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Abstract  

This study examines the development (through focus groups) and evaluation on 

learning outcome (though cluster/regression analysis of online access and related data) 

of a blended learning instructional design provided for second year undergraduates in a 

part of their Financial Reporting module at a two UK Universities. The resources, 

provided via the University’s Virtual Learning Environment (Blackboard), include short 

interactive screencast videos which complement the traditional lecture.  

Individualisation of learning is a key aspect to the design, which is based upon the Four-

component Instructional Design Model, which is in turn grounded in Cognitive Load 

Theory and Multimedia Learning Principles. The provision offers the student autonomy 

to learn at their own speed, according to their own prior learning experiences. The 

instructional design is based upon the completion of task sets, increasing in complexity, 

with supportive and procedural information videos available to assist students in 

completing each task. The online provision promotes self-explanation through in-video 

quizzes and Blackboard tests and frees up lecture time for active learning sessions 

incorporating flipped learning techniques. A significant challenge of the flipped lecture 

is the attendance in active learning sessions of unprepared students, who have not 

watched videos or completed pre-lecture activities.  

Cluster analysis of patterns in student behaviour indicative of adopted learning 

strategies, identifies consistent link across two cohorts between timely engagement 

with the learning material and performance in the final exam, adjusting for prior 

knowledge. Advice on the design of online videos is presented, based on the literature 

and feedback from focus groups of students on the course, and suggestions provided to 

reduce the risk of unprepared students attending active (flipped) learning sessions. A 

case is made for adopting peer instruction. 

A scoping of the accounting education literature suggests this study to be the first 

instructional design within accounting education based upon the Four Component 

Instructional Design (4C/ID) model. This follows the call from Mostyn (2012) for 

application of Cognitive Load Theory (CLT) to “strengthen accounting research designs 

by utilizing applicable CLT research results” (p 243).  
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Definitions of key concepts and terms used throughout this thesis 
Concept1 Description 
Active Learning A student’s active engagement in learning (e.g. discovering, processing, and applying 

information), to better retain information, and develop critical thinking skills (to analyse, 
synthesise, and evaluate) (Blankley, Kerr and Wiggins, 2017). 

Cognitive Load 
Theory (CLT) 

An instructional theory recognising working memory limitations when dealing with new 
information, and the need to link this with existing knowledge structures (schemas) in long-
term memory for learning to arise (Blayney, Kalyuga and Sweller, 2015). 

Extraneous 
cognitive load 

The inefficient application of working memory from poor instructional design: how 
information is presented or the activities undertaken (Sweller, Ayres and Kalyuga, 2011e). 

Flipped or inverted 
lecture 

The transmission to students of information and tasks in advance of lectures, allowing time 
for active learning tasks in lectures (Abeysekera and Dawson, 2015). 

Four-Component 
instructional design 
(4C/ID) 

An online instructional design based on the completion of “whole tasks” (ideally close to 
real-life) in which supportive (theory) and procedural (“how to” guides) information aids 
completion (Van Merriënboer and Kirschner, 2012) 

Intrinsic cognitive 
load 

Unavoidable application of working memory caused by the difficulty of the information that 
the learner needs to acquire, regardless of instructional design (Sweller, Ayres and Kalyuga, 
2011e) 

Metacognition A “deliberate conscious control of cognitive activity” (Schunk (2012) p286): an awareness of 
the skills and strategies required for a task, and how and when to use them to ensure the 
task is completed. 

Peer instruction (PI) Generally using polling software in lectures, students answer a conceptual question first 
individually, debate with a neighbour, then resubmit an answer. Promotes active thinking 
through the arguments; feedback is provided to both student and lecturer. (Mazur, 1997). 

PreViews Screencast videos developed for this case study in line with the 4C/ID “supportive” 
component, enhanced with in-video quizzes, incorporating cues to minimise extraneous 
cognitive load. 

ReViews Screencast videos developed for this case study in line with the 4C/ID “procedural” 
component: illustrating worked examples.  

Screencast A video recording of a computer screen’s output, normally with accompanying audio 
narration (Hsu, 2018). 

Segmenting Smaller “chunks” of information are more manageable for novice learners (Spanjers, Gog 
and van Merriënboer, 2012), adopted in the design of online resources. 

Self-efficacy A learner’s domain-specific perceptions of their ability to perform the actions needed to 
achieve learning goals (Bandura, 1977): how much a learner considers they can (rather than 
will) achieve the intended goal. 

Self-explanation A “mental dialogue that learners have when studying a worked example that helps them 
understand the example and build a schema from it” (Clark, Nguyen and Sweller, 2006) (p. 
226). 

Sequencing Presenting video clips and designing worked examples that move from simple-to-complex 
sequence (Reigeluth, 2007) supports novice learners.  

Signalling The use of cues or signals focus attention on those aspects of screencasts that are being 
narrated (Lemarié et al., 2008). 

Technology-
enhanced Learning 
(TEL) 

Enhancing learning and teaching through the use of technology (Higher Education Funding 
Council for England, 2009). 

Virtual Learning 
Environment (VLE) 

Web-based platform for the digital aspects of study. In this case, Blackboard is the VLE. 

  

 
1 The terms “PreView” and “ReView” are names applied to the online resources used in this present 
research 
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Chapter 1 Introduction 

1.1. Research Context: Background to this Study 

I have over eighteen years’ experience in lecturing financial accounting at two UK 

Universities. Both encourage colleagues actively to engage in exploring how technology 

can facilitate and enhance their teaching, learning, assessment and research practice.  

As the eLearning lead at University B (pseudonym2), I have a direct interest in the 

promotion of best practice in the use of technology-enhanced learning. The University’s 

strategic plan aims to provide the highest quality teaching resources and to remove the 

boundaries to learning through use of technology.  

A screencast is, primarily, a video recording of a computer screen’s output, normally 

with accompanying audio narration (Hsu, 2018). The screen output would typically use 

digital presentation tools (such as PowerPoint), although more advanced annotations 

are possible using suitable hardware, and additional enhancements are possible post-

recording (inserting “callouts” such as highlighting or other cues) with more advanced 

software. In the academic year 2012-13, at University A (pseudonym2), I created a series 

of basic screencast videos for revision in a final year undergraduate Business Finance 

module. The videos were presented in Blackboard, the virtual learning environment in 

which digital aspects of study are provided, (VLE), sandwiched between pre- and post-

video quizzes. Blackboard’s adaptive release was used to release the video once an 

attempt was made on the pre-video quiz to promote engagement. Student response 

(via module evaluations) was very favourable: once accessed, the videos could be 

paused, rewound and repeat-viewed as often as the student wanted. At that time 

University A did not provide lecture recordings (lecture captures), and these revision 

videos provided opportunities for students to revisit explanations and procedures 

presented in lectures. Average marks in the module rose from 57% in 2012 to 64% in 

2014, with a significant increase in high quality scores (over 70%) from 22% to 42%.  

From my perspective (as lecturer and tutor), I used to experience high demands for 

individual consultation (office hours) at the revision period. Students would often visit 

my office with very similar questions relating to the processes involved in worked 

examples - the procedural aspects - of accounting. I often repeated the same 

 
2 To preserve anonymity, pseudonyms (“University A” and “University B”) have been used in place of the 
names of the two UK higher education institutions in which this research was conducted. 
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explanations individually which was an ineffective use of time. Investing a relatively 

small amount of time with the screencast software, the techniques of video production, 

and posting onto Blackboard resulted in time saved for myself as well as my students. 

Most of the revision questions that would have previously been asked by students 

individually, in drop-in sessions, were now available to all via the videos. This allowed 

more time with students to cover more advanced aspects at the revision stage: leading 

to more productive office hours for both student and lecturer. Moreover, the videos are 

reusable in future years, given the subject domain is well established and not likely to 

alter (unlike other areas, such as taxation). 

Given the popularity of the videos in 2013-14 at the revision stage, the next logical step 

was to present screencasts at an earlier stage in the learning process, so that students 

can benefit from them over a longer period. Providing the videos before the lecture 

could also enable contact time (in lectures as well as office hours) to cover the more 

advanced topics. In 2014-15 I began using Camtasia (TechSmith, 2016) to produce more 

complex screencasts. Camtasia offers much more capabilities to enhance a basic 

presentation (Chapter 3), such as removing a section of the recording, enhancing or 

adding new audio, adding “call outs” which focus attention within the screen (highlights 

or arrows) and movement (zooming in). In-video quizzes can be added, pausing the 

video to pose a question (including multiple choice, true/false and even open-ended), 

then provide immediate feedback. This promotes both active viewing and the adoption 

of metacognitive techniques such as self-explanation, where learners undertake a 

mental dialogue whilst studying a worked example to help with their understanding 

(Clark, Nguyen and Sweller, 2006). The results of the quiz are linked to the students’ 

grade centre on Blackboard. Blackboard’s statistics tracking function records the dates 

and number of times each video is accessed by a student, enabling analysis of viewing 

habits.  

My initial research into the principles of multimedia learning (Mayer, 2002) to improve 

the quality and usability of the videos highlighted the importance of managing limited 

cognitive load (working memory) through careful design of instructional material 

(avoiding extraneous load), thereby making available more working memory for 

effective learning (germane). Extraneous cognitive load involves the inefficient 

application of working memory from poor instructional design: how information is 

presented or the activities undertaken (Sweller, Ayres and Kalyuga, 2011e). This 
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becomes more important as the complexity of the learning increases (and intrinsic load 

– relating to the unavoidable application of working memory caused by the difficulty of 

the information that the learner needs to acquire, regardless of instructional design 

(Sweller, Ayres and Kalyuga, 2011e)). Finance and Accounting undergraduate students 

face such challenges of complex learning. The Four-Component Instructional Design 

model (4C/ID-model), designed by the Open University in Netherlands (van 

Merriënboer, Clark and de Croock, 2002), combines principles of Multimedia Learning 

and Cognitive Load Theory (CLT). The design is based upon students undertaking ‘real-

world’ tasks around which supportive and procedural information is provided. 

Supportive information - traditionally provided in the lecture - is provided by video. 

Procedural information, on how to perform elements of the task, can also be provided 

as instructional videos.  

Presenting a streamed video pre-lecture frees up the time once set aside for potentially 

passive (listening) learning experiences and makes it available for more interactive 

experiences. The economic reality of strained budgets and high student-to-lecturer 

ratios suggests the large lecture is likely to remain; what is done in the lecture is, 

however, under review. As cognitive psychology produces new insights into how 

students learn, and with the demands for effective learning, “professors can no longer 

simply pump out information and take it on faith that students understand it” (Berrett, 

2012). Whilst extensive empirical evidence supports active learning (Freeman et al., 

2014; Wieman, 2019) (section 1.2.1), a teaching-focused and content-oriented 

traditional lecture (Kember, 1997) presented with enthusiasm and expertise promotes 

dialogue and discussion (Small, 2014) and cognitive activation through listening to an 

extended argument (Tokumitsu, 2017). A comparison of the traditional lecture and the 

student active learning lecture is made in section 1.1.2. Evidence from Kinoshita, Knight 

and Gibbes (2017) suggests active learning in a large, tiered lecture hall is possible, 

through a combination of traditional lecture followed by collaborative learning in 

groups of about four. The study found normalised learning gains of 16.7% from active 

learning, and illustrates how active learning techniques can be introduced into the 

traditional tiered lecture. A further key example of active learning in the tiered lecture 

hall is the work of Eric Mazur on peer instruction (Mazur, 1997) which is linked with the 

flipped learning pedagogy (Schell and Mazur, 2015). Flipped learning involves the 

transmission to students of information and tasks in advance of lectures, allowing time 
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for active learning tasks in lectures (Abeysekera and Dawson, 2015). An extensive 

review of peer instruction is provided in this thesis (section 7.5). Under peer instruction, 

students answer a conceptual question first individually, debate with a neighbour, then 

resubmit an answer. This promotes active thinking through the arguments; and 

immediate feedback is provided to both student and lecturer (Mazur, 1997). 

My development of bespoke pre-lecture videos should allow time in lectures to present 

higher-level worked examples and, ultimately, a flipped learning approach. Currently 

students are involved in active learning techniques in their independent (pre-lecture) 

study, and in small group workshops. I have not yet adopted a flipped approach to 

lectures, because I wanted first to review the extent of use of the pre-lecture material 

(to identify any risk of “unprepared” students) and consider which form of active 

learning would best suit a large lecture. 

1.1.1. The Case Context: Financial Reporting Course at University B 

The Financial Reporting and Accountability course is a two-semester, 20 credit second-

year undergraduate course assessed by two 2½-hour exams at the end of each 

semester. Successful students gain professional exemptions from certain examinations 

in the professional accounting bodies (ICAEW, ACCA, ICAS, CIMA and CIPFA).  The course 

balances conceptual issues linked to accounting methods with technical accounting. 

Students are required to have passed one of two pre-requisite courses from year 1 

which introduce the fundamentals of financial reporting. The course is a technically 

challenging course for students, many of whom have had only one year’s introduction 

to the terminology and techniques specific to financial reporting. The syllabus covers a 

range of theories underpinning financial reporting: the IASB’s Conceptual Framework, 

theories of reporting (arguments for and against regulation in financial reporting), 

normative and positive accounting theories. Students apply theory to specific reporting 

issues which have often been subjects of controversy and regulation and are expected 

to become competent with accounting methods in a number of areas of practice.  

The course includes a significant number of overseas students: in 2017 and 2018, the 

cohort included 53 different nationalities: 42% of students being Chinese, 18% UK, 12% 

from continental Europe, and 10% from Malaysia. Based on student nationalities, more 

than three quarters of the cohort comprise students for whom English is a second 

language (ESL). 88% of the cohort come from the three Accounting specialism 

programmes, so 12% opted for this course from a programme not specialising in 



Page 14 of 316 
 

Accounting. This leads to teaching and learning challenges to suit individual learner 

expertise, particularly in large cohorts. The cohort for the two years of this case study 

totalled 313 students in 2017 and 276 in 2018. 

1.1.2. Teaching and Learning Challenges 

Limited contact time and broad syllabus 

Students on the course attend a total of fifteen 1-hour lectures in each of the two 

semesters. A detailed syllabus must be covered, including revision aspects from year 1, 

published financial accounts, earnings per share, group accounts, accounting theory and 

standard setting, corporate governance and accountability, normative and positive 

accounting theories, analytical review, the conceptual framework and the accounting 

treatment of transactions in line with IFRS accounting standards. The syllabus is broad 

but must be covered in enough depth to ensure that students progress into their final 

year with a strong understanding of the concepts of accounting. The course must be of 

sufficient rigour to gain professional exemptions from the accounting profession.  

Complex Learning 

The course contains areas of complex learning (such as consolidated financial 

statements) which challenge the student, regardless of the extent of prior knowledge. 

The diverse range in learner background and previous accounting experience means 

student course evaluation comments for the course vary, with some wanting more 

covered in year 1, and others wanting more lecture time in year 2. Providing online 

learning resources that are under the control of the learner can tailor the learning 

experience to meet the individual needs of each student. Where the learning area is 

complex, and the learner is new to the area, an appropriate instructional design is 

required to ensure that the learner can cope with the information in their working 

memory. Learning can take place provided levels of cognitive load are managed such 

that new information is stored in long-term memory. Section 1.2.3 describes this issue 

further. 

Lecture Capture 

Lecture time is limited because, in addition to the lectures, students receive eight 1-

hour smaller group seminars (of 25) each semester, which have been the focus of active 

learning (section 1.2.1). Attendance at lectures appears to decline as the course 

progresses, possibly because lectures are podcast (“captured” as a video recording), and 

students may see little added value in attending a “traditional” lecture presentation 
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that can be viewed at a time that suits them, unless the lectures provide opportunities 

for active student engagement (Lonn and Teasley, 2009; Schreiber, Fukuta and Gordon, 

2010). Morris, Swinnerton and Coop (2019) surveyed teaching staff and students and 

analysed data on the use of lecture capture recordings and student attendance. 

