=1.359, p = 0.262] among the behavioural pattern groups (see Table
N.8). A post-hoc Tukey’s t-test revealed that there were significant differences in the mean

score for the pre-learning quiz among one behavioural pair.

For the highly engaged group, a one-way ANOVA showed a significant difference in the pre-
learning quiz score [F370=7.507, p < 0.001], however, no significant difference was observed
in the end of semester examination [F370 = 1.612, p = 0.194], and overall theory course
performance [F370=1.261, p = 0.295] among the behavioural pattern groups (see Table N.8).
A post-hoc Tukey’s #-test revealed that there were significant differences in the mean score for

the pre-learning quiz among one behavioural pair.

5.3.10.4 Difference in academic performance of varying behavioural patterns across
engagement groups for Group B; semester 2

For the low engaged group, a one-way ANOVA showed a significant difference in the pre-
learning quiz score [F356=16.426, p <0.001], however, no significant difference was observed
in the end of semester examination [F3s6 = 0.999, p = 0.400], and overall theory course
performance [F3 56 = 0.586, p = 0.627] among the behavioural pattern groups (see Table N.9).
A post-hoc Tukey’s #-test revealed that there were significant differences in the mean score for

the pre-learning quiz among three behavioural pairs.

For the moderately engaged group, a one-way ANOV A showed a significant difference in the
pre-learning quiz score [F257 = 19.533, p < 0.001], however, no significant difference was

observed in the end of semester examination [F2s57 = 0.675, p = 0.513], and overall theory
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course performance [F257=2.751, p = 0.072] among the behavioural pattern groups (see Table
N.9). A post-hoc Tukey’s t-test revealed that there were significant differences in the mean

score for the pre-learning quiz among one behavioural pair.

For the highly engaged group, a one-way ANOVA showed a significant difference in the pre-
learning quiz score [F251=15.222, p <0.001], however, no significant difference was observed
in the end of semester examination [Fz4s = 1.057, p = 0.356], and overall theory course
performance [F251=1.425, p = 0.250] among the behavioural pattern groups (see Table N.9).
A post-hoc Tukey’s #-test revealed that there were significant differences in the mean score for

the pre-learning quiz among two behavioural pairs.
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Table 5.16. Behavioural pattern pairs showing significant differences in academic performance across engagement groups at a cohort level

according to a one-way ANOVA analyses and post-hoc Tukey’s #-test results for Group B..

Semester 1 Semester 2
Low Moderate High Low Moderate High
engagement engagement engagement engagement engagement engagement

e BPandBP; e BP;and BP; e BP;and BP; e BPandBP, e BP;and BP; e BP;and BP;

e BP;and BP4 e BP;and BP; e BP;and BP4
Online pre-learning * BPiand BPs * BP2and BP
quizzes e BP;and BP;

e BP;and BP4

e BP;and BP¢

e BP;and BP¢

e NS e NS e NS e NS e NS e NS
End of semester
examination
Overall course e NS e NS e NS e NS e NS e NS
performance

Note. BP = behaviour pattern where BP,=Q >V, BP; =Q =V, BP4+=Q <V, BPs =V and BPs = N/A, where Q represents frequency of pre-

learning quiz access and V represents frequency of pre-learning video access.
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5.3.11 Students’ perception of the online component of a partially flipped
learning model

Students’ perception of the online pre-learning materials was only gathered for Group Ba, as
ethics approval was granted too late to collect data for Group Bi. The questionnaire included
five closed-ended questions, five Likert-type questions, and three-open ended questions (see

Appendix E).

Two of the closed-ended questions asked whether students accessed each of the pre-learning
materials. The three follow up closed-ended questions prompted the students to select from a
list of reasons provided the one(s) which best described their approach. Most of the students
indicated the reasons for watching the videos were to improve their academic performance in
the quizzes (n = 48) and to aid in their conceptual understanding of chemistry (n = 39). The
main reasons identified for completing the quizzes were that the quizzes contributed to their
marks (n = 47), clarified concepts (n = 40), were perceived to be easy marks (n = 35) or were

a good revision tool (n = 33).

Responses to the Likert type questions (see Figure 5.25) provided further details regarding
students’ perceptions of the online pre-learning materials. Students generally reported a
positive perception of the pre-learning materials, with most students (n = 31) reporting a
cohesive link between the pre-learning materials. Students’ responses also indicated they value
the pre-learning videos as a tool to introduce and provide foundational knowledge needed for
the in-class sessions (7 = 16). Other students (n = 20) also suggested that the quizzes enhanced

their overall learning experience.
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The link between pre-learning quizzes

and videos is clear L e g

The pre-learning quizzes enhance my
learning experience

I

20 26

The pre-learning videos give me
background knoweldge for content 16 32 4
discussed during class time

The pre-learning videos aid my
understanding of chemical concepts 22 11 pA
covered each week

!

The pre-learning videos are helpful for

. . 29 25 4
introducing new concepts

B Strongly agree M Agree M Neutral M Disagree M Strongly disagree

Figure 5.25. Likert scale questionnaire responses regarding students’ perception of the
online pre-learning materials.

Responses to the three open-ended questions provided valuable insight about the design
features students valued in each of the videos and quizzes with proposed improvements to

further enhance their learning experience (see Table 5.17).

Table 5.17. Students’ open-ended responses about design features and proposed
improvements for future implementation.

Valued design features of pre-learning Proposed improvements
materials
Clarity of explanations in the video (# = 10) Interactive video features (n = 4)

Flexible access (n = 4) Additional videos for harder concepts (n = 4)
Visual support in the video (n = 7) Hints and prompts during the quiz (n = 2)
Mastery nature of quiz (n = 8) Variation of question types (n = 2)

Variety of challenging questions (n = 2) Harder application quizzes (n = 3)

Auto-generated quiz feedback (n = 9)

Foundational background knowledge (n = 5)
Revision tool (n = 3)
Cohesive links between resources and in-
class session (n = 12)
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Students appreciated the flexible nature of accessing each of the pre-learning materials at a
pace that was suitable for their learning needs. Students also found the pre-learning materials
to be a valuable learning tool providing foundational background knowledge needed for the
course as well as a revision tool. Furthermore, students found the explanations presented during
the pre-learning videos to be clear and easy to follow. They also appreciated the cohesive link
between each concept presented during the video and the seamless transition from one concept
to another. Another design feature that students valued was the visual support embedded in the
videos with a specific reference made to the diagrams used during the explanation for the curly
arrows used in organic reaction mechanism. In addition, students valued the mastery nature of

the quizzes, specifically the ability to repeat them multiple times.

A few students (n = 2) reported that the pre-learning quizzes provided them with a variety of
questions to practise their understanding of the concepts presented during the videos. Another
commonly identified design feature that students valued was the auto-generated quiz feedback,
which was provided to students irrespective of whether they answered the questions correctly
or incorrectly. In general, students appreciated the cohesive links between the pre-learning
materials and suggested that they provided them with sufficient foundational knowledge

needed to engage during the in-class sessions.

The open-ended responses to the third question focused on students proposing features that can
improve the design of the online pre-learning materials. The students’ responses suggested the
inclusion of additional interactive features in the videos, including additional visual aids.
Several suggestions were made to improve the students’ learning experience with the pre-
learning quizzes; for instance, embedding hints and prompts to guide students in selecting the
correct answer, the inclusion of a variation of question types and modifying the level of
difficulty of the questions to further support the development of their procedural and

conceptual understanding of chemistry.

5.4 Discussion

5.4.1 Students’ interaction with the pre-learning videos and pre-learning
quizzes in a partially flipped learning environment

This chapter further explored the significance of the online pre-learning materials by examining
how varying degrees of interaction with the pre-learning videos and pre-learning quizzes may

impact academic performance. Current research supports the value of online pre-learning
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materials as a gateway to facilitate learning during the in-class sessions (Lee & Choi, 2019).
The online pre-learning materials give students the opportunity to self-pace their learning in a
reflective manner whilst acquiring initial exposure to conceptual knowledge prior to the in-
class sessions (Abeysekera & Dawson, 2015; Long et al., 2019; Naibert et al., 2020). This
chapter contributes to the current research by exploring the direct effect of the online pre-
learning materials (Beatty et al., 2019; Dazo et al., 2016; Lee & Choi, 2019; Long et al., 2019)
as current studies have predominately examined the holistic impact of the flipped learning
model on students’ learning experience and academic performance (O’Flaherty &Philips,

2015).

Initial analysis comparing cohort level data for Group B and Group B revealed that the degree
students interacted with the videos and quizzes varied widely across each week. Some overall
trends, however, were observed across both groups. The cohort data revealed that the number
of videos accessed, and quizzes accessed in semester 2 were higher when compared to semester
1. When comparing the distribution of video-viewing patterns, students generally tended to
view them multiple times. Further analysis was carried out on a course level with the data
showing varying trends regarding access to the videos and quizzes. Semester 1 data for Group
Bi revealed that students in the mainstream course accessed the videos more frequently than
those in the advanced and SSP courses. Video views in semester 2 were evenly distributed with
students in the mainstream and advanced courses accessing the videos more frequently than
those in the SSP course. The number of video views was more consistent across both semesters
for Group B:. Students in the mainstream courses and in the advanced courses accessed the
videos more frequently than those in the SSP course. When comparing students’ interaction
with the quizzes, similar trends were observed across both groups with students in the
mainstream courses accessing the pre-learning quizzes more frequently than those in the

advanced and SSP courses.

The observed results may in part be attributed to the nature of the chemistry concepts delivered
in each semester, with semester 1 focusing predominately on organic chemistry and semester
2 focusing on inorganic chemistry (see Table 3.7 for full topic descriptions). Historically and
as observed in Group B; and Group B:, the failure rates are higher for semester 2, when
compared to semester 1. Intermediate chemistry courses in semester 1 reinforce and build on
chemistry knowledge acquired in junior chemistry courses. Lower levels of video-viewing and

quiz access might be due to students’ previous familiarity with the chemistry concepts. In
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contrast, students have had limited exposure to inorganic chemistry in junior chemistry courses
and therefore are less familiar with these concepts. This reduced familiarity might be an
underlying factor for the higher levels of video-viewing and quiz access observed during the

second semester.

Beatty et al. (2019) propose that variability in video-viewing trend may be related to how
valuable students perceive the videos to be for their learning and the extent it may benefit them
academically. This is evident in the mixed reviews gathered from students’ comments were
some students (n = 22) strongly perceived the pre-learning videos to aid their understanding of
weekly chemical concepts covered during the in-class session whereas other students (7 = 21)
did not perceive them to be as valuable. The students that appreciated the pre-learning videos
as a valuable learning tool for understanding concepts addressed during the in-class session
may have accessed them more frequently than the remaining students. Beatty et al. (2019)
proposed that video-viewing behaviours may be encouraged in several ways: (1) deliver
important information at the beginning of the video, (2) access key concepts directly from the
video, (3) embed interactive component such as a quiz and (4) selection of videos based on
individual learning needs. O’Flaherty and Philips (2015) further expanded on this and
suggested that the desired behavioural pattern may be encouraged by designing the pre-learning
materials in an interactive manner, with formative feedback and content that is cohesively
linked to the in-class materials. Subsequent sections will explore students’ perception of
learning in a partially flipped learning format and suggest reasons behind students’ interactions
with each of the pre-learning materials. Chapter 6 will further explore how students’ self-

identified approach of learning may influence their displayed behavioural pattern.

5.4.2 The effect of students’ interaction with the pre-learning videos and
pre-learning quizzes on their academic performance

This chapter extends the research on flipped learning as it provides empirical evidence to
measure the direct effect of various video-viewing patterns on students’ performance in the
associated pre-learning quizzes. The cohort data for Group B1 and Group B> were consistent;
the most significant improvements were noted for students that viewed the video once
compared to those that did not view the video. Further analysis revealed no clear trend when
comparing the performance of students that watched the video once versus multiple times. It
was hypothesised that students’ proficiency level with the specific weekly concept may

influence their adopted video-viewing pattern. However, it was not feasible to examine this.
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Dazo et al. (2016) indicated that video-viewing behaviours are a binary measure in that they
only detect whether a student has accessed the pre-learning video instead of the length of them
viewing it and the quality of their video-viewing pattern. Future research is warranted to
identify the reasons behind students’ preference for displaying a particular video-viewing
pattern and to gain insight about why significant differences were detected for specific weeks
in which students either viewed videos just once or multiple times. Research examining the
format of the pre-learning videos might also extend the explanations behind the observed
variation in the students’ level of interactions and its impact on their academic performance.
Despite this, the results obtained reinforce the valuable effect of viewing the videos in
providing students with the foundational knowledge needed for not only the in-class session

but also to successfully complete the pre-learning quizzes.

To further examine the relationship between students’ behavioural pattern and their academic
performance, it was essential to analyse the degree of their interaction (none, partially, or fully)
with the ten weekly pre-learning materials: videos and quizzes. The data revealed a positive
association between changes in the degree of students’ interaction with the materials and their
academic performance across both Group B1 and Group B,. The most pronounced differences
in performance were observed for students that interacted with all the assigned videos and
quizzes over the course of a semester, when compared to those that either partially or did not
interact with the pre-learning materials. A recent study analysing the impact of pre-learning
materials on students’ academic performance also revealed a positive correlation, and the
strength of this correlation was almost twice when compared to the effect of the in-class
learning component on learning outcomes (Lee & Choi, 2019). While similar findings are
reported in this thesis, it should be noted that the online pre-learning materials reported in Lee
and Choi (2019) only consisted of five pre-learning videos and reading materials were assigned
for the remaining weeks of the semester. It was also not clear which specific features of the
pre-learning materials contributed to the observed improvements in academic performance as
instead the overall impact of the online component was measured. This differs from the
findings presented in this thesis, as higher levels of interactions with each of the pre-learning

materials appeared to influence overall academic performance.

Further studies of how varying behavioural patterns of interactions with videos and quizzes
affected academic performance (pre-learning quiz score, in-semester quiz score, and end of

semester examination) were also carried out. The cohort data for Group B: and Group B>
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revealed that students who interacted with all the pre-learning materials performed
significantly better in the pre-learning quiz than those that partially or did not interact with any
of the pre-learning materials. The results revealed that interacting with all the pre-learning
quizzes resulted in significant improvements in the in-semester quiz performance. The effect
of video-viewing patterns on the in-semester quizzes varied, however, with significant
improvements only observed in the second semester for both groups. The differences observed
in the performance of the pre-learning quiz and in-semester quiz may be attributed to the
instructional design of the partially flipped learning model. The pre-learning quizzes examined
concepts directly delivered in the associated pre-learning videos. It was observed that students
with higher viewership levels over the course of the semester performed significantly better
than those with lower viewership levels. The in-semester quizzes assess concepts covered over
several weeks and are not limited to content presented in the pre-learning videos and as
viewership levels might not have strongly influenced students’ performance in the in-semester
quizzes. In addition, no clear trends were observed when comparing end of semester
examination across both groups. The most pronounced differences were observed in semester
2 for Group B and semester 1 for Group B> where students that interacted with all the pre-
learning materials performed significantly better in the end of semester examination compared
to those that either partially or did not interact with the pre-learning materials. While the pre-
learning materials provide foundational knowledge needed for the in-class sessions where
students actively engage in building their procedural and conceptual understanding of course
content, it was not feasible to isolate the direct effect of each of the pre-learning materials on

students’ academic performance in the end of semester examination.

The findings presented in this chapter revealed that higher viewership levels have a direct
impact on the pre-learning quiz score but not necessarily on in-semester quiz score and end of
semester examination. Other studies have also revealed how varying viewership levels
influenced academic performance. Beatty et al. (2019) explored the relationship between
video-viewing and academic performance in three exams and overall score between high
performing and low performing students. There was a clear trend in video-viewing pattern
where high performing students consistently watched more videos when compared to low
performing students. Although no strong relationship was observed between video-viewing
and exam performance, the findings suggest that high achieving students tend to be more
engaged with the pre-learning videos. Empirical evidence by Dazo et al. (2016) revealed that

students who viewed all pre-learning videos performed better in the course studied. Their
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findings also revealed that ‘punctuality’, which they defined as a measure of when students
initially interact with the pre-learning videos relative to the in-class session, significantly
correlated with students’ academic performance. This is particularly valuable as it suggests that
students who interacted with all the pre-learning videos as originally intended, that is in
advance of the in-class sessions, performed significantly better. Notably, the design of their
flipped learning model differed from the one reported on in this thesis in that the pre-learning
material was comprised only of a series of weekly videos. Subsequent sections in this chapter
will contribute to the field by exploring how varying behavioural patterns, specifically the

frequency of access with the videos and quizzes, can influence academic performance.

This chapter also reported that higher levels of interactions with the pre-learning quizzes can
positively impact students’ performance in the in-semester quiz score and end of semester
examination. Although pre-learning quizzes have been incentivised by attributing a graded
component to them, their significance extends beyond that as they serve as valuable ‘gateway’
check to assess students’ conceptual understanding prior to the in-class sessions (Naibert et al.,
2020; O’Flaherty & Philips, 2015). The findings described in this thesis differ from those
presented in a preliminary study by Lacher and Lewis (2014) where it was observed that
completing the pre-leaning quizzes did not lead to significant improvements in students’ course
grade. In that study, higher aptitude students were found to benefit more from having quizzes
than lower aptitude students, as they were reported to usually be less inclined to watch the
videos. However, having pre-learning quizzes would encourage students to access all the
required pre-learning materials. It was suggested that the quizzes were not designed to facilitate
deep learning and instead relied on simple factual recall based on the videos. In a follow up
study, Lacher and Lewis (2015) showed improvement in the performance of students that
tended to adopt a surface approach towards their learning. The subsequent chapter will explore
how students of varying approaches to learning interact with the quizzes and the potential effect

on their academic performance.

Although the use of learning analytics is widely used to capture interactions with videos, it is
not feasible to distinguish between whether students merely opened the videos or watched them
to completion. To overcome this in the future, weekly self-reported data from the students may
be gathered to provide insight on their observed interactions with the videos. Naibert et al.
(2020) categorised students’ behaviour with the pre-learning videos and classified students into

one of these four modes of engagement: interactive, constructive, active, or passive
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engagement. It was revealed that as students become more engaged with the videos and shift
from passive to interactive, there was an improvement in their academic performance. To
further extend the findings from this chapter, future work may combine self-reported data
alongside learning analytics to gain a more holistic understanding of how varying behavioural
patterns with the pre-learning videos may influence various measures of academic performance

in a partially flipped learning model.

5.4.3 Changes in students’ behavioural patterns with the online pre-
learning materials over the course of a semester

Initial analysis comparing cohort level interactions for Group B1 and Group B: revealed that
students altered their weekly behavioural pattern. This shift in behavioural pattern distribution
is consistent with other studies that support the notion that students can flexibly vary their level
of behavioural engagement with the pre-learning materials to suit their individual learning

needs (Kloft et al., 2014; Ramsden, 2003; Yuan & Powell, 2013).

Further analysis revealed that students’ behavioural richness and evenness remained relatively
consistent over the course of the semester for Group B1 and Group B:. It was hypothesised that
behavioural richness would decrease, and as such, students shift from rare behaviours to more
common behaviours. The data, however, showed that BP, remained dominant over the course
of a semester. The data also showed that a low evenness score, which suggests that one or few
behaviours were dominant, in this case BP,, was the dominant and most frequently accessed
behavioural pattern. These findings differ to those observed by Brennan et al. (2019) where a
decrease in the number of online behavioural patterns was noted over the course of the
semester. Instead, from the behavioural patterns identified five were continuously displayed
with relatively varying frequency levels with the dominant behaviour pattern observed to be
BP»>. One potential reason for the observed difference may be related to the number of pre-
learning activities. In Brennan et al. (2019), students’ behavioural patterns were based on four
learning activities, and this yielded a total of 64 behavioural patterns, whereas this study
focused on two pre-learning activities and as such only six distinct behavioural patterns were
possible. It may be argued that the higher the number of pre-learning activities the more

variability in behavioural pattern.

Further analysis comparing behavioural richness and evenness across the two semesters

revealed that BP, remained the dominant behavioural pattern across both semesters. This
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differs from Brennan et al. (2019) where a decrease in behavioural richness was observed
suggesting that students shifted their behavioural pattern over time. It was also noted that
behavioural evenness remained relatively constant but reflected several strong dominant
behaviours with relatively equal distributions of students in each behavioural type. The
differences between the reported findings in this study and Brennan et al. (2019) reinforce the
notion that students’ behaviour is a flexible phenomenon and may be influenced by the learning
context (Kloft et al., 2014). It is worth noting that the findings discussed explored students’
behavioural pattern in the chemistry courses in isolation from any other remaining courses in
which they may have been enrolled. Behavioural patterns displayed in the chemistry courses
may be related to other factors beyond the scope of this study, for instance their behaviours
may be impacted by assessments in other courses. Adopting the Brennan et al. (2019) approach
within a partially flipped learning model has practical implication as it provides valuable
insight regarding the varying behavioural patterns present within a course with reference to the
specific pre-learning materials embedded. In addition, it can detect which behavioural pattern
is the most dominant. This may allow course instructors to intervene, if required, to encourage
or inhibit certain behaviours. In a partially flipped learning model, the optimum behavioural
pattern would be to encourage students to access both pre-learning materials, with a preference
for accessing the videos before the quizzes. While BP, suggests that students accessed both
pre-learning materials, it suggests that students accessed the quizzes more frequently than the
videos. One potential factor that may have led to these observed results may be attributed to
individual preferences; students may perceive this behavioural pattern to be better suited for
them to achieve the intended learning outcomes. The instructional design of the online pre-
learning materials, particularly the mastery nature of the quizzes may have prompted students
to adopt this approach. In future designs of the online component of a partially flipped learning
model, adjustments may be made by limiting the number of attempts for the pre-learning
quizzes which may reduce the tendency for students to guess whilst better capturing students’

behavioural patterns.

5.4.4 The effect of students’ behavioural patterns with the online pre-
learning materials on their academic performance

The research reported in this chapter also adapted the approach suggested by Brennan et al.
(2019) to cluster students’ behavioural engagement into patterns based on measuring the

frequency of access for each of the online pre-learning materials. While the identified

behavioural patterns are highly context specific, they contribute to the field as the identified
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clusters of behavioural engagement are based on students’ combined interaction with both the
videos and quizzes, rather than on students’ separate interaction with each of the pre-learning
materials. The identified clusters of behavioural engagement are well differentiated and
propose the presence of six distinct behavioural patterns. One of these behavioural patterns,
where students’ only access the video (BPs), was not exhibited. As such, only five distinct

behavioural patterns will be discussed in relation to their impact on academic performance.

When comparing students identified weekly behavioural pattern with their weekly quiz score
there is an association between the frequency of access of the videos and the performance in
the related quiz. Intuitively, it was hypothesised that students who displayed a behavioural
pattern that accessed both pre-learning materials would perform better in the weekly pre-
learning quiz. This was evident in two of the behavioural patterns (BP; and BP4), where
students that accessed the videos equally or more frequently when compared to the quiz tended
to perform better than the remaining behaviours in each week. Conversely, in a third
behavioural pattern (BP2) where students accessed the videos less frequently, lower scores
were observed in the weekly quizzes. Although a causal link cannot be concluded, it is possible
to suggest that the frequency of viewing the videos may improve students’ weekly performance

in the associated quizzes.

Some reasons that might influence changes in students’ weekly behavioural pattern may be
related to their proficiency level (i.e., prior knowledge) of the presented weekly chemistry
concepts but may also be attributed to the instructional design of the online component of the
model. The videos are designed with the intent to be viewed prior to the quizzes as they are
closely aligned with the concepts assessed in the quizzes and provide the foundational
knowledge needed for the in-class sessions. Students’ prior knowledge and familiarity with the
weekly chemistry concepts may, however, have influenced the frequency of access for the
videos and thus may affect which behavioural pattern they will adopt. The level of difficulty
of the concepts addressed in the pre-learning materials may either inhibit or encourage certain

behaviours (Dooley & Makasis, 2020).

While it was not feasible to examine individual variations and the order in which each student
accessed the pre-learning materials in each attempt, by clustering students’ behaviours, some
inferences can be drawn from the cohort data. For instance, a student who has less background
knowledge may opt to access the videos more frequently compared to those with sufficient

background knowledge. However, various complex factors may have influenced students to
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display a particular behavioural pattern. Further insight may be gained by exploring individual
variations across the different behavioural patterns and interview responses may be gathered
to elicit the reasons behind the displayed behavioural approach. Another factor that may
influence students’ displayed behaviour is the learning process and strategies (i.e., approach to
learning) they adopted while interacting with the pre-learning materials. This will be explored
further in Chapter 6 to examine the relationship between students’ self-identified approach to

learning and displayed behavioural pattern.

Further analysis compared students’ overall behavioural pattern with their pre-learning quiz
score, end of semester examination and overall theory course performance. The cohort data for
both groups identified the dominant behavioural pattern to be BP> which revealed that students
accessed the quizzes more frequently than the videos. Students that displayed BP» overall for
Group B performed better in semester 1 in their pre-learning quiz score when compared to the
remaining behavioural patterns. Significant differences were noted only between BP; and BP4
where those students accessed the videos more frequently than the quizzes. Although not
significant, a shift was noted in semester 2 with students accessing both pre-learning materials
equally (BP3) performed better than those in the remaining behavioural patterns. For Group Ba,
students who accessed only the quiz (BP) in semester 1 and those that displayed BP> in
semester 2 performed better than those in the remaining behavioural patterns. While it is not
possible to establish a clear trend from these data, it is worth noting that when comparing
changes across semesters, there is an overall trend towards increasing access of the videos in
the second semester. A potential factor that may have contributed to these observed results is
related to the course content. As noted above, concepts in semester 2 are traditionally perceived
to be harder and tend to be more focused on organic chemistry. As such, students may have
opted to utilise the videos more often in the second semester to aid in comprehending the
weekly concepts and achieve better scores in the quizzes. The pre-learning materials were
purposefully designed to provide foundational knowledge needed for the in-class component;
students’ prior knowledge may have influenced their level of access to the video. The mastery
nature of the quizzes and the incentive mark associated with the quizzes may have simply
prompted students to adopt behaviours that reflect more frequent access to the quizzes, such as
BP; and BP,. The format of the quiz questions (single best answer, short answer questions or
drag and drop) which were designed to target lower cognitive processing skills (Bloom’s
Taxonomy) may have also encouraged students to display BP; and BP> compared to short

answer questions or extended response questions that might require students to display a
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different set of behaviour. Subsequent sections will identify reasons behind students displayed

interaction with each of the pre-learning materials.

Few significant relationships were observed when comparing students overall behavioural
pattern with their academic performance in the end of semester examination and overall theory
course performance. One potential reason for this may be that it is difficult to isolate the direct
effect and the extent to which varying behavioural pattern with the pre-learning materials may
have contributed to students’ academic performance. This is less likely to be the case when
comparing the impact of the videos on the performance of the quizzes as they are purposefully

designed to be linked directly with the matching video.

On a course level, the most pronounced differences were observed in the mainstream courses
for both groups, with BP; being the dominant displayed behavioural pattern. Students for
Group B that displayed BP: in semester 1 performed significantly better in the pre-learning
quiz when compared to those that displayed BP4. Whereas students that displayed BP3 in
semester 2 performed significantly better when compared to those that displayed BP4. Students
that displayed BP; also performed significantly better when compared to those in BP4. Students
for Group B: that displayed BP> in both semesters performed significantly better than students
displaying the remaining behaviour patterns. This reinforces the point made above regarding
how the level of difficulty of the concepts delivered in each semester may encourage or inhibit
certain behaviours. No clear trend in the dominant behaviour pattern was observed for the
advanced and the SSP courses; little or no change was observed in the academic performance
of the pre-learning quizzes, end of semester examination and overall theory course
performance. The observed trends were proposed to be related to students’ proficiency level of
chemistry, with students in the mainstream courses tending to have a weaker background in
chemistry than those in the advanced and SSP courses. In this case, mainstream students may
display a range of behavioural patterns to accommodate for their weaker prior knowledge of a
particular concept compared to the advanced or SSP students who may simply opt to do the

quizzes without needing to access the learning videos.

5.4.5 Students’ identified learning behaviour and engagement index in
their academic performance

Comparison of students displayed behavioural pattern (BP1 to BPs) with respect to the students’
engagement level (low, moderate, and high) demonstrated no significant differences in their

academic performance as measured by the end of semester examination and overall theory
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course performance, however, several trends were observed in their pre-learning quiz

performance.

It was hypothesised that low engaged students would predominately display BP; or BP> when
they would access the quizzes more frequently than the videos. Students who displayed BPs
were also considered to have lower level of engagement. It was also hypothesised that highly
and moderately engaged students would predominately display BP3 or BP4 as these patterns
are indicative of higher levels of engagement with students equally or more frequently
accessing the videos in comparison to the quizzes. Instead, the cohort data for Group B and
Group B: revealed that students who adopted BP2 in the moderately and highly engaged group
performed significantly better in pre-learning quiz performance when compared to the
remaining behavioural patterns. The most pronounced differences in pre-learning quiz
performance were observed in the low engaged students across both semesters. The dominant
behavioural pattern for Group B in semester 1was BP, whereas for Group B:, it was BP;.
Students in these behavioural clusters performed significantly better in the pre-learning quiz
than those in the remaining behavioural patterns. The dominant behavioural pattern across both
groups in semester 2 was BP> with low engaged students performing significantly better in the

pre-learning quiz.

The results presented in this thesis are somewhat preliminary and highly context specific.
Several factors may have contributed to the apparent lack of association between students
displayed behavioural pattern, their level of engagement and their academic performance in
the end of semester examination and overall theory course performance. As noted above, it is
difficult to isolate the extent to which variation in behavioural patterns contributed to students’
academic performance. Since the behavioural patterns were developed based on students’
interaction with each of the online pre-learning materials, it was possible to observe the direct
impact of adopting a specific behavioural pattern on students’ pre-learning quiz performance.
Although the students’ engagement level did not align with the predicted behavioural approach,
the results in general revealed that students tend to display BP», which reflects their preference

for accessing the quiz more frequently than the videos.

Brennan et al. (2019) proposed that the frequency of access, i.e., students displayed behavioural
pattern, does not reflect the level of engagement with the content in the pre-learning materials.

Whilst no significant differences in academic performance were detected between students
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displaying behavioural patterns and engagement levels, previous findings discussed in Chapter
4 revealed that higher levels of engagement with the pre-learning material led to significant
improvements in academic performance and a reduction in failure rates. The findings discussed
here, however, highlight the direct link between the displayed behavioural pattern and the
academic performance in the overall learning quiz. As previously outlined, the displayed
behavioural pattern does not necessarily reflect the level of engagement students may adopt.
Instead, the mastery design of the pre-learning quizzes may have encouraged all students,
despite differences in their engagement levels, to access the quizzes more frequently. While no
further inferences can be drawn about possible reasons behind the dominant behavioural
pattern being BP>, Jovanovi¢ et al. (2017) proposed that students’ approach to learning can
influence their displayed behavioural pattern, which will be further explored in Chapter 6.
Subsequent sections will also discuss students’ perception towards their learning and identify

the reasons behind students’ interaction or lack of with each of the videos and quizzes.

5.4.6 Students’ perceptions towards the pre-learning materials of a
partially flipped learning model

This chapter extended current research on students’ perception of learning in a partially flipped
learning model by focusing on the pre-learning materials (Long et al., 2016; O’Flaherty &
Philips, 2015). Several studies have revealed that students tend to have a more positive
perception towards learning in a flipped learning environment when compared to a traditional
learning (O’Flaherty & Philips, 2015; Roach, 2014). Some have suggested that students value
this instructional approach due to the flexibility it offers in independently accessing the online
pre-learning materials at a pace that suits their learning needs (Long et al., 2016; Xiu et al.,
2019). Fewer studies, however, have focused on the reasons behind students’ interaction with

the various online pre-learning materials (Christiansen, 2014; Shattuck, 2016).

The quantitative students’ responses presented in this thesis identified several factors behind
students accessing the videos and quizzes. The two main reasons identified by students for
accessing the videos were (1) to improve their performance in the associated pre-learning
quizzes and (2) valuable learning resource to develop foundational knowledge of chemistry.
Fewer students did not access the videos as they perceived them not to be helpful or needed to
successfully complete the quizzes. The main reasons outlined by students for accessing the
quizzes were (1) the incentive mark, (2) a learning tool to assess their level of understanding

from the pre-learning videos, and (3) a revision tool. Students’ open-ended responses expanded
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on some of the above-mentioned reasons and may in part explain some of the behavioural

patterns observed across both groups.

Generally, students appreciated the cohesive link between the pre-learning materials and the
seamless transition between the content presented in the online component to those presented
during the in-class sessions. They perceived the pre-learning materials to be an effective tool
in offering individualised and personalised learning experiences. In addition, they appreciated
the flexibility of accessing the pre-learning materials at a pace that suits their individual
learning needs which also aligns with several studies that also suggest the pre-learning
materials promote students’ autonomy (He et al., 2016; Long et al., 2016; Poniker & Patel,
2018; Xiu et al., 2019).

One feature that students appreciated about the videos was the visual support that supplemented
the spoken explanation. This design feature also adheres to the multimedia principle (Mayer,
2005) as it allowed students to simultaneously reinforce their conceptual understanding and
develop dynamic mental models with the presented concepts (Veldzquez-Marcano,
Williamson, Ashkenazi, Tasker & Williamson, 2004). Students also valued the auto-generated
feedback mechanism embedded in the quizzes, which helped students address potential gaps
and address misconceptions in their knowledge. These results, in conjunction with those of
Long et al. (2016) and Ponikwer and Patel (2018), reinforce the perceived value of the pre-
learning materials as a learning tool that provides foundational knowledge prior to attending

the in-class sessions whilst offering individualised support to guide students’ learning process.

The remaining open-ended comments focused on improvements that may be made to each of
the pre-learning materials to further enhance students’ learning experiences. Some students
proposed that the videos should be more interactive (Lebedev, Lindstrem, & Sharma, 2020)
which could be achieved by embedding the quiz questions at various segments. This has
practical implications for future designs of the model, as it transforms the videos into an active
learning tool where students are not only receiving the knowledge by watching the videos but
also by simultaneously applying the knowledge and measuring their level of understanding.
Long et al. (2019) investigated the impact of interactive pre-learning videos and noted they
were generally well received by students and led to significant improvements when compared
to a control group. These findings also align with those of O’Flaherty and Philips (2015) who
noted that students are more likely to engage with pre-learning materials if they include

interactive features, provide formative feedback mechanisms, and are coherently linked to the
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in-class component. This proposed instructional change may also lead to increased
participation rates with the videos leading to a shift away the dominant behavioural pattern
from being BP: to one that encourages students to access both pre-learning materials. Other
suggestions focused on the quizzes. Some students suggested that the learning quizzes may
include hints and prompts to help them solve harder applications whereas others requested
additional questions to further extend their knowledge beyond the weekly materials presented.
These suggestions reflect the diversity of students’ learning needs with some requiring
scaffolding to support their learning while others requested questions that further extends their
conceptual knowledge. These suggestions can also have practical implications as the design of
the quizzes could influence students displayed behavioural pattern. For instance, if the level of
difficulty of the pre-learning quizzes was adjusted to suit the learning needs of various students,
it may be possible that some students would need to access the videos to gain the foundational
knowledge needed to answer some of the questions and, as such, shift away from the dominant

behavioural pattern being BP».
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Chapter 6: Students’ approaches to learning in the online
component of a partially flipped learning model

6.1 Introduction

This chapter explores the relationship between students’ self-identified approach to learning
with the online component of the partially flipped learning model and their academic
performance. Furthermore, it compares the academic performance of this approach to learning
with respect to their engagement level (as categorised in Chapter 4) and their behavioural

pattern (as categorised in Chapter 5).

Marton and Séljo’s (1976) seminal work identified the fundamental principles related to
students’ approaches to learning and classified them into two main levels of processing: surface
and deep. Others have proposed a third level of processing: the achieving or strategic approach.
This level suggests that students do not necessarily have to lean towards a specific approach
but instead can alternate between surface and deep learning approaches (Biggs, 1987; Kember,
& Leung, 1998; Ramsden, 1979). Further research conducted by Biggs (1987) conceptualised
approaches to learning into two main sub-components: motive and strategy. Students adopting
a surface approach to learning are extrinsically motivated in the learning process. They adopt
strategies such as rote learning and use lower-level cognitive skills as they intend to put
minimal time and effort into completing an assigned task (Biggs, 1987). Students adopting a
deep approach to learning are intrinsically motivated by the learning process. They adopt
strategies to seek meaning and increase their level of understanding, by using higher-level

cognitive skills to relate newly acquired knowledge to previous understanding (Biggs, 1987).

The R-SPQ-2F questionnaire is a widely used tool that measures students’ approaches to
learning in their current learning environment. It evaluates the learning context instead of
classifying students as either surface learners or deep learners (Biggs, 1987; Biggs et al., 2001).
It has been proposed that a flipped learning environment has the potential to influence students’
approaches to learning and promote deep engagement with the learning materials (Hava, 2021;
Sigurdardottir & Heijstra, 2020). Jeong et al. (2019) found that by the end of a course, students
had a general inclination towards adopting a deep approach to learning in a flipped learning
environment based on comparing their R-SPQ-2F questionnaire responses pre-and post-course
completion. One of the leading factors that contribute to observed shifts in students’ approaches

is course design. Another study reported that students adopt a mixed approach to learning in
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the flipped classroom (Sigurdardottir & Heijstra, 2020). An underlying assumption made in
that study is that students’ preparedness and interaction with the pre-learning materials can
facilitate deep learning to occur during the interactive learning component of the in-class
sessions. However, limited research has focused on examining the approach students adopt
whilst completing the online pre-learning materials as, irrespective of the approach students
adopted, they are expected to deeply engage with the learning materials presented in the in-
class sessions. Since the pre-learning materials are designed to provide students with
foundational knowledge prior to the in-class session, they may be limited in their scope and
may be perceived to be passive in nature in comparison to the learning activities embedded in
the in-class sessions. Moreover, it is essential to consider how students’ individual preferences
and other related personal factors can influence their learning approach with the online pre-

learning materials.

The research reported in this chapter seeks to further explore students’ self-identified approach
to learning with the pre-learning material, as measured by the R-SPQ-2F questionnaire.
Furthermore, observational case studies provided valuable qualitative insight regarding the
students’ displayed approach towards learning in the online component of the partially flipped
learning model. The relationship between students self-identified approach to learning and its
impact on their academic performance whilst considering their engagement level and displayed

behavioural pattern have also been analysed.
The following research questions are addressed in this chapter:

1. How do students approach learning in the online component of the flipped learning
model and how does it affect their academic performance?
2. How does students’ self-identified approach to learning relate to their behavioural

engagement and their behavioural pattern in the online component?

6.2 Methodology
6.2.1 Participants

The participants of this study consisted of two groups of undergraduate chemistry students
enrolled in junior and intermediate courses during 2017. Group A were undergraduate students
in first semester junior courses. For Group B», analyses were only carried out for undergraduate
chemistry students in first semester intermediate chemistry courses. See Sections 3.8 and 3.9

for full description for each of the chemistry courses.
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6.2.2 Procedures
6.2.2.1 Survey

Biggs et al.’s (2001) R-SPQ-2F questionnaire was administrated online at the beginning of the
semester to identify students’ metacognitive approaches to learning (see Appendix D). The R-
SPQ-2F questionnaire includes twenty items and is divided into two main scales: deep
approach (DA) and surface approach (SA). These two main scales are comprised of four sub-
scales. The DA scale includes deep motive (DM) and deep strategy (DS); the SA scale includes
the surface motive (SM) and surface strategy (SS). Each sub-scale consists of five items with
a 5-point Likert-type scale ranging from Strongly Disagree = 1, Disagree = 2, Neutral = 3,
Agree = 4, Strongly Agree = 5. The questionnaire items for the related sub-scales and main

scales are outlined in Table 6.1.

Section 6.2.2.2 explains in detail how students’ self-identified approach to learning was

determined from the questionnaire.

Table 6.1. The R-SPQ-2F questionnaire items related to the subscales and main scales.

Main scale Sub-scale Questionnaire items
Deep Motive 1,5,9,13, and 17
Deep scale
Deep Strategy 2,6,10,14, and 18
Surface motive 3,7,11,15, and 19

Surface scale
Surface strategy 4,8,12,16, and 20

6.2.2.2 Approach to learning with the online pre-learning materials

Students’ self-identified approach to learning preference was determined from their responses
to the R-SPQ-2F questionnaire. Each student received two scores: one for the DA scale and
one for the SA scale. To obtain a mean score for the DA scale, responses for the DM and DS
were used. To obtain a mean score for the SA scale responses for the SM and SS were used.
The scores for each of the four sub-scales (DM, DS, SM, and SS) were obtained by combining

the related questionnaire items (see Table 6.1).

This work adapted the method used by Leiva-Bronda et al. (2020) to explore students
approaches to learning using the R-SPQ-2F questionnaire. In their study, the overall mean

value for the DA and SA scales were used as boundaries to plot the distribution of scores for
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each student. The work described here builds on this method by categorising the distribution
of the approaches to learning into one of four quadrants based on students’ scores in the DA
and SA scale. The distribution of the approaches to learning into one of the four quadrants is
based on students’ scores in the DA and SA scale. To determine the boundaries between the
quadrants, the mean score for the DA scale and SA scale was calculated for each group. As an
example, in Figure 6.1, if the overall mean value for the DA scale was calculated to be X (i.e.,
2.5 as seen in the example) and the overall mean value for the SA scale was calculated to be ¥
(i.e., 2.5 as seen in the example), these mean values would be the boundaries between the
quadrants. Depending on the student’s DA score relative to the mean value of the group, they
would be identified as either having a high deep approach (HDA) score or a low deep approach
(LDA) score. Similarly, depending on the student’s SA score relative to the mean value of the
group, they would be identified as either having a high surface approach (HSA) score or a low
surface approach (LSA) score.

The first quadrant Q; represents students who achieved a HDA and LSA score. The second
quadrant Q; represents students who achieved a HDA and HSA score. The third quadrant Qs
represents students who achieved a LDA and LSA score. The fourth quadrant Q4 represents

students who achieved a LDA and HSA score.

Students in Q are classified as having an overall deep approach towards their learning since
they have a HDA score and a LSA score. Students in Q4 are classified as having an overall
surface approach towards their learning since they have an HSA and a LDA score. Students in
Q2 and Qs are classified as strategic in their learning since they have been identified as having

either HDA and HSA or a LDA and LSA.
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Figure 6.1. Example of deep approach (DA) and surface approach (SA) distribution of
scores based on R-SPQ-2F questionnaire.

6.2.2.3 Observational session

Observational sessions were conducted with Group A (n = 6) and Group B> (n = 3). During
these sessions, students were instructed to complete one of the weekly pre-learning materials
under the researcher’s supervision. Students’ online behavioural engagement with each of the
pre-learning materials was monitored by recording the number of times each of the pre-learning
videos and pre-learning quizzes were accessed. Furthermore, the sequence of events in
students’ interaction with the pre-learning materials as they unfolded during the observational
sessions were noted and analysed as case studies. The approach to learning adopted by the
students’ during their interaction with the pre-learning materials was categorised based on
Entwistle’s (2000) characterisation features of surface, strategic, and deep approach (Table
6.2). The intention of these case studies is to provide an in-depth exploration of how students’
approach the weekly pre-learning material and whether their observed approach correlates with

their self-identified approach to learning that was derived from the R-SPQ-2F questionnaire.
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Table 6.2. Defining features of approaches to learning (extracted from Entwistle, 2000).

Surface approach Strategic approach Deep approach
Passively reproduction Reflective organising Actively transforming
Intention — merely to cope  Intention - to achieve the Intention - to understand
with course requirements highest possible grades by:  ideas for yourself by:

by:

Treating the course as Putting consistent effort into Relating ideas to previous
unrelated bits of knowledge studying knowledge and experience
Memorising facts and Managing time and effort Looking for patterns and
carrying out procedures effectively underlying principles
routinely

Finding difficulty in making Finding the right conditions = Checking evidence and

sense of new ideas and materials for studying relating it to conclusions
presented

Seeing little value or Monitoring the Examining logic and
meaning in either courses or effectiveness of ways of argument cautiously and
tasks set studying critically

Studying without reflecting  Being alert to assessment Being aware of

on either purpose or strategy requirements and criteria understanding developing

while learning

Feeling undue pressure and  Gearing work to the Becoming actively interested
worry about work perceived preferences of in the course content
lecturers

6.2.2.4 Interviews

Follow-up interviews were conducted by the researcher with the students who consented to the
observational sessions (n = 6) Group Bz (n = 3). A semi-structured interview was conducted
to elicit the reasons behind students’ adopted approach during the supervised observational
session and how these could influence their academic performance (See Appendix E). The
semi-structured interview questions build on those widely used to explore students’ approaches
towards learning but with a narrower focus on students’ interaction with the online pre-learning
materials (Bliuc, et al., 2010; Hamm & Robertson, 2010). For instance, students were asked to
verify their observed behaviour and expand on whether their described approach is typical of
their normal approach to learning. Depending on students’ responses, follow-up interview
questions focused on factors that may have encouraged or inhibited them to adopt a particular

approach to learning.
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6.3 Results

6.3.1 Participation rate for each junior and intermediate chemistry course

The overall participation rate across the three junior chemistry courses for Group A during
semester 1 was 23% (n = 386). For Group B:, the overall response rate across the three
intermediate chemistry courses for semester 1 was 18% (n = 48). The response rate for each

of the individual chemistry courses for Group A and Group B; are shown in Table 6.3.

Table 6.3. Response rate for each junior and intermediate chemistry course.

Group A Group B
Participants Participation Participants Participation
rate rate
n % n %
CHEM1001 116 20 CHEM2401 32 18
CHEM1101 214 23 CHEM2911 13 21
CHEM1901 56 28 CHEM2915 3 14
Total 386 23 Total 48 18

6.3.2 Approaches to learning preference in Group A

Students’ self-identified approach to learning was initially analysed at a cohort level by
combining responses to the R-SPQ-2F questionnaire from all three junior chemistry courses

(see Figure 6.2).

A one-way ANOVA showed a significant difference between the mean scores across the four

subscales of the R-SPQ-2F questionnaire [F3, 1540 = 621.33, p <0.001, d = 0.086].

A one-way ANOVA showed a significant difference between the mean scores across the two
main scales for the R-SPQ-2F questionnaire [Fi, 770 = 1012.07, p < 0.001, d = 0.086]. A post-
hoc Tukey’s #-test indicated that the mean score for the DA scale was significantly higher than

that of the SA scale.
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Figure 6.2. Distribution of R-SPQ-2F subscales and main scales values across Group A
(n =386).

Note. DM = deep motive, DS = deep strategy, SM = surface motive, SS = surface strategy,
DA = deep approach and SA = surface approach. Error bars represent standard errors.

Students’ self-identified approach to learning was analysed at a course level (see Figure 6.3).
A one-way ANOVA showed no significant differences between the mean scores for the DM,
DS and SM sub-scale of the R-SPQ-2F questionnaire between the three junior courses.
However, there was a significant difference between the mean score for the SS sub-scale [F2,
383 = 4.05, p < 0.05, d = 0.086]. A post-hoc Tukey's #-test indicated that the mean score for
CHEM1001 was significantly higher than CHEM1101 (see Table 6.4).