Students’ responses aligned with previous literature in this area as to why lecture 

capture is popular: for note-taking, understanding, revision and to support learning for 

international and disabled students. Whilst some staff reported a rise in student 

concentration in class given the opportunity to make detailed notes later, staff opinions 

were mainly less positive: about a quarter described a move away from spontaneity to a 

more transmissive and less engaging presentation style. Concerns over lower 

attendance and interactions in lectures were similar to previous findings, where the 

recording is perceived to devalue the live performance. These were supported by the 

data: the percentage of students in attendance was found to be significantly higher 

when the lecture was not captured (via opt-out). Most relevant to this thesis are the 

comments relating to active learning in class time, through a flipped lecture approach. 

Morris, Swinnerton and Coop (2019) describe two student suggestions to improve 

learning and teaching: providing the previous years’ lecture capture in advance (and flip 

the lecture) and performing worked examples in lectures. Similar comments were made 

by teaching staff proposing the use of ‘virtual lecture snippets’ to allow time for a more 

interactive lecture experience, although one comment described how a course released 

the previous years’ lecture capture but failed to adopt a pedagogically-sound structure 

for lecture time. Active learning in lectures may be at risk if staff are deterred from 

using such approaches in the knowledge that the lecture is being recorded. However, 

Nordmann et al. (2021) found that instructors who value participatory and active 

learning are also more in favour of using lecture recordings. Automatic lecture capture 

facilities (as used in University B) enable editing of lectures, so times of student activity 

and debate (involving a hall full of conversations) can be removed, leaving the 

transmissive aspects from the lecture for review by students after the event.  

The Future of the Lecture 

Opdal (2021) compares the traditional lecture and the student active learning lecture 

and suggests that a balance of the two may be appropriate. There is extensive empirical 

evidence in favour of active learning (Freeman et al., 2014; Wieman, 2019) (section 

1.2.1) although Opdal (2021) recognises the research challenges of measuring learning 
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where it is organic and “constantly changing and developing over time and dependent 

upon perceived conditions of applicability” (p74). Arguments in favour of the teaching-

focused and content-oriented traditional lecture (without student-centred activities) 

(Kember, 1997) include opportunities for dialogue and discussion (Small, 2014) and 

cognitive activation through (active or critical) listening (Tokumitsu, 2017). French and 

Kennedy (2017) highlight how lectures enhance note-taking skills; although this may 

diminish in importance given lecture capture (section 1.1.2), where students know they 

can revisit the lecture for subsequent note taking (Morris, Swinnerton and Coop, 2019), 

and may and may be more attentive in the lecture as a result.  

From a pragmatic perspective, given the extent of growth in student numbers - in the 

UK from approximately 250,000 (1960) to 1 million (1990) and 1.9 million (2020) - 

“there is little choice but to lecture on a large scale” (Opdal, 2021) (p 82). The lecture is 

cost-effective, and also unique in combining in-person contact with a large number of 

students, and this offers the potential for intersubjective dialogue. A lively large lecture 

as a social event can (re)produce a sense of community that builds relationships with 

peers (section 2.5.4 describes the importance of the situative perspective in learning). 

French and Kennedy (2017) argue the case in favour of the continued use of the lecture. 

It can provide a “narrative logic and a sequential, structured learning path across the 

weeks of the semester” (p647) and encourage deep engagement over time. This is 

particularly the case where lectures are combined with tutorials and other 

complementary pedagogical approaches (p651). As a subject expert, the lecturer can 

present up-to-date research to raise students’ interests, although must have the skills to 

monitor understanding and adapt in real time so that material is presented at a level 

appropriate to the students. In response to concerns over falling attention spans, 

French and Kennedy (2017) cite Bligh’s 1971 recommendation to use social interaction 

and activity in a presentation of material that is relevant and meaningful to students, to 

maintain student motivation. Concerns exist that the traditional lecture is at risk of 

boredom in the age of Google (Carr, 2008). Mann and Robinson (2009) reported (via 

questionnaire of 211 students) that “59% of students find their lectures boring half the 

time and 30% find most or all of their lectures to be boring,” citing PowerPoint slides as 

the key factor; although interestingly the highest boredom scores were in laboratory 

and computer sessions. This reinforced the need for cognitive activity rather than simply 

doing something active.  
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Parkinson and Chew (2016) discuss how UK university teaching of accounting has 

transformed to include a greater use of technology-enhanced learning (TEL), set against 

“a backdrop of a turbulent environment” (higher student fees leading to a demand for 

perceived value for money by students) (p317). Examples of use of TEL include lecture 

capture, flipping before lectures, and follow-up ‘flopping’ after lectures, personal screen 

capture (screencasts providing narrated worked examples), digital ink on slides, 

personal voting systems (clickers) and quizzes. Use of student response systems 

(clickers) in a large lecture enables each student to test their understanding by 

responding to questions and raise their own questions with the lecturer. Lecturers can 

“provide immediate feedback concerning misconceptions or gaps in students’ 

knowledge.” (McLaughlin et al., 2014) (p239). Using a virtual bulletin board or digital 

canvas like Padlet, students can post comments before and during lectures and can help 

to reduce the barriers some students may face in contributing to discussions (Ellis, 

2015). The use of such technologies in lectures – particularly when anonymised (Welch 

and Bonnan-White, 2012) - can increase students’ confidence (and self-efficacy (section 

2.5.7), promote discussion and cognitive activity (section 7.5.6). 

The tiered design of a traditional lecture hall may not appear conducive to collaborative 

learning, which is “designed to facilitate interactions between students as they work 

collaboratively on interesting tasks” (Beichner, 2014)(p16). Research into alternative 

learning spaces includes the SCALE-UP (student-centered active learning environment 

with upside-down pedagogies) approach (Beichner, 2008) which uses a classroom 

specifically designed for collaboration. Students sit in three teams of three in large 

round tables with the instructor in the middle. This may remove the “back-of-the room” 

phenomenon which suggests that lower-performing students sit at the back of a 

traditional class (Victoria and Richelle, 2020). Such active learning classrooms come at a 

significant cost, however. Cotner et al. (2013) describe the commitment (financial, 

training and attitude-changing) to the SCALE-UP style learning spaces. Instructors in 

SCALE-UP style learning spaces need to rethink their delivery: there is no defined stage, 

half the students face away from the instructor, and noisy activities can be hard to 

monitor. That said, Cotner et al. (2013) provide evidence of the positive effect of such 

learning spaces in a biology course where students chose between traditional (n=161) 

and active (102) lectures. Using the ACT (the US standardised college admissions test) as 

a predictive measure of the course grade, the active learning group achieved average 
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gains of almost 5% in the actual course grade, whilst the traditional group were close to 

the ACT predictor (within 1%).  

However, evidence also supports active learning in a traditional tiered lecture hall. Lasry 

et al. (2013) compared two teaching methods (student-centred active learning and 

teacher-centred traditional) in either a socio-technological (SCALE-UP) or traditional 

learning space and found that, whilst largest gains were made in the socio-technological 

learning space, the active learning pedagogy produced higher normalised learning gains 

regardless of classroom design.  

Flipped Learning and use of pre-lecture video 

Opportunities exist to adapt the traditional approach to teaching large cohorts. Using 

bespoke videos and online activities, students can learn material normally presented in 

the lecture, freeing up lecture time for active learning (defined in section 1.2.1) such as 

Peer Instruction, in which students respond to questions posed to them on their mobile 

device, and discuss their answers with each other. The provision of information (via 

video) in advance of face-to-face learning which then has a more student-centred active 

learning basis, is known as Flipped Learning (section 1.2.2). Flipped Learning is grounded 

in CLT (section 1.2.3) which postulates that a student who has constructed a basic 

mental model of a new topic (typically though watching informational videos) prior to 

the learning session can better manage the higher cognitive load challenges that an 

active learning lecture may pose, in which the basic mental model is enhanced and 

modified.   

However, there is a risk that students may come to lectures unprepared. Students have 

(via course evaluations) suggested the use of mid-term assessment would encourage 

more timely engagement with the subject and promote self-regulation. Whilst providing 

ongoing formative feedback (through online and in-video quizzes) is a step in this 

direction (Cummins, Beresford and Rice, 2016; Lacher and Lewis, 2014), it is not clear 

whether this is sufficient motivation for students to view the online videos before active 

learning lectures, and the literature on flipped learning identifies concerns relating to 

unprepared students in a flipped class (section 2.7).  

English as a second language (ESL) Students 

For over three quarters of the students in this case study, English is a second language 

(ESL); and over the two years of this project, 41.8% were Chinese. This leads to 

considerations of how the ESL student may benefit from screencasts that show a 
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dynamic presentation of worked examples as opposed to static illustrations. Mayer, Lee 

and Peebles (2014) found an improved performance in students who are not native 

speakers of English when animations are added to a narration, but not when screen 

captions were also added, most probably because this overloaded working memory. 

Wynder (2017) found that ESL accounting students watching whiteboard animations 

with unclear or technical language faced higher extraneous cognitive load leading 

(section 1.2.3) and faced higher (self-rated) cognitive effort to arrive at the same level 

of learning (recall). Visualisations – including screencast video – can “offer a powerful 

way to increase the efficiency for ESL students' learning” (Wynder, 2017) (p1). 

Presenting students with videos designed under cognitive load and multimedia learning 

principles, which minimise extraneous cognitive load, and which can be played at a 

suitable pace, also support the Chinese student’s learning approach (Mayer, 2014a). 

1.1.3. UK Government Policy: active learning via TEL and learning analytics 

Higher Education governing bodies and associations highlight the importance of active 

student engagement in their learning (European University Association, 2019), 

incorporating the use of technology. In its Statement of Policy, the former Higher 

Education Funding Council for England (2009) (HEFCE) presented a framework for 

technology enhancing learning (TEL) and teaching, including research and evaluation. 

Their development goals included active engagement by staff with the scholarship of 

teaching and involvement “in innovation in using technology for learning and teaching”; 

that institutions “have effective mechanisms for evaluating learners’ experiences of 

learning, including learning with technology”; and that stakeholders “participate 

actively in strategic decisions about technology in the learning environment” (p15). In 

their report on the benefits of e-Learning, the Joint Information Systems Committee 

(2008) conclude that “the appropriate use of technology is leading to significant 

improvements in learning and teaching across the sector and this is translating into 

improved satisfaction, retention and achievement”. It ends by stating that “the kind of 

high quality, diverse, accessible, expanding higher education system desired by 

government and funders is no longer possible without e-learning”(p35). 

The introduction of the Teaching Excellence Framework (TEF) in 2016 further reinforces 

the UK’s Higher Education Institutions’ (HEIs) focus into “the impact of TEL on students’ 

learning, with a greater emphasis on evidence-based practice in the use of TEL tools” 

(Jenkins et al., 2016) (p278). The first TEF assessment criteria for evaluating teaching 
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quality (TQ1) is Student Engagement: whereby teaching should provide “effective 

stimulation challenge and contact time that encourages students to engage and actively 

commit to their studies” (DfE, 2017) (p25). Possible examples of evidence of this include 

a review of the “impact and effectiveness of innovative approaches, new technology or 

educational research” (DfE, 2017) (p53). In their Regulatory Framework, the Office for 

Students expect HEI teaching staff to have “advanced scholarship in their discipline” 

such that it can “directly inform and enhance their teaching” (OfS, 2018) (p153). 

Evidence to support the effects of online teaching and learning interventions is possible 

via data held in the institution’s VLE.  

In their response to a Commons Select Committee into the impact of TEF, The 

Association for Learning Technology (2015) suggest that “Learning Technology is likely 

to be a much bigger driver than was anticipated” leading to data collection by HEIs to 

“inform quality processes”, and act as supporting evidence in TEF submissions (p2). The 

chair of the 2018 TEF assessment panel subsequently confirmed that better TEF 

submissions offered “a confident dialogue with the metrics, giving a strong and 

evidence-rich sense of the institution’s performance against the full breadth of criteria” 

(Husbands, 2018). 

In addition to providing evidence of quality teaching, learning analytics can inform an 

institution’s continual improvement, quickly tackle high attrition by identifying low 

student engagement and providing personalised interventions, and enable students to 

control their own learning (Sclater, Peasgood and Mullan, 2016).  

Learning Analytics is defined as “the measurement, collection, analysis, and reporting of 

data about learners and their contexts, for purposes of understanding and optimizing 

learning and the environments in which it occurs.” (Gasevic, Siemens and Rose, 2017) 

(p3). It applies “learning sciences, software engineering, statistics and data mining 

methods for providing feedback and awareness of the learning process” (Pijeira-Díaz et 

al., 2016).  

The UK’s Higher Education Commission recognise the potential of data analytics to 

transform the HE sector, which has “not yet capitalised on the enormous opportunities 

presented by the data revolution, and is lagging behind other sectors in this area” 

(Shacklock, 2016) (p3).  Learning analytics and alternative modes of delivery (active 

learning, blended learning and flipped classroom) are second and third in the top 

challenges facing institutions over the next three years (after electronic management of 
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assessment) (UCISA, 2018). Learning analytics showed the biggest increase in perceived 

importance from current (50%) to future practice (61%) in a survey results of 203 

members of the Association for Learning Technology (practitioners, researchers and 

policy makers with an interest in Learning Technology) (Hawksey, 2019).  

Learning Analytics intersects three dimensions (theory, design and data science) which 

must be considered for most effective and valid results (Gašević, Kovanović and 

Joksimović, 2017). A description of each dimension, and how learning analytics is  

applied in this study is outlined below: 

1. The theory perspective drives the methods chosen in the study design and data 

analysis and validates statistical findings. Theory is essential for informing research 

questions and the choice of methods for study design and data analysis (Rogers, 

Dawson and Gašević, 2016). In this study, Learning Theories include Cognitive Load 

and Constructivist learning Theories which form the basis for the flipped learning 

approach. Under flipped learning, basic information on the topic is provided in 

advance of the learning session so that students form basic schemas in a new 

learning domain, which are stored in long term memory. Students who engage with 

the pre-lecture resources prior to the lecture should benefit more from the higher-

order (active) learning done in lectures and workshops as they have basic schemas 

to pull down from long term memory, leaving more working memory available for 

cognitive processing. 

2. Included in the design dimension is a learning design perspective which “is related 

to (theory-informed) practice that aims to promote effective learning experience” 

(Gašević, Kovanović and Joksimović, 2017) (p69). Learning design should consider 

why learning analytics is included and how the data is selected, to then provide 

insight that can inform practice (Lockyer, Heathcote and Dawson, 2013). In this 

study, data on student access of pre-lecture videos can be captured in Blackboard 

and used to identify methods of use. According to the learning theories outlined 

above, students accessing the videos before face-to-face active learning sessions are 

likely to have better learning outcomes. Findings can inform future practice and be 

used to advise students on the most effective use of the pre-lecture resources. 

3. The data science perspective involves the collection, measurement, analysis and 

reporting of data. Data may be collected to indicate measures of learning processes, 

learning outcomes and learning activity (Gašević, Kovanović and Joksimović, 2017). 
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In this study,  cluster analysis can be used to explore patterns of access of the online 

resources, and group students with similar approaches. The clusters can be included 

in a regression analysis alongside factors that the literature identifies as potentially 

affecting a student’s learning outcomes (measured by the score in the relevant 

exam question) (Kahu, 2013; Lee and Recker, 2018).  

1.1.4. Student Demand for TEL in an active learning environment  

The findings of two recent large-scale surveys in the UK reveal a gap between demands 

for more use of TEL by students and current provision. A survey of 108 UK HEIs’ use of 

TEL tools found a predominance of blended learning delivery based on providing lecture 

notes and supplementary resources, with little change (from 2016) in the use to support 

active learning, open learning and online course delivery. A lack of academic staff 

knowledge, lack of development time and support are identified as the top three 

barriers to TEL development (UCISA, 2018)(p 1). Student mobile devices are most 

commonly used for accessing resources and course information, rather than supporting 

active learning; with the exception of polling in lectures, which 81% claim to be using 

(UCISA, 2018)(p 9). This claim is however at odds with the students’ perspective: a JISC 

survey of 37,720 students across Further and Higher Education in the UK (Knight, 

Newman and Beetham, 2018) report that 44% of HE students have never used polling in 

lectures. A significant proportion of HE students own and use laptops (93.5%) and 

smartphones (83.6%), with 73% agreeing that digital approaches support more 

independent learning, and 67% that such approaches helped them fit learning into their 

life. More than a third of HE students (37%) wanted more digital technologies to be 

used on their course, and only 5% wanted less. The JISC survey included a free text 

section where comments included demands for lecture engagement through 

anonymous polling software quizzes with instant feedback and opportunities for 

students to raise questions, a preference for video over reading in certain cases (“Some 

video material has been better for understanding skills than a text description”; “how-to 

videos relevant to classes and assessments”; “more images (helps me link information 

to something)”, and working together (Knight, Newman and Beetham, 2018)(p64). An 

increased use of quizzes in undergraduate level accounting courses would benefit 

students who intend to qualify with a professional body: both the Association of 

Chartered Certified Accountants (ACCA, 2019) and the Institute of Chartered 

Accountants in England and Wales (ICAEW, 2019) now adopt computer-based exams. 
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1.1.5. Accounting Profession: demand for intellectual and metacognitive skills 

This section describes the accounting profession’s demands for high-level skills in their 

graduates. These skills relate to the higher levels of Bloom’s revised taxonomy 

(Anderson, Krathwohl and Bloom, 2001) - being able to analyse, create and evaluate 

(section 1.2.2) -  but also to Fink’s Taxonomy of Significant Learning (Fink, 2013) which, 

in addition to application skills (professional and academic skills), includes skills relating 

to knowledge of self and others (such as communication skills), caring (values, including 

ethics) and learning to learn (metacognitive skills needed in lifelong learning). Empirical 

research outlined in section 1.2.1 describes how active learning can help students gain 

these higher-level skills, through collaborative, flipped learning (section 1.2.2). 

In 1989 the Accounting Education Change Commission (AECC), formed by the American 

Accounting Association, incorporated communication,  presentation, and critical 

thinking skills into the accounting education curriculum; a move followed globally by the 

International Federation of Accountants (Riley and Ward, 2015).  

Information prepared by accountants is essential to the intelligent use of society’s 

resources in an effective capitalist society (Boyd, Boyd and Boyd, 2000). The focus of 

accounting education, however, has been criticised for most of the 20th century: the 

American Institute of Accountants (AIA) was demanding a stronger emphasis on cultural 

studies rather than technical as early as 1934 (Previts, 1979). The skill set of a trainee 

accountant is now more demanding than ever. Accountants must adopt professional 

scepticism to avoid accounting scandals and act in the public interest; which requires a 

critical assessment of management judgments (International Federation of 

Accountants, 2017). Tan and Laswad (2018) suggest that the most sought-after skills by 

the profession included “the ability to collaborate with colleagues, present, discuss and 

defend views, and having a positive attitude”(p403), outlining the need for 

incorporating interpersonal and personal skills into the accounting curriculum. Douglas 

and Gammie (2019) found a lower perceived development of intellectual skills by 

trainees from accounting degrees (compared to those recruited from non-accounting 

degrees). Accounting degree programmes are suggested to be prioritising the 

development of students’ interpersonal and communication skills “at the detriment of 

intellectual skills” (such as problem-solving, critical analysis and analytical thinking). This 

is not a new discovery: 77% of accounting firms sampled by Gray et al. (2001) 

demanded improved abilities of critical thinking in accounting students, whilst a 
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framework for incorporating critical skills into accounting education was proposed 

almost 25 years ago (Kimmel, 1995). Accounting undergraduates also reported lower 

perceived metacognitive skills (“learning to learn”) which are fundamental for the life-

long learning requirements of the accounting profession. Paradoxically, the relative 

shortfall in accounting students’ non-technical skills may be due to the “normative 

pressure of accreditation” demanded by the accounting professional bodies for high 

levels of technical content (Douglas and Gammie, 2019). Lawson et al. (2014) describe 

an integrated competency-based framework for accounting education, founded on five 

competencies: communication, quantitative methods, analytical thinking and problem 

solving, human relations, and technology. They recommend a refocus of accounting 

education such that it is “oriented toward long-term career demands” and whose 

educational objectives “reflect how accountants add organisational value” (p295). 

Rebele and St. Pierre (2015) outline forces of fundamental change in accounting 

education which should be considered: “changing demographics of student populations, 

the changing composition of the accounting faculty, budget constraints, the use of 

technology to deliver educational programs, the importance of information systems to 

our graduates, and the ever-widening gap between accounting education and practice” 

P136). The principles-based nature of International Financial Reporting Standards 

requires higher-order critical thinking skills and the exercising of judgement, both of 

which are better promoted through problem-based active learning (Tan, Chatterjee and 

Bolt, 2014). A focus on task-related learning activities that provide an authentic 

experience, close to the practices of the “real world” working culture (Stein, Isaacs and 

Andrews, 2004) should help to provide the intellectual skills that employment demands. 

Task-related learning is the basis of the model used to develop the online learning 

resources in this case study, using the Four Component Instructional Design model, an 

online instructional design based on the completion of “whole tasks” (ideally close to 

real-life) in which supportive (theory) and procedural (“how to” guides) information aids 

completion (Van Merriënboer and Kirschner, 2012) (section 1.2.4) 

The Business School at University B holds triple accreditation status from the 

Association to Advance Collegiate Schools of Business (AACSB), the EFMD Quality 

Improvement System (EQUIS) and the Association of MBAs (AMBA). The accreditation 

process includes a review of the student experience: for example, AACSB’s thirteenth 

Standard assesses student academic and professional engagement, recommending 
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“approaches that actively engage and include all students in learning” (AACSB, 

2018)(p40).  

There is therefore a strong demand for active learning techniques in the learning 

experiences of undergraduates, using appropriate learning technology. The empirical 

evidence in favour of well-designed active learning sessions, and how the flipped 

approach – providing students with asynchronous online pre-lecture videos and 

activities - can support them, is discussed in the next section. 

1.2. Research Problem 

The research problem in this thesis relates to the challenges outlined in section 1.1.2. 

Students have limited face-to-face lecture time in which to face complex learning (with 

cognitive load challenges). Using pre-lecture learning resources could provide valuable 

face-to-face time for active learning in the lecture (via flipped learning, section 1.2.2). 

Since the resources are for individual study before the lecture, their design should allow 

students to manage cognitive load challenges associated with complex learning (section 

1.2.3). Further benefits suggested in the literature relate to ESL students, where videos 

can show dynamic visualisations of worked examples rather than static illustrations 

(Mayer, Lee and Peebles, 2014), and conversational, non-technical language (Wynder, 

2017). A model which applies CLT principles, but also has an active learning perspective 

on an individual basis, is the 4C/ID model (section 1.2.4). The choice of which topic to 

design the resources for was carefully considered alongside the principles outlined in 

the 4C/ID model – and the area of group accounting (consolidated financial statements) 

was chosen. Section 1.2.5 explains why this topic was appropriate and outlines the 

areas covered by students in their pre-lecture activities. 

1.2.1. Active Learning 

Definition of Active Learning 

Active Learning is defined by Bonwell and Eison (1991) as arising from students “doing 

things and thinking about what they are doing” (p2). Chickering and Gamson (1987) (p4) 

recommend active learning techniques that encourage students to “talk about what 

they are learning, write about it, relate it to past experiences.” Freeman et al. (2014) 

created a definition of active learning though coding elements in responses to written 

definitions from 338 audience members in biology department active learning seminars 

(p 8413-4). In their definition, active learning “engages students in the process of 
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learning through activities and/or discussion in class, as opposed to passively listening 

to an expert. It emphasises higher-order thinking and often involves group work.” Carr, 

Palmer and Hagel (2015) (p174) describes the association of active learning with 

“students’ efforts to actively construct their knowledge.” From a theoretical basis, this 

ties in with constructivist learning theory in which individuals build knowledge through 

connecting new ideas and experiences with existing knowledge to form new or 

enhanced understanding, with particular emphasis on the contribution of social 

interaction (Vygotsky, 1978). This also requires the learner to confront misconceptions 

so that mental models are rebuilt more accurately. A part of the process therefore 

requires metacognition: the need for students to consider their own learning so that a 

link is made between the activity or experience with learning (Brame, 2016) (section 

2.5.6).  

Evidence of effective active learning: meta analyses 

A meta-analysis of 225 published and unpublished studies investigated the impact of 

“constructivist versus exposition-centred methods” (active learning versus traditional 

lecture) on assessment scores (including exams and concept inventories) or failure rates 

(D or lower) in undergraduate science, technology, engineering and maths (STEM) 

courses (Freeman et al., 2014). The analysis focused on the design of in-class sessions 

rather than laboratory work or homework. Examples of active learning included 

“occasional group problem-solving, worksheets or tutorials completed during class, use 

of personal response systems with or without peer instruction, and studio or workshop 

course designs” (p8410). The use of active learning ranged from 10-15% of lecture time 

for students to respond to questions using clickers, to lecture-free ‘studio’ 

environments.  Failure rates were 1.5 times higher in courses with traditional lectures 

than those with active learning, and student performance in assessments  increased by 

0.47 standard deviations under courses with an element of active learning. This equates 

to a student in the 50th percentile of a traditional lecture class shifting to the 68th 

percentile under active learning, or an increase in about 6% in average exam score. No 

significant difference in the effects of active learning was identified across STEM 

disciplines. A low likelihood of publication bias was reported. The authors recommend 

further studies into active learning that avoid using the traditional lecture as the 

control, with research into which type of active learning is most appropriate, or how 

much is appropriate.   
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Ruiz-Primo et al. (2011) performed a similar meta-analysis of 166 STEM studies 

comparing learning outcomes from an active-learning innovation with traditional 

instruction. Four types of innovation were classified: conceptually-oriented tasks, 

collaborative learning, technology (e.g., analysing data) and inquiry-based projects. 

Whilst student outcomes improved overall (mean effect size of 0.47), 89% of the studies 

reviewed were quasi-experimental (where students were not assigned randomly) – and 

64% of these did not include a pre-test of baseline conditions prior to the intervention. 

A significant number of studies in this analysis therefore failed to control for ability and 

pre-existing knowledge. However, the experimental studies (with random assignment) 

showed improvements in the adoption of active learning (mean effect of 0.26), 

although considerably lower than the mean effect size for quasi-experiments (0.50), 

supporting the inclusion in instruction of active learning approaches.  

Whilst the two meta-analyses described above relate to the STEM domain, which has 

been at the forefront of research into active learning (see also Prince (2004) and 

Springer, Stanne and Donovan (1999)), research into this field is growing in the domain 

of accounting education, discussed below.  

Active Learning in Accounting Education 

A content analysis of survey responses from 105 U.S. accounting educators recognised 

for teaching excellence identified the main characteristic of teaching effectiveness in 

accounting to be the class session learning environment: 16 responses asserted the 

specific value of promoting active learning in class (Wygal and Stout, 2015). However a 

survey of 300 accounting educators found that passive learning methods (mainly the 

“traditional” lecture) still account for approximately half of class time, with active 

learning methods used about 35% of class time (Blankley, Kerr and Wiggins, 2017).  

Research outlined below highlights the benefits of its use to promote higher level skills, 

self-efficacy, confidence, and interest. In devising the active learning sessions, cognitive 

load implications need to be considered, particularly where the learner is new to the 

learning domain, and element interactivity is high (see section on student preparation 

beforehand, below).  

Active learning to promote the higher level skills required by the Profession 

Active learning activities have been used in accounting education to promote the higher 

level skills required by the profession (in section 1.1.5). Boyd, Boyd and Boyd (2000) 
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(p40) urged a refocus in introductory accounting courses away from memorising steps 

to preparing accounts, towards a “concepts approach” where students “think and 

develop reasoning skills” which were demanded by the profession. The approach 

involves team learning (students learning from each other, developing interpersonal 

skills in doing so), an active pedagogy (with extensive use of groups, class solution and 

presentation of problems – with the instructor acting as coach), and meaningful 

instruction. This last aspect comprises progressive differentiation (concepts presented 

first, then procedures, to develop reasoning), logical content (at a level appropriate to 

the students’ experience), integrative reconciliation (old and new knowledge blended to 

build a new building block) and control of complexity (according to learner experience). 

Elements of this approach match those of the more Four Component Instructional 

Design, upon which this research is based (section 1.2.4).  

Based on higher order skills from Fink’s (2003) Taxonomy of Significant Learning, Huber, 

Law and Khallaf (2017) used active learning to support core competencies demanded of 

the American Institute for Certified Public Accountants (AICPA), with a 12% increase in 

pass rates. Killian and Brandon (2009) redesigned an introductory accounting course 

using the same taxonomy, where quizzes promoted independent study of foundational 

knowledge to allow more class time for higher-level dimensions (like group problem-

solving of “outside activities” such as interviews and analysis of internal controls of real 

companies). Students self-reported increases in competency using a pre- and post- self-

assessment rubric. Spiceland, Spiceland and Schaeffer (2015) focused on core 

competencies in developing active learning to increase student performance and 

enhance retention in an introductory financial accounting course. To improve learning 

of IFRS standards, Tan, Chatterjee and Bolt (2014) applied problem-based learning to 

stimulate students’ critical thinking and judgement skills, providing real-life cases for 

students to solve by applying principles (such as the IASB’s Conceptual Framework). 

Gainor, Bline and Zheng (2014) describe an active learning activity in which students’ 

personal experiences aided relatability and empowered understanding of internal 

control principles. Murphy et al. (2002) describe intermediate group projects aimed at 

developing accounting students' critical thinking and communication skills; and first-

year accounting students perceived improved understanding when using a “hands-on 

conceptual model,” with assessment results indicating enhanced problem-solving skills 

(Kern, 2002). Healy and McCutcheon (2008) found that students in active learning 
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courses self-reported acquiring life-long skills (team-working, self-learning) and 

reported a deeper understanding.  

Dellaportas (2015) recommends the use of active learning strategies (experiential and 

in-context activities) to connect students to the “social realities of accounting” and help 

students make value judgements over accountability and stewardship.  

Active learning and Learning Efficacy 

Active Learning has also proven to promote student learning efficacy in accounting 

education. Bolt-Lee (2021) reviewed studies using research-based instructional 

strategies (RBIS) with more robust pre- and post-test assessment and evidence-based 

pedagogical approaches. Interventions found to improve instruction and learning 

outcomes included the use of group and team-based learning to enhance leadership 

and teamworking skills (Christensen et al., 2019), class-participation tracking tools 

which identified a positive link between exam outcome and in-class discussion activity 

(Precourt and Gainor, 2019), game-based learning which increased motivation and 

interest (Silva, Rodrigues and Leal, 2019), and instructor-generated videos which were 

found more effective than study guides and text (D'Aquila, Wang and Mattia, 2019). A 

survey of accounting students’ perceptions on active learning (researching and 

discussing accounting terms,  preparing financial ratios and presenting on accounting 

scandals) found positive results, particularly for students participating for two 

semesters than only one (Gioiosa and Kinkela, 2019). 

Active learning to raise confidence and interest 

Studies in accounting education have reported increases in learners’ confidence and 

interest in the topic. Participation by first-year undergraduate business students in an 

active learning seminar improved their motivation, confidence and likelihood of 

choosing accounting as a major (Sugahara and Dellaportas, 2018). Improvements in 

student learning were evident (via pre- and post-exercise assessments) when an in-class 

active-learning exercise was introduced in which teams of audit students “assemble” 

the wording of an audit opinion from a given scenario; whilst surveys suggested 

students found it enjoyable and added to their learning experience (Diaz, 2016). 

Following the introduction of active learning (computations followed by guided class 

discussions) in a compulsory managerial principles class, students reported a positive 

impact on their content knowledge, attitude and interest in the class (Matherly and 
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Burney, 2013). An active learning environment in a principles of accounting course 

incorporating interactive lecture materials, collaborative in-class exercises, and self-

directed out-of-class assignments was argued to help stimulate and increase student 

interest in accounting as a major Brickner and Etter (2008). 

Active learning strategies designed to promote interest in non‐accounting majors 

resulted in non‐accounting students outperforming the accounting majors in the final 

exam; and were argued to be beneficial to all accounting students (Coram, 2005). 

Mladenovic (2000) applied cooperative learning and case-based learning techniques to 

change students’ negative perceptions in introductory accounting courses. Similar 

findings were reported by De Araujo and Slomski (2013). Cook and Hazelwood (2002) 

incorporated a game into the traditional lecture to promote student involvement, and  

suggested it motivated students to study in advance.  