A one-way ANOVA showed no significant difference between the mean scores for the main
DA scale between the courses. However, there was a significant difference between the mean
scores for the main SA scale between the courses [F2, 383 = 3.62, p < 0.05, d = 0.086]. A post-
hoc Tukey's #-test indicated that the mean score for CHEM1001 was significantly higher than
CHEMI1101 (see Table 6.4).
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Figure 6.3. Distribution of R-SPQ-2F subscale and main scales values across junior
chemistry courses in Group A (n = 386).

Note. DM = deep motive, DS = deep strategy, SM = surface motive, SS = surface strategy,
DA = deep approach and SA = surface approach. Error bars represent standard errors.

Table 6.4. R-SPQ2F scores for junior chemistry courses.

Sub-scale Main scale
Surface strategy Surface approach
n M SD M SD
CHEM1001 116 2.94 0.52 2.63 0.54
CHEM1101 214 2.76 0.56 2.49 0.49
CHEM1901 56 2.74 0.59 2.44 0.53

Note. M = mean, SD = standard deviation.

6.3.2.1 Distribution of approaches to learning preference

The distribution of approaches to learning preference was analysed at a cohort level (see Figure
6.4). The scores are categorised in Q1-Q4 and depend on students’ relative DA and SA scores
from the mean values. The mean value for the DA was 3.64 and for the SA scale was 2.52. The
mean values plus the standard deviation for the DA was 4.10 and for the SA scale was 3.03.
The mean value minus the standard deviation for the DA was 3.18 and for the SA scale was

2.01 scale.
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The results indicated that most of the intermediate chemistry students self-identified their
learning approach to be deep as indicated in Qi (n = 120) or to be surface as shown in Q4 (n =

116). The remaining students were identified to be strategic in their learning as indicated in Q:

(n=172) and Q3 (n =78).
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Figure 6.4. Distribution of student scores based on the R-SPQ-2F questionnaire (n =
387) for Group A.

Note. HDA = high deep approach, LDA= low deep approach, HSA = high surface approach,
LSA = low surface approach. The orange line depicts the mean value for the DA (3.64) and
SA (2.52) scale. The grey line represents the mean values plus the standard deviation for the
DA (4.10) and SA (3.03) scale, the yellow line represents the mean value minus the standard
deviation for the DA (3.18) and SA (2.01) scale. Each blue dot represents the score of one
student and has two corresponding values one from the DA scale and one from the SA scale.

When examining the distribution of students’ approaches to learning on a course level, several
trends were observed (see Table 6.5). For CHEM 1001, most of the students self-identified their
learning approach to be surface as reflected in Q4 (n = 42). For CHEM1101 and CHEM 1901,
most of the students self-identified their learning approach to be deep as shown in Qi (n = 72)

and Q1 (n = 20) respectively.
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Table 6.5. Distribution of students” R-SPQ-2F self-identified approaches to learning on a
cohort level and course level in Group A.

Self-identified approach based on R-SPQ-2F questionnaire

Deep Strategic approach Surface

approach approach
n Qi Q> Q3 Q4
CHEM1001 116 28 24 22 42
CHEM1101 214 72 39 46 57
CHEM1901 56 20 9 10 17
Total 386 120 72 78 116

Note. Q1=HDA & LSA, Q2=HDA & HSA, Q3=LDA & LSA and Q4= LDA & HSA. HDA
= high deep approach, LDA = low deep approach, HSA = high surface approach, LSA = low
surface approach.

6.3.2.2 Approaches to learning and academic performance for Group A

Given that the overall sample size for each of the three junior chemistry courses is small and
few students are present in each of the quadrants, the analysis related to the impact of varying
approaches to learning on academic performance will only be explored at the full cohort level
(see Table 6.6). To analyse students’ academic performance, the pre-learning quiz score, end

of semester examination and overall theory course performance were used.

6.3.2.2.1 Academic performance of varying approaches to learning for Group A

The cohort data revealed that students in Qp performed better in the end of semester
examination and overall theory course performance (see Table 6.6). Students in Q2 performed
better in the pre-learning quizzes. A one-way ANOVA showed significant differences in the
academic performance for students in the pre-learning quizzes across the three approaches to

learning as identified by the four quadrants (Q;- Q,).
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Table 6.6. Academic performance of Group A across the varying approaches to learning
quadrants.

. . End of semester Overall theory course
Pre-learning quiz o
examination performance

n M SD M SD M SD
Qi 120 9.40 1.62 27.31 11.48 36.34 9.61
Q2 72 9.69 0.99 27.79 9.67 38.72 14.03
Qs 78 9.17 2.09 25.10 9.83 55.15 10.72
Q4 116 8.27 1.18 26.10 10.60 41.15 19.88

Note. M = mean, SD = standard deviation, Q; = HDA & LSA, Q=HDA & HSA, Q3=
LDA & LSA and Q4= LDA & HSA. HDA = high deep approach, LDA = low deep
approach, HSA = high surface approach, LSA = low surface approach.

6.3.2.3 Observational case studies for Group A
6.3.2.3.1 Case study 1

Based on the R-SPQ-2F questionnaire, the participant self-identified as HDA and LSA. From
the observational session, the participant’s behavioural pattern was BP3. The participant

accessed both pre-learning materials twice.

During the observation, the participant displayed characteristics of deep learning when
accessing the pre-learning video. Initially, they watched it making some reference notes. In
their second view, they focussed on certain sections related to the questions they answered
incorrectly from the quiz. Focusing on certain sections in their second video view could be
indicative of a deep approach as they may have been seeking clarification of a specific concept,
or a surface approach as they try to elicit the answer from the video. The participant’s comment
revealed that they initially access the video to “give me an idea on what we will cover during
class and good to know what will be covered in the quiz”. It was noted by the participant that

the videos “sometimes explain things in a simple way, and I find that they link well to the quiz .

A deep approach was also reflected in their quiz attempts. Initially, the participant attempted
the quiz and spent time reading the feedback provided for each question irrespective of their
selected answers. In the second quiz attempt, the participant made constant reference to the
notes made from the videos. Although the participant attempted the pre-learning quiz in a

thorough manner, their comments were not all positive: “quiz are straight forward sometimes
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the questions get repetitive, maybe because they are focusing on certain concept maybe in
future they can include more of a variety and make them a bit more difficult”. The participant
indicated that they read the feedback provided “because I might learn something in an easier

way than I originally thought so yeah it is there so why not”.

6.3.2.3.2 Case study 2

Based on the R-SPQ-2F questionnaire, the participant self-identified as HDA and LSA. From
the observational session, the participant’s behavioural pattern was BP4. The participant

watched the video twice and attempted the quiz once.

During the observation, the participant displayed characteristics of deep learning when
accessing the pre-learning materials. After watching the video for the first time, the participant
made some reference notes. They then re-watched the video before attempting the quiz. In their
only quiz attempt, the participant read each question and solved it by making references to the

video notes and reading the feedback provided after each question.

Interview responses supported the observed approach and the participant preferred to access
the videos before attempting the quiz “to get an idea about the content covered”. This approach
was perceived by the participant to be helpful in achieving a full score in the quizzes “by
watching the video I can make sure I understand the content really well before doing the quiz,

they are also nicely linked”.

6.3.2.3.3 Case study 3

Based on the R-SPQ-2F questionnaire, the participant was self-identified as LDA and HSA.
From the observational session, the participant’s behavioural pattern was BP;. The participant

did not access the videos and attempted the quiz eight times.

During the observation, the participant displayed characteristics of surface learning when
accessing the quiz. During the first three quiz attempts, the participant would answer a few
questions and restart the quiz. From the participant comments, it was revealed that they
restarted the quiz depending “on which question I get up to if I get the first few wrong, I start
again because I do not want to waste time doing all the questions”. During the next set of
attempts, the participant continued answering all the questions but for questions answered

incorrectly they hovered over the provided answers to see which option was correct. This
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observed behaviour is indicative of a surface approach as the participant was interested in the
answer rather than the feedback itself which is also reflected in the comment made “/ use the
cursor to have a look at what the answer was”. In the final two attempts, the participant
completed them in a slower pace and indicated that “if I get a 9 it is not worth it to do it again

togetal0”.

Moreover, the participant adopted a surface approach towards learning whilst only accessing
the quiz as they stated that “I prefer to learn by repeating the quiz and don’t feel I need to

access any of the other material”.

6.3.2.3.4 Case study 4

Based on the R-SPQ-2F questionnaire, the participant was self-identified as LDA and HSA.
From the observational session, the participant’s behavioural pattern was BP3. The participant

accessed both pre-learning materials once.

During the observation, the participant displayed characteristics of deep learning when
accessing the video. The participant paused at multiple intervals and wrote down key points.
During their quiz attempt, the participant was working out the questions on a notebook, making
referencing to the video notes taken before selecting an answer. Feedback for each of the quiz

questions was noted down irrespective of the selected answer.

Interview responses revealed that the participant chose to approach their learning in this way
as they perceived “the concepts are addressed in both the video and quiz”. It was essential for
them to be efficient in their learning “instead of guessing and checking [ watch the video and
take my time when doing the quiz”. The participant also noted that the feedback “is very helpful,
it gives you trick on how to solve certain questions which is useful later on when we have to

the tutorial quizzes and other assessment”.

6.3.2.3.5 Case study 5

Based on the R-SPQ-2F questionnaire, the participant self-identified as HDA and HSA. From
the observational session, the participant’s behavioural pattern was BP>. The participant

watched the video twice and attempted the quiz twelve times.
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During the observation, the participant displayed characteristics of both surface and deep
learning when accessing the quiz. During the first few attempts, the participant completed all

ten questions irrespective of whether they got the correct or incorrect answer.

The participant explained that they like to become familiar with concepts addressed and
depending on the weekly concepts “sometimes I do parts of the quiz and other times I do the
whole thing ”. The participant also indicated the reason behind the multiple attempts was that
“I try to get full marks after a few times and if I do, I don’t watch the video™. This is indicative
of a surface approach as the participant is being selective in the way they are engaging with the
learning material and, instead of accessing both pre-learning material, they are selecting which
approach they adopt based on their needs. The participant would access the videos as a learning
tool only to extract the knowledge that is related to the questions previously answered

incorrectly.

In the final two quiz attempts, the participant displayed a deep approach towards their learning.
For each question, they would write down their solution on a paper and then select the
appropriate answer from the available options provided. The main reason given for this was
that “at times I want to test myself and check that I know I can solve them in case we need them

for other exams”.

6.3.2.3.6 Case study 6

Based on the R-SPQ-2F questionnaire, the participant self-identified as HDA and HSA. From
the observational session, the participant’s behavioural pattern was BP>. The participant

watched the video once and attempted the quiz five times.

During the observation, the participant displayed characteristics of both surface and deep
learning when accessing the quiz. During the first four attempts, the participant completed all
ten questions irrespective of whether they got a correct or incorrect answer. The participant
noted the questions they got incorrect in each of these attempts. The participant then watched
the video and tried to elicit the responses of the questions they incorrectly answered in the

earlier attempts. Several points were noted before their last attempt.

During the last quiz attempt, the participant completed each question by referring to the notes

they gathered from the videos and previous mistakes they made in the earlier attempts.
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Interview responses indicated that the participant combined strategies that are indicative of
both deep and surface learning, “the way I do them works for me I get to see what the questions
are like and then look for what I am missing in video and start again”. In one way, the
participant was adopting a procedural approach to gather the answer while also looking for

patterns between the concepts presented.

6.3.3 Approaches to learning preference in Group B>

Students’ self-identified approach to learning was initially analysed at a cohort level by
combining responses to the R-SPQ-2F questionnaire from all three intermediate chemistry
courses (see Figure 6.5). One-way ANOVA results showed a significant difference between
mean scores across the four subscales of the R-SPQ-2F questionnaire [F3,183 =33.29, p <0.001,
d = 0.086]. A one-way ANOVA showed a significant difference between mean scores across
the two main scales for the R-SPQ-2F questionnaire [Fi94 = 40.89, p < 0.001, d = 0.086]. A
post-hoc Tukey's #-test indicated that the mean score for the DA scale was significantly higher

than that of the SA scale.
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Figure 6.5. Distribution of R-SPQ-2F subscale and main scales values across
intermediate chemistry courses in Group B: (n = 48).

Note. DM = deep motive, DS = deep strategy, SM = surface motive, SS = surface strategy,
DA = deep approach and SA = surface approach. Error bars represent standard errors.
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Students’ self-identified approach to learning was analysed at a course level (see Figure 6.6).
A one-way ANOVA showed no significant differences between mean scores for the DM, DS
and SM sub-scales of the R-SPQ-2F questionnaire between the three intermediate courses.
However, there was a significant difference between the mean score for the SS sub-scale [F2,45
= 5.81, p < 0.001, d = 0.086]. A post-hoc Tukey's #-test indicated that the mean score for
CHEM?2401 was significantly higher than CHEM2915 (see Table 6.7).

A one-way ANOVA results showed no significant difference between mean scores for the main
DA scale between the courses. However, there was a significant difference between mean
scores for the main SA scale between the courses [F245 = 5.81, p <0.001, d = 0.086]. A post-

hoc Tukey's #-test indicated that the mean score CHEM2401 was significantly higher than
CHEM2911 (see Table 6.7).
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Figure 6.6. Distribution of R-SPQ-2F subscale and main scales values across each
intermediate chemistry course, CHEM?2401 (n = 32), CHEM2911 (n = 13) and
CHEM2915 (n = 3) in Group B».

Note. DM = deep motive, DS = deep strategy, SM = surface motive, SS = surface strategy,
DA = deep approach and SA = surface approach. Error bars represent standard errors.
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Table 6.7. R-SPQ2F scores for intermediate chemistry courses in in Group Bo.

Sub-scale Main scale
Surface strategy Surface approach
n M SD M SD
CHEM1001 32 3.15 0.48 2.84 0.43
CHEM1101 13 2.82 0.62 2.47 0.54
CHEM1901 56 2.2 0.2 2.23 0.25

Note. M = mean, SD = standard deviation.

6.3.3.1 Distribution of approaches to learning preference

The distribution of approaches to learning preference was analysed at a cohort level (see Figure
6.7). The scores are categorised in Qi- Qs and depend on students’ relative DA and SA scores
from the mean values. The results indicated that the majority of the intermediate chemistry
students self-identified their learning approach to be deep as indicated in Qi (n = 16) or to be
surface as shown in Q4 (n = 13). The remaining students were identified to be strategic in their

learning as indicated in Q2 (n = 11) and Q3 (n = 8).

When examining the distribution of students’ approaches to learning on a course level, a variety
of trends were observed (see Table 6.8). For CHEM2401, most of the students self-identified
their learning approach to be surface as reflected in Q4 (n = 10). For CHEM2911 and
CHEM2915, most of the students self-identified their learning approach to be deep as shown
Qi1 (n=15) and Qi (n = 3) respectively.
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Figure 6.7. Deep approach (DA) and surface approach (SA) distribution of score based
on the R-SPQ-2F questionnaire for each student in Group B> (n = 48).

Note. HDA = high deep approach, LDA= low deep approach, HSA = high surface approach,

LSA = low surface approach. The orange line depicts the mean value for the DA (3.35)

and

SA (2.70) scale. The grey line represents the mean values plus the standard deviation for the
DA (3.85) and SA (3.20) scale, the yellow line represents the mean value minus the standard

deviation for the DA (2.85) and SA (2.21) scale. Each blue dot represents the score of

one

student and has two corresponding values one from the DA scale and one from the SA scale.

Table 6.8. Distribution of students” R-SPQ-2F self-identified approaches to learning on a
cohort level and course level in Group Bo.

Deep . Surface
approach Strategic approach approach
n Qi Q> Q3 Q4
CHEM2401 32 8 9 5 10
CHEM2911 13 5 2 3 3
CHEM2915 3 3 - - -
Total 48 16 11 8 13

Note. Q1=HDA & LSA, Q:=HDA & HSA, Q3=LDA & LSA and Q4= LDA & HSA,
HDA = high deep approach, LDA = low deep approach, HSA = high surface approach,
LSA = low surface approach.
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6.3.3.2 Approaches to learning and academic performance for Group B;

Given that the overall sample size for each of the three intermediate chemistry courses is small
and few students present in each of the quadrants, the analysis related to the impact of varying
approaches to learning on academic performance will only be explored at the full cohort level
(see Table 6.9). To analyse students’ academic performance, the pre-learning quiz score, end

of semester examination and overall theory course performance were used.

6.3.3.2.1 Academic performance of varying approaches to learning for Group B;

The cohort data revealed that students in Q» performed better in the pre-learning quizzes.
Students in Qi performed better in the end of semester examination and overall theory course
performance (see Table 6.9). A one-way ANOVA, however, showed no significant differences
in academic performance for students in the pre-learning quiz score, end of semester
examination and overall theory course performance when comparing the three approaches to

learning as identified in the four quadrants.

Table 6.9. Academic performance of Group B: across the varying approaches to learning
quadrants.

End of semester Overall theory course
Pre-learning quiz o
examination performance
n M SD M SD M SD
Qi 16 86.56 22.12 72.68 17.96 56.34 11.61
Q2 11 98.18 6.03 60.99 19.56 50.72 11.03
Qs 8 95 7.56 64.49 19.82 52.55 11.47
Q4 13 92.69 12.35 53.83 26.02 45.65 16.68

Note. M = mean, SD = standard deviation. Q; = HDA & LSA, Q=HDA & HSA, Q3=
LDA & LSA and Q4= LDA & HSA, HDA = high deep approach, LDA = low deep
approach, HSA = high surface approach, LSA = low surface approach.

6.3.3.3 Observational case studies for Group B:
6.3.3.3.1 Case study 1

Based on the R-SPQ-2F questionnaire, the participant self-identified as HDA and LSA. From
the observational session, the participant’s behavioural pattern was BP3. The participant

accessed both pre-learning materials once.
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During the observation, the participant displayed characteristics of deep learning when
accessing the pre-learning materials. While watching the video, the participant paused at
multiple intervals and made some notes. During their quiz attempt, the participant would read
each question and solve it on a notepad. Once an answer was selected, the participant referred

to the video notes to confirm their answer before submitting it.

The participant explained that they like to become familiar with the concepts addressed and the
notes are helpful “to get background knowledge of what will be covered that week . The
participant also highlighted that the summary notes made from the videos “are there if I need
them for revision”. The participant accessed the quiz after the video to relate the ideas and
make an informed selection of their answer. The participant did not use the feedback provided
as selected answers were correct throughout their quiz attempt. In other weeks, they stated that
“I add the feedback from the questions I did not get right to my notes just in case I need them
later”. This is indicative of a deep approach as the participant is actively looking for patterns

and underlying principles across the various learning resources.

6.3.3.3.2 Case study 2

Based on the R-SPQ-2F questionnaire, the participant self-identified as LDA and LSA. From
the observational session, the participant’s behavioural pattern was BPi. The participant

accessed the quiz 15 times.

During the observation, the participant displayed characteristics of surface learning when
accessing the quiz. In the first 13 attempts, no clear pattern was noted in the participant’s
attempts with them stopping at random intervals once they had answered a couple of questions
incorrectly. In the 14 attempt, the participant thoroughly completed the quiz answering all the
questions. In their last attempt, the participant completed all the quiz questions and made some
reference to the feedback provided. This is indicative of a surface approach as the participant
was attempting to complete the quiz by simple trial and error without reflecting on the

questions.

The participant explained “I try to learn by repeating them, you know it is easy to check the
answers, so I try to remember which one I got wrong”. They also noted that they dedicate a
small amount of time to complete the quiz “I have other things to do so I don’t spend a lot of

time on them and by the end I am happy with any mark it is better than not doing them”.
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6.3.3.3.3 Case study 3

Based on the R-SPQ-2F questionnaire, the participant self-identified as HDA and HSA. From
the observational session, the participant’s behavioural pattern was BP>. The participant

accessed the video once and attempted the quiz three times.

During the observation, the participant displayed characteristics of both surface and deep
learning when accessing the quiz. The participant initially viewed the video and left it open in
the background while attempting the first quiz. From this, the participant wrote down which
segments of the videos related to the quiz questions. It was observed that the student would

also write down the feedback from questions irrespective of their selected answer.

During the next quiz attempts, the participant referred to the notes from the videos and the
feedback from the first attempt. After the second quiz attempt, the participant added a few
additional points before their final quiz attempt. In their last quiz attempt, the participant
refereed to all the notes they had before selecting an answer. The participant explained that
they like to refer to their notes “gives you good tips that you can use”. The participant found
that accessing the video in this way allows them to “I can focus on which part of the video 1

need to focus on instead of looking at it first”.

6.3.3.4 Behavioural engagement and approaches to learning

Students’ behavioural engagement (as identified in Chapter 4) was classified as adopting either
a deep or surface approach to learning based on their displayed behavioural pattern (as
identified in Chapter 5). Several hypotheses were proposed to relate students’ self-identified
approach to learning with their level of engagement and displayed behavioural pattern (see
Table 6.10). These hypotheses were also informed by the data gathered from students’

observational sessions and follow-up interview responses.

Students’ self-identified approaches to learning were correlated with their levels of engagement
(low, moderate, and high). While students of varying levels of engagement could have self-
identified as any approach to learning, some general assumptions were made based on the
contextual nature of the reported partially flipped learning model. It was proposed that higher
levels of engagement would be associated with an increased tendency towards adopting a deep

approach to learning.
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Students’ self-identified approaches to learning were also correlated with their behavioural
patterns (BP; to BPs). The criteria used was highly context specific, and students’ behavioural
patterns were classified based on the assumption that they were expected to complete both pre-
learning materials. For instance, it was assumed that those who displayed BP1 would be highly
surface in their approach to learning as repeating the quiz multiple times without engaging with
the video would be indicative of them relying on the ability to repeat questions as many times
as they liked as part of the design of the quiz. However, if BP; was analysed with reference to
students’ engagement with only the quizzes without considering the videos, this behavioural
pattern could be reflective of any self-identified approach and may not necessarily be indicative
of a surface approach. This might be the case for several assumptions proposed in the
subsequent section. It is essential to emphasise that these assumptions were made on the basis

that the preferred behavioural pattern is for students to access both pre-learning materials.

Students who displayed BP; are classified as having a surface approach towards their learning
as they opted to attempt the quiz more frequently than the pre-learning videos. It was assumed
that although these students watched the videos, they relied on the ability to repeat questions
in the quiz. Students who displayed BPs are classified as having a deep approach towards their
learning; they accessed both pre-learning materials equally. Students who displayed BP4 are
classified to have a highly deep approach towards their learning as they choose to access the
videos more than the quizzes, which implies they were gathering information from the videos
rather than relying on repeating questions in the quiz. Students who displayed either BPs or
BPs were not classified in terms of their approach to learning as BPs was not reflected in the
data and since BPg reflects no interaction with any of the pre-learning materials, it was not
feasible to distinguish whether these students adopted a surface or deep approach towards their

learning, so they were classified as unengaged.
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Table 6.10. Behavioural pattern link with approaches to learning.

Behavioural Behavioural type Description Approaqhes to
pattern learning
Q BP, Quiz was only accessed Highly Surface
Quiz was more frequently
Q>V BP» accessed when compared to Surface
the video
_ Quiz was equally accessed to
Q BPs the video Deep
Video was more frequently
V>Q BP4 accessed when compared to Highly Deep
the quiz
\Y BPs Video was only accessed -
N/A BP; Neither of the quiz or video Unengaged

were accessed

Note. Q = quiz, V = video.