Active learning and student preparation beforehand 

The literature on active learning in accounting education also highlights the need for 

advanced student preparation in cases, particularly where the learner may otherwise 

face cognitive load challenges. Efforts to increase preparation and participation were 

argued to lead to increased student mastery of course content (Dallimore, Hertenstein 

and Platt, 2010). 

Fewer active learning techniques were found to be used in class sizes exceeding 100 

(Parkinson and Chew, 2016), identifying a need in accounting education for active 

learning techniques in lectures such as peer instruction, using student response systems 

or clickers (Carnaghan et al., 2011; Edmonds and Edmonds, 2010; Premuroso, Tong and 

Beed, 2011).  

A consideration before using active learning to develop higher learning skills, should be 

the level of element interactivity and prior knowledge of the learner (section 1.2.3). An 

intervention by Fowler (2006) may have been negatively impacted by cognitive load 

issues when active learning activities involving high-element interactivity (debit/credit 

transactions) were introduced to novice learners. Active learning sessions may better 

suit intermediate students, or students who come to the active learning sessions with 

pre-developed schemas so that they can better manage the cognitive load required for 

critical thinking.  
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Active learning methods should be applied to individual work as well as co-operative 

settings: Riley and Ward (2015) found that, whilst active learning in both individual and 

cooperative settings resulted in better student performance than passive lectures, 

statistically significant improvements were found only in the individual active condition. 

Co-operative learning methods were argued to result in students possibly dividing up 

work and only learning from that aspect to which they are assigned. At an individual 

level, advances in technology offer opportunities to redesign accounting courses that 

better promote “core competencies” and adopt continual review techniques such as 

formative online quizzes (Spiceland, Spiceland and Schaeffer, 2015) and online 

homework systems (Phillips and Johnson, 2011; Ryan, Gaffney and Wurst, 2010). This 

accords with the proposal in this thesis of providing students with individual active 

learning tasks to perform, with theoretical and procedural support (via video) in which 

learners can monitor their own progress, under the 4C/ID model outlined in sections 

1.2.4 and 1.2.5.  

Yet despite the call for active learning and opportunities that technology can offer in 

this regard, accounting educators tend not to engage with technology, apparently 

because of resistance to change and lack of time/workload (Watty, McKay and Ngo, 

2016). To effectively meet students’ expectations Watty, McKay and Ngo (2014) provide 

examples of supplementary online videos  (Sargent, Borthick and Lederberg, 2011) and 

homework systems, outlining the importance that, where used, “technology use must 

be thoughtful, intentional and specifically aligned to student learning outcomes” (p7).  

Active Learning in this Thesis 

The intention of this thesis is to promote individual active learning by providing tasks 

(with accompanying supportive and procedural videos) for students to complete prior 

to the lecture. This will then lead to opportunities for more active lectures using the 

flipped learning technique described in the next section. 

1.2.2. Flipped Lecture: enabling active learning  

Flipped learning is, in broad terms, a “teaching model that moves most of the teacher-

centered instruction out of the classroom to free up time in the classroom for more 

student-centered learning activities” (Låg and Sæle (2019), page 1). In a student-centred 

approach, students engage in active learning (individually and/or collaboratively with 

peers) and the instructor acts as facilitator to motivate, guide and provide feedback. 

“Traditional lecture” informational content is provided in video format which attempts 
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to replicate the lecture experience, through use of audio-visual content (O'Flaherty and 

Phillips, 2015). Based on the theory of Bloom’s revised taxonomy of cognitive domain 

(Krathwohl, 2002), lower-order levels (foundational knowledge which relates to 

remembering and understanding) are practiced outside contact (class) time, to allow 

higher levels (applying, analysing, evaluating and creating) to be practised in lectures 

and workshops (Figure 1-1). Face-to-face learning time can also incorporate elements 

from Fink’s Taxonomy of Significant Learning (Fink, 2013), to promote the skills 

demanded by the accounting profession (section 1.1.5).  

  

Figure 1-1: Bloom’s revised taxonomy in flipped learning (based on Zainuddin and 
Halili, 2016) 

Flipped learning methods help learners achieve the higher levels of the taxonomy 

domain through active learning techniques in the lecture, such as peer discussion and 

collaboration (section 1.2.1). Flipped learning is grounded in the following learning 

theories which recommend the provision of information to students prior to lectures, 

particularly where the learning involves more complex skills.  

▪ Cognitive load theory, based upon human cognitive architecture, identifies the 

need to manage working memory limitations (capacity and duration) when learning 

new information. Once it is processed and stored in long-term memory, however, it 

can be retrieved for application in working memory without limitation (Sweller, 

2019). Flipped learning applies this approach by first providing novel information to 

students online, enabling students to control (individualise) their learning and 

integrate this information into long-term memory before lectures. During lecture 

time, students transfer this integrated information into working memory and use it 

to develop more complex schemas: making more advanced connections and 

drawing conclusions. Flipped learning reduces cognitive load in both the online pre-

lecture stage (where foundational knowledge is better retained and understood 

using self-paced learning) and helps students to achieve higher levels of learning and 
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skill development during lectures through active learning. This is described in more 

detail in section 1.2.3 

▪ The Four-Component Instructional Design model (4C/ID) (Van Merriënboer and 

Kirschner, 2012) applies the theories of Cognitive Load (Sweller, 2019) and 

Multimedia learning principles (Mayer, 2014a) as the basis for an instructional 

design where the learner is set a series of ‘whole tasks’  to complete prior to 

lectures, where two forms of video - supportive and procedural -  explain the theory 

and the ‘how to’ aspects of task completion respectively (section 1.2.4). This forms 

the basis of developing the pre-lecture resources in this case study. A series of tasks 

are provided for students to complete, in addition to viewing the pre-lecture videos 

that provide the novel information before the lecture. Feedback is available for each 

task so that students can confirm their knowledge and understanding, and by 

completing tasks, learning is raised to the third level of cognitive domain in Bloom’s 

revised taxonomy: application. The model applies cognitive load and multimedia 

learning principles to minimise the risk of cognitive overload through the design of 

both tasks and video.  

▪ Constructivist learning theory holds that learning occurs when prior knowledge 

interacts with new information or experiences to develop schemas and create new 

knowledge. Learning is not something passively absorbed but must be actively 

constructed (Howe and Berv, 2000). Learning can be constructed through activities 

that can be performed individually, such as through reflection and self-regulation 

(Bjork, Dunlosky and Kornell, 2013); but also through social interaction. Social 

constructivists focus on the importance of working with others to facilitate “strong” 

knowledge construction, in which meaningful knowledge can be integrated across 

topics to help in further constructions (Windschitl, 2002). In the flipped learning 

session, students apply schemas incorporating already-integrated foundational 

information to build upon knowledge through student-centered activities which 

achieve higher levels in Bloom’s revised taxonomy: fostering deeper learning and 

developing higher-order skills (Prince, 2004; Roehling, 2018a). The instructor 

provides guidance in flipped learning exercises which can improve the learning 

experience compared to homework (Lazonder and Harmsen, 2016) and the 

extensive activities available in via flipped learning provide greater opportunities for 
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students to co-create knowledge than would be possible in a “traditional” lecture 

(O’Shea, 2020). 

A literature review of the flipped learning approach is provided in section 2.6.  

The next section further describes cognitive load and how this is an important 

consideration in the design of both video and learning activities that are provided to 

students for individual (asynchronous) study in advance of an active face-to face 

lecture.  

1.2.3. Cognitive Load Theory (CLT)  

Cognitive Load Theory (CLT) (Sweller, 2019; Sweller, Ayres and Kalyuga, 2011d) derives 

from the cognitivist theory of the architecture of human memory (Sweller and Sweller, 

2006). Working memory provides the engine for processing and learning, but has very 

limited capacity and duration. Miller (1956) suggests we can only remember up to seven 

elements of new information, whilst Cowan (2001) claims our working memory can 

compare, contrast or manage between two to four elements of information. So 

research suggests that “element interactivity” must not exceed four. Peterson and 

Peterson (1959) suggest that this information can only be held in working memory for 

up to twenty seconds. Sweller, Ayres and Kalyuga (2011d) describes the limitations of 

working memory as the “narrow limits of change” principle, and these place restrictions 

on the ability of a learner to process new, subject-specific information. The major risk in 

instructional design is that if a learner faces too much new information at one time, 

learning will fail due to cognitive overload – working memory is overloaded and cannot 

process the new information; no learning will have taken place without the new 

information being stored in long-term memory  (Sweller, 2019).  

However - crucially - familiar (learned) information already processed and stored in long 

term memory (knowledge structures referred to as schemas) can be transferred into 

working memory and held there for unlimited periods of time. This means that once a 

learner has stored a schema in long-term memory, it can be applied to new information 

without impacting short term working memory (and has no impact on cognitive load). 

Schemas have a dynamic structure and can be modified by processing alongside new 

information (Neumann and Kopcha, 2018). Developed schemas operate in what 

Ericsson and Kintsch (1995) define as “long-term working memory” to distinguish this 

from the processing of unfamiliar information in working memory.  
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This leads on to the importance of prior knowledge in learning. A clear distinction is 

required between the novice learner, with no familiar schema in the learning domain, 

and the expert learner. According to the “narrow limits of change” principle outlined 

above, novice learners must receive lower information complexity (lower element 

interactivity) because all new information has to be processed in working memory 

(Cowan, 2014). Conversely, those with developed schemas in the subject will be able to 

manage higher element interactivity by using the unlimited capacity of their long-term 

working memory, and a well-developed schema based on their past learning in the 

subject (Chi, Glaser and Rees, 1981). When a novice learner is faced with complex 

learning material, they face a high intrinsic load: the cognitive effort in order to 

comprehend and process the information into a developed schema is high. A way of 

reducing this load may be to simply provide fewer interacting elements, provided 

learning is then still possible. Mostyn (2012) describes how chunking, or segmenting, 

complex content into around four interacting elements enables the learner to create a 

schema in long-term memory which can then be reapplied in the next segment of the 

larger activity.  

Managing cognitive load is key to this study as the learning domain – consolidated 

financial statements – is complex, and learners have no prior experience in this area. 

The flipped learning approach is grounded in CLT principles, because by providing low-

level information to students in advance of lectures, basic learning can be done 

beforehand, and students can come to the flipped learning session with already-

constructed schemas in the learning domain stored in their long-term memory. These 

schemas can then be ‘downloaded’ into long-term working memory as needed, and 

with no impact on working memory.  Working memory is then free to engage in more 

complex learning with higher element interactivity. Lecture time can be spent on 

learning which covers higher levels of Bloom’s revised taxonomy (Anderson, Krathwohl 

and Bloom, 2001), or aspects of Fink’s Taxonomy of Significant Learning (Fink, 2013) and 

the pre-constructed schema of basic knowledge can be modified and further developed. 

Cognitive load principles can and should be applied to the design of video as well as 

learning tasks. Extraneous cognitive load can result from poorly designed learning 

material or the way in which information is presented to learners. Extraneous load 

effectively uses up working memory unproductively and should be eliminated by 

instructional design (Van Merrienboer and Ayres, 2005). Most of the literature on CLT is 

directed at managing extraneous load, with limited research on the potential to manage 
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intrinsic cognitive load (due to the complexity of the learning) (Ayres 2006) by modifying 

instructional sequencing (in which examples are presented in a simple-to-complex 

sequence (Reigeluth, 2007)), developing prior knowledge and decreasing information 

complexity (Van Merriënboer, Kester et al. 2006). The design of the pre-lecture tasks 

and videos will be based on CLT principles which are covered in much greater depth in 

the literature review (section 2.8).  

Gap in Accounting Education Literature on Video Screencasts 

Given the importance of CLT in video design, particularly in cases of complex learning, 

the literature on video screencast developments in accounting education are limited. 

Since 1997, Apostolou et al. (2017) have been publishing a series of extensive reviews of 

the content of the six key accounting education journals3. The journals’ content covers 

areas relating to curricular issues, instructional content,  students, faculty and 

educational technology.  In the publishing periods 2006-2018, it is surprising to see only 

seven articles relating to the use of instructor-created screencasts in a blended learning 

context.  Consideration of CLT and multimedia principles in the design of the videos was 

made briefly on only one of these articles (Sargent, Borthick and Lederberg, 2011), 

outlining the need for a more considered review on this area (Table 1-1). 

CLT in Accounting Education its relevance and need for further research 

Mostyn (2012) outlines the importance of CLT in accounting education which, in 

addition to presenting and overview of the theory, provides recommendations on how 

instructional design should adapt presentation methods in introductory accounting 

courses to better manage cognitive load, and how these designs may differ for more 

advanced courses. The concept of “chunking” or segmenting complex content into 

smaller more manageable chunks of around four interacting elements would help a new 

learner to create basic schemas upon which further chunks can then be constructed. 

Mostyn provides an example of a typical prepayment exercise which a textbook may 

provide as one large example incorporating text, journal entries and T-accounts. Within 

this exercise he identifies up to nine steps toward the solution (p235), each of which can 

be isolated and reviewed for further segmenting. For example, the step of calculating 

the amount of a prepayment adjustment may depend on the information provided: 

three perspectives are identified (asset remaining, asset cost used up and cost per unit 

 
3 (1) Accounting Education, (2) Advances in Accounting Education, (3) Global Perspectives on Accounting Education, 

(4) Issues in Accounting Education, (5) Journal of Accounting Education, and (6) The Accounting Educators’ Journal. 
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of asset). Mostyn illustrates how step-by-step procedural guidance can help a novice 

learner construct schemas to manage each of these three elements.  

Table 1-1: Articles relating to screencast creation for blended learning included in the 
six key accounting education journals reviewed in the literature by (Apostolou et al., 
2017) 2006-2018 
Lento 
(2018) 

Review of online platforms. Findings revealed a positive relationship between exam 
performance and users of OHM (online quizzes) and dynamic learning resources  (videos 
supporting auditory and visual channels) compared to static online resources (e.g., lecture 
notes). 

Lento 
(2017) 

Use of whiteboard voice-over videos to complement lecture notes, case reading and online 
text tutorials. Downloads of each online resource by student was regressed to their learning 
outcome (exam score). Course grade was positively associated with the percentage of cases 
and whiteboard voice-over videos downloaded. 

Spiceland, 
Spiceland 
and 
Schaeffer 
(2015) 

Redesigned introductory financial accounting course based on core competencies, using 
continuous assessment to support deeper learning and comprehension. Learning technologies 
incorporated included Self-prepared animated videos (using Vyond) to illustrate topics; no 
detail provided on the video design, structure or cognitive load considerations. 

Rich 
(2012) 

Uses Jing to create exercise-based screencasts (based on Word and Excel templates) to 
augment lectures (extracts viewable on YouTube). No comments made on video design other 
than duration. Compared treatment group (with optional access to the videos), and control 
group (previous semester without access). The same instructor presented identical in-class 
lectures for both groups. Treatment group scored higher on four of five multiple choice 
questions (composite score 5% higher); although improvement only statistically significant (at 
0.1 level) for one question. Student survey with video access (n = 110) in another semester 
reported the videos are useful, even when not fully viewed. 

(Sargent, 
Borthick 
and 
Lederberg, 
2011) 

Ultra-short (3 min) videos (promoted to 426 students for their easy access and minimum time 
commitment) increase student motivation and performance, providing instruction on essential 
concepts, worked examples and coaching on misconceptions. Cognitive load considerations 
briefly described (segmenting and avoiding seductive details). Controlling for cumulative 
average grade (GPA) and maths grades, exam scores of users averaged 2.88% higher than non-
users. Authors acknowledge limitations of self-selection in this case. Weak students can view 
the videos as many times as needed, without stigma, and without the need to ask for help. 
Once created, videos are a perennial resource for future large courses to improve retention.  

Bertie 
Greer, 
Peter 
Theuri and 
Leslie 
Turner 
(2011) 

Treatment group encouraged to use video segments in addition to pre-lecture reading 
assignments (provided to treatment and control groups). Controlling for average scores (GPA), 
prior knowledge of accounting, and gender, treatment group exam score was higher overall, 
with higher scores on questions related to understanding (determining meaning of 
instruction), applying (using a procedure), and analysing (differentiating or organizing).  

(Marriott 
and Teoh, 
2012) 

Assignment feedback provided via a text file comments and a short (2-min) screencast on the 
VLE including praise, advice, and assistance. A recognised barrier to institutional use is the 
academics’ time and technology support. 

 

I suggest a video explanation of the process could further help manage cognitive load, 

as a combination of narration (audio) with dynamic illustration of the process (visual) 

would exploit the modality principle (outlined in section 2.8.2). Blayney, Kalyuga and 

Sweller (2010) performed an experimental study into the effect on learning of providing 

novice accounting students with sequential intermediary solutions to solve accounting 

problems with high element interactivity (high complexity), compared to a control 

https://www.vyond.com/
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group which was provided with the full problem (interacting elements). They found a 

significant positive effect on novice students’ learning under the isolated elements 

(chunking) method. The study also included a second group of more experienced 

students who, as a result of having more developed schemas, performed better when 

faced with the full problem. This is an example of the expertise reversal effect (Kalyuga 

et al., 2003) in which more experience learners with better-developed schemas find the 

step-by-step instruction redundant and creating inefficiency in their learning. As 

learners develop more experience, therefore, instructional guidance should change. 

Individual learners will construct schemas different rates which can cause challenges 

where “a single inflexible level of detail (one way or the other) is practically guaranteed 

to create learning inefficiencies” Mostyn (2012) (p238). Learner control can help 

individuals choose when they feel ready to shift from sequential intermediary solutions 

to problem solving, or to new material.  

Worked examples are identified as providing material benefit compared to explanation 

or problem solving (Kalyuga, Renkl and Paas, 2010), and the manner in which they are 

presented can improve learning. A “fading” of the worked-out steps means a student 

progresses from reading a fully worked out example to a similar example requiring the 

learner to complete one of the solution steps, and then another with two steps and so 

on until the learner has to answer a full problem (with solution available after) (Renkl, 

Atkinson and Große, 2004).   

Mostyn (2012) is critical of the accounting text books which he suggests are prone to 

providing extraneous load: “Look at your textbook. Does it have a lot of interesting but 

distracting pictures, shapes, and text? Stories about accountants? Is there a great deal 

of complex explanatory text on a single page? Are related explanations and illustrations 

widely separated? Are all the chapters approximately equal length, regardless of 

difficulty level? All of these are extraneous input elements that create unnecessary 

effort for working memory.” (p233). Mostyn suggests publishers of accounting texts 

may be using participants in instructor focus groups that are still unaware of CLT. The 

same challenges of extraneous load relate to online material and video – a focus of this 

thesis.  
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Mostyn (2012) reviewed journal articles from the top accounting education journals4 

from 2000-2010 and performed a general online search using search terms related to 

CLT and accounting, and found that, “despite the CLT advancements during the latest 

ten-year period, there has been little notice of the CLT data in the world of accounting 

education research. In fact, the review identified only two articles applying CLT 

principles to accounting instructional design.”(p241). The first investigated the 

efficiency of worked examples over problem-solving exercises (Halabi, Tuovinen and 

Farley, 2005) and the second reviewed efficient methods of feedback for teaching 

introductory accounting (Halabi, 2006). In their accounting literature review, (Apostolou 

et al., 2013) make reference to cognitive issues in three articles: using a multimedia-

based instructional supplement (Bertie  Greer, Peter  Theuri and Leslie  Turner, 2011), 

the effect of cognitive style on performance in introductory financial accounting (Jones 

and Wright, 2010), and the effect on performance of cognitive style on accounting 

examination questions (Jones and Wright, 2012). 

Mostyn (2012) (p 243) suggests an increased awareness of CLT in accounting education 

would enable adaptions to account for key differences in “the learning processes 

between novice and more advanced learners”, and to “increase learning efficiency at 

any level by reducing extraneous load”. Despite these recommendations, the 

application of CLT in accounting education research is limited only to the areas of 

worked examples, metacognition and online resources (described in the scoping review, 

section 2.2). Only two articles (Lento, 2017; Wynder, 2017) apply CLT principles to 

online resources, which are fundamental for enable effective flipped learning.  

1.2.4. Overview of Four Component Instructional Design: Task-based learning 

In addition to providing basic information to students via pre-lecture videos, I wanted to 

also make the individual pre-lecture online sessions more active by requiring students 

to complete tasks designed under cognitive load learning principles, so that students 

apply their understanding to worked examples (Figure 1-2).  

 
4 Issues in Accounting Education, The Journal of Accounting Education, Accounting Education: An International 

Journal, Advances in Accounting Education, The Accounting Educators’ Journal, Global Perspectives on Accounting 
Education  
 



Page 40 of 316 
 

 

Figure 1-2: Bloom’s revised taxonomy under 4C/ID (based on Zainuddin and Halili, 2016) 

The resources should be used before any face-to-face learning sessions and given the 

CLT issues relating to novice learners and complex learning outlined in section 1.2.3, 

both videos and tasks need careful design.  

The Four-Component Instructional Design Model 

The Four-Component Instructional Design Model, or 4C/ID, is task-based, and provides a 

model for learning that is grounded in the psychological theories of working memory 

(Paivio’s dual coding theory and Baddeley’s working memory model outlined further in 

section 2.8.2, page 98) and higher level multimedia and learning theories: CLT (Sweller, 

Ayres and Kalyuga, 2011d) and the Cognitive Theory of Multimedia Learning (Mayer, 

2014b) .  

The 4C/ID model supports complex learning through the use of multimedia resources 

incorporating the principles of CLT described in section 1.2.3. The model is used in this 

study as the design basis for the pre-lecture online tasks and resources made available 

to students for a part of the course best suited to its use: consolidated financial 

statements (section 1.2.5, page 43). Students using the online resources build up their 

basic understanding of the concepts and apply these to tasks before the lecture. Each of 

the four components is described in more detail below. 

Component 1: Whole Tasks  

The model bases its provision on the first component: the practice of “Whole Learning 

Tasks”  - represented by the circles in Figure 1-3. These tasks should ideally be based on 

real-life tasks and require the learner to combine reasoning and problem-solving skills 

(which can vary across tasks) with more routine aspects needed consistently for each 

task. The tasks are grouped into Task Classes (dotted rectangles) that increase in 

complexity (from left to right). A learner should be able to complete tasks within each 

class using the same prior knowledge; but the tasks may differ in terms of the manner 

of presentation. Tasks within a more complex class should provide a variety of 

presentational aspects to promote variability of learning, which is key to effective 
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complex learning. The more complex task classes require more knowledge and 

embellished knowledge (from prior tasks). Initial tasks within each task class are 

provided with significant support and guidance (denoted by the purple in Figure 1-3), 

which depletes as the learner acquires more expertise. Worked examples provide the 

most support by presenting both problem and guided solution. Partially-completed 

tasks would offer less scaffolded support, and finally the student must complete a task 

without guidance or support.  

 

Figure 1-3: 4C/ID Component 1: Tasks  
(Van Merriënboer and Kirschner 2012) 
Component 2: Supportive Information 

The second component, Supportive information, is required to provide support for the 

student in the development of non-recurring skills that vary dependent on the problem. 

Supportive information helps students to reason, make correct decisions and hence 

solve the task. It’s available throughout the completion of the task class to support the 

development of these non-recurring skills (denoted by the blue L-shapes in Figure 1-4). 

The information is linked to the task class since it is relevant for all learning tasks in that 

class. As the learner progresses to the next task class, the supportive information will 

extend further to allow the learner to do new things. Supportive information provides 

the learner with theoretical models relating to the concept (what it is), the structure 

(how it’s organised) and causality (how it works). It also describes a systematic approach 

to the problem-solving process, such as a demonstration provided by an expert with a 

commentary explaining the rationale. Opportunities for cognitive feedback should be 

provided to the learner on the quality of their task performance, which can invite the 

learner to perform a critical comparison of their solutions against an expert solution (or 

peer solution). 

 

Figure 1-4: 4C/ID Component 2: Supportive Information  
(Van Merriënboer and Kirschner 2012) 
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Component 3: Procedural information  

The third component, Procedural information, outlines the performance of routine 

aspects of the tasks: a “how to”, or step-by-step guide to completing a process within a 

task (represented by the black bar with arrows in Figure 1-5). Procedural information is 

designed for the lowest-ability learner and should be provided “on call,” when learners 

need it to perform the routine aspect. This removes the need for prior memorisation 

and frees up cognitive capacity. It suggests certain actions under particular conditions, 

resulting in “knowledge compilation”.  As the learner practices more, a set of “If-Then” 

rules (called “proceduralisation”) is developed; and as the learner gains experience, 

these are combined into one single rule (called “composition”). Procedural information 

is typically a demonstration (within the context of the whole task) which may relate 

back to prerequisite information that learners should already know to correctly 

complete the steps. Corrective feedback may be provided to outline errors in the 

learner’s attempt: why the error arose, and hints to correct. As the learner begins to 

master the routine aspects, so the need to access the procedural information should 

fade away.  

 

Figure 1-5: 4C/ID Component 3: Procedural Information  
(Van Merriënboer and Kirschner 2012) 

Component 4: Part-task practice  

The final fourth component, part-task practice, aims to reduce cognitive load and 

facilitate the ‘automaticity’ of specific routine aspects of the whole-task. This is done by 

repeated practice until you can do it without much thought (if any). Part-task practice is 

not always a requirement. It is required in the practical aspects of life-saving 

procedures, for example, but not vital when learning about accounting – and part-task 

practice has been excluded from this study.  

The next section describes the design of pre-lecture resources based on the 4C/ID 

model for the topic of consolidated financial statements (group accounting). Worked 

examples are often used to illustrate the construction of group accounts from basic to 
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complex scenarios, and the topic combines aspects of theory (supportive information, 

such as substance over form, and acquisition accounting where a non-controlling 

interest is recognised) and procedural information (how-to steps on creating the whole 

task of consolidated financial statements). The topic can be logically separated into 

segments that progress from basic to complex. 

1.2.5. Research Area: Consolidated Financial Statements and the 4C/ID model 

In semester 1 of the Financial Reporting and Accountability course, three weeks is 

devoted to the area of consolidated financial statements. This section of the course was 

selected for the research project because consolidated accounting is a relatively stand-

alone aspect of financial reporting that meets the design template for the 4C/ID-model 

(Section 1.2.4).  

Table 1-2 summarises the components of the 4C/ID-model used in this study. Task 

classes naturally segment into three stages according to the periods at which the 

financial statements are prepared:  

▪ at acquisition date (tasks 1-1 to 1-4),  

▪ post-acquisition (tasks 2-1 to 2-4),  

▪ and with more advanced consolidation adjustments (tasks 3-1 to 3-4). 

Tasks within each class increase in complexity, as described in the second column of 

Table 1-2. For example, on date of acquisition (task class 1), task 1-1 covers the basic 

case of a 100% acquisition, task 1-2 then introduces the impact of a non-controlling 

interest and Fair value adjustment, and task 1-3 adds the effect of including a share 

exchange as part of consideration. The third Column of Table 1-2 describes the content 

of “PreView” videos, the second component of the model: supportive information. 

PreView  videos describe the concepts relating to each aspect of consolidation. 

Procedural (worked example) ReView videos (the third component of the model) 

provide a step-by-step description of the process required in completing the tasks. 

These are provided for all but the final task in each task class: students were required to 

complete the last task without scaffolding. The fourth component, part-task practice, 

was excluded from this design, as explained in the previous section. 

All online resources (videos, worked examples and tasks) were created and presented in 

line with CLT principles (section 2.8) and amended by findings from the Pilot work 

student feedback as outlined in Chapter 2.   
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Table 1-2: Task Descriptions (Component 1), Supportive PreView videos (Component 2) and Procedural Review Videos (Component 3) 

Tasks  Task requirement (Component 1) (progressing in complexity): 
Supportive Information: 

PreView videos (Component 2) 
Procedural ReView 

Videos (Component 3) 

1-1 
Basic consolidation of SOFP (“line-by-line”) on acquisition date, goodwill, treatment 
of group Equity & Reserves. 100% acquisition 

▪ Intro to Groups: Theory behind “line-by-line” treatment: 

Substance / Control (PreView 1.1) 

▪ Group SOFP: line-by-line 100% acquisition (PreView 1.2) 

ReView 1-1 

1-2 
As 1-1, plus share exchange to be treated in Holding company, and fair value 
adjustment of Subsidiary’s (non-depreciable) land. Goodwill to include FV of net 
assets, PPE to correct for FV adjustment. 

In addition to the previous ones: 
▪ Share exchange not yet accounted for by Holding Co. 

(PreView 1.3) 

▪ Goodwill:  Full/Partial acquisition, FV adj, NCI (PreView 1.4) 

▪ FV adjustment (land) – impact overall (PreView 1.5) 

ReView 1-2 

1-3 
As 1-1 plus: share exchange not yet treated by Holding company, 60% acquisition. 
Non-controlling interest (NCI) treatment on consolidation:  Fair Value of NCI given. 
Include FV of NCI in goodwill calculation, and  in group Equity & Reserves 

▪ NCI: impact overall (GW and Equity & Reserves) (PreView 

1.6) 
ReView 1-3 

1-4 
FINAL Assessment:  Share exchange to account for in Holding company, 80% acquisition (FV of NCI provided). Fair value adjustment (in Subsidiary’s Land) required on 
consolidation.  No scaffolding 

2-1 
Post-acquisition consolidation (historic 100% purchase, with consolidation at a 
later date). Cash consideration, inclusion of post-acquisition profit earned by the 
subsidiary belonging to the group’s P&L reserve. 

In addition to the previous ones: 
▪ Post-acquisition Profit: 100% acquisition (PreView 2.1) ReView 2-1 

2-2 
Post-acquisition consolidation (i.e.: historic 80% purchase, with consolidation at a 
later date). Cash consideration, inclusion of post-acquisition profit, now split 
between group and Non-controlling interest. 

▪ Post-acquisition Profit: including NCI element (PreView 
2.2) ReView 2-2 

2-3 
55% historic acquisition; with Fair Value adjustment of land.  Intra-group loans: 
effect on Group SOFP. Cash in Transit. 

▪ Intra-group balances: basic (PreView 2.3) 
▪ Intra-group balances: Cash in transit (PreView 2.4) 

ReView 2-3 

2-4 
FINAL Assessment: 75% acquisition during the year (FV of NCI provided). Post-acquisition Group SOFP required. FV adj, Intra-group loans: effect on Group SOFP. Cash in 
Transit. No scaffolding 

3-1 
Post-acquisition consolidation, with intra-group trading in the year (Holding 
company sells to Subsidiary): requiring provision for unrealised profit. Intra-group 
balances requiring cancelling on consolidation. Cash in Transit. 

▪ Intra-group trading: Provision for Unrealised Profit 
(PreView 3.1) 

▪ Effects of Sales by Holding Company, or by Subsidiary, on 
Group SOFP (PreView 3.2) 

ReView 3-1 

3-2 
Impairment of Goodwill (and impact on Holding company and Subsidiary), 
provision for unrealised profit (Subsidiary sells to Holding company) 

▪ PURP – aspects of the seller and the method of profit 
(PreView 3.2) 

▪ Goodwill Impairment (PreView 3.3) 
ReView 3-2 

3-3 
Fair Value adjustment on depreciable PPE (impact on consolidation: on FV 
amount). Proposed dividends in Subsidiary not yet recognised by Holding company. 
Impact on group SOFP. Investment in Associate 

▪ Proposed Dividends from Subsidiary: net effect on SOFP. 
(PreView 3.4) 

▪ Investment in Associate (PreView 3.5) 
ReView 3-3 

3-4 
FINAL Assessment: Post-acquisition consolidation, with intra-group trading in the year (PURP). Fair Value adjustment on depreciable PPE. Proposed dividends in Subsidiary not 
yet recognised by Holding company. Impairment of Goodwill. Investment in Associate. No scaffolding 
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1.2.6. Fundamental Research Problem 

There are many teaching and learning challenges associated with large cohorts (over 

200) where learners differ in terms of prior knowledge, self-efficacy, metacognition, and 

managing new technical terms alongside, in most cases, English as a second language. 