6.3.3.4.1 Difference in academic performance of varying approaches to learning across
engagement groups

Students were categorised into three groups according to their level of engagement (as

identified in chapter 4). Table 6.11 and Table 6.12 show the distribution of approaches to

learning. Of the students in the study, the majority were highly engaged (n = 24) with the

remaining moderately engaged (n = 14) or low engaged group (n = 10).

For the low engaged group, students who were classified to be strategic in their learning (i.e.,
identified in Q3) performed better than those that adopted a deep or surface approach in the
pre-learning quiz, end of semester examination and overall theory course performance. A one-
way ANOVA, however, showed no significant differences in academic performance of low
engaged students in the pre-learning quiz, end of semester examination and overall theory
course performance when comparing the three approaches to learning as identified in the four

quadrants.

For the moderately engaged group, students who were classified to be strategic in their learning
(i.e., identified in Q3) performed better than those that adopted a deep or surface approach in
the pre-learning quiz. Students who were classified to have a deep approach (Q:) performed
better than the rest in the end of semester examination and the overall theory course

performance. A one-way ANOVA, however, showed no significant differences in academic

229



performance of moderately engaged students in the pre-learning quiz, end of semester
examination and overall theory course performance when comparing the three approaches to

learning as identified in the four quadrants.

For the highly engaged group, students who were classified as strategic in their learning (i.e.,
identified in Q) performed better than those that adopted a deep or surface approach in the
pre-learning quiz. Students who were classified to have a deep approach (Q1) performed better
than the rest in the end of semester examination and the overall theory course performance. A
one-way ANOVA, however, showed no significant differences in academic performance of
highly engaged students in the pre-learning quiz, end of semester examination and overall
theory course performance when comparing the three approaches to learning as identified in

the four quadrants.

Table 6.11. Distribution of students’ R-SPQ-2F questionnaire self-identified approaches to
learning on a cohort level across engagement groups for Group Bo.

Deep . Surface
approach Strategic approach approach
n Qi Q> Q3 Q4
LE 10 5 - 2 3
ME 14 3 3 3 5
HE 24 8 8 3 5
Total 48 16 11 8 13

Note. Q1=HDA & LSA, Q2= HDA & HSA, Q3=LDA & LSA and Q4= LDA & HSA. HDA
= high deep approach, LDA = low deep approach, HSA = high surface approach, LSA = low
surface approach. LE = low engagement, ME = moderate engagement, HE = high
engagement.
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Table 6.12. Academic performance across the varying approaches to learning across varying
engagement groups.

Overall theory
. . End of semester
Low engagement Pre-learning quiz examination course
performance
n M SD M SD M SD
Q 5 65 29.58 65.51 18.22 49.46 9.37
Q2 0 _ _ _ _ _ -
Qs 2 85 707 6889 1111 5439 540
Q4 3 80 17.32 40.38 3297 36.88 2231

Moderate engagement

n M SD M SD M SD
Q 3 9627 577 6619 2093 5418  12.80
Q2 3 9333 1155 4053 1464 3840 6.4l
Qs 3 100 4739 2125 4251 1206
Q4 5 93.00 1095 4665 2824 4103  17.05
High engagement
n M SD M SD M SD

Qi 8 86.56 2212 7268 1796 5634  11.61
Q2 8 98.18  6.03 6099 1956 5072  11.03
Qs 3 95 756 6449  19.82 5255 1147
Q4 5 92.69 1235 5383 2602 4565  16.68

Note. M = mean, SD = standard deviation, Q; = HDA & LSA, Q=HDA & HSA, Q3=
LDA & LSA and Q4= LDA & HSA, HDA = high deep approach, LDA = low deep
approach, HSA = high surface approach, LSA = low surface approach.

6.3.3.4.2 Difference in academic performance of varying approaches to learning across
behavioural groups

Students were categorised into their behavioural pattern groups (as identified in Chapter 5).

Table 6.13 and Table 6.14 show the distribution of approaches to learning. For the students

analysed, the majority adopted BP> (n = 24) meaning they accessed the quiz more frequently

than the videos. The remaining students adopted BP; (n = 7); they accessed the pre-learning
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materials equally. There was one student in each of the remaining behavioural pattern groups
(BP1, BP4 and BPs). A one way-ANOV A was carried out only for BP> and BP3 as the remaining

behavioural pattern group sample sizes did not allow for statistical analysis.

Students who adopted BP», and self-identified to use a strategic approach in their learning (i.e.,
identified in Q) performed better in the pre-learning quiz when compared to the remaining
self-identified approaches. Students who were classified to have a deep approach (Qi)
performed better than the rest in the end of semester examination and overall theory course
performance. One-way ANOVA results, however, showed no significant differences in
academic performance for students who adopted BP; in the pre-learning quiz, end of semester
examination and overall theory course performance when comparing the three approaches to

learning as identified in the four quadrants.

Students who adopted BP3, and self-identified to use a strategic approach in their learning (i.e.,
identified in Q2) performed better approach in the pre-learning quiz, end of semester
examination and overall theory course performance when compared to students who adopted
a deep or surface approach. One-way ANOVA results, however, showed no significant
differences in academic performance for students who adopted BP; in the pre-learning quiz,
end of semester examination and overall theory course performance when comparing the three

approaches to learning as identified in the four quadrants.

Table 6.13. Distribution of students’ R-SPQ-2F questionnaire self-identified approaches to
learning on a cohort level across engagement groups for Group Bo.

Deep . Surface
approach Strategic approach approach

n Qi Q> Q3 Q4
BP; 1 1 - - -
BP; 38 9 10 6 13
BP; 7 4 1 2 -
BP4 1 1 - - -
BPs 0 - - - -
BPs 1 1 - - -

Note. Q1=HDA & LSA, Q:=HDA & HSA, Q3=LDA & LSA and Q4= LDA & HSA.
HDA = high deep approach, LDA = low deep approach, HSA = high surface approach,
LSA = low surface approach, BP = behaviour pattern where BP; = Q, BP,=Q >V, BP3; =
Q=V,BPs=Q<V,BPs=V, BPs=N/A, where Q represents frequency of quiz access
and V represents frequency of video access.
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Table 6.14. Academic performance across the varying approaches to learning across varying
engagement groups.

Pre-learning quiz End of semester OVGZ?)ﬂrtsl;eow
examination performance

BP> n M SD M SD M SD
Qi 9 93.89 11.67 69.04 19.88 55.10 12.88
Q2 10 98 6.33  59.30 19.76 49.78 11.14
Qs 6 95 837  65.83 22.87 53.09 13.18
Q4 13 92.69 12.35 53.83 26.02 45.65 16.68
BP3; n M SD M SD M SD
Q 4 85 9.15 71.51 18.43 54.83 13.18
Q 1 100 77.89 60.18
Qs 2 95 7.07 60.49 9.62 50.94 6.71

Note. Q1=HDA & LSA, Q:=HDA & HSA, Q3=LDA & LSA and Q4= LDA & HSA.
HDA = high deep approach, LDA = low deep approach, HSA = high surface approach,
LSA = low surface approach, BP = behaviour pattern where, BP, =Q >V, BP; =Q =1V,
where Q represents frequency of quiz access and V represents frequency of video access.

6.3.3.4.3 Distribution of behavioural pattern across the engagement groups for Group B;

The distribution of behavioural patterns across the three engagement groups is presented in
Table 6.15. The dominant behavioural pattern across the three engagement groups was a

surface approach towards learning as indicated by the adopted behavioural pattern BP»,

Table 6.15. Distribution of behavioural pattern across the engagement groups.

LE ME HE
BP; 1 - -
BP; 7 13 18
BP; 1 1 5
BP4 - - 1
BPs 1 - -
Total 10 14 10

Note. BP1 =Q,BP,=Q>V,BP; =Q=V,BP4=Q <V, BP;s =V, BPs = N/A, where Q
represents frequency of quiz access and V represents frequency of video access, HE = high
engagement, ME = moderate engagement, LE = low engagement.
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6.4 Discussion

6.4.1 Students’ approaches to learning in the online component of a
partially flipped learning model

This chapter explored students’ self-identified approaches to learning as measured by the R-
SPQ-2F questionnaire and its relationship with academic performance. Initial analysis
comparing cohort level responses for Group A and Group B: revealed that the mean scores for
students on the DA scale of the two main scales of the questionnaire were significantly higher
than for those on the SA scale. A recent study analysing life science students’ approaches to
learning also showed significantly higher DA scores when compared to SA scores, which
generally implied that students preferred to adopt an approach to learning that is more focused

on understanding the course material than the course grade (Leiva-Brondo et al., 2020).

Another study on students’ approaches to learning in a flipped learning model (Jeong et al.,
2019) also using the R-SPQ-2F questionnaire found that by the end of the semester students
had a general inclination towards a deep approach, as the number of students adopting a DA to
learning increased whereas those that adopted a SA to learning decreased. Although similar
findings are reported here, it should be noted that Jeong’s et al. (2019) results were based on
comparing students’ questionnaire responses pre-and post-course completion. The findings
described here did not quantitively examine changes in students’ approaches to learning over
the duration of a course. One of the factors that led to the shift in students’ approach to learning
was suggested to be related to the course design, specifically the teaching and learning

resources embedded in the flipped learning environment (Zeegers, 2001).

Nijhuis et al. (2008) found that, within the same cohort of student, there are two clusters; one
that is fixed in their adopted approach and is not influenced by changes in their learning
environment and another that might easily adapt and respond to changes. This indicates that
the course design of the partially flipped learning model might not necessarily influence the
learning approaches of all students, but it may partially guide some to adopt a particular
approach. Preliminary qualitative data will be presented in subsequent sections in the form of
observational case studies supported with student interviews to examine the link between
students’ self-identified approach and their implemented learning approach. This has practical
implications for future research as it helps to better understand the degree in which the partially

flipped learning model may influence students to adopt a particular approach, the motivating
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factors behind students’ adopted approach, and how their learning strategies may impact their

academic performance.

Further analysis at a course level showed no significant differences for the main DA scales but
significant differences were observed for the main SA scale. The mean score of Group A for
the main SA scale was significantly higher for the fundamentals course when compared to the
mainstream course. The mean score of Group B> for the main SA scale was significantly higher
for the mainstream course when compared to the advanced course. One of the possible
explanations for the observed differences may also be related to individual differences, such as
students’ academic ability and their prior knowledge of chemistry. In Group A, students
enrolled in the fundamentals course generally have no to minimal chemistry background
compared to those in mainstream course who would have at least completed senior high school
chemistry. Similarly, in Group B students enrol in the different intermediate chemistry courses
based on their previous academic performance in the junior courses. Students in the advanced
course are perceived to have a stronger chemistry background when compared to those in the
mainstream course. This may partially explain the relatively high SA scores observed in the
chemistry courses where students’ background knowledge is relatively weaker than the

remaining courses.

The sub-scale that contributed to the observed course differences in the main SA scale was the
surface strategy, which refers to the learning methods used by the students (Biggs, 1993). These
results, in conjunction with the differences observed in the main SA scale, suggest that a
potential contextual factor that may have influenced the adopted approach is related to course
design. Since the same online pre-learning materials were used across the different chemistry
course levels, they might not have catered for the varying learning needs of the students.
Another possible factor is the question format of the pre-learning quizzes. The nature of the
questions embedded in the quizzes may have influenced students’ adopted approaches along a
continuum of cognitive thinking requirements, where simple factual recall questions may
encourage the adoption of a surface approach whereas evaluating questions may support a deep

approach.

Socha and Sigler (2014) propose that students need support in selecting which strategy to adopt
in their learning. Thus, guidance and explicit instructions embedded in the learning
environment are necessary for developing students’ learning strategies and encouraging them

to opt for deep learning (Leiva-Brondo et al., 2020). While students in the reported partially
235



flipped learning model were instructed to complete the pre-learning materials by the end of

each week, no further data was collected to examine this further.

To encourage students to adopt a deep approach towards learning future implementation of the
courses should consider; (1) providing a range of appropriate online pre-learning material to
better suit the learning needs of all the students and (2) inclusion of a post-learning quiz. This
may be achieved by adjusting the complexity of the quiz, through a range of levels of questions
(Bloom’s Taxonomy) or a variety of quiz formats. Limited research has reported on the use of
a post-learning quiz, it has been suggested that it may be used as an additional learning resource
to ‘link’ the knowledge presented during the in-class session before engaging in the next set of

pre-learning activities (O’Flaherty & Philips, 2015).

Comparison of individual students’ DA and SA distribution scores revealed that the largest
group self-identified to be strategic learners, with 39% in Group A and 40% in Group Ba. The
remaining students self-identified as adopting a deep approach (Group A: 31% Group B2: 33%)
or a surface approach (Group A: 30% Group Bz: 27%). This is consistent with previous
research that holistically examined students approach to learning a flipped classroom which
indicated that students who adopted a strategic approach tend to combine surface and deep
learning strategies (Leiva-Brondo et al., 2020). It has been proposed that students alternate
between DA and SA approach depending on the characteristics of the task (Jovanovi¢ et al.,
2017). Generally, students interact with the online pre-learning material in a surface manner to
facilitate a deep approach when they engage with the active in-class learning material
(Sigurdardottir & Heijtra, & 2020). Although the findings reported in this thesis focus on
students approaches to learning towards the online pre-learning material, similar inferences for
this model can be drawn. Students who self-identified to be strategic learners may have, in each
week, interacted with the online pre-learning material in either a surface or deep manner.
Although the results presented in this thesis do not provide adequate evidence to support the
proposition that a partially flipped learning model promotes a deep approach and active
learning opportunities (Danker, 2015; McLean et al., 2016), it appears that the online pre-
learning materials enabled the adoption of either a deep, surface or a strategic approach towards

learning depending on the students’ self-identified preference.

Further investigations, including weekly observations or weekly self-reflections, would be
useful to better understand why students chose a certain approach, and to determine if the

weekly chemistry concepts delivered in the pre-learning material may have encouraged them

236



to alter their approach. It can also provide valuable insight on how the pre-learning materials
can help develop students’ metacognitive skills, which can enhance their learning experience
in a flipped learning environment (Limueco & Prudente, 2019). Another potential factor that
may have influenced the distribution of the approaches to learning is that students may not
have perceived that the online pre-learning material required deep learning, so a surface or
strategic approach may have been considered sufficient to achieve the desired outcomes.
Subsequent sections will explore how students’ online behavioural engagement level and their
exhibited behavioural pattern differ across the various self-identified approaches to learning

and how these relate to academic performance.

When analysing the relationship between students’ self-identified approach to learning and
academic performance, significant differences were only observed on a cohort level in Group
A. The lack of observed differences in Group B> may be related to the relatively small sample
size with fewer students dispersed across the four quadrants. In Group A, the results showed
that strategic learners performed significantly better in their quiz score when compared to
surface learners. Students who self-identified to be strategic learners were mainly in Q2 which
suggests they combined both surface and deep learning strategies as indicated by their high
mean score values for the DA and SA scales. Previous studies have predominately examined
the relationship between students’ learning approach and their overall academic performance
rather than also considering other academic measures such as students’ performance in the
overall online pre-learning quizzes. Despite this, the meta-analysis by Richardson et al. (2012)
found a small positive correlation between both deep and strategic approaches to learning and
academic performance, with a surface approach observed to be negatively correlated with

academic performance.

The results reported by Jeong et al. (2019), which also used the R-SPQ-2F questionnaire,
revealed a positive correlation between the difference in the DA-SA scores and academic
performance. These results, in conjunction with the findings presented in this thesis suggest
that there is an association between the learning strategies that students self-identified and their
academic performance. However, further research is warranted to observe these trends on a
larger scale to be able to draw inferences on the effect of learning approach across a range of

academic measures in a partially flipped learning model.

Comparison of students’ self-identified approach to learning with their displayed behavioural

pattern, supported by their self-described approach obtained from their interview responses,
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provided valuable qualitative insight to corroborate how students approach the online
component of the partially flipped learning model and the reasons behind their learning
strategies. From the observational case studies conducted in Group A (n = 6), the two cases
who self-identified to adopt a deep approach displayed deep learning behavioural as identified
by their behavioural pattern (BP2) and supported by their interview responses. The two cases
who self-identified to adopt a strategic approach, displayed both deep and surface strategies
towards their learning. For the two cases who self-identified to adopt a surface approach, one
displayed a surface learning preference whereas the other displayed a deep approach towards
their learning. From the observational case studies conducted in Group B (n = 3), each of the
three cases displayed their self-identified approach in their learning behaviour with the online

pre-learning material.

These findings are consistent with Hamm and Robertson (2010) who also compared students
self-identified learning preference for a multimedia assessment. Whilst no clear inferences
were drawn, it was suggested that students adopted both deep and surface learning strategies
based on their personal preferences instead of adopting a deep approach as originally intended.
As reported from their interviews, the findings here provide some insight on the range of factors
that contribute to a student’s adopted approach. Generally, students who self-identified to adopt
a deep or surface approach clearly articulate the motivating factors behind their approach which
mainly reflected their intrinsic motivation towards learning, for example, gaining a
foundational understanding prior to attending the in-class session or a revision tool to
consolidate and refine conceptual knowledge. Of those who adopted a surface approach, some
did not perceive the pre-learning material to be useful whilst others interact with them to merely

receive the associated grades.

The motivating factors for students who self-identified to be strategic learners combined some
of the factors above but also highlighted that the nature of the chemistry concepts delivered in
the weekly pre-learning material influenced their adopted approach. Similar findings from the
interview responses, were reported by Hamm and Robertson (2010) which also provided
students with a description of the characteristics of surface and deep leaners prior to the
interviews, to ensure that students were consistent in describing their approach to learning.
Future investigations using interview methods reported by Hamm and Robertson (2010) could
ensure that students responses are semi-structured whilst also providing them the opportunity

to expand and justify the reasons behind their adopted approach. To further understand why
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students chose their self-identified approach and its relationship with their self-described
approach, it may also be worth investigating how the same student approaches the online pre-
learning material at different intervals over the course of the semester rather than conducting
one observational session that could have been influenced by the nature of the weekly
chemistry concepts. In addition, future investigations could examine a larger sample of students
to gain a better understanding of the diverse learning strategies adopted by students of varying

DA and SA responses.

6.4.2 Comparison of students’ identified approach to learning with their
behavioural engagement and behavioural pattern with the online
component and its impact on academic performance

Comparison of students’ self-identified approach to learning (deep, strategic, or surface) with
respect to the students’ (1) engagement level (low, moderate, and high) and (2) behavioural
pattern (BP1 to BPs) demonstrated that there are no significant differences in their academic
performance as measured by their quiz score, end of semester examination and overall theory
course performance. It was anticipated that higher levels of engagement would be associated
with an increased tendency towards adopting a deeper approach to learning. This, however,
was not the case. Instead, the data for Group B2 revealed that low engaged students mainly self-
identified adopting a deep rather than a surface approach to learning. The data also revealed
that moderately and highly engaged students self-identified as strategic in their learning.
Although highly engaged students classified to be strategic rather than deep learners, most were

categorised in Q2 as having high scores across both the DA and SA scales.

The results presented in this thesis are somewhat preliminary and highly context specific.
Several factors may have contributed to the apparent lack of association between students’ self-
identified approach, their level of engagement, displayed behavioural pattern and their
academic performance. The relatively small sample size of Group B> may prevent the findings
from being extrapolated, therefore future research should increase the sample size to identify
the significance of the observed changes and to potentially draw any causal links between the
various parameters. The observational case studies discussed in Section 6.4.1 provided a
limited but valuable insight into why these students may have self-identified for a particular
approach to learning and how it related to their behavioural engagement. The students’

engagement level did not align with the predicted learning approach. Instead, the results in
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general revealed that students with higher levels of engagement tend to favour adopting a

strategic approach towards learning.

Extensive research suggests that engagement can influence students approaches to learning and
lead to improved academic performance (Floyd, Harrington, & Santiago, 2009; Hava, 2021;
Lee et al., 2018). Whilst no significant change in academic performance was detected between
students’ self-identified approaches to learning and engagement level, previous findings
discussed in Chapter 4 revealed that higher levels of engagement with the pre-learning material
led to significant improvements in academic performance and a reduction in failure rates. The
findings reported in this thesis focused exclusively on behavioural engagement. Future research
could explore the multi-dimensional nature of engagement as the affective, cognitive, and
behavioural constructs are intertwined and may affect different aspects of students learning
outcomes (Floyd et al., 2009; Lee et al., 2018). Lee et al. (2018) found several relationship
pathways between engagement and learning outcomes and proposed that affective engagement
directly effects learning outcomes and indirectly affects them through cognitive and
behavioural engagement. Their results, in conjunction with those of Floyd et al. (2009), reveal
that perceived course value is a leading affective factor that can influence students’ behavioural
engagement (their level of interaction with the learning material) and their cognitive
engagement (the effort they are willing to exert in the learning process). Students who perceive
the learning materials to be relevant, meaningful, and closely aligned with their personal
learning goals are more likely to be motivated to engage with the assigned tasks, which can
potentially lead to deep learning (Hava, 2021). However, these parameters may not necessarily
directly relate to one another, as a student can be fully engaged yet may not find the course of
value and might demonstrate their level of engagement by either using deep or surface learning

strategies.

Biggs (1999) seminal work of “What the Student Does: teaching for enhanced learning”
proposed that students’ level of engagement is influenced by a two-way interaction between
the learning activities embedded in the teaching method, and the students’ academic
orientation. As Figure 6.8 shows, ‘academic’ students will often display a deep approach
towards learning as measured by higher levels of engagement irrespective of the teaching
methods used. For ‘non-academic’ students, the teaching methods used can strongly influence
their level of engagement and in turn their approach towards learning. Prior to the

implementation of the partially flipped learning model described in this thesis, a large gap was
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observed in terms of level of engagement between students of varying academic orientation.
As shown by Point A in Figure 6.8, ‘academic’ students are perceived to apply higher levels
of Bloom’s Taxonomy compared to ‘non-academic’ students. The intention of the
implementation of the partially flipped learning model was to narrow the gap between these
students and shift students irrespective of their academic orientation to apply higher levels of
engagement (i.e., to Point B). The online pre-learning materials in the present study were
designed to provide students with the foundational knowledge required for the in-class sessions
rather than to promote a particular approach to learning. Thus, students who displayed a passive
approach towards the online pre-learning materials were still expected to engage deeply with
the guided active learning activities embedded in the in-class sessions. In addition, although
the online pre-learning material might be perceived to be passive in it is nature, it does not
hinder students’ ability to process the presented learning material in a deep manner. This
further reflects the complexity of factors that may influence students’ adoption of a particular

approach towards learning.

High level engagement

Theorising Academic T
Applying B ¢
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Relating l -
Explaining A /",,.
Describing -
Note-taking ¥ IR e =" ‘Non-academic
Memorising

Passive «———— Student activity required ——— > Active

(e.g. the standard lecture) (e.g. problem-based learning)

Low level engagement
Teaching method

Figure 6.8. Student orientation, teaching method, and level of engagement (extracted
from Biggs, 1990).

To further examine the relationship between students’ self-identified approach to learning and
their respective engagement levels, it was essential to analyse their displayed behavioural

pattern with the online pre-learning materials. The data revealed that irrespective of the
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students’ self-identified approach to learning, the dominant behavioural pattern adopted across
all three engagement levels was BP. This finding does not align with the original assumptions
proposed as it was anticipated that students with a deep approach to learning would display
BP; or BP4. These behavioural patterns reflect an increased tendency towards accessing the
videos as students seek to extract knowledge and examine their conceptual understanding by
completing the quizzes. Students with a surface approach to learning were expected to display
BP; or BP,. These behavioural patterns reflect a tendency towards accessing the quizzes. These
students may be relying on the mastery nature of the pre-learning quizzes and opted to
frequently access them in hope of attaining desirable results without accessing or minimal
access to the videos. The data also showed that irrespective of the displayed behavioural
pattern, no significant differences were detected in their academic performance across the

different self-identified approach to learning.