The literature shows support by the UK government (section 1.1.3), accounting 

profession (section 1.1.5) and accounting students (section 1.1.4) of an active learning 

approach in lectures, to promote critical thinking and the application of concepts in a 

practical setting. TEL can assist in this goal by providing pre-lecture resources that 

would have otherwise been provided in the “traditional” lecture, freeing up time for 

active learning lectures, such as peer instruction. Moreover, to encourage cognitive 

activity, I propose presenting students with pre-lecture worked examples and activities 

to complete so that the concepts outlined in the videos are reinforced by active 

learning.   

The pre-lecture resources should be grounded in empirically-supported learning 

theories to ensure cognitive load is managed and learning is achievable.  Given the 

complex nature of the learning domain – consolidated financial statements – design 

techniques should be based on the literature relating to CLT and related theories such 

as multimedia learning (Mayer, 2014b). The Four Component Instructional Design 

model forms the basis of the design (section 1.2.4), and this thesis describes the 

practicalities of applying this model to the design of pre-lecture material in an 

accounting course. A scoping review of the application of the 4C/ID model across a 

range of learning domains (section 2.4) suggests this case study to be the first 

application of its principles in accounting education. 

Whilst the learning resources will be available throughout the course, and so could be a 

helpful support for revision, students are intended to complete the online resources 

before face-to-face learning sessions, so that a flipped learning approach (section 2.6) 

can be applied in lectures. At the time of this research, lectures were not flipped 

because of concerns that some students may come unprepared. Evidence in the 

literature illustrates this concern (section 2.7).  Since students may opt to use the 

resources over the duration of the course, evidence of their use (the extent and timing) 

and the impact on learning outcomes can help inform future cohorts of the most 

appropriate time (which I posit to be pre-lecture).  
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There may be other factors that influence when a learner chooses to use the online 

resources. The literature on flipped learning outlines how students may perceive a 

higher workload and not see the benefit of learning basic concepts, despite the 

supporting evidence (Mayer, Mathias and Wetzell, 2002; Mayer and Pilegard, 2014; 

Musallam, 2010). Once the impact of use of the pre-lecture resources on learning 

outcome has been evaluated, this information, alongside the literature, can inform the 

design of a flipped lecture which minimises risk of unprepared students being “left 

behind” in a flipped lecture (Chen et al., 2014). 

The contribution of this thesis to the academic literature is two-fold. The first 

contribution describes the practical development of a set of pre-lecture online (task-

based) resources (termed “PreViews”), based on the Four-Component Instructional 

Design model. To my knowledge, this is the first case of adopting the principles of this 

model in accounting education: combining CLT, Multimedia Learning Principles and 

informed by the literature on effective screencast design in online education. The 

second contribution consists of an evaluation of the use of PreViews by two cohorts in a 

real-life setting at University B, and an identification of factors that are key to a 

successful learning outcome. 

1.3. Research Questions 

As a result of the fundamental research problem outlined above, three specific research 

questions arose, outlined below and then expanded upon in the following subsections. 

RQ1:  What design attributes of pre-lecture online learning resources for 

undergraduate accounting students, incorporating screencast videos and based 

on the Four Component Instructional design, best manage cognitive load to 

enhance learning outcomes? 

RQ2:  Does the student approach to using the online learning resources impact upon 

learning outcomes in two cohorts of undergraduate year 2 Financial Accounting 

students at University B? 

RQ3: Which methods can encourage an appropriate use of the online resources to 

enhance learning outcomes? 
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1.3.1. RQ1: Design attributes of pre-lecture online resources to manage 

cognitive load 

The challenges of managing limited working memory in complex learning are outlined in 

section 1.2.3. Introducing explanatory videos, worked examples and problem solving for 

individuals to complete before the lecture can raise cognitive load challenges for novice 

learner, particularly when working alone. In their suggestions for further research 

relating to the flipped lecture, Zainuddin and Halili (2016) identify the need for more 

integration of pedagogy (M. K. Kim et al., 2014a), and for instructors to design pre-

lecture videos that will sufficiently motivate students to watch beforehand (Enfield, 

2013; Milman, 2020). In their meta-analysis of flipped learning research studies, Bredow 

et al. (2021) suggest that the quality, duration and style of pre-lecture videos requires 

further investigation as it is likely to play a part in explaining the 75% heterogeneity in 

effects that are unaccounted for. The first research question in this study relates to 

these issues.  

1.3.2. RQ2: Impact of student approach to use of online resources on learning 

outcomes 

The second research question is needed to inform myself and students about the 

impact of use of the online resources on learning outcomes. A key question is whether 

there is any benefit in using the resources as designed (namely: before the lecture), so 

that this can promote an effective flipped lecture in future iterations of the course.  The 

answer to this question can inform the third research question. Data on the timing 

(before, during or after face-to-face sessions) and extent of use may impact upon 

learning outcomes, alongside other potential factors as highlighted in the literature. 

1.3.3. RQ3: Methods to encourage appropriate use of online resources 

The third research question stems from issues identified in the literature on flipped 

learning relating to students who do not prepare for the flipped learning session 

(described in the literature review in section 2.7). This is an important consideration 

given the risks associated with students being “left behind” if they are not prepared for 

flipped learning (Chen et al., 2014). Students need time to adapt to the challenges of 

viewing videos and to perform related activities before class (Zainuddin and Halili, 

2016), and informing them of any positive impact on learning outcomes in this research 

(RQ2) can encourage more timely use.  
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The pre-lecture resources designed for this case are intended for use prior to lectures, 

to enable students to engage with - and benefit from - active learning in the lecture. I 

chose not to flip lectures in the process of this research because, firstly, I had no 

knowledge of the extent to which students come to the lectures prepared. RQ2 will 

inform me of the extent of pre-lecture use. Armed with this information (and the impact 

of use on learning outcomes), I can then review the literature to consider how to 

encourage the most appropriate use of the resource – and which method of active 

learning to apply in the lecture, so that any unprepared students are not “left behind”. 

In their scoping review of the use of flipped learning, O'Flaherty and Phillips (2015) 

highlight the importance of using empirically-supported theory in the design, 

implementation and evaluation of the effectiveness of the flipped class. “A lack of 

pedagogical understanding of how to effectively translate the flipped classroom concept 

into practice …. is trivialising flipped approaches and reducing the potential of this 

major curriculum renewal opportunity”  (O'Flaherty and Phillips, 2015) (p94). RQ3 

attempts to identify an approach to the flipped lecture which is grounded in learning 

theory and empirical research. 

1.3.4. Expected outcomes 

There are three expected outcomes. First, the identification of factors that promote and 

enable effective learning from online videos (e.g.: video duration, balance of 

text/audio/graphics, production values and quality, pacing, signalling effects, extent of 

worked examples, supporting material, pop-ups, in-video tests to maintain active 

processing/attention and self-explanation, hypermedia referencing, changes to module 

assessment to motivate viewing). Second, a review of the impact of the instructional 

design on learning outcomes to confirm its impact on learning and identify the most 

appropriate usage. Third, the identification of factors to promote use of the pre-lecture 

online resource, thus enabling effective active lecture sessions such as peer instruction 

(Porter et al., 2011). 

The objectives pursued to answer each research question are to: 

1) Evaluate blended learning materials developed using CLT and Multimedia Learning 

Principles and based on the 4C/ID model (Van Merriënboer and Kirschner, 2012), 

using focus groups with students at University A, where the online resources were 
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first adopted and then adapted in response to focus group feedback and 

recommendations from the literature on instructional screencast design. 

2) Gather data on online resource use (dates and number of times of access) and use 

cluster and regression analysis to identify characteristics that impact upon the 

learning outcome (exam result). Data is available from two separate cohorts (2017 

and 2018) at University B. Data is first reviewed for clustering tendency using 

principal component analysis (PCA), the visual assessment of Cluster Tendency 

(VAT), and the Hopkins statistic. Ward’s Hierarchical clustering identifies the optimal 

meaningful number of clusters by comparing the cluster’s mean and standard 

deviation at each level of the dendrogram. Regression analysis then tests the impact 

on learning outcome (the score in the relevant exam question) of cluster 

membership; and additional explanatory variables included on theoretical and 

model fit grounds. Diagnostics methods evaluate the appropriateness of regression 

models for both years, including a review of outliers. 

3) Review the learning analytics literature that identifies “low-motivated” students and 

methods that may better encourage use (specifically more timely use) of online 

resources. To achieve this, this study reviews the literature on motivation theories 

and methods adopted in the flipped lecture and peer instruction literature to 

encourage timely use of online resources prior to active learning sessions.  

This research study applies different mono-method approaches in the two stages of the 

study; with a qualitative focus at the pilot stage, and a quantitative approach at the final 

stage. An overview of the research method is provided below.  

1.4. Overview of Research Method 

1.4.1. Timeframe of Research Project 

The timeframe for this research project is outlined in Table 1-3. The research project 

has two distinct phases: a pilot study (to evaluate and refine the online resources) and a 

main study (to evaluate student use).  
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Table 1-3: Timeframe of research  
Year Research area Methodology 

2013-14 
Development of online learning resources based on 
CLT and Four-component instruction design 
principles 

Literature review 

2013-15 
Pilot study: focus groups at University A, providing 
feedback and subsequent revision of resources  

Focus Groups 

2015-16 
Setting up and testing resources in University B, 
further literature review 

Literature review 

2016-17 Final study presentation [year 1]: University B 
Cluster and Regression 

analyses 
2017-18 Final study presentation [year 2]: University B 

2018-20 Learning Analytics: review of usage in final study 

In the pilot study, the online resources were developed, refined and tested over two 

years with Financial Accounting students in their second year at University A. The pilot 

study (section 4.3) uses qualitative methods to gather student feedback on the 

accessibility and design of the online resources, to identify improvements that can be 

made to the learning resources, and test the effectiveness of data gathering, ready for 

the main study.  For the main study, the location changed to University B (as a result of 

my change in employment – see section 4.2.3).  The first year at University B involved 

my recreating the resources for use in the course and repeating tests on student 

accessibility and data collection. The methodology then moved towards a quantitative 

focus, in order the meet the research project’s objectives (Table 1-4).  

Table 1-4: Summary of Research Objectives 
Objective Methodology 

1) To evaluate materials developed using CLT, Multimedia 
Learning Principles and the 4C/ID model, and adapt 
them in response to feedback from students and 
recommendations from the literature on instructional 
screencast design. 

Pilot Study using Literature 
review, focus groups and 
analysis of Blackboard access 
data 

2) To identify usage characteristics that impact upon the 
learning outcome (exam result) 

Main Study: cluster and 
regression analysis 

3) To review learning analytics literature identifying 
methods to better encourage timely use of online 
resources.  

Literature review 

The main study adopts quantitative learning analytics techniques (Jovanović et al., 

2017) - specifically cluster analysis -  to identify student usage characteristics of the 

online learning materials. In line with recommendations of Lee and Recker (2018) a 

broader set of factors that may affect student success are incorporated with cluster 

membership in regression analysis to identify which usage approaches (cluster) and 

other psychosocial factors (Kahu, 2013) impact upon learning outcomes (measured by 
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the score in the relevant exam question). This accords with accounting education 

literature’s expectations of rigour.  

1.4.2. An audit of the researcher’s position, insider research and bias 

In selecting my own organisation as the site of my research, in what Brannick and 

Coghlan (2007) term a ‘company project’, concerns may be raised over a lack of 

objectivity through personal interest and emotional investment (Alvesson, 2003).  

The research undertaken in this thesis may at first glance appear to meet the definition 

of insider research as defined by Brannick and Coghlan (2007): “research by complete 

members of organizational systems in and on their own organizations” (p59). Complete 

members can gain “understanding in use” (p66) rather than reconstitute understanding, 

with data being gathered through a subjectively immersed role (Adler and Adler, 1987). 

This is not the position in which I regard myself, as I have no participation in the sense 

of ethnographic field research. It is vital to consider reflexivity when reviewing any 

relationship between the researcher and research object. There are two forms of 

reflexivity: epistemic (the belief systems of the researcher) and methodological (the 

adoption of a research procedure and protocols) (Brannick and Coghlan, 2007).  

Johnson and Duberley (2000) identify three main social research paradigms: 

quantitative (positivist), qualitative (hermeneutic and postmodernist) and action 

research (critical realist), whilst recognising the possibility of overlap (mixed methods).  

The positivist approach views the existence of an external reality that an independent 

objective researcher can examine by testing concepts or constructs against propositions 

to identify connecting rules. A theoretical framework is developed and tested through 

empirical evidence, yielding reliable and robust results. Positivists use a methodological 

approach to reflexivity: applying improvements to methods to increase validity.  

Under the hermeneutic approach, theory emerges from the empirical evidence 

gathered by the researcher who enters the research site without preconceptions, is 

close to the research subject and interprets thick description and narrative. Such 

researchers apply hyper-reflexivity: a deconstruction of their practice.  

Nakata (2015) discusses three types of research perspective on an insider-outsider 

continuum, providing key descriptors of each to offer a theoretical base to the 

educational researcher. The paper relates to the language teacher but has many 

similarities with accounting education: there has been a move from positivism to mixed-

method research design in which participants include teachers as well as students. This 
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raises important questions over the positioning of the researcher as insider (emic) or 

outsider (etic). A traditional standpoint is that qualitative researchers are “with the 

participants” whilst quantitative researchers are considered “inherently to be outsiders 

(though many be partly insiders).” However, there is a “space between that allows 

researchers to occupy the position of both insider and outsider” (Dwyer and Buckle, 

2009) (p54).  A distinction is required between a first-person account (“the lived 

experience associated with cognitive and mental events” describing a subjective 

account) or third-person account (“the descriptive experiences associated with the 

study of other natural phenomena”) (Varela and Shear, 1999) (p1). The former is often 

regarded as insider-oriented research; the latter as outsider-oriented research. 

However, the researcher is likely to hold both accounts and should provide information 

on their positioning and background to determine the appropriate orientation. In 

presenting this thesis, my position is a first-person account (as lecturer of graduate 

students describing the development process of online resources) and  a third-person 

account (as researcher and author of this thesis).  

Nakata (2015) provides examples of three positions on the insider-outsider continuum:  

▪ Outsider research (OR) can arise when “the teacher–researcher serving as an 

outsider collects and critically examines the data as a third person, knowing little 

about the participants” (p167) 

▪ Insider’s Research (IR) arises when “the teacher serving as an insider researcher 

collects and analyses the data of his or her students (including his or her own data) 

in order to understand one’s teaching and thus students better and to create a 

better teaching and learning environment.” (p167) 

▪ In between is (insider’s) outsider research (IOR) which may arise where “the teacher 

collects and analyses the data of his or her own students from an outsider’s point of 

view, paying heed attention to the teacher–researcher bias.” (p167) 

To assist in identifying the orientation of the research methodology, Nakata (2015) 

considers eight dimensions of research methods that assist in reviewing the insider-

outsider perspective. The researcher dimension questions whether qualitative data 

collection and analysis is as a first or third person, recognising that subjectivity is 

inherent in both cases. Objective descriptions in a third-person account (OR and IOR) 

are partly subjective (based on individual observation and experience) and objective 

(within the confines of the study); and first-person accounts (IR) will require a critical 

validation. The student dimension identifies the significance of students as ‘cooperative 
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generators’ (more prevalent in IR), and also considers the educational agenda (more 

common in OR) and research agenda (more common in IR). The classroom context 

relates to how the learning environment is perceived by the researcher, and where 

research is conducted. In OR, data is gathered from class; for IOR the classroom also 

incorporates an educational context on improving learners in addition to gathering 

data; for IR, the focus is more on education in the researcher’s classroom and the 

researchers’ professional development (and includes the researcher as a source of 

data). The contribution dimension considers who benefits from the research: in OR, the 

focus leans more to the research field, IOR attempts to improve both the learner’s 

experience and contribute to the research field; and the IR focus is more toward ways of 

improving all participants and provide an understanding of both researcher and 

students. The control of condition relates to the manner by which data is collected 

(timing, manner and location) as this may affect responses (for example, in a large-scale 

survey). Its importance is high under OR, and IOR, where there are fewer degrees of 

freedom to change the research plan (Li, 2006); but less so for IR where the research 

aims to improve teaching for the lecturer and their students.  The quality criteria, based 

on the general quality criteria (Guba, 1981) apply to research regardless approach. 