In addition to the previously discussed factors, the design of the online pre-learning materials:
the pre-learning quizzes and videos may have influenced the adopted approach. The dominant
behavioural pattern BP> observed may have been related to the format and the nature of the
questions of the quizzes. Since the format mainly consisted of single best answers, short answer
questions, and drag and drop questions, it may have encouraged students to adopt a surface
rather than a deep approach. Future versions may instead include extended response questions
where students can demonstrate their ability to apply the knowledge they have acquired instead

of simple factual recall of information.

The observed results may also in part be attributed to the novel approach used for categorising
students’ level of engagement based on their Engagement Index score (as discussed in Chapter
4). The methodology used for the construction of the Engagement index may need further
refinements to better encompass students’ individual differences. For example, follow up
interviews may be used to elicit reasons behind students’ behavioural engagement with the
online pre-learning material, particularly those students who were categorised with low
engagement but still had a high academic standing. This might help identify whether students
were indeed engaged and, if they were engaged, what changes should be considered for the
construction of the Engagement Index. Moreover, categorising the six behavioural patterns as
indicators of either a surface or deep approach was subjective and based on the assumptions
that students would be expected to engage with both pre-learning materials. Thus, a student

who displayed BP; because they only completed the quiz was considered to have a surface
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approach but, in fact, they might have adopted a deep approach whilst solely completing the
quiz. The methodology used to categorise students self-identified approach to learning across
the four quadrants may need further refinement. The boundary values for each of the quadrants
were based on the overall mean average scores obtained from all the students across the DA
and SA scores. Individual students were then categorised in one of these four quadrants based
on that criterion; perhaps further refinement is needed to better reflect individual students’ self-

identified learning approach.

243



Chapter 7: Conclusion

7.1 Brief introduction

The studies presented in this thesis investigated second year students’ online behavioural
engagement, behavioural pattern, and approaches to learning with the online component of a
partially flipped learning model and its impact on students’ academic performance in
intermediate chemistry courses. This thesis also explored how students’ behavioural
engagement, behavioural pattern, and approaches to learning are interrelated with one another.
While the focus of this thesis was intermediate chemistry courses, parallel data were collected
from junior chemistry courses to assess potential similarities or differences with intermediate
courses regarding students’ approaches to learning. This chapter provides a summary of the
research studies, implications of the research findings, and outlines limitations and

recommendations for future research in implementing a partially flipped learning model.

7.2 Summary of the research studies

7.2.1 Behavioural engagement

Chapter 4 developed an engagement index to quantify students’ online behavioural
engagement levels with the pre-learning materials of a partially flipped learning model.
Students’ level of engagement (low, moderate, and high) was based on their engagement index
derived from their varying levels of interactions with five engagement index parameters related
to the pre-learning videos and pre-learning quizzes. For the intermediate cohort, higher levels
of engagement with the online pre-learning materials led to significant improvements in the
end of semester examination and overall theory course performance. The most pronounced
statistically significant differences in academic performance were observed across the three
levels of engagement for students in the mainstream courses (CHEM2401/CHEM2402). Some
statistically significant variations in academic performance were found in the advanced courses
(CHEM2911/CHEM?2912) across the three levels of engagement whereas no statistically
significant differences were noted in the SSP courses (CHEM2915/CHEM?2916). The observed
differences in academic performance may in part be related to students’ motivation, proficiency

levels and the instructional design of the online pre-learning materials.

The results on a cohort and course level showed that students’ behavioural engagement had a

positive effect on academic performance at the end of each semester. However, no significant
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differences were observed when comparing academic performance across both semesters,
although it should be noted that the course material covered in the two semesters is quite
different. Further analysis on a sub-group of students that had completed the intermediate
chemistry courses in both semesters, revealed no clear patterns as to how changes in students’

behavioural engagement across semesters affected their academic performance.

7.2.2 Behavioural pattern

Chapter 5 further expanded on students’ online behavioural engagement by exploring students’
distinct behavioural patterns with the pre-learning materials. For the intermediate cohort,
higher levels of interaction with both pre-learning materials were detected for the second
semester course when compared to first semester. Comparison of the three chemistry courses
revealed that students in the mainstream courses (CHEM2401/CHEM?2402) tended to access
the online pre-learning materials more frequently than those in the advanced courses

(CHEM2911/CHEM2912) and SSP courses (CHEM2915/CHEM2916).

For the intermediate cohort, there was a positive association between changes in the degree of
students’ interaction (none, partially, or fully) with the online pre-learning materials and their
academic performance. Interacting with all the pre-learning materials positively impacted
students’ academic performance. More specifically, students who had a tendency towards
accessing most of the assigned videos performed better in the pre-learning quizzes but not
necessarily on the in-semester quiz and end of semester examination performance. In contrast,
accessing most of the pre-learning quizzes positively impacted students’ performance in the
in-semester quizzes and end of semester examination. These results reveal the potential effects

a partially flipped learning model can have on students’ learning and academic performance.

Although students varied their weekly behavioural pattern during the semester, the overall
dominant behavioural pattern was one where students accessed the pre-learning quiz more
frequently than the pre-learning video (BP2). Those that accessed the videos equally (BP3) or
more frequently (BP4) than the quizzes performed better than the remaining observed
behaviours. In contrast, those students who displayed BP> performed lower than those who
displayed the other behavioural patterns. No clear pattern, however, was observed when
comparing students’ overall behavioural pattern with their academic performance in the pre-
learning quizzes, end of semester examination and overall theory course performance. Instead,

there was an increased trend towards accessing the videos more frequently in the second
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semester than first semester. This resulted in differences being observed in the performance of

the overall pre-learning quiz scores when compared to the dominant behavioural pattern BP,.

Comparison of students displayed behavioural pattern (BP; to BPs) with respect to their
engagement level (low, moderate, and high) revealed that there were no significant differences
in end of semester examination and overall theory course performance, however, trends were
noted in the pre-learning quiz performance. The cohort data for both Groups B1 and B> showed
that moderately and highly engaged students that displayed BP> performed significantly better
in the pre-learning quizzes when compared to the remaining behavioural pattern groups.
Furthermore, the most prominent differences were observed in the low engaged students, were
those that adopted BP2 in Group B and BP; in Group B: for the first semester, and BP» across
both groups for the second semester performed significantly better in the pre-learning quizzes

when compared to the remaining behavioural pattern groups.

7.2.3 Approaches to learning

Chapter 6 examined students’ approaches to learning with the pre-learning materials and how
these varied across the different levels of engagement and behavioural patterns. For the junior
and intermediate cohort, it was observed that students’ self-identified deep approach (DA)
scores were significantly higher than their surface approach (SA) scores. Comparison of the
different chemistry courses showed no significant differences between the DA and SA scores,
however, similar trends for the SA scale were detected across both chemistry groups. For junior
chemistry courses, SA scores were significantly higher for the fundamentals course
(CHEM1001) when compared to the mainstream course (CHEM1101). Similar trends were
noted for the intermediate chemistry courses, where SA scores were significantly higher for

the mainstream course (CHEM2401) when compared to the advanced course (CHEM2911).

Comparison of individual students’ self-identified learning approach based on their DA and
SA distribution scores across both groups revealed that the largest group self-identified to be
strategic learners with the remaining students self-identified as deep or surface learners. Only
strategic learners in junior chemistry courses, however, performed significantly better in the
pre-learning quizzes when compared to surface learners. Furthermore, the observational case
analysis showed that students’ self-identified approach to learning does not necessarily support

their self-described approach as noted from their interview responses.
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Comparison of students’ self-identified approach to learning with respect to the students’
engagement level and behavioural pattern demonstrated no significant differences in their
academic performance. Despite this, the results revealed that students with higher levels of
engagement tended to favour adopting a strategic approach towards learning. Moreover, the
dominant behavioural pattern adopted across the various self-identified approaches to learning
was BP> which reflects students’ tendency to favour accessing the quizzes more frequently

than the videos.

7.2.4 Students’ perceptions of the pre-learning materials

Overall, students perceived the online pre-learning material of the partially flipped learning
model to positively impact their learning experience. They reported that the main motivating
factor behind accessing the videos was to enhance their performance in the quiz and that the
quizzes are perceived to be ‘easy’ marks that contribute to their overall course performance.
Furthermore, students’ responses reflected the perceived benefits of the pre-learning materials,
particularly the flexibility it offered them in their learning and the coherent link between the
videos and quizzes. Some students stated that the pre-learning materials were suited to their
level whilst others requested the quizzes to include harder applications. Another feature that
students appreciated was the feedback mechanism embedded in the quizzes and requested

additional hints and prompts to be embedded to further support their learning needs.

7.3 Implications of the research findings

The present study supports existing claims that engagement with the online pre-learning
materials of a partially flipped learning model has the potential to improve academic
performance (Cormier & Voisard, 2018; Lee et al., 2018; Wang 2017; Wang 2019; O’Flaherty
& Phillips, 2015; Seery, 2015). The use of learning analytics offers an alternative approach for
measuring students’ online behavioural engagement in real-time, expanding on existing
frameworks and traditional research methods which are often limited by students’ self-reported

responses (Bond et al., 2020; Jovanovi€ et al., 2017; Wang, 2019).

The developed behavioural engagement index contributes empirical evidence using learning
analytics to quantify students’ engagement levels based on their degree of interactions with
five parameters related to the online pre-learning materials. This provides a more

comprehensive understanding of how variation in students’ engagement levels may impact
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their academic performance. Higher levels of engagement, as measured by the engagement
index score, led to significant improvements in performance supporting the hypothesis Eichler
and Peeples (2016) proposed that engagement with the online pre-learning materials is one of
the leading factors behind the observed improvements in academic performance. Furthermore,
the findings from the present study compliment the research by Wang (2017) who also reported
a significant positive effect on academic achievement. A practical implication of the developed
engagement index is that it may be used to detect students’ online [dis]engagement and provide

instructors with insightful data for personalised feedback (Ma, Han, Yang, & Cheng, 2015).

The findings from the current study suggest that student proficiency levels in a subject may be
a contributing factor to the observed differences in academic performance across the various
courses. This is consistent with Cormier and Voisard (2018) which revealed that “low-
achieving” students, as categorised by their academic ability, were more engaged and
performed significantly better in the final course grades when compared to “high-achieving”
students. Similarly, Crimmins and Midkiff (2017) also noted improvements in learning
outcomes for all students but those at the lowest academic achievement levels appeared to
experience the most gains. However, a shortcoming of these studies is that they did not
explicitly identify which component(s) of the flipped learning model may have contributed to
the varying levels of engagement and differences in academic performance. The present study
offers evidence that the ‘reverse expertise effect’ (Kalyuha et al., 2003) should be taken into
consideration in the instructional design of a flipped or partially learning model to
appropriately accommodate for varying student proficiency levels. The present study provides
new insight towards student learning and curriculum design as the online pre-learning materials
may have practical implications towards reducing the “achievement gaps” between students
with varying proficiency in a course. One suggestion is to provide pre-learning materials with
a range of difficulty. If there are multiple courses for a particular subject with different
enrolment requirements, then it is important to ensure that the pre-learning materials for each

course are designed to reflect the diverse student academic backgrounds.

The qualitative comments provide further support for students’ perception that a flipped
learning model offers a flexible learning environment (Long et al., 2016; Flynn, 2015; Seery,
2015). Students’ explanations for their observed interaction with the online pre-learning
materials demonstrated that they are aware of and appreciate the cohesive link between the

various components (online and in-class) of the partially flipped learning model. This is
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important evidence to encourage thoughtful design of pre-learning material and engage student
review and feedback on course resources. Students also noted that accessing the videos helped
to improve their quiz performance and gain foundational knowledge needed for the in-class
sessions. The main reason for accessing the quizzes, however, was the marks associated with
the quizzes. This reinforces the concept that an incentive mark may be an extrinsic motivator
for students to engage with pre-learning materials. The quizzes were also perceived to be an
effective tool in offering individualised and personalised learning experience through the
feedback mechanism embedded in them. Several students suggested additional hints and
prompts should be embedded to further support learning needs. These findings align with
O’Flaherty and Philips (2015) suggestion that students are more likely to engage with pre-
learning materials if they include interactive features, provide formative feedback mechanisms,
and are coherently linked to the in-class component. These are important considerations for
curriculum design as the degree to which students interact with the online pre-learning
materials may influence their level of preparedness, understanding and ability to engage with
the learning activities presented during the in-class sessions and potentially impact their

academic performance (Dooley & Makasis, 2020).

The present study adapted the approach suggested by Brennan et al. (2019) to cluster students’
behavioural engagement into patterns based on measuring the frequency of access for each of
the online pre-learning materials: videos and quizzes. While the identified behavioural patterns
are highly context specific, the findings contribute to the existing research as the identified
clusters of engagement are based on students’ combined interaction with both pre-learning
materials, rather than students’ separate interaction with each (Long et al., 2019; Dazo et al.,
2016; Lacher & Lewis, 2015; Lacher & Lewis, 2014). The identified clusters are well
differentiated and suggest the presence of six distinct behavioural patterns. Based on the
richness (frequency of displayed behavioural patterns) and the evenness (spread of behavioural
patterns) matrix (Brennan et al., 2019), the dominant behavioural pattern over the course of a
semester was BP, which showed that students tended to access the quizzes more frequently
than the videos. The use of such a matrix enables tracing of both individual and cohort level
changes in behavioural patterns. Instructors can also use this information to identify which
periods during the semester students may shift away from rare behaviours to more common
ones and intervene to encourage or inhibit certain behaviours. Furthermore, the dominant
behavioural pattern BP, was observed across both semesters despite differences in level of

difficulty and course material. It should be noted that the partially flipped learning model
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implemented at the time of this study was only applied to the chemistry courses. While students
may have had some exposure to learning from this instructional design in junior chemistry
courses, they may not have sufficiently developed their skills to self-regulate their learning and
modify their existing learning strategies. Although self-regulated learning was not explicitly
measured in this thesis, it may be another contributing factor that influenced students’
engagement. In a flipped learning model, the optimum behavioural pattern is for students to
access all the pre-learning materials, and in this case with a preference for accessing videos
before quizzes. The instructional design of the pre-learning materials, specifically the mastery
nature of the quizzes, may have prompted students to adopt BP,. Many factors can affect
student behaviour and be contributors to why significant differences in performance were noted
for specific weeks. The main reason identified by students for completing the quizzes was that
they contributed to their course grade. It may be that students focused on the academic gains
rather than learning gains and opted to repeatedly access the quizzes in an effort to maximise
their performance rather than focus on the perceived benefits of watching the videos. Students
that accessed the videos revealed that their main motivation was to improve their academic
performance in the quizzes followed by gaining a conceptual understanding of chemistry. It
may be that proficiency level, familiarity with concepts, or level of difficulty of the weekly
concepts also influenced the frequency of video-viewing access and, as such, their overall
behavioural pattern. This highlights the complex nature of student learning and the importance
for instructors to gain an understanding of students’ learning needs. By reviewing the weekly
quiz performance, instructors can better understand students’ level of subject knowledge or

preparedness and accordingly tailor in-class teaching and learning experience.

The existing findings extend those of Beatty et al. (2019) and Dazo et al. (2016) in which a
positive relationship was observed between video-viewing behaviours and overall course
performance. The current study focused on the degree of student interaction (none, partially,
or fully) with each of the online pre-learning materials and their impact on various measures
of academic performance. Students that watched all the assigned weekly videos had a
significantly higher quiz score, but no noticeable differences were observed in the other course
assessment. Completing all assigned pre-learning quizzes led to significantly higher
performance in the in-semester quizzes and end of semester examination. Instructors may be
able to examine not only the weekly effect of students’ behavioural pattern but also how

varying degree of interactions with each pre-learning material may affect different measures
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of course performance. This information can also be used to inform students of the benefits of

adopting the desired behavioural pattern to improve their academic performance.

The present study also explored students’ self-identified approaches to learning as measured
by the R-SPQ-2F questionnaire to gain an understanding of the learning strategies adopted
whilst accessing the online pre-learning materials and their impact on their performance. The
Jjunior and intermediate cohort responses align with previously reported studies using the same
questionnaire in a flipped learning environment, where significantly higher DA scores
compared to SA scores were observed (Leiva-Brondo et al., 2020; Jeong et al., 2020). Further
analysis for the junior and intermediate courses revealed significant differences only in the
main SA scales, specifically the surface strategy sub-scale of the questionnaire which refers to
the learning methods used by the students (Biggs, 1993). Higher differences in the SA scores
were observed in courses where students’ proficiency level is relatively weaker than the other
courses, suggesting that these differences may be attributed to a range of factors including
student proficiency levels. This suggests the need for instructors to possess an initial
understanding of students’ self-identified approach as early as possible in the semester so
informed changes can be made to help support students in selecting which strategy to adopt
(Socha & Sigler, 2014). Instructors can address this with the inclusion of scaffolding to help
develop students’ self-regulation skills or provide individualised learning material to cater for
the diverse learning needs (Kim et al., 2021). Another factor that instructors need to consider
is the design of the online pre-learning materials. While the format of the quizzes and/or the
question types (single best answer, short answer questions and drag and drop) embedded in
this model were designed to target lower cognitive processing skills, increasing the skill range
of the questions based on Bloom’s Taxonomy may encourage students to adopt a deeper

learning approach.

The present study extends current research on comparing students’ self-identified approach and
self-described approach to learning from self-reported interview responses (Hamm &
Robertson, 2010) by including data gathered in observational sessions. It was possible to
triangulate students’ self-identified approach with their observed approach whilst completing
one of the weekly pre-learning materials following an interview where they self-described their
approach. Self-identified approaches did not necessarily align with the displayed and self-
described approach, consistent with Hamm and Robertson (2010) research finding. In the

current study, the main reason given by students that self-identified to be deep learners focused
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on the intrinsic value of the pre-learning materials, such as gaining foundational knowledge,
whereas those that self-identified to be surface learners focused on the extrinsic reward of
completing the quizzes with limited interaction with the video. Strategic learners, however,
were conscious of the value of the pre-learning material whilst also prioritising other factors

relevant to them such as time spent and other course requirements.

Comparison of students’ DA and SA scores revealed that the largest group self-identified to be
strategic learners in junior and intermediate courses. Strategic learners in junior courses
performed significantly better than surface learners in the online pre-learning quizzes. Strategic
learners identified the nature of the chemistry concept to be the main motivating factor
influencing their adopted approach. This supports Nijhuis et al. (2008) claim that found within
the same cohort of students, there can be two clusters; one that is fixed in their adopted
approach and is not influenced by changes in their learning environment and another that might
easily adapt and respond to changes. The latter would include strategic learners. The lack of
significant results observed in the intermediate courses may in part be due to the relatively
small sample size. Socha and Sigler (2014) propose that students need support in selecting
which strategy to adopt in their learning. Although intermediate students would have
experience with the flipped learning model from junior chemistry, it is possible that this
experience did not transfer to second year. If this was the case, instructors could embed guided
instructions to scaffold self-regulated learning skills so they can be better equipped to adjust

their learning approach.

Although student motivation was not explicitly measured in the present study, it might be an
underlying factor that influenced students’ engagement, displayed behaviour, and adopted
approach to learning with the pre-learning materials and resulted in the varying differences in
academic performance. Applying a mark to the pre-learning quizzes in the mainstream and
advanced courses but not in the SSP courses may have influenced students’ intrinsic motivation
through extrinsic means (Abeysekara & Dawson, 2015). The design of the online component
in a flipped or partially flipped learning model should include materials that students perceive
to be relevant, meaningful, appropriately challenging and closely aligned with their learning
goals. This will more likely ensure that students will be motivated to engage and display

behavioural patterns that are reflective of a deeper approach to learning.
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7.4 Limitations and recommendation for future work

While the studies in this thesis contribute to current understanding of students’ behavioural
engagement, behavioural pattern, and approach to learning with the online component of a
partially flipped learning model and measure this model’s impact on academic performance in
higher education chemistry courses, several limitations must be acknowledged with

recommendation of future work.

The engagement index and behavioural patterns provide an alternative approach to quantifying
students’ online engagement and patterns with the pre-learning materials. The index, however,
only provides a narrow understanding of students’ engagement and retention of course
material. Student levels of engagement were categorised based on a cumulative engagement
index score derived from five parameters related to the pre-learning videos and pre-learning
quizzes. Although these parameters were informed by the design of each of the pre-learning
materials, statistical means were used to assign inter-limit values based on subjective
assumptions made in relation to student engagement. The methodology used to develop the
index may need further refinement to better encompass individual student differences. This
may be achieved by incorporating qualitative methods, such as follow up interviews or focus
groups, to elicit reasons behind students’ behavioural engagement with the pre-learning
materials. This could provide insight into students that were classified in the low engaged group
but still had a high academic standing and those that were in the high engaged group but had a
low academic standing. This also might help identify whether students were indeed engaged,
and if they were engaged, what changes are needed to be considered for the [re]construction of
the engagement index. The inclusion of qualitative measures may also provide insight
regarding the reasons behind the variation in the frequency of access of the pre-learning
material. They may also identify factors that influenced students to alter their weekly
behavioural pattern over the course of a semester. These qualitative responses may also in part
explain why low engaged students displayed BP,, and how in their case accessing the quizzes
more frequently than the videos led to significantly better academic performance than the

remaining behavioural pattern groups.

The results revealed no clear pattern between how changes in students’ online behavioural
engagement across semester can affect their academic performance. Although quantifying
students’ behavioural engagement provides valuable insight on their learning process, future

research should consider examining engagement as a multi-dimensional construct and explore
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the relationship between indicators of behavioural, cognitive, and emotional engagement and

how these may influence achievement in a partially flipped learning environment.

The use of an observational session provided insight into why students may have self-identified
for a particular approach to learning and how it related to their behavioural engagement and
behavioural pattern. However, further research is warranted to observe the trends on a larger
scale to be able to draw more meaningful inferences on the effect of these on students’
academic performance. Furthermore, it is worth conducting several observational sessions for
the same student at various intervals during the semester to examine the extent of variability in
their approach and whether the weekly course concepts may be a contributing factor behind

why students may keep or alter their learning processes and strategies.

Some research findings were inconclusive. This may in part be attributed to the partially flipped
learning model and its online pre-learning materials not being purposefully designed for the
studies reported in this thesis and could not be modified by the author. The model was initially
implemented as part of a revised curriculum design to improve academic performance, reduce
failure rates, and increase class attendance in junior chemistry courses. After three years, this
instructional approach was implemented in the intermediate chemistry courses, however, the
software used for the pre-learning quizzes differed between the junior and intermediate
chemistry courses. Therefore, it was not feasible to access similar data across both junior and
intermediate chemistry courses, and data from junior chemistry courses were not collected for
students’ online behavioural engagement and behavioural pattern. Exploring students’ online
behavioural engagement and behavioural patterns in junior courses, however, may provide
valuable insight regarding students’ learning experience in a partially flipped learning model
and whether students transferred and adapted their learning strategies into intermediate
chemistry courses. Furthermore, it would be interesting to see whether there is a longitudinal
effect. It may be possible to identify which learning processes and strategies are transferable
or are adjusted from junior to intermediate and senior courses and how these can be used to
further maintain or improve engagement levels whilst reflecting learning behaviours that are

indicative of a deep approach to learning.

Since the same online pre-learning materials were used across the courses at the same level,
the design may not have sufficiently addressed the diversity in student chemistry backgrounds.

A different set of online pre-learning materials for each of the different courses might help to
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improve engagement with the resources as well as impact on displayed behavioural patterns
and adopted approaches to learning. Interactive pre-learning videos could be designed with
questions varying in difficulty and embedded at intervals to encourage student access to videos
whilst simultaneously developing their conceptual and procedural understanding of course

material.