Quantitative research, which is “very often OR” (Nakata, 2015) (p179) is reviewed for 

quality through internal validity (the justifiability of a causal conclusion of a study), 

external validity (how generalisable the findings are to other settings), reliability (how 

well the findings could be replicated by another researcher) and objectivity (unbiased). 

Similar criterion apply to qualitative research: trustworthiness, creditability, 

transferability and confirmability (Agostinho, 2005). In the latter case, researcher’s self-

reflexivity is vital to ensure awareness of personal biases and perspectives particularly 

with first-person accounts. The disclosure of information varies: information with more 

detail and depth is vital for IR to provide sufficient (often detailed) insight into its 

findings, whilst OR requires information sufficient to contextualise the research.  

My position as inside researcher, outsider researcher or (insider’s) outsider researcher 

In this thesis there are two distinct stages of research (Table 1-5). The pilot study aimed 

to identify and remove any barriers to access of the resources, and to enhance their 

design to encourage adoption by students in the final stage. In the final stage, methods 

of use of the online resources were evaluated against learning outcome. Both stages 

adopted different methodologies: in the pilot stage (section 4.3), focus groups 

evaluated the suitability of the initial online resources. Table 1-5 positions the pilot 
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stage research between an insider research (IR) and insiders’ outsider research (IOR). 

An example of (insider’s) outsider research (IOR) is provided by Nakata (2015) as when 

the “teacher collects and analyses the data of his or her own students from an 

outsider’s point of view, paying heed attention (sic) to the teacher–researcher bias”. 

This compares with an insider researcher who “collects and analyses the data of his or 

her students (including his or her own data) in order to understand one’s teaching and 

thus students better and to create a better teaching and learning environment” (italics 

added, p167). I argue my position in the pilot stage is more that of IOR, since no data is 

gathered by myself (there are no first-person accounts, other than descriptions on 

creating the resources in Chapter 3), and data is collected (via focus groups) by an 

independent third party. Under IOR, it is important to be aware of the impact that an 

insider may have on data collection and analysis (Sutcliffe, Linfield and Geldart, 2012). 

Students may feel unable to express  genuine opinions where they may perceive this to 

harm their scores; and there is a risk of teacher-researcher bias requiring a the 

teacher/researcher to be “vigilant in terms of our own subconscious biases and 

expectations, which might become manifest in our students” (Nakata, 2015) (p174).  

The “subjective nature of researching your own practice, where there may be a lack of 

impartiality, a vested interest in certain results being achieved and problems concerning 

a fresh and objective view of data” (Costley, Elliott and Gibbs, 2010) (p6), whilst a valid 

concern, may be mitigated by steps to guard against potential bias. Steps taken in this 

case included a short presentation to the whole cohort in the first lecture of the course 

on the aims, objectives and protocols to protect anonymity of participants, and the 

dissemination of an explanatory leaflet (also posted on blackboard), including the rights 

of all students to choose to participate or withdraw from participation.  

To minimise the teacher/researcher’s impact (the fact that students’ responses in a 

focus group may be biased given the researcher is responsible for marking their exams), 

the focus groups were facilitated by an independent research colleague not involved in 

the model (Marriott and Teoh, 2012). Inconsistency and bias in the focus groups was 

minimised by using a protocol guide to outline procedures and discussion issues. The 

guide follows a semi-structured approach to provide insight into the themes that 

emerged (Appendix 1) the literature. Transcripts were then analysed by me as a third 

person, with no knowledge of the participants (who were anonymised onto transcripts 

prepared by the independent third party).  
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Table 1-5: Dimensions of research methodology: insider–outsider perspective for the two Stages of this research study 
Research 
Aspect: 

Pilot Stage: Qualitative methods (Focus groups, data from VLE 
gathered to confirm ability to do so for final study) 

Final Stage: Quantitative methods (Cluster analysis and Regression 
analysis of data gathered from VLE and database) 

Researcher 

Data obtained from focus groups; participants invited to participate 
based on a range of usage of online resources. Focus groups 
administered by third party (not researcher), anonymity maintained. 
Data collected as third person. Transcripts analysed by researcher, 
with a risk of bias in interpreting minimised as a third person (with no 
knowledge of participants), and with a critical viewpoint. IOR 

Key methodology in final stage was quantitative: data collected from 
Blackboard and university database, used for cluster analysis and 
regression analysis. Anonymity maintained throughout. A very small 
number of responses to questionnaires: single open-ended answers 
analysed (as a third person, with no knowledge of participants) for opinions 
on assigning grades to pre-lecture quizzes.  OR 

Student 

Students as ‘cooperative generators of data’ through data collection 
on use of online resources via Blackboard; Students are collaborators 
in the research process and sources of data (by attending focus 
groups), receiving feedback on the changes as a result. IR 

Students as ‘cooperative generators of data’ through data collection on use 
of online resources via Blackboard; very minimal data obtained from 
questionnaire (poor response rate). No student collaboration in the 
research process. OR 

Classroom 
context 

The researcher’s teaching context (VLE): as lecturer, aim to improve 
learning through design of online resource, and accessibility issues. 
This was also  the site of data collection for researcher’s own study. 
(Researcher not a source of data) IOR 

The site of data: gathered from the VLE OR 

Contribution 

To all involved (teacher, researcher, and students): benefits student 
through improving the presentation of online resources and eliminate 
accessibility problems; benefit teacher through increased use of 
online resources to free up time in lectures; benefit researcher by 
providing data that supports cognitive load principles. IR 

Contributes more to improving the learning experience and teaching: 
identifying most appropriate use of online resources on learning outcome. 
Contributes to the research field to some extent: generalisability in 
accounting education through consistent findings over two years, and 
methods to promote engagement with these resources. IOR 

Control of 
condition 

Yes, to the extent possible: focus groups organised as close to end of 
period of use as possible IOR 

Yes: Data collected within four set timeframes in both years. OR 

Quality 

Minimising teacher-researcher bias (e.g. Pygmalion effect) through 
use of third-person data collection: focus groups administered and 
transcribed by independent third party (not the researcher) (Marriott 
and Teoh, 2012), using protocol guide 
 IOR 

▪ Internal validity: justifiable causal conclusion through replication over 
two separate cohorts 

▪ External validity: generalisable to extent of financial accounting courses 
in similar institutions: replication over two separate cohorts, with 
similar findings in pilot data in another setting;  

▪ Reliability: findings could be replicated by another researcher using 
same resources, based on argument for external validity 

▪ Objectivity: findings unbiased to the extent that clusters are 
appropriately identified, through a process that is described in detail in 
section 5.4. OR 

Information 
Disclosure 

Important to explain the educational context and teaching procedure 
(online), less so the students’ background IOR 

To the extent required for such research (i.e. summarised student 
information, analytical procedure, online learning procedure) OR 
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The final stage research method was quantitative in nature: students’ data on use of 

the resources was analysed into clusters, and regression analysis modelled cluster 

membership and variables identified from the literature as possible explanatory 

variables against the learning outcome. Issues on the teacher/researcher impact are 

minimal in this case, and I regard the position of the final stage to be principally outsider 

research, given the review of the research aspects in Table 1-5. Internal validity is 

confirmed through similar justifiable causal conclusions over two separate cohorts 

(replication), external validity and reliability are confirmed through replication (two 

years in the same institution), with similar findings in pilot data in another setting. The 

researcher was aware of potential bias arising over the appropriately identification of 

clusters. The clusters were identified using the variable mean scores to represent the 

extent of use as the basis for each clusters’ interpretation (and the process was 

validated through replication). This process described in section 5.4 is replicable and 

lacks subjectivity. Likewise, in the regression analysis (Chapter 6), variables were 

identified for inclusion based on findings from previous research, and diagnostic testing 

validated linear model assumptions. A review of outliers required some element of 

subjectivity in providing narrative for each, but decisions on those removed are 

transparent and added to the interpretation of use of the online resources (section 6.3).  

1.5. Contributions to knowledge 

As described in section 1.2.6, this thesis contributes to the academic literature by 

describing the practical development of pre-lecture online accounting resources, based 

on the Four-Component Instructional Design model. To my knowledge, this is the first 

case of adopting the principles of this model in accounting education: combining CLT, 

Multimedia Learning Principles and informed by the literature on effective screencast 

design in online education. A scoping of the literature (section 2.4), identified the 

application of the 4C/ID-model across a range of knowledge domains, however the 

model has not been applied to accountancy education, despite its suitability (section 

1.2.5).  

The accounting education literature is extremely limited on the general application of 

CLT and multimedia learning principles. In his review of the top accounting education 

journals from 2000-2010, Mostyn (2012) found only two articles applying CLT to 

accounting education (related to the efficiency of worked examples, and efficient 
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feedback), and emphasised the research opportunities in this area for accounting 

educators. A subsequent review of the accounting education literature from 2011 to 

date identified only 12 articles referencing CLT (section 2.8). 

This, therefore, contributes to the literature by providing practical advice in using 

Camtasia software (TechSmith, 2016) to create screencasts that adopt techniques to 

best manage learners’ limited cognitive load, particularly where the learning domain is 

complex (and learners face increasing levels of intrinsic cognitive load).  

A second contribution to the literature is a subsequent evaluation of the use of the 

online resources by two cohorts in a real-life setting at a UK University, and an 

identification of factors that are key to a successful learning outcome. This is, to my 

knowledge, the first application in accounting education of learning analytics: gathering 

data on access clicks from the VLE to identify learner profiles that are “grounded in 

learner activity” (Antonenko, Toy and Niederhauser, 2012). Cluster analysis is used in 

preference to think-aloud techniques (Fonteyn, Kuipers and Grobe, 1993), as patterns of 

learning behaviour are identified without disrupting the learner’s cognitive processing 

(Clark, 2010). 

1.6. Intended audience of this thesis and definition of key terms 

The intended audience of this thesis extends to fellow accounting educationalists, who 

may benefit from the practical descriptions of designing and creating screencasts and 

pre-lecture resources grounded in CLT. They may also consider the application of the 

Four Component Instructional Design (4C/ID) in accounting areas beyond that selected 

here (group accounting).   

Gašević et al. (2016) cite a study by Finnegan, Morris and Lee (2008) in which successful 

students in online courses of different learning domains behaved in significantly 

different ways. It is not possible to suggest the findings of this study would apply to 

another learning domain, although consistent findings from a replication of the main 

study in two separate cohorts and years suggests a level of generalisability in the field of 

accounting at similar institutions. 

1.7. Content Summary 

This first chapter provides a context for this research. The government, accounting 

profession and students demand more active learning with a focus on critical thinking 

and concepts. Given the limited face-to-face contact time and further challenges of a 
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large and diverse cohort, online pre-lecture materials allow a shift of learning content 

ahead of the lecture to free up time for active learning in lectures. The research 

problem, specific research questions and related objectives are identified.  

Chapter 2 provides a literature review of the issues relating to this thesis. Learning 

theories are described in support of active learning and flipped learning, with a brief 

review of the flipped lecture within accounting education. Principles of CLT - 

fundamental to the design of the online learning resources - are then described. 

Chapter 3 describes the practical aspects of producing screencasts using Camtasia 

software (TechSmith, 2016). Chapter 4 describes the methodology adopted in both pilot 

and main research stage, and the findings from the pilot that inform the final design of 

online resources used in the main stage. A review of the learning analytics literature, 

specifically cluster analysis, supports its use in the main research. Chapter 5 presents 

the results of the cluster analysis for two cohorts, whilst Chapter 6 presents the findings 

from regression analysis. In Chapter 7, ways in which students can be encouraged to 

engage more with the online resources are suggested, including a review of the 

literature on motivation and technology adoption to inform the suggestions on 

incentives. The chapter also identifies and justifies the use of Peer Instruction as the 

most appropriate way to incorporate active learning into the flipped lecture. Chapter 8 

concludes by summarising findings based on the research questions. Implications are 

discussed, as are study limitations and suggestions for further research. 

An overview of this thesis is provided in Table 1-6, which outlines the research 

questions, objectives and theoretical underpinning of each stage of the study.   
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Table 1-6: Overview of Entire Thesis with references to chapters/sections 
Research Problem [section 1.2] 
o Large cohort teaching (over 200 students) 
o Individuals: varying levels of self-efficacy, metacognition, and English as a second language 
o Need for higher-level skills (critical thinking, concept application) (Fink, 2013; Krathwohl, 2002) 

Contribution to knowledge [8.2] 
o Application of principles of 4C/ID Model to accounting education [2.4] 
o Cognitive Load principles applied to video design, and advice on creating using Camtasia [Chapter 3] 
o Application of Learning Analytics in accounting education 

Active Learning: “Doing things and thinking about what they are doing” (Bonwell and Eison, 1991) [1.2.1] 
o Research evidence of positive effect on learning (Freeman et al., 2014) 
o Examples of use in Accounting Education (summary of Lit) [1.2.1] 
o Demand for Active Learning in Accounting Education: profession, government, students [1.1.3 to 1.1.5] 

Active Learning: Pre-Lecture  Active Learning: During Lecture  
Individual/Independent Learning Large Face-to-Face Lecture 

Learning Theories [2.5] 

Associative (empiricism) 
Thorndike (1931) “Procedural” 
Skinner (1968)  
Gagné (1985) 

Cognitive (rationalism) 
Piaget (1971): assimilation (existing 
schema + new), accommodation (to 
handle it), equilibration (motivation) 

Situative (Constructivism) 
Vygotsky (1978): Social interaction 
key to cognitive development. 

RQ1: Design Attributes of resources to manage Cognitive Load [1.3.1] Partially Flipped Lecture [FL] [1.2.2] 
Cognitive Load Theory (Sweller, Ayres and Kalyuga, 2011d); [sections 
1.2.3, 2.8] 
▪ Limited working memory, schemas in long-term memory [1.2.3]  
▪ Intrinsic load and element interactivity (complex learning) [2.8.1] 

▪ Removing extraneous load (coherence) [2.8.1] 

▪ Asynchronous information before, 
dialogue/active face-to-face 
(Bredow et al., 2021) 

▪ Grounded in CLT  
▪ Guided instruction to manage 

Cognitive Load (Mayer, 2004) 
▪ Technology-enhanced [1.1] 
o Student Response Systems 
o Padlet 

Risk of unprepared student [2.7] 
Types of Active Learning in FL: 
▪ Bonwell and Eison (1991) 
▪ Freeman et al. (2014) 
▪ Peer Instruction [7.5] 
▪  

Multimedia Learning Principles (Mayer, 2009) 
▪ Modality (Baddeley, 1992; Paivio, 1986; Penney, 1989) [2.8.2] 
▪ Segmenting information lowers risk of cognitive overload [2.8.3] 
▪ Sequencing (basic to complex) [2.8.4] 
▪ Split attention (temporal or spatial) and cues [2.8.5] 

▪ Feedback (elaborative more suited to verification) [2.8.6] 
Four Component Instructional Design (van Merriënboer and Kester, 2014): 

Task-Based pre-lecture resources (managing cognitive load) [1.2.4, 2.8] 

Practicalities of Video Design using Camtasia [Chapter 3] 
▪ Pilot study: testing and focus groups [4.4] 

RQ2: How does use of resources impact Learning Outcomes? [1.3.2] RQ3: Encouraging best use [1.3.3] 
Learning Analytics (Gašević, Kovanović and Joksimović, 2017) [1.1.3] Literature Review [Chapter 7] 
Cluster Analysis [Chapter 5] Regression Analysis [Chapter 6] Identifying non-users [4.5.3] 

Motivational Theories [7.1] 
Literature review [7.2] 
▪ Rewards: Participation or 

performance? 
Self-explanation prompts [7.4] 
Peer Instruction [7.5] 
▪ Social constructivism via debate 
▪ Empirical support 
▪ Anonymity 

▪ Data Sources: VLE, exam, Uni [5.1] 

▪ 4 periods: pre-lecture / WSP / 
Post-teach / Last 10 days [5.2] 

▪ Clustering Tests: PCA / ODI [5.3] 
▪ Dendrogram / means review: 

meaningful at 7-clusters [5.4] 

▪ Findings: similar clustering for 
both years; increased “optimum” 
use in 2018. [5.4.2] [Table 5-8] 

▪ Explanatory factors review [6.1, 6.2] 
▪ Positive impact of earlier usage [6.5] 
▪ Impact: Figure 6-14 and Figure 6-15 
▪ Findings: any use of resources 

statistically significant on learning 
outcome. Further factors: worked 
example (cognitive activity) and in-
video quizzes (metacognition) [6.6] 

Cohort Sizes in analyses 2017 and 2018 
Year: 2017 2018 

Included in regression analysis 238 179 
 

Recommendations [Chapter 8] 
o RQ1 [8.4.1]: Worked example design, video design 
o RQ1 [8.4.2]: Earlier and more frequent use of resources produces highest learning outcome. Significant non-use 

group present however (2017: 23.6%; 2018: 18.1%), consistent with literature [6.6 and 4.5.3]. 
o RQ3 [8.4.3]: Guided study (with learner autonomy), constructively aligned resources with self-regulation prompts 

(quiz, with explanatory feedback) [7.2]. Non-contingent participation reward in lecture activity [7.3.7]. Online 
prompts for self-explanation [7.4]. Use of peer instruction in lectures [7.5] to increase self-efficacy beliefs and 
intrinsic motivation. 
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Chapter 2 Literature Review 

This chapter reviews the literature on learning theories that underpin the instructional 

design applied in this case study: the Four Component Instructional Design (4C/ID) 

(section 1.2.4). First, the literature review methodology is described, followed by an 

introduction to CLT, grounded in a biological evolution framework that asserts the 

importance of learners’ “borrowing” secondary knowledge from experts, and the 

challenges faced when developing “schemas” that incorporate new information into 

their long-term memory (section 2.2). Next, two scoping reviews of the accounting 

education literature highlight the limited application of CLT (section 2.3) and gap in the 

adoption of the 4C/ID model (section 2.4), despite its relevance (section 1.2.4).  Each of 

the learning theories described in section 2.5 are applicable to the development of 

online pre-lecture learning materials to support a flipped lecture (section 2.6). A key 

challenge identified by the literature, and fundamental to this research project, is the 

risk that students in flipped lectures may not have benefited from, or participated in, 

pre-lecture activities (section 2.7). This highlights the importance of basing the design of 

pre-lecture material on validated research findings. The remainder of this chapter then 

outlines key findings from the literature in the field of CLT and screencast design, which 

inform the design of the pre-lecture learning materials used in this research. Section 2.8 

then focuses on the CLT principles which can support the novice learners in this case 

study. All students are new to the techniques of consolidated accounting (section 1.2.5), 

and are required to learn and explain increasingly complex accounting procedures with 

high “element interactivity” (section 2.8.1). Demands on working memory are therefore 

so high that learning resources (tasks and supportive/procedural screencasts) must be 

designed to minimise extraneous content by exploiting the benefits of “dual modality” 

(audio/visual) video (section 2.8.2), presenting information in manageable segments 

(section 2.8.3) that are sequenced from simple-to complex (section 2.8.4), using video 

production techniques to focus attention (section 2.8.5) and encourage metacognition 

through questioning and feedback (section 2.8.6). Each sub-section of section 2.8 ends 

with a summary of techniques adopted in the development of the worked examples 

and PreView/ReView videos, leading to the practical description of the video creation 

process using Camtasia (TechSmith, 2016) in Chapter 3. 
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2.1. Literature Review methodology 

A scoping study presents a collating and summarising of the literature through a process 

of prioritisation, providing meaning to the ‘what’ and the ‘why’ research questions, 

rather than the ‘who’, ‘where’ and how’ (Davis, Drey and Gould, 2009).  A practical 

application of the five-stage scoping framework (Arksey and O'Malley, 2005) is 

described by O'Flaherty and Phillips (2015) who scoped the literature on the use of 

flipped classrooms in higher education. A similar approach was adopted in this case, to 

scope the literature relating to the first research question of this study (RQ1): 

RQ1:  What design attributes of pre-lecture online learning resources for 
undergraduate accounting students, incorporating screencast videos and based 
on the Four Component Instructional design, best manage cognitive load to 
enhance learning outcomes? 

 
RQ1 seeks to identify effective production techniques from the perspective of the whole 

task-based 4C/ID model (van Merriënboer, Clark and de Croock, 2002) (section 1.2.4). 

The model is underpinned by multimedia and CLT principles, and search terms (key 

words) in a scoping should be sufficiently wide to gain a broad coverage of available 

literature.  

Eligible papers were identified using explicit search strategies across a range of data 

sources, using the technique adopted by Davis, Drey and Gould (2009). Techniques and 

terms used included Boolean operators to expand and narrow searches. Single and 

combined search terms included those key words outlined in Table 2-1. Scoping began 

with key words, and the searches were further refined using a second layer of terms 

using the truncation symbol.  

Table 2-1: Key search terms 
(“Cognitive Load theory” OR “CLT”)  

(“instructi*” OR design*”) 

(“Accounting Educat*” OR “Accounting student*”) 

(“screencast*” OR “Camtasia” OR “video*” OR “video podcast*” OR “multimedia*) 

(“screencast*” OR “Camtasia”) AND (“Undergraduate*” OR “student*” OR “university” OR 
“engag*” OR “higher education” OR “design*”) 

("Four Component Instructional Design" OR "4C/ID") AND (“Undergraduate*” OR “student*” OR 
“university” OR “engag*” OR “higher education” OR design*) 

(“Cognitive Load theory” OR “CLT”) AND (“screencast*” OR “Camtasia” OR “vide*” OR 
“multimedia”) AND (“Undergraduate*” OR “university” OR “higher education”) 

Note: *(or $) acts as a truncation symbol and should return any word that begins with the root/stem 

of the word truncated by the symbol (so ‘engag*’ will return engage, engagement etc.). 
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Inclusion and exclusion criteria were developed to ensure primary evidence was 

identified efficiently (Table 2-2). The last ten years has seen the most significant 

integration of blended learning techniques, and this ties in with the review by Mostyn of 

the accounting education literature (reviewed up to 2010); however earlier articles of 

significance were included where discovered in the review of reference lists.  

The following electronic databases were searched to identify peer-reviewed literature: 

▪ Scopus 

▪ APA PsycInfo (Ovid) 

▪ Web of Science 

▪ ERIC (Education Resources Information Center) (via ProQuest) 

▪ ScienceDirect 

In addition, reference lists of identified articles were reviewed, and Google Scholar used 

to identify primary sources within grey literature. To identify the extent of research and 

application in the specific domain of accounting education, journals searched by Mostyn 

(2012) in his review of the application of CLT were also included in the exercise (see 

section 2.2 for findings). 

Table 2-2: Inclusion and exclusion criteria 
Criterion Inclusion Exclusion 

Time period 2010 to 2019 (plus earlier articles 
identified through reference lists) 

All other Studies  

Language  English Non-English studies 

Ethics clearance Studies with approved ethics 
notification 

Studies without approved ethics 
notification 

Study focus Undergraduate students in higher 
education 

All other settings 

Literature focus Articles where overwhelming 
theme relates to screencast or 
video design including application 
of CLT and/or 4C/ID 

Articles with only passing reference to 
theme (screencast/video design 
including application of CLT and/or 
4C/ID); editorials or opinion pieces. 

Population and 
sample 

Undergraduate students enrolled 
in a recognised study 
programme.  

All other settings 

 
The scoping review framework requires a charting of key selected articles. Summaries of 

each article are provided in Table 2-3. 
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Table 2-3: Key works summary (key to annotations at end of table) 

Author(s) Area 
Section 

ref 
Description 

Study 

design 
Outcomes 

Mostyn (2012) CLT, 
AE, LT 

1.3.3, 
2.2 

An overview of the effect that CLT and learning theories can 
have on AE 

Review 
Article 

Recommended applications for CLT in AE, outlining the current lack of use in the 
learning domain. 

van Merriënboer, 
Clark and de Croock 
(2002) 

CLT, LT 1.3.4 Describes the four-component instructional design system 
(4C/ID-model) for complex task-based learning. 

Review 
Article 

Four interrelated components identified for complex learning: (a) learning tasks, (b) 
supportive information, (c) procedural information, and (d) part-task practice. 

O'Flaherty and 
Phillips (2015) 

LT, SD, 
FL 

2.1, 2.5 Scoping review (used as basis for this literature review 
methodology) of research into flipped classroom. Explain more 
about how the barriers  

Scoping 
review 

Lack of conclusive (robust) evidence on impact on learning, outlining generally positive 
views but some negative: subject applicability, barriers (redesign workload, lack of 
pedagogy awareness).  

Mayes and De 
Freitas (2013) 

LT 2.4 Outlines theoretical principles upon which eLearning resources 
should be based 

Text 
Chapter 

Three clusters of learning theory perspectives integral to learning: associationist, 
cognitive and situative.  

Lo, Hew and Chen 
(2017) 

SD, FL 2.5; 2.6 Review of 61 peer-reviewed journal articles (qualitative 
synthesis) into FL, incorporating advice on video. 

Meta-
analysis 

n=21  

Identified two key benefits of FL: increased contact time and real-time feedback. 
Provides 10 design principles for flipped classrooms, including advice on instructor-
created videos 

Bredow et al. (2021) SD, FL 2.6 Analysed 317 studies into flipped learning in higher education, 
using video. 

Meta-
analysis 
n=317 

Outlines the importance of instructor-created videos in flipped learning pedagogy. 
Identifies positive effect of flipped learning on academic, intra-/interpersonal, and 
satisfaction-related outcomes 

Paas and Sweller 
(2014) 

CLT 2.7.1 Grounds human cognitive architecture (the basis of CLT) in 
evolutionary principles. 

Text 
Chapter 

Recognises limitations of the working memory when processing biologically secondary 
information, and CLT principles can assist. 

Sweller (2010) CLT 2.7.2 - 
2.7.5 

Describes CLT principles that reduce extraneous cognitive load 
through management of element interactivity 

Review 
Article 

Describes and recommends CLT effects including modality, worked example (isolated-
elements), problem completion, spatial/temporal contiguity (split-attention), 
redundancy (expertise-reversal). 

Guo, Kim and Rubin 
(2014) 

SD 2.7.3, 
2.7.4  

Statistical review of 6.9m MOOC sessions, measuring 
engagement on viewing time and multiple-choice assessment 
(32% of videos).  

Empirical 
study 

Editing longer videos into discrete chunks improves engagement, (median views no 
more than 6 minutes); recommended different video design for lecture and worked 
example videos. 

Mayer (2014b) CLT 2.7.3 Describes the cognitive theory of multimedia learning’s three 
cognitive science assumptions: dual-channel, limited-capacity 
and the need for cognitive processes (active processing).  

Text 
Chapter 

Multimedia should be designed to guide cognitive processing without overloading the 
learner’s cognitive system, by minimising extraneous processing, managing essential 
processing, and fostering generative processing (for constructive learning, e.g. 
personalisation, self-explanation and feedback). 

Ginns (2005) CLT,  
SD 

2.7.3, 
2.7.6 

A review of research on the modality effect (presenting 
graphical information visually, and related textual information 
verbally).  

Meta-
analysis 

n=43 
studies 

A strong modality effect is observed compared to using materials presenting graphics 
with printed text. The modality effect is higher when element interactivity is also high; 
and when under system-paced conditions. For user-paced audio-visual instructional 
materials, the modality effect is less pronounced.  

Kester, Kirschner 
and van 
Merriënboer (2006) 

CLT 2.7.4 Task-solving requires access to an adequate solution (via 
declarative information) and environment manipulation (via 
procedural information).  

2x2 
experiment 

n = 85 

Separately presenting supportive (declarative) and procedural information (during 
practice) yields higher test performance and lower mental effort during practice.  

Blayney, Kalyuga 
and Sweller (2015) 

CLT,  
TD 

2.7.4, 
2.7.5 

Intervention: accounting students using system-controlled 
automated spreadsheets to answer accounting tasks 

Lab exp; 
n = 171 

Presenting complex tasks in sequential, simple-to-complex manner aids novice 
accounting students’ learning. More experienced learners benefit more from tasks 
with fully interacting elements.  
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Key works summary (Continued) (key to annotations at end of table) 

Author(s) Area 
Section 

ref 
Description 

Study 

design 
Outcomes 

Pollock, Chandler 
and Sweller (2002) 

CLT, 
SD 
 

2.7.4,  
2.7.5 

Element interactivity of complex material was artificially 
reduced (presenting as isolated elements for serial processing). 
Information was then presented in full. A control group 
received all information in full in both phases.  

Experiment 
n = 22 

The results support the initial presentation of complex information in isolation to 
reduce intrinsic load, so that novice learners can construct “partial schemas” to later 
develop more fully with further instruction outlining the element relationships. This can 
be applied to the design of both types of screencast video, by appropriate segmenting. 

van Gog (2011) CLT, 
TD 

2.7.5 Compared sequencing of worked example presentation (either 
example–problem or problem–example) and effects on 
learning.  

Experiment 
n = 16 

Participants in the example–problem condition outperformed those in the problem–
example condition during learning, but this difference disappeared once the latter had 
studied the example a second time. 

Johnson and Slayter 
(2012) 

CLT, 
TD 

2.7.5 The authors, critical of accounting textbooks for novices listing 
numerous transactions in double entry questions (risking 
extraneous load), suggested "targeted practice" instead 
(chunking transactions by type to reinforce solution strategies).  

Experiment 
n = 88 

Participants in the targeted practice group spent less time and analysed more 
accurately, with the same level of performance. Transfer of learning was better, so 
targeting assisted in applying to a broader variety of transactions. Methods to manage 
cognitive load for novices can be removed once learners gain expertise. 

J. Kim et al. (2014) SD 2.7.6 Using table of contents and thumbnails in procedural videos 
supports novice learner 

Review 
Article 

Elements are isolated to overcome cognitive load 

Ginns (2006) CLT,  
SD 

2.7.6 A review of studies aiming to reduce split attention for novices 
(spatially or temporally disparate but related information 
elements). 

Meta-
analysis 

n=50 
studies 

Substantial learning gains are possible, particularly for complex learning materials, by 
increasing either spatial or temporal contiguity of related elements of information. One 
important limitation is that the studies analysed involved participation of novice 
learners only.  

Boucheix et al. 
(2013) 

CLT, 
SD 

2.7.6 Students studying piano mechanism were assessed for mental 
model quality and knowledge, with eye tracking records. Two 
groups experienced forms of animated cues targeting relations 
between event units, another saw animations containing 
conventional entity-based cueing and the fourth saw no cues. 

Experiment 
n = 84 

Participants with dynamic cueing yielded superior outcomes (for both measures), to 
those receiving basic cues or no cues. Eye tracking analysis suggested that initial cue 
engagement did not guarantee continuing engagement. Dynamic cues (e.g. moving 
arrows or spreading highlights) support comprehension by identifying each element 
(and related elements) alongside their description. 

Richter, Scheiter 
and Eitel (2016) 

 2.7.6 A meta-analysis of 27 studies (yielding 45 pairwise comparisons) 
into the effects of signalling in multimedia material on learning 
outcomes, with a focus on the novice learner. 

Meta-
analysis 

n=27  

Signalling methods resulted in an 84% positive effect on comprehension performance 
compared with non-signalled material. Only four studies involved students with higher 
prior knowledge, so the impact of signals on non-novices is unclear. 

Key: CLT = Cognitive Load Theory; AE = Accounting Education; LT = Learning Theories; SD = Screencast Design; TD = Task design; FL = Flipped Lecture (not a search term but relevant to further development of study) 
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2.2. The Importance of CLT in Instructional Design 

The majority of the key works in Table 2-3 relate to CLT, which was defined and 

summarised in section 1.2.3. Paas and Sweller (2014) explain how CLT principles for 

instructional design stem from the limitations of working memory when dealing with 

new knowledge. Geary (2008) grounds cognitive architecture (how we think, learn and 

problem-solve) in a biological evolution framework, with two categories:  

1. Biologically primary knowledge, which evolves biologically (such as skills to 

recognise faces or acquire a first language) and is learnable but not teachable 

2. Biologically secondary knowledge, which is learnable and teachable, such as reading 

and writing that require effort and consciousness. 

The focus of this chapter is on how to best support the learning of secondary 

knowledge. Sweller, Ayres and Kalyuga (2011b) apply five principles of human cognitive 

architecture to explain how secondary knowledge (learned knowledge) is best acquired 

and used (Table