In the described model, the quality of the online pre-learning materials embedded were not
examined. Although a set of guidelines were given to the instructors, there was no review of
the pre-learning materials to determine how they aligned with the guidelines, as well as how
similar or different they were across instructors. A review of the materials might assist in
teasing out factors that affect students’ engagement and learning approaches. Another aspect
not examined was the concepts selected for the weekly videos. It might be expected that the
concepts which are easier to understand may be associated with less engagement with the pre-
learning materials, whilst more rigorous concepts may encourage students to access them more
frequently. A possible way that may improve students’ engagement with the pre-learning
materials is limiting the number of quiz attempts may drive students to viewing the videos first
to be better prepared for the quizzes and reduce random repetition. By reviewing the quality
and the design of the pre-learning materials it might be possible to identify other factors that
influenced the dominant approach to be observed across all three engagement levels and self-

identified approach to learning.

Since the theory component across the three intermediate chemistry courses was identical, the
same online pre-learning materials. Data were initially aggregated by combining the students
across the three intermediate chemistry courses to improve the statistical power of the analysis
on a cohort level, and when sample size permitted, data for each course were analysed
separately. When data aggregation was necessary, this unfortunately meant that course effect
could not be seen, and this is a limitation of the present work and requires additional research

to resolve.

The effect of engagement with the pre-learning materials on academic performance is complex.
Statistically, a correlation between engagement with the pre-learning materials and course
performance was observed. Whether this was due to improved knowledge gained only through
the pre-learning materials was not addressed and cannot be easily determined. The results of

the limited qualitative research suggest that the pre-learning materials were helpful in providing
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students with the adequate knowledge needed for the in-class sessions and these could be
responsible for the observed improvements in academic performance. It was hoped the partially
flipped design would have improved students’ motivation to attend and participate in class
therefore benefitting them with improved overall course performance. Class attendance and
participation, however, were not recorded. Therefore, further research is warranted to examine
the direct effect of the online pre-learning materials on students’ attendance and engagement

during the in-class session.

7.5 Conclusion

It is widely acknowledged that flipped or partially flipped learning models have the potential
to revolutionise traditional teaching paradigms. This thesis contributes in several ways to
current research on partially flipped learning models in undergraduate chemistry courses.
Higher levels of engagement, as measured by an engagement index, led to significant
improvements in academic performance. While several behavioural patterns were detected, the
dominant behavioural pattern revealed that students tend to favour accessing the quizzes more
frequently than the videos. Furthermore, most of the students that self-identified to be strategic
learners were mainly categorised to be moderately or highly engaged. In addition, strategic
learners preferred to also access the quizzes more frequently than the videos, a dominant
behaviour consistently observed throughout the thesis. When comparing students’ academic
performance, the most pronounced effect was observed in the mainstream courses, suggesting
that the online component of the partially flipped learning model greatly benefited students
with lower proficiency levels of chemistry. Further recommendations regarding the design of
the online pre-learning material were proposed to enhance students’ engagement, to encourage
the desired behavioural pattern and adopt a deep approach towards learning in a partially

flipped learning model.
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1. You must retain copies of all signed Consent Forms (if applicable) and provide these to the HREC
on request.

2. ltis your responsibility to provide a copy of this letter to any internal/external granting agencies if
requested.
Please do not hesitate to contact Research Integrity (Human Ethics) should you require further

information or clarification.

Yours sincerely

O/a,couwmm

Associate Professor Judith Cashmore
Chair
Humanities Low Risk Subcommittee

This HREC is constituted and operates in accordance with the National Health and Medical
Research Council’s (NHMRC) National Statement on Ethical Conduct in Human Research
(2007), NHMRC and Universities Australia Australian Code for the Responsible Conduct of
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To: Siegbert Schmid; "ajon7216@uni.sydney.edu.au"; Adam Bridgeman
Subject: 2016/190 - HREC application outcome

Date: Wednesday, 16 March 2016 4:25:00 PM

Dear Assoc Prof Siegbert Schmid,

Project Title: Investigating the Efficacy of Flipped Learning to Promote Student Engagement
and Achievement
Project No: 2016/190

Your ethics application was considered at the Humanities Review Committee meeting held on
the 7t of March 2016.

The Committee approved this application in principle, subject to the following additional
information being sought and reviewed by the Ethics Office. The application received a Category

B Office.
From: Human Ethics
To: Siegbert Schmid; Adam Bridgeman; Ayla Jones (ajon7216@uni.sydney.edu.au);
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Project number: 2016/190

Change in Personnel outcome

Thank you for submitting a change in personnel form for the above project. Your request has been
processed and the change/s approved.

The current approved researchers are as follows:
Schmid Siegbert; Bridgeman Adam; Jones Ayla; Bokosmaty Rena;
Please contact us if you have any queries or if there is an error in the above list.

Regards,
The Ethics Office

Research Integrity & Ethics Administration | Research Portfolio

THE UNIVERSITY OF SYDNEY

Level 2 Margaret Telfer Building (KO7) | The University of Sydney | NSW | 2006

T +61 2 9036 9161 | E human.ethics@sydney.edu.au | W hitp://sydney.edu.au/ethics

275



Appendix B:  Project 2014/219

Ro=d  THE UNIVERSITY OF Faculty of Science — School of Chemistry

SYDNEY

Professor Adam Bridgeman Room 543A

Chemistry Building F11
Associate Dean (Learning and Teaching) The University of Syd ney
Director of First Year Studies (Chemistry) NSW 2006 AUSTRALIA

Telephone: +61 2 9351 2731
Facsimile: +61 2 9351 3329
Email: adam.bridgeman@sydney.edu.au
Web: http://www.sydney.edu.au/

A flipped classroom approach to teaching Chemistry:
The students’ online learning experience

PARTICIPANT INFORMATION STATEMENT

(1) What is the study about?

You are invited to participate in a study that examines first year chemistry students’
online learning experience in a flipped classroom. The study aims to understand
how chemistry students approach the online learning activities in the second year
chemistry units. The study seeks to analyse what students do whilst completing
the online activities and what they think they are learning in the online component
of the unit.

(2) Who is carrying out the study?

The study is being conducted by Rena Bokosmaty (student) and will form the basis
for the degree of Doctor of Philosophy at The University of Sydney under the
supervision of Associate Professor Adam Bridgeman and Dr. Meloni Muir.

(3) What does the study involve?

There are two parts to this study. For Part 1, If you decide to participate in this
part of the study, you will be asked to complete a 20 minute questionnaire which
will seek to establish an understanding about your learning experience of the
online activities in the unit. Participants may remain anonymous by providing no
personal details or contact information. You can indicate your consent to
participating in this component of the study by returning the completed
questionnaire.

However, if you are willing to participate in the second part of this study, please
provide your contact information at the end of the questionnaire.

In Part 2, there are two components. Firstly, a video observation of your activities
whilst completing the online activities assigned to you that week. Secondly, a short
follow-up interview will be conducted to clarify the researchers’ observation and
your reaction to the online learning experience in the chemistry unit. This interview
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should take approximately 30 minutes. With your permission, the interview will be
audio and video recorded.

(4) How much time will the study take?

Part 1: The questionnaire will be completed in 20 minutes. Part 2: The observation
and the interview should take approximately 30minutes.

(5) Can | withdraw from the study?

Being in this study is completely voluntary - you are not under any obligation to
consent and - if you do consent - you can withdraw at any time without affecting
your relationship with The University of Sydney.

You may stop the interview at any time if you do not wish to continue, the audio
recording and video will be erased and the information provided will not be
included in the study.

Being in this study is completely voluntary and you are not under any obligation to
consent to complete the questionnaire/survey. Submitting a completed
questionnaire/survey is an indication of your consent to participate in the study.
You can withdraw any time prior to submitting your completed
questionnaire/survey. Once you have submitted your questionnaire/survey
anonymously, your responses cannot be withdrawn.

(6) Will anyone else know the results?

All aspects of the study, including results, will be strictly confidential and only the
researchers will have access to information on participants.

A report of the study may be submitted for publication, but individual participants
will not be identifiable in such a report.

(7) Will the study benefit me?

This study offers the potential of benefiting future students learning chemistry at
the University of Sydney; however, we cannot and do not guarantee or promise
that you will receive any benefits from the study.

(8) Can I tell other people about the study?

You are free to discuss this study with other people.

(9) What if | require further information about the study or my involvement in it?

(10)

When you have read this information, Rena Bokosmaty will discuss it with you
further and answer any questions you may have. If you would like to know more
at any stage, please feel free to contact Rena Bokosmaty on 0452 135 351 or
email: rbok9807 @uni.sydney.edu.au, or Associate Professor Adam Bridgeman on
02 9351 2731 or email: adam.bridgeman@sydney.edu.au

What if | have a complaint or any concerns?

Any person with concerns or complaints about the conduct of a research study
can contact The Manager, Human Ethics Administration, University of Sydney on
+61 2 8627 8176 (Telephone); +61 2 8627 8177 (Facsimile) or
ro.humanethics@sydney.edu.au (Email).Project 2
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Appendix C:  Project 2016/190

School of Chemistry
Faculty of Science

THE UNIVERSITY OF

oy SYDNEY

ABN 15211513 464 sl
Associate Professor Siegbert Schmid Room 315
Second Year Director (Chemistry) Chemistry Building F11
The University of Sydney
NSW 2006 AUSTRALIA

Telephone: +61 293514196
Facsimile: +612 93513329

Email: siegbert.schmid@sydney.edu.au
Web: http://www.sydney.edu.au/

Investigating the Efficacy of Flipped Learning to Promote Student Engagement and
Achievement

PARTICIPANT INFORMATION STATEMENT
(1) What is this study about?

You are invited to take part in a research study about the use of flipped learning, including pre-
class videos and in-class activities in Second Year Chemistry.

You have been invited to participate in this study because you are enrolled in
CHEM2401/2911/2915 and/or CHEM2402/2912/2916. This Participant Information Statement
tells you about the research study. Knowing what is involved will help you decide if you want to
take part in the research. Please read this sheet carefully and ask questions about anything that
you do not understand or want to know more about.

Participation in this research study is voluntary.
By giving your consent to take part in this study you are telling us that you:
v"Understand what you have read.
v" Agree to take part in the research study as outlined below.
v" Agree to the use of your personal information as described.
You will be given a copy of this Participant Information Statement to keep.
(2) Who is running the study?
Ayla Jones is conducting this study as the basis for the degree of Bachelor of Science
(Honours) at The University of Sydney. This will take place under the supervision of Associate
Professor Siegbert Schmid and Professor Adam Bridgeman.
(3) What will the study involve for me?
You will be asked to complete a short survey in hard copy about your expectations for Second
Year Chemistry at the beginning of Semester One, 2016. This will be distributed in labs. You

may also be asked to complete a second survey about your learning experience at the end of
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Semester, distributed in tutorials. If you are interested, you may participate in an interview
about your Second Year Chemistry experience.

In order to investigate the effectiveness of online learning activities we want to link your
performance results, including quizzes and the final exam, with your survey responses. These
results will be accessed by the Honours student through eLearning/Blackboard.

(4) How much of my time will the study take?

The first survey will take about 5 minutes to complete. The second survey will also take
about 5 minutes. The interview will take about 15-20 minutes. If you complete all parts of
the study, the total amount of time could be up to 30 minutes.

(5) Who can take part in the study?

Any Second Year Chemistry Student enrolled in CHEM2401/2911/2915 and/or
CHEM2402/2912/2916 can take part in the study.

(6) Do I have to be in the study? Can | withdraw from the study once | have started?

Being in this study is completely voluntary and you do not have to take part. Your decision
whether to participate will not affect your current or future relationship with the researchers
or anyone else at the University of Sydney.

Submitting your completed questionnaire is an indication of your consent to participate in
the study. You can withdraw your responses if you change your mind about having them
included in the study, up to the point when the SID, if you provided it, has been removed.

If you choose to participate in the interview, you are free to stop the interview at any time.
Unless you say that you want us to keep them, any recordings will be erased and the
information you have provided will not be included in the study results. You may also refuse
to answer any questions that you do not wish to answer during the interview.

If you decide to take part in the study and then change your mind later, you are free to
withdraw at any time. You can do this by contacting the Honours student on the project, Ayla
Jones, at ajon7216@uni.sydney.edu.au.

If you decide to withdraw from the study, we will not collect any more information from you.
Please let us know at the time when you withdraw what you would like us to do with the
information we have collected about you up to that point. If you wish your information will
be removed from our study records and will not be included in the study results, up to the
point when the SID, if you provided it, has been removed.

(7) Are there any risks or costs associated with being in the study?

Aside from giving up your time, we do not expect that there will be any risks or costs
associated with taking part in this study.

(8) Are there any benefits associated with being in the study?
This study offers the potential of benefitting future students learning chemistry at the

University of Sydney. We cannot guarantee that you will receive any direct benefits from
being in the study.
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(9) What will happen to information about me that is collected during the study?

By providing your consent, you are agreeing to us collecting personal information about you
for the purposes of this research study. Your information will only be used for the purposes
outlined in this Participant Information Statement. This information may include survey
responses, assessment results, elearning records and interview recordings.

Your information will be stored securely on hard drives accessible only to the researchers and
your identity/information will be kept strictly confidential, except as required by law. Hard
copy files will be securely stored in the Chemistry Building, room 315. Study findings may be
published, but you will not be individually identifiable in these publications. Data will be
retained for 5 years following the study, and will then be destroyed.

The findings from the study will be published in an Honours thesis, and may also be published
in journals and/or conference presentations.

(10)Can | tell other people about the study?
Yes, you are welcome to tell other people about the study.

(11) What if | would like further information about the study?
When you have read this information, Ayla Jones will be available to discuss it with you further
and answer any questions you may have. If you would like to know more at any stage during

the study, please feel free to contact Ayla Jones at ajon7216@uni.sydney.edu.au or 0478 137
617.

(12) Will I be told the results of the study?

You have a right to receive feedback about the overall results of this study. We will be
emailing all Second Year Chemistry students enrolled in CHEM2401/2911/2915 and/or
CHEM2402/2912/2916 a one page summary of the results. You will receive this feedback
after the study is finished.

(13)What if | have a complaint or any concerns about the study?

Research involving humans in Australia is reviewed by an independent group of people called
a Human Research Ethics Committee (HREC). The ethical aspects of this study have been
approved by the HREC of the University of Sydney [INSERT protocol number once approval is
obtained]. As part of this process, we have agreed to carry out the study according to the
National Statement on Ethical Conduct in Human Research (2007). This statement has been
developed to protect people who agree to take part in research studies.

If you are concerned about the way this study is being conducted or you wish to make a
complaint to someone independent from the study, please contact the university using the
details outlined below. Please quote the study title and protocol number.

The Manager, Ethics Administration, University of Sydney:
o Telephone: +61 2 8627 8176
e Email: ro.humanethics@sydney.edu.au
e Fax:+612 8627 8177 (Facsimile)
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Appendix D: The R-SPQ-2F questionnaire

ABN 15211 513 464

Professor Adam Bridgeman Room 543A

Chemistry Building F11
45.sociate Deqn (Learning qnd Teach{'ng) The University of Syd ney
Director of First Year Studies (Chemistry) NSW 2006 AUSTRALIA

Telephone: +61 2 9351 2731
Facsimile: +61 2 9351 3329
Email: adam.bridgeman@sydney.edu.au
Web: http://www.sydney.edu.au/

A flipped classroom approach to teaching Chemistry: The students’
online learning experience

PARTICIPANT QUESTIONNAIRE
Dear Participants,

Thank you for participating in this study that examines first year chemistry students’ learning
experience in the online component of the flipped classroom.

Please make sure you have read the Participant Information Statement before answering this
questionnaire. You will be asked to circle the number that best corresponds to your level of
response to each item. When answering the questionnaire, if you want to change an answer just
cross it out and circle the answer you prefer.

This questionnaire is anonymous, and your answers will only be seen by the researchers.

Submission of the survey implies your consent to participating in this study. Once the survey has
been submitted it will not be possible to withdraw your responses.

Part A — Background Information

1. What degree are you currently enrolled in?
2. Circle the appropriate answer that supports your main reasons for enrolling in the
fundamental chemistry unit (CHEM1001):
a. Have no background in chemistry
b. Had to do chemistry as it was a pre-requisite for a second year subject
c. Doing chemistry for interest
d. Other( please provide a brief reason below )

Any person with concerns or complaints about the conduct of a research study can contact
The Manager, Human Ethics Administration, University of Sydney on +61 2 8627 8176
(Telephone); +61 2 8627 8177 (Facsimile) or ro.humanethics@sydney.edu.au (Email).
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Part B

Please select the letter that best describes your approach towards learning chemistry:

A Strongly agree B Agree C Neutral D Disagree E Strongly disagree
Questionnaire retrieved from: Biggs, J.B., Kember, D., & Leung, D.Y.P. (2001). The revised two factor study process questionnaire: R-SPQ 2F .British
SA|A|N|D|SD
1. 1 f|r)d thgt at times studying gives me a feeling of deep personal AlBlclpl E
satisfaction
2. |find that | have to do enough work on a topic so that | can form
: L A |B|C|/D| E
my own conclusion before | am satisfied
3. My aim is to pass the course while doing as little work as AlBlclpl E
possible
4. Ioaﬂilr):estudy seriously what'’s given out in class or in the course AlBlclpl E
5 1 fee';l thgt virtually any topic can be highlight interesting once | AlBlciDl| E
getinto it
6. |find most new topics interesting and often spend extra time
; . . : A |B|C|/D| E
trying to obtain more information about them
7. 1 d.o. not find my course very interesting so | keep my work to the AlBlcliDl| E
minimum
8. | learn some things by rote, going over and over them until | AlBlciDl| E
know them by heart even if | do not understand them
9. Ifind that studying academic topics can at times be as exciting
: A |B|C|/D|E
as a good novel or movie
10. | test myself on important topics until | understand them AlBlciDl| E
completely
11. 1 find | can get by in most assessments by memorising key AlBlclpl E
sections rather than trying to understand them
12. | generally restrict my study to what is specifically set as | think it
: . A |B|C|/D|E
is unnecessary to do anything extra
13. | work hard at my studies because | find the material interesting A C|D
14. 1 spend a lot of my free time finding out more about interesting
: : , L A |B|C|/D|E
topics which have been discussed in different classes
15. I find it is not helpful to study topics in depth. It confuses and
wastes time when all you need is a passing acquaintance with A |B|C|/D|E
topics
16. | believe that lecturers shouldn’t expect students to spend
significant amounts of time studying material everyone knows A |B|C|/D|E
won’t be examined
17.1 came .to most classes with questions in mind that | want AlBlclpl E
answering
18. | make a point of looking at most of the suggested readings that
) A |B|C|/D|E
go with the lectures
19. 1 see no pomt in learning material which is not likely to be in the AlBlciDl| E
examination
20. | find the best way to pass examinations is to try to remember
: . A |B|C|/D|E
answers to likely questions

Journal of Educational psychology. 71, 133-14
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Appendix E:  Students’ perception towards the online pre-learning
materials questionnaire

Part C: Video tutorials

1. Do you watch the online video tutorials?
a. Yes (Go to question 3)
b. No

Please select the letters that best describes your approach towards learning chemistry (circle more than
one answer)

2. Why do you not watch the online video tutorials?
| did not know the videos existed.

| do not need the videos to do the quizzes.
The videos are not helpful to my learning.

| do not have time to watch the videos.

The videos are too long.

Other, please explain briefly

~Po0TD

3. Why do you watch the online video tutorials?
a. Watching the videos helps me do better on the quizzes.
b. The videos are helpful to my learning.
c. Other, please explain briefly

Please select the letter that best describes your approach towards learning chemistry

4. The online video tutorials are helpful for introducing new concepts.
Strongly agree

Agree

Neutral

Disagree

. Strongly disagree

he online video tutorials aid my understanding of the chemical concepts covered each week.
Strongly agree

Agree

Neutral

Disagree

Strongly disagree

5.

PooTO A0 0T

6. The online video tutorials give me background knowledge for content discussed during class
time.

Strongly agree

Agree

Neutral

Disagree

Strongly disagree

P20 T O

Part D: Online quizzes

1. Do you complete the online quizzes?
a. Yes (go to question 3)
b. No

Please select the letters that best describes your approach towards learning chemistry (circle more than
one answer)
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2. Why do you not complete the online quizzes?

a.
b.
c.
d.

| do not have time
The quizzes are not helpful for learning

The contribution of the quizzes to my final mark is too small to bother doing the quizzes.
Other, please explain briefly

3. | complete the online quizzes because

P00 CTO

The quizzes contribute to my mark

The quizzes are easy marks

The quizzes help me understand concepts
The quizzes are good revision tool

Other, please explain briefly

Please select the letter that best describes your approach towards learning chemistry

4. The online quizzes enhance my learning experience.

PoO0TD®

Strongly agree
Agree

Neutral

Disagree
Strongly disagree

5. The link between the online quizzes and the pre-lecture videos is clear.

o

© Q00T

Strongly agree
Agree

Neutral

Disagree
Strongly disagree

Part E: Feedback on video tutorials and online quizzes?

1.

What aspects do you find most helpful in the video tutorials?

What aspects do you find most helpful in the online quizzes?

What improvements to the video tutorials and online quizzes would you recommend to
improve your learning in this unit?

If you are willing to participate in a follow up observation and interview to discuss your
experience towards the online learning activities please provide further details bellow:

Name:

SID (optional):

Contact email: Contact number:

END OF QUESTIONNAIRE- Thank you for your participation
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Appendix F:

quiz and other course assessment for Group B
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Figure F.1. Comparison of performance between pre-learning quiz and in-semester quiz.
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Appendix G: Appendix G: One-way ANOVA analyses and post-
hoc Tukey’s #-test comparison of various academic performance
measures across the engagement groups on a cohort and course level
for Group B

Table G.1. ANOVA comparisons of academic performance in the end of semester 1

examination for all intermediate chemistry students across the three engagement groups for
Group B.

Tukey’s HSD Comparisons

n M SD LE ME HE

LE 88  46.67 23.07 -
ME 87  56.63 19.09 p = 0.004** -
HE 87 6l.65 18.71 p <0.001%** p =0.237 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement ** p < 0.01, ***p < 0.001.

Table G.2. ANOVA comparisons of academic performance in the end of semester 2
examination for all intermediate chemistry students across the three engagement groups for
Group B.

Tukey’s HSD Comparisons

n M SD LE ME HE
LE 63 5432 2257 -
ME 57 6279  26.68 p =0.131 -
HE 59  70.58 22.42 p =0.001%** p =0.188 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, ***p < 0.001.
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Table G.3. ANOVA comparisons of overall course performance in semester 1 for all
intermediate chemistry students across the three engagement groups for Group Bi.

Tukey’s HSD Comparisons

n M SD LE ME HE

LE 88 39.83 16.02 -
ME 87 47.88 11.75 p <0.001%** -
HE &7 51.05 11.77 p <0.001%** p =0.262 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, ***p < 0.001.

Table G.4. ANOVA comparisons of overall course performance in semester 2 for all
intermediate chemistry students across the three engagement groups for Group Bi.

Tukey’s HSD Comparisons

n M SD LE ME HE
LE 63 43.69 14.12 -
ME 57  50.72  15.65 p =0.021* -
HE 59 5538 12.83 p <0.001%** p =0.185 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement *p < 0.05, ***p <0.001.
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Table G.5. ANOVA comparisons of semester 1academic performance for CHEM2401
students across the three engagement groups for Group B;.

End of semester examination Tukey’s HSD Comparisons

n M SD LE ME HE
LE 63 39.83 21.00 -
ME 55 49.14 14.55 p=0.023* -

HE 54  55.89 20.32 p <0.001%** p=0.152 -
Overall course performance Tukey’s HSD Comparisons
n M SD LE ME HE

LE 63 3518 1457 -
ME 55 43.17 9.07  p=0.002%** ;
HE 54 4752 1278  p<0.001%** p=0.166 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement * p < 0.05, ***p <0.001.

Table G.6. ANOVA comparisons of semester 1 academic performance for CHEM2911
students across the three engagement groups for Group Bi.

End of semester examination Tukey’s HSD Comparisons

n M SD LE ME HE
LE 20 60.25 19.30 -
ME 29  67.00 18.49 p=0.327 -

HE 327094 10.97 p =0.059 p=20.610 -
Overall course performance Tukey’s HSD Comparisons
n M SD LE ME HE

LE 20 49.07 13.88 -
ME 29 5449 1097 p =0.185 -
HE 32 5675  6.86 p=0.031* p=0.667 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, *p < 0.05.
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Table G.7. ANOVA comparisons of semester 2 academic performance for CHEM2402
students across the three engagement groups for Group B;.

End of semester examination Tukey’s HSD Comparisons

n M SD LE ME HE

LE 39  48.67 16.18 -
ME 31 50.82  24.59 p=0.898 -

HE 27 6525 19.79 p =0.004%* p=0.021%* -
Overall course performance Tukey’s HSD Comparisons

n M SD LE ME HE
LE 39 3991 10.55 -
ME 31 43.65 14.62 p=0.420 -
HE 27 5199 11.76 p <0.001%** p=0.031% -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, *p < 0.05 **, p <0.01, ***p <0.001.

Table G.8. ANOVA comparisons of semester 2 academic performance for CHEM2912
students across the three engagement groups for Group Bi.

End of semester examination Tukey’s HSD Comparisons

n M SD LE ME HE

LE 21 63.74 27.58 -
ME 24 81.62 14.44 p=0.023* -

HE 31 76.65 2242 p=0.105 p =0.689 -
Overall course performance Tukey’s HSD Comparisons
n M SD LE ME HE

LE 21 49.67 17.05 -
ME 24 6158 9.44 p=0.010%* -
HE 31 5896 12.72 p=0.039* p=0.747 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, *p < 0.05, ** p <0.01.
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Appendix H: Comparison of performance between pre-learning
quiz and other course assessment for Group B2
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Figure H.1. Comparison of performance between pre-learning quiz and in-semester quiz.
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Figure H.2. Comparison of performance between pre-learning quiz and end of semester
examination.
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Figure H.3. Comparison of performance between pre-learning quiz and theory
component.
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Figure H.4. Comparison of performance between pre-learning quiz and laboratory
component.
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Figure H.5. Comparison of performance between pre-learning quiz and final course
performance.
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Appendix I:  One-way ANOVA analyses and post-hoc Tukey’s -
test comparison of various academic performance measures across the
engagement groups on a cohort and course level for Group B:

Table I.1. ANOVA comparisons of academic performance in the end of semester 1
examination for all intermediate chemistry students across the three engagement groups for
Group B».

Tukey’s HSD Comparisons

n M SD LE ME HE
LE 82  56.06 21.51 -
ME 79  61.21 20.16 p =0.227 -
HE 74 6996 17.25 p <0.001%** p =0.018* -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, *p < 0.05, ***p <0.001.

Table I.2. ANOVA comparisons of academic performance in the end of semester 2
examination for all intermediate chemistry students across the three engagement groups for
Group B».

Tukey’s HSD Comparisons

n M SD LE ME HE
LE 59 5473 23.84 -
ME 61 5297 1830 p=0.879 -
HE 54  65.72 18.25 p=0.011* p =0.002%* -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, *p < 0.05, **p <0.01.
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Table 1.3. ANOVA comparisons of overall course performance in semester 1 for all
intermediate chemistry students across the three engagement groups for Group Bs.

Tukey’s HSD Comparisons

n M SD LE ME HE

LE 82 4587 13.97 -
ME 79  50.06 12.40 p=0.087 -
HE 74 55.80 10.74 p <0.001%** p=0.014* -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, *p < 0.05, ***p <0.001.

Table 1.4. ANOVA comparisons of overall course performance in semester 2 for all
intermediate chemistry students across the three engagement groups for Group Bs.

Tukey’s HSD Comparisons

n M SD LE ME HE
LE 59 4383 15.63 -

ME 61 4450 11.69 p =0.957 -

HE 54 5274 11.19  p=0.001%** p=0.003%* -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement, ** p <0.01, ***p <0.001.
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Table I.5. ANOVA comparisons of semester 1 academic performance for CHEM2401
students across the three engagement groups for Group Ba.

End of semester examination Tukey’s HSD Comparisons

n M SD LE ME HE

LE 49  43.60 16.71 -
ME 55 57.61 20.51 p <0.001%** -

HE 51 6544 17.12 p <0.001%** p=10.074 -
Overall course performance Tukey’s HSD Comparisons
n M SD LE ME HE

LE 49  37.71 10.53 -
ME 55 4789 12.61 p <0.001%** -
HE 51  53.03 10.78 p <0.001%** p=0.056 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement ***p < 0.001.

Table 1.6. ANOVA comparisons of semester 1 academic performance for CHEM2911
students across the three engagement groups for Group Ba.

End of semester examination Tukey’s HSD Comparisons

n M SD LE ME HE
LE 19 6790 10.83 -
ME 23 68.37 1645 p=0.994 -
HE 18  77.41 13.27 p=0.104 p=0.107 -
Overall course performance Tukey’s HSD Comparisons

n M SD LE ME HE

LE 19 5317  7.65 -
ME 23 5433 10.20 p =0.907 -
HE 18 6046  8.10 p=0.039* p=0.079 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement *p < 0.05.
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Table I.7. ANOVA comparisons of semester 2 academic performance for CHEM?2402
students across the three engagement groups for Group B».

End of semester examination Tukey’s HSD Comparisons

n M SD LE ME HE

LE 34 4229 19.04 -

ME 49  50.44 17.78 p=0.097 -
HE 37 5796 15.55 p=0.001%* p=0.124 -
Overall course performance Tukey’s HSD Comparisons

n M SD LE ME HE

LE 34 3561 1341 -
ME 49  43.08 1145 p=0.011* -
HE 37 47091 9.26 p <0.001%** p=0.132 -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement *p < 0.05 ** p <0.01 ***p <0.001.

Table I.8. ANOVA comparisons of semester 2 academic performance for CHEM2912
students across the three engagement groups for Group Ba.

End of semester examination Tukey’s HSD Comparisons

n M SD LE ME HE

LE 18  66.17 14.58 -
ME 11 60.68 15.76 p=0.544 -

HE 14 7992 9.66 p=0.018*% p=0.003** -
Overall course performance Tukey’s HSD Comparisons
n M SD LE ME HE

LE 18 5094  9.66 -
ME 11 4850 9.82 p=0.752 -
HE 14 6157 6.59 p =0.004** p =0.002%* -

Note. M = mean, SD = standard deviation, LE = low engagement, ME = moderate
engagement, HE = high engagement *p < 0.05 ** p <0.01.
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Appendix J:  One-way ANOVA analyses and post-hoc Tukey’s -
test comparison of various academic performance measures across the

behavioural viewing groups on a cohort and course level for Groups
B1 and B>

Table J.1. ANOVA comparisons of online pre-learning quiz performance across behavioural
viewing groups for Group B across both semesters.

Semester 1 Tukey’s HSD Comparisons
n M SD Van Vs Vss VN
Var 78 98091 3.26 - [

Vs 122 8937  12.69 p<0.001%** -
Vas 59 67.51 30.68 p<0.001%%* p<0.001%** _
VN 3 6667 2417 p=0.009%*  p=0.110 p=0.100%** -

Semester 2 Tukey’s HSD Comparisons

n M SD VAll V<5 V>5 VN

Van 117 8273 16.16 -

Vs 57 7398 20.14 p=0.007*** -

Vs 5 51.73 2220 p<0.001*** p<0.021** -

Vv NA NA NA -

Note. M = mean, SD = standard deviation, Vaj = all videos, V<s = less than five videos, Vs
= greater or equal to five videos and Vn = no video views, ** p <0.01,***p < 0.001.
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Table J.1. ANOVA comparisons of online pre-learning quiz performance across behavioural
viewing groups for Group B: across both semesters

Semester 1 Tukey’s HSD Comparisons
n M SD Vau Vss Vs VN
Van 80 99.06 3.29 - H***
Vs 119 86.05 14.57 p<0.001*** -
Vs 31 5452 28.06 p<0.001*%** p<0.001*** -
VN 5 58.00 40.25 p<0.001***  p<0.001*** p =0.967 -
Semester 2 Tukey’s HSD Comparisons
n M SD Vau Vss Vs VN
Var 83 9645 563 -
Vs 70  81.75 1542 p<0.001%** -
Vss 21 48.62 3043 p<0.001*** p<0.001*** -
Vv NA NA NA - - 3

Note. M = mean, SD = standard deviation, Vayn = all videos, V<s = less than five videos, Vxs
= greater or equal to five videos and Vn = no video views, ** p <0.01,***p < 0.001.
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Table J.2. ANOVA comparisons of online in-semester quiz performance across behavioural
viewing groups for Group B across both semesters.

Semester 1 Tukey’s HSD Comparisons

n M SD Vau V<s Vss VN

Var 78 7585 16.60 -
Vs 122 7169 1842  p=0.453 -

Ves 59 6870 2439  p=0.145 p=0.766 -

Vn 3 7000 17.64 p=0.145 »=0.999 »=0.999 -

Semester 2 Tukey’s HSD Comparisons

n M SD Vau V<s Vs VN

Vanr 117  80.80 20.91 -
Vs 57 6456 21.59 p<0.001*** -
Vs 5 31.33 2468 p<0.001***  p=0.003** -

Vv N/A NA N/A -

Note. M = mean, SD = standard deviation, Vayn = all videos, V<s = less than five videos, Vxs
= greater or equal to five videos and Vn = no video views, ** p <0.01,***p < 0.001.
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Table J.3. ANOVA comparisons of online in-semester quiz performance across behavioural

viewing groups for Group B: across both semesters.

Semester 1

n M SD

Tukey’s HSD Comparisons

Vss A%

80 7529 12.86
119 71.85 16.57
31 71.50 19.55
5 76.00 18.16

p=0.936 -

Semester 2

n M SD

Tukey’s HSD Comparisons

A%

83 7129 16.87
70 63.43  22.39
21 5571 36.58
N/A  N/A N/A

p=0.013*

Note. M = mean, SD = standard deviation, Vayn = all videos, V<s = less than five videos, Vxs

= greater or equal to five videos and Vn = no video views, * p < 0.05.
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Table J.4. ANOVA comparisons of end of semester examination performance across

behavioural viewing groups for Group Bi across both semesters.

Semester 1 Tukey’s HSD Comparisons
n M SD Vau Vss Vs VN
Var 78  58.07 19.12 -
Vs 122 5533 1942 p=0.806 -
Vs 59  49.25 2647 p=0.075 p=0.267 -
VN 3 70.00 9.17 p=0.771 p=0.633 p=0.345 -
Semester 2 Tukey’s HSD Comparisons
n M SD Vau Vss Vs VN
Van 117  67.50 23.19 -
Vs 57 52,63 2437 p<0.001%*** -
Vs 5 53.48 32.25 p=0.403 p=0.997 -
Vv N/A NA NA -

Note. M = mean, SD = standard deviation, Vayn = all videos, V<s = less than five videos, Vxs
= greater or equal to five videos and VN = no video views,***p < 0.001.
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Table J.5. ANOVA comparisons of end of semester examination performance across

behavioural viewing groups for Group B: across both semesters.

Semester 1 Tukey’s HSD Comparisons
n M SD Vau Vss Vs VN
Vanr 80 67.19 17.81 -
Vs 119 5921 21.00 p=0.035% -
Vss 31 5947 23.57 p=0.276 p=1 -
VN 5 69.02 1720 p=0.997 p=0.715 p=0.763 -
Semester 2 Tukey’s HSD Comparisons
n M SD Vau Vss Vs VN
Var 81  60.54 18.85 -
Vs 69 5515 21.14 p=0.254 -
Vs 19  56.74 2647 p=0.752 p=0.953 -
Vv N/A NA NA -

Note. M = mean, SD = standard deviation, Vayn = all videos, V<s = less than five videos, Vxs
= greater or equal to five videos and Vn = no video views, * p < 0.05.
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Table J.6. ANOVA comparisons of overall academic performance across behavioural
viewing groups for Group B across both semesters.

Semester 1 Tukey’s HSD Comparisons

n M SD Vau V<s Vss VN

Van 78 4942 11.78 -

Vs 122 46.56  12.42 p=0.485 -

Vs 59 41.04 1857 p=0.003** p =0.060 -

VN 3 52.17  8.00 p =0.987 p =0.900 p=0.527 -

Semester 2 Tukey’s HSD Comparisons

n M SD Vau V<s Vs VN

Var 117  53.50 13.75 - -
Vs 57 4293 1444 p<0.00]1*** . -
Vs 5 40.76 14.96 p=0.121 p=0.942 -

Vv N/A NA NA -

Note. M = mean, SD = standard deviation, Vayn = all videos, V<s = less than five videos, Vxs
= greater or equal to five videos and Vn = no video views, ** p <0.01,***p < 0.001.
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Table J.7. ANOVA comparisons of overall academic performance across behavioural
viewing groups for Group B: across both semesters.

Semester 1 Tukey’s HSD Comparisons
n M SD Vau Vss Vs VN
Van 80 5436 10.71 -
Vs 119 4847 1329  p=0.009** -
Vss 31 4693 1579 p=0.033* p=0.934 -
VN 5 5441 11.57 p=1 p=0.686 p =0.566 -
Semester 2 Tukey’s HSD Comparisons
n M SD Vau Vss Vs VN
Var 83 4928 12.40 -
Vs 70 4440 13.75 p=0.093 -
Vss 21 3883 21.68 p=0.009%* p=0.264 -
Vv N/A NA NA -

Note. M = mean, SD = standard deviation, Vayn = all videos, V<s = less than five videos, Vxs

= greater or equal to five videos and Vn = no video views, * p < 0.05,**p <0.01.
p p
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Appendix K: One-way ANOVA analyses and post-hoc Tukey’s #-
test comparison of various academic performance measures across the

behavioural quiz groups on a cohort and course level for Groups B1

and B>

Table K.1. ANOVA comparisons of online pre-learning quiz performance across
behavioural quiz groups for Group B across both semesters.

Semester 1 Tukey’s HSD Comparisons
n M SD Qan Q<s Qs
Qan 145 98.06  8.93 -
Q<s 92 8276 1148 p <0.001%** -
Qss 25 3876 20.67 p <0.001%** p <0.001%** -
Semester 2 Tukey’s HSD Comparisons
n M SD Qan Q<s Qs
Qan 130 80.86 17.67 -
Q<s 47 75.11  20.04 p =0.160 -
Qss 2 5633  28.76 p =0.150 p =0.336 -

Note. M = mean, SD = standard deviation, Qan= all quizzes, Q<s = less than five quizzes, Qs

= greater or equal to five quizzes, ***p < 0.001.

307



Table K.2. ANOVA comparisons of online pre-learning quiz performance across
behavioural quiz groups for Group B: across both semesters.

Semester 1 Tukey’s HSD Comparisons

n M SD Qan Qs<s Qs
Qan 124 9972 147 -
Q<s 91  78.63 11.36 p <0.001%** -

Qss 20 31.25 14.86 p <0.001%** p <0.001%** -
Semester 2 Tukey’s HSD Comparisons
n M SD Qan Q<5 Qs

Qau 97 80.86 17.67 -
Q<5 56  75.11 20.04 p =0.160 -
Qs 2 56.33  28.76 p =0.150 p =0.336 -

Note. M = mean, SD = standard deviation, Qan= all quizzes, Q<s = less than five quizzes, Qs

= greater or equal to five quizzes, ***p < 0.001

Table K.3. ANOVA comparisons of online in-semester quiz performance across behavioural
quiz groups for Group B across both semesters.

Semester 1 Tukey’s HSD Comparisons

n M SD Qan Q<5 Qs
Qan 145 76,51  16.50 -
Q<s 92  70.07 1841 p=0.026* -

Qss 25 5547 28.18 p <0.001%** p =0.002** -
Semester 2 Tukey’s HSD Comparisons
n M SD Qan Q<5 Qs

Qan 130 80.86 17.67 -
Q<5 47  75.11 20.04 p <0.001%** -
Qs 2 56.33  28.76 p = 0.002** p =0.031%* -

Note. M = mean, SD = standard deviation, Qan= all quizzes, Q<s = less than five quizzes, Qs

= greater or equal to five quizzes, ***p < 0.001.
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Table K.4. ANOVA comparisons of online in-semester quiz performance across behavioural
quiz groups for Group B: across both semesters.

Semester 1 Tukey’s HSD Comparisons
n M SD Qan Q<s Qs
Qan 124 75.65 1.22 -
Q<s 91 7029  1.69 p=0.038% -
Qss 20 69.67  5.55 p=0.256 p=0.986 -
Semester 2 Tukey’s HSD Comparisons
n M SD Qan Q<s Qs
Qan 97 80.86 17.67 -
Q<s 56 7511 20.04 p =0.024* -
Qss 2 56.33  28.76 p =0.022% p=0.710 -

Note. M = mean, SD = standard deviation, Qan= all quizzes, Q<s = less than five quizzes, Qs
= greater or equal to five quizzes, *p < 0.05.

Table K.5. ANOVA comparisons of end of semester examination performance across
behavioural quiz groups for Group B across both semesters.

Semester 1 Tukey’s HSD Comparisons
n M SD Qan Q<s Qs
Qan 145 5991 18.86 -
Q<s 92 5248 19.99 p=0.016% -
Qss 25 3522 2622 p <0.001%** p <0.001%** -
Semester 2 Tukey’s HSD Comparisons
n M SD Qan Qs<s Qs
Qan 130 66.18 23.70 -
Q<s 47  52.66 24.62 p =0.003** -
Qss 2 43.06 34.74 p =0.369 p =0.845 -

Note. M = mean, SD = standard deviation, Qan= all quizzes, Q<s = less than five quizzes, Qs
= greater or equal to five quizzes,*p < 0.05 **, p <0.01, ***p <0.001.
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Table K.6. ANOVA comparisons of end of semester examination performance across
behavioural quiz groups for Group B: across both semesters.

Semester 1 Tukey’s HSD Comparisons
n M SD Qan Q<s Qs
Qan 124 66.88 19.23 -
Q<s 91 5541 1943 p <0.001%** -
Qss 20 63.72  25.23 p=0.786 p=0.210 -
Semester 2 Tukey’s HSD Comparisons
n M SD Qan Q<s Qs
Qar 95 80.86 17.67 -
Q<s 55 7511 20.04 p=0413 -
Q=5 19 5633 28.76 p =0.997 p =0.651 -

Note. M = mean, SD = standard deviation, Qan= all quizzes, Q<s = less than five quizzes, Qs

= greater or equal to five quizzes, ***p < 0.001

Table K.7. ANOVA comparisons of overall academic performance across behavioural quiz
groups for Group B across both semesters.

Semester 1 Tukey’s HSD Comparisons
n M SD Qan Q<s Q:=s
Qan 145 5040 11.72 -
Q<s 92 4421 1247 p <0.001%** -
Qss 25 2950 18.46 p <0.001%** p <0.001%** -
Semester 2 Tukey’s HSD Comparisons
n M SD Qan Q<s Qs
Qan 117 5350 13.75 -
Q<s 57 4293 1444 p =0.003** -
Q=5 5 40.76  19.59 p =0.369 p =0.845 -

Note. M = mean, SD = standard deviation, Qan= all quizzes, Q<s = less than five quizzes, Qs

= greater or equal to five quizzes,**p < 0.01, ***p < 0.001.
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Table K.8. ANOVA comparisons of overall academic performance across behavioural quiz
groups for Group B> across both semesters.

Semester 1 Tukey’s HSD Comparisons
n M SD Qan Qs<s Qs
Qan 124 5428 11.39 -
Q<s 91 4549 12.24 p <0.001%** -
Qss 20 4881 18.54 p=0.165 p=0.528 -
Semester 2 Tukey’s HSD Comparisons
n M SD Qan Qs<s Qs
Qan 97 4871 1220 -
Q<s 56 4355 1399 p =0.087 -
Qss 21 4049 2291 p =0.050* p =0.685 -

Note. M = mean, SD = standard deviation, Qan= all quizzes, Q<s = less than five quizzes, Qs

= greater or equal to five quizzes, ***p < 0.001.
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Appendix L: One-way ANOVA analyses and post-hoc Tukey’s ¢-
test comparison of various academic performance measures across the
behavioural pattern groups on a cohort level for Groups B: and B2
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Table L.1. ANOVA comparison of academic performance across behavioural pattern groups on a cohort level for Group B: for semester 1.

Tukey’s HSD Comparisons

Overall pre- n M SD BP, BP, BP; BP,

learning quiz

BP; 18 90.28 17.49 -

BP; 166  93.14 11.74 p=10.922 -

BP; 40 89.58 14.67 p=1 p=0.596 -

BP, 18 79.17 2097 p=0.123 p <0.001%** p =0.069 -

BPs 20 35.30 18.36 p <0.001%** p <0.001%** p <0.001%** p <0.001%**
Tukey’s HSD Comparisons

End of semester M SD BP, BP; BP; BP,

examination

BP; 18 67.58 14.57 -

BP; 166  55.04  20.12 p =0.090 -

BP; 40 61.98 19.04 p=0.862 p=10.289 -

BP, 18 49.19 16.09 p =0.050 p=0.767 p=0.168 -

BPs 20 3395  27.89 p <0.001%** p <0.001*** p <0.001%** p=0.137

Tukey’s HSD Comparisons

Overall course " M D BP, BP, . BP; . BP,

performance

BP: 18 54.04 9.55 -

BP; 166  46.95 12.68 p=0.182 -

BP; 40 50.79 12.31 p=10.904 p =0.447 -

BP4 18 41.36 11.28 p =0.030%* p=0.415 p=0.081 -

BPs 20 28.53 19.37 p <0.001%** p <0.001*** p <0.001*** p =0.022%*

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP1 = Q, BP,=Q >V, BP;=Q =V, BP4=Q <V, BPs =V and BPs
= N/A, where Q represents frequency of pre-learning quiz access and V represents frequency of pre-learning video access,* p < 0.05, ***p <

0.001.
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Table L.2. ANOVA comparison of academic performance across behavioural pattern groups
on a cohort level for Group B for semester 2.

Tukey’s HSD Comparisons

Overall pre- n M SD BP; BP; BP;

learning quiz

BP; 158 80.75 16.44 -

BP; 10 82.57 2133  p=0.988 -

BP4 4 6425 1729 p=0.236 p=0.279 -

BPs 7 4476 2783 p<0.001*** p<0.001***  p=0.276

Tukey’s HSD Comparisons

Endofsemester = gp BP; BP; BP,

examination

BP; 158 62.05 24.55 -

BP; 10 69.38 2684  p=0.803 -

BP4 4  66.00 2657 p=0.989 p=10.996 -

BPg 7 5757 2792  p=0.966 p =0.770 p =0.949
Tukey’s HSD Comparisons

Overall course " M D BP, BP; BP,

performance

BP; 158 49.88 14.76 -

BP; 10 53.64 1594  p=0.868 -

BP4 4 4980 17.73 p =1.000 p=0973 -

BPs 7 4201 1746  p=10.526 p =0.395 p=10.960

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V,
BP; =Q=V,BP;=Q <V, BPs =V and BPs = N/A, where Q represents frequency of
pre-learning quiz access and V represents frequency of pre-learning video access, ***p <

0.001.

314



Table L.3. ANOVA comparison of academic performance across behavioural pattern groups on a cohort level for Group B, for semester 1.

Tukey’s HSD Comparisons

Overall pre-

) . M SD BP, BP; BP;3 BP4
learning quiz
BP; 7 92.86 9.51 -
BP; 169 92.84 10.85 p=1 -
BP; 36 82.50 16.01 p=0.283 p <0.00]*** -
BP4 3 70.00 26.46 p=0.062 p <0.001%** p=0.497 -
BPs 20 34.92 15.82 p <0.00]%** p <0.00]*** p <0.001%** p <0.001%**
Tukey’s HSD Comparisons
End of
semester n M SD BP BP; BP; BP,4
examination
BP; 7 67.44 25.97 -
BP; 169 60.19 19.99 p=10.939 -
BP; 36 68.58 18.24 p= p=0.218 -
BP4 3 67.14 32.30 p= p=0.992 p=1 -
BPg 20 61.90 23.18 p=0.998 p =0.907 p=0.997 p=0.999
Tukey’s HSD Comparisons
Overall course " M D BP, BP, . BP; . BP.
performance
BP; 7 53.96 15.50 -
BP; 169 49.64 12.37 p=0.955 -
BP; 36 53.61 12.16 p=1 p=0.553 -
BP4 3 52.47 23.94 p= p=0.999 p=1 -
BPg 20 47.36 16.70 p=0.325 p=0.370 p=1 p=1

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP1 = Q, BP,=Q>V,BP;=Q =V, BP4=Q <V, BPs =V and BPs
= N/A, where Q represents frequency of pre-learning quiz access and V represents frequency of pre-learning video access, * p < 0.05 ***p <
0.001.
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Table L.4. ANOVA comparison of academic performance across behavioural pattern groups
on a cohort level for Group B: for semester 2.

Tukey’s HSD Comparisons

Overall pre- n M SD BP; BP; BP;

learning quiz

BP; 132 9194 10.20 -

BP; 14 79.00 20.10 p=0.020%* -

BP4 9 60.89 2024 p<0.001***  p=0.039*% -

BPs 19 5047 3338 p<0.001*** p<0.001*¥**  p=0.363

Tukey’s HSD Comparisons

Endofsemester = gp BP; BP; BP,

examination

BP; 130 56.44 19.44 -

BP; 14 69.54 2223 p=0.108 -

BP4 9 48.67 20.61 p=0.726 p=0.103 -

BPg 19 6391 26.15 p=0.492 p =0.872 p=0.726
Tukey’s HSD Comparisons

Overall course " M D BP, BP; BP,

performance

BP; 132 46.61 12.46 -

BP; 14 53.11 1524  p=0.376 -

BP4 9 3534 1540 p=0.108 p=0.973 -

BPs 19 42.12 2343  p=0.583 p =0.395 p =0.960

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V,
BP; =Q=V,BP;=Q <V, BPs =V and BPs = N/A, where Q represents frequency of
pre-learning quiz access and V represents frequency of pre-learning video access, ***p <

0.001.
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Appendix M: One-way ANOVA analyses and post-hoc Tukey’s ¢-
test comparison of various academic performance measures across the
behavioural pattern groups on a course level for Groups B and B>
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Table M.8. ANOVA comparison of academic performance across behavioural pattern groups in CHEM2401 for Group B;.

Tukey’s HSD Comparisons

Overall pre- M SD BP; BP, BP; BP,
learning quiz

BP; 10 8660 2130 -

BP, 111 91.76  13.46 p=0.862 -

BP; 24 8675  14.98 p=1.000 p=0.628 ;

BP, 14 77.00  23.04 »=0.590 p=0.011%* p=02362 ;

BPs 13 3392 2240 P <0.001%%* P < 0.001%%* P < 0.001%%* p < 0.001%%*

Tukey’s HSD Comparisons

End of semester

.. n M SD BP; BP; BP3 BP4
examination
BP; 10 66.25 16.86 -
BP; 111 48.40 17.94 p=0.026* -
BP; 24 53.40 19.63 p=0.326 p=0.734 -
BP, 14 4571 1530 p=0.052 p=0.985 p=0.713 -
BPs 13 21.08 19.60 p <0.001*** p <0.001*** p <0.001*** p =0.005**

Tukey’s HSD Comparisons

Overall course

n M SD BP, BP» - BP; - BPs4
performance
BP, 10 52.60 11.19 -
BP> 111 42.80 11.49 p=10.086 -
BPs; 24 45.04 12.44 p=0.424 p=0.913 -
BP4 14 39.13 11.37 p =0.046* p=0.801 p=0.559 -
BPs 13 19.31 12.28 p <0.001#** p <0.001%** p <0.001%** p <0.001%**

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP1 = Q, BP,=Q >V, BP;=Q =V, BP4=Q <V, BPs =V and BPs
= N/A, where Q represents frequency of pre-learning quiz access and V represents frequency of pre-learning video access,* p < 0.05, **p <
0.01, ***p < 0.001.
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Table M.9. ANOVA comparison of academic performance across behavioural pattern groups in CHEM?2402 for Group B;.

Tukey’s HSD Comparisons

Overall pre-

. . n M SD BP> BP3 BP4
learning quiz
BP; 86 89.99 12.61 -
BP; 6 91.50 6.66 p=0.992 -
BP4 3 59.00 16.82 p <0.001%** p =0.002%* -
BPs 2 30.00 8.49 p <0.001%** p <0.001%** p =0.058
Tukey’s HSD Comparisons
End of semester n M SD BP; BP; BP;
examination
BP; 86 53.33 20.11 -
BP; 6 63.52 33.24 p=0.671 -
BP4 3 58.63 27.06 p=0.975 p =0.988 -
BPs 2 45.88 30.76 p=10.961 p=0.742 p=0914
Tukey’s HSD Comparisons
Overall course " M 3D *BP, *BP, *BP,
performance
BP; 86 44.33 12.42 -
BP; 6 50.98 19.30 p=0.628 -
BP4 3 44.48 17.37 p =1.000 p=0.896 -
BPg 2 30.56 19.65 p =0.460 p=0.232 p=0.651

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V, BP; =Q =V, BP, =Q <V and BPs; = N/A, where Q
represents frequency of pre-learning quiz access and V represents frequency of pre-learning video access, **p < 0.01, ***p <0.001.
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Table M.3. ANOVA comparison of academic performance across behavioural pattern groups in CHEM2911 for Group B;.

Tukey’s HSD Comparisons

Overall pre-

. . M SD BP: BP> BP3 BP4
learning quiz
BP; 8 94.88 10.76 -
BP; 55 95.95 6.29 p=0.997 -
BP; 16 93.81 13.55 p=0.999 p=0.906 -
BP4 4 86.75 9.71 p=0.539 p=10.246 p=0.586 -
BPs 7 37.86 7.27 p <0.001%** p <0.001*** p <0.001*** p <0.001%**
Tukey’s HSD Comparisons
End of semester M SD BP, BP; BP; BP,
examination
BP; 8 69.25 12.01 -
BP; 55 68.44 17.52 p =1.000 -
BP; 16 74.84 7.56 p=10.934 p=0.650 -
BP4 4 61.38 14.07 p=0.935 p=0.921 p=0.589 -
BPg 7 57.86  25.88 p =0.669 p=0.500 p=0.163 p=0.997
Tukey’s HSD Comparisons
Overall course " M D BP, BP, . BPs . BP,
performance
BP; 8 55.84 7.36 -
BP; 55 55.31 10.75 p =1.000 -
BP; 16 59.41 4.94 p=0.933 p=0.643 -
BP4 4 49.18 7.53 p=0.837 p=0.790 p=0.410 -
BPg 7 45.64 18.99 p=0.335 p=0.154 p=0.037 p=0.983

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP1 = Q, BP,=Q>V,BP;=Q =V, BP4=Q <V, BPs =V and BPs
= N/A, where Q represents frequency of pre-learning quiz access and V represents frequency of pre-learning video access, ***p < 0.001.

320



Table M.4. ANOVA comparison of academic performance across behavioural pattern groups
in CHEM2912 and CHEM2916 for Group B;.

End of semester

Overall course

CHEM2912 Pre-learning quiz ..
examination performance
n M SD M SD M SD
BP; 69  69.23 13.26 74.60 23.76 57.57 14.03
BP; 4 69.17 29.86 78.16 12.18 57.63 10.29
BP4 1 80.00 - 88.13 - 65.77 -
BP¢ 2 16.67 9.42 62.90 14.50 39.85 9.20
CHEM2916 Pre-learning quiz End of §emester Overall course
examination performance
n M SD M SD M SD
BP; 3 9333 11.55 88.34 8.50 66.61 5.36
BP; 3 90.00 17.32 84.64 1.58 64.88 1.05
BP; 3 90.00 17.32 89.73 8.86 67.85 4.66
BP4 1 60.00 - 82.45 - 64.63 -
BP¢ 10 24.00 13.50 84.113 10.71 64.88 5.47

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V, BP3
=Q=V,BPs=Q <V, BPs=N/A, where Q represents frequency of pre-learning quiz access
and V represents frequency of pre-learning video access.

Table M.5. ANOVA comparison of academic performance across behavioural pattern groups
in CHEM2915 for Group B;.

Pre-learning quiz

End of semester

Overall course

examination performance

n M SD M SD M SD

BP, 1 100 - 91.50 69.41 -
BP» 3 96.67 5.77 88.33 11.25 67.50 6.78
BP; 2 60.00 0.00 73.75 247 58.34 2.89
BPs 3 40.00 110.00 81.50 9.17 63.58 5.70

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V, BP3
= Q =V, BPs = N/A, where Q represents frequency of pre-learning quiz access and V
represents frequency of pre-learning video access.
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Table M.10. ANOVA comparison of academic performance across behavioural pattern groups in CHEM2401 for Group Bo.

Tukey’s HSD Comparisons

Overall pre- M SD BP, BP; BP; BP,

learning quiz

BP; 2 90.00 14.14 -

BP; 119  92.56 10.79 p=0.998 -

BP; 24 79.38 16.24 p=0.764 p <0.001%** -

BP4 2 75.00  35.35 p=0.738 p=10.267 p=0.989 -

BPs 8 38.13 13.61 p <0.001%** p <0.001*** p <0.001*** p =0.002%*
Tukey’s HSD Comparisons

End of semester M SD BP, BP; BP; BP,

examination

BP: 2 33.28 13.08 -

BP; 119 5493 19.87 p =0.540 -

BP; 24 65.38 18.15 p=0.182 p=0.131 -

BP, 2 59.49  41.66 p=0.675 p=0.998 p=0.994 -

BPg 8 43.86 18.64 p=10.961 p=0.542 p=0.064 p =0.855

Tukey’s HSD Comparisons

Overall course " M D BP, BP, . BPs . BP,

performance

BP; 2 33.14 4.14 -

BP; 119  46.47 12.36 p=0.566 -

BP; 24 51.33 12.27 p=0.282 p=0.416 -

BP4 2 46.39 3045 p=10.827 p =1.000 p=0.983 -

BPg 8 33.14 11.93 p =1.000 p =0.032%* p=0.004 p=0.667

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP1 = Q, BP,=Q >V, BP;=Q =V, BP4=Q <V, BPs =V and BPs
= N/A, where Q represents frequency of pre-learning quiz access and V represents frequency of pre-learning video access, * p < 0.05, ** p <
0.01, ***p < 0.001.
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Table M.7. ANOVA comparison of academic performance across behavioural pattern groups in CHEM?2402 for Group Bo.

Tukey’s HSD Comparison

Overall pre-

) . n M SD BP; BP;3 BP4
learning quiz
BP; 3 93.33 11.55
BP; 3 90.00 17.32 -
BP; 3 90.00 17.32 p =0.009 -
BP4 1 60.00 - p <0.001%** p=0.072 -
BPs 10 24.00 13.50 p <0.00]*** p <0.001%** p <0.001%**
Tukey’s HSD Comparisons
End qf semester M D BP, BP; BP,
examination
BP; 3 88.34 8.50
BP; 3 84.64 1.58 -
BP; 3 89.73 8.86 p=0.509 -
BP4 1 82.45 - p=0.997 p=0.675 -
BPs 10 84.13 10.71 p=0.508 p=0.183 p =0.802
Tukey’s HSD Comparisons
Overall course M D BP, . BP . BP,
performance
BP; 3 66.61 5.36
BP; 3 64.88 1.05 -
BPs; 3 67.85 4.66 p=0.825 -
BP4 1 64.63 - p=0.352 p=0.246 -
BPs 10 64.88 5.47 p <0.00]*** p <0.001%** p =0.089

Note. , M = mean, SD = standard deviation, BP = behaviour pattern where BP1 =Q, BP,=Q >V, BP;=Q =V, BP4=
Q <V, BPs =V and BPs = N/A, where Q represents frequency of pre-learning quiz access and V represents frequency
of pre-learning video access, ***p < 0.001.
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Table M.8. ANOVA comparison of academic performance across behavioural pattern groups

in CHEM2911 and CHEM2915 for Group Ba.

End of semester

Overall course

CHEM2911 Pre-learning quiz ..
examination performance
n M SD M SD M SD
BP, 19  81.58 20.55 67.90 10.83 53.17 7.65
BP; 23 9391 9.17 68.36 16.45 54.32 10.20
BP; 18 97.78 6.47 77.41 13.27 60.46 8.10
CHEM2915 Pre-learning quiz End of §emester Overall course
examination performance
n M SD M SD M SD
BP; 35 9323 9.20 69.56 15.52 54.81 9.85
BP; 3 77.00 21.28 83.17 9.39 60.99 9.111
BP4 1 51.00 - 45.50 - 34.46 -
BP¢ 4 3225 1648 62.00 7.44 44.07 1.59

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V, BP3
=Q=V,BPs=Q <V, BPs=N/A, where Q represents frequency of pre-learning quiz access
and V represents frequency of pre-learning video access.

Table M.11. ANOVA comparison of academic performance across behavioural pattern
groups in CHEM2912 and CHEM2916 for Group Bo.

End of semester

Overall course

CHEM2912 Pre-learning quiz ..
examination performance
n M SD M SD M SD
BP; 35  93.23 9.43 70.44 14.82 55.39 9.39
BP; 3 70.44 14.83 83.17 9.39 62.00 7.45
BP4 1 51.50 - 45.50 - 43.33 -
BP¢ 4 32.20 12.48 61.00 6.44 44.08 1.60
CHEM2916 Pre-learning quiz End of §emester Overall course
examination performance
n M SD M SD M SD
BP; 2 98.34 2.35 95.25 5.30 71.93 2.19
BP; 2 90.00 943 93.25 8.13 69.73 498
BP¢ 7 90.00 12.61 88.81 7.54 65.51 5.03

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V, BP3
=Q=V,BPs=Q <V, BPs=N/A, where Q represents frequency of pre-learning quiz access
and V represents frequency of pre-learning video access.
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Appendix N:  One-way ANOVA analyses and post-hoc Tukey’s #-
test comparison of various academic performance measures of the
varying behavioural pattern groups across the engagement groups on

a course level for Groups B and B>

Table N.1. Academic performance of low engaged students across varying behavioural
patterns for Group B; semester 1.

Overall pre-learning quiz

Tukey’s HSD Comparisons

n M SD BP, BP» BP3 BP4
BP, 6 82  26.75 -
BP» 57 88.77 13.40 p=0.842 -
BP3 4 5925 15 p=0.157 -
BP4 3 39.00 1.00 p=0.001*** p<0.00]*** p=0.423 -
BPs 18 33.67 18.67 p<0.001*** p<0.001*** p=0.027* p=0.981
End O.f sem ester Tukey’s HSD Comparisons
examination

n M SD BP, BP» BP3 BP4
BP, 6 68.33 2435 -
BP» 57 4938 19.63 p=0.230 -
BP3 4 6075 1579 p=0.982 p=0.834 -
BP4 3 3250 13.76 p=0.123 p=0.658 p=0.405 -
BPs 18 30.01 25.50 p=0.002**  p=0.009** p=0.073 p=0.100

Overall course Tukey’s HSD Comparisons
performance

n M SD BP, BP» BP3 BP4
BP, 6 54.08 15.97 -
BP» 57 4290 12.80 p=0.348 -
BP3 4 4740 1280 p=0.947 p=0971 -
BP4 3 27.11 8.23 p=0.059 p=0324 p=0.328 -
BPs 18 25.78 17.51 p<0.001*** p<0.001*** p=0.050* p =1.000

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP1 = Q ,BP> =Q
>V,BP;=Q=V,BP4s=Q <V, BPs = N/A, where Q represents frequency of pre-learning
quiz access and V represents frequency of pre-learning video access, **p < 0.01***p <

0.001.
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Table N.2. Academic performance of moderately engaged students across varying
behavioural patterns for Group B semester 1.

Moderate . . End of semester Overall course
Pre-learning quiz o

engagement examination performance

n M SD M SD M SD
BP; 6 90.50 12.13 66.17 8.35 52.78 5.98
BP, 68  94.88 6.87 56.19 19.84 48.01 11.96
BP; 5 81.80 8.73 53.20 15.37 44.17 9.57
BP4 6 83.17 11.71 50.83 17.38 4211 12
BPs 2 50 0 68.75 32.17 53.27 23.53

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP1 =Q , BP,=Q
>V,BP;=Q=V,BPs=Q <V, BPs = N/A, where Q represents frequency of pre-learning
quiz access and V represents frequency of pre-learning video access.

Table N.3. Academic performance of highly engaged students across varying behavioural
patterns for Group B; semester 1.

High Pre-learning End of semester Overall course
engagement quiz examination performance

n M SD M SD M SD
BP, 6 98.33 4.082 68.25 7.47 55.26 4.00
BP» 41 96.34 13.87 61.00 19.63 50.69 12.41
BPs 31 9474 10.45 63.55 19.97 52.30 12.54
BP4 9 89.89 10.13 53.67 13.60 51.05 8.17

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP; = Q, BP» = Q
>V,BP;=Q =V, BPs=Q <V, where Q represents frequency of pre-learning quiz access
and V represents frequency of pre-learning video access.

Table N.4. Academic performance of low engaged students across varying behavioural
patterns for Group B; semester 2.

End of semester Overall course

Low engagement Pre-learning quiz

examination performance
n M SD M SD M SD
BP» 35 7138 12.34 73.81 25.14 57.51 13.86
BP; 2 7833 2.36 21.00 3.54 30.01 2.17
BP4 1 70.00 - 80.88 - 61.38 -

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V, BP3
=Q=V,BPs=Q <V, BPs=N/A, where Q represents frequency of pre-learning quiz access
and V represents frequency of pre-learning video access.
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Table N.5. Academic performance of moderately engaged students across varying
behavioural patterns for Group B semester 2.

Moderate ) ) End of semester Overall course
Pre-learning quiz o

engagement examination performance

n M SD M SD M SD
BP> 91 82.61 16.83 64.09 24.75 51.41 14.82
BP3 8 80.71 23.77 66.61 29.32 51.61 17.18
BP4 2 68.50 4.95 72.13 19.27 53.52 10.62
BPs 2 16.66 9.43 62.88 14.50 39.85 9.20

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V, BP3
=Q=V,BPs=Q <V, BPs=N/A, where Q represents frequency of pre-learning quiz access
and V represents frequency of pre-learning video access.

Table N.6. Academic performance of highly engaged students across varying behavioural
patterns for Group B; semester 2.

. . . End of semester Overall course
High engagement Pre-learning quiz o
examination performance
n M SD M SD M SD
BP» 31 70.11 12.16 70.90 27.22 55.94 14.92
BP; 2 90.00 0 80.44 12.64 61.74 7.52
BP4 1 80.00 - 88.44 - 65.77 -
BPs 3 73.33 3.33 81.13 39.59 51.01 20.49

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V, BP3
=Q=V,BPs=Q <V, BPs=N/A, where Q represents frequency of pre-learning quiz access
and V represents frequency of pre-learning video access.
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Table N.7. Academic performance of low engaged students across varying behavioural
patterns for Group B semester 1.

Overall pre-learning quiz Tukey’s HSD Comparisons
n M SD BP, BP» BP;3 BP4
BP, 5 90.00 10.00 -

BP; 49 84.59 13.02 p=0.895 -

BP; 7 60.71 450 p=0.002*  p<0.001*** -

BP4 2 5500 7.07 p=0.013* p =0.016* p=0.981 -
BPs 19 3026 14.58 p<0.001*** p<0.001*** p<0.001*** p=0.079
End of semester

Tukey’s HSD Comparisons

examination
n M SD BP,; BP, BP; BP,
BP; 5 57.15 2341 -

BP» 49 5259 2033 p=0.991 -

BP; 7 54.00 1197 p=0.999 p=1.000 -

BP4 2 5623 37.06 p=1.000 p=0.999 p=1.000 -
BPs 19 6549 2460 p=0.937 p=0.178 p=0.742 p=0.977

Overall course Tukey’s HSD Comparisons
performance
n M SD BP: BP» BP; BP4
BP, 5 47.74 13.76 -

BP» 49 4461 1249 p=0.990 -

BP3 7 4234 741 p =0.965 p=0.995 -

BP4 2 4474 28.13  p=0.999 p=1.000  p=1.000 -

BPs 19 50.07 18.15 p=0.997 p=0.608 p=0.728 p=0.986

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP1=Q, BP> =Q

>V,BP;=Q=V,BPs=Q <V, BPs = N/A, where Q represents frequency of pre-learning

quiz access and V represents frequency of pre-learning video access, **p < 0.01***p <
0.001.
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Table N.8. Academic performance of moderately and highly engaged students across varying
behavioural patterns for Group Bz semester 1.

Moderate . . End of semester Overall course
Pre-learning quiz o
engagement examination performance
n M SD M SD M SD
BP; 1 100 - 94.89 - 71.34 -
BP> 69 94.57 12.16 60.10 20.16 49.55 12.36
BP3 8 81.25 17.47 67.73 18.56 52.96 11.97
BP4 1 50 - 52.42 - 41.16 -
) ) ) End of semester Overall course
High engagement Pre-learning quiz o
examination performance
n M SD M SD M SD
BP; 1 100 - 91.39 - 67.66 -
BP> 51 98.43 4.64 67.61 16.74 54.59 10.36
BP3 21 90.24 10.30 73.76 17.77 57.61 11.44
BP4 1 100 - 88.95 - 67.92 -

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP, = Q >V, BP3
=Q=V,BPs=Q <V, BPs=N/A, where Q represents frequency of pre-learning quiz access
and V represents frequency of pre-learning video access.
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Table N.9. Academic performance of all engagement groups for students across varying

behavioural patterns for Group B> semester 2.

Low engagement

Pre-learning quiz

End of semester

Overall course

examination performance
n M SD M SD M SD
BP» 36 88.47 11.16 52.57 20.69 44.29 12.69
BP; 1 58.00 - 78.00 - 58.70 -
BP4 4  46.25 5.85 35.25 13.86 30.10 7.94
BPs 19 5047 33.38 63.91 26.15 42.12 23.43
Moderate . . End of semester Overall course
Pre-learning quiz o
engagement examination performance
n M SD M SD M SD
BP» 57 9091 11.16 53.50 17.61 45.119 10.88
BP; 2 49.50 33.23 44.00 47.38 32.81 2991
BP4 1 42.00 - 36.00 - 24.00 -
. . . End of semester Overall course
High engagement Pre-learning quiz o
examination performance
n M SD M SD M SD
BP» 39 96.63 4.95 64.76 18.86 50.81 13.66
BP; 11 86.27 11.76 73.41 16.24 56.29 11.03
BP4 4 80.25 12.39 70.83 4.62 43.41 20.07

Note. M = mean, SD = standard deviation, BP = behaviour pattern where BP1=Q, BP> = Q
>V,BP;=Q=V,BP4+=Q <V, BPs = N/A, where Q represents frequency of pre-learning
quiz access and V represents frequency of pre-learning video access, **p < 0.01***p <
0.001.
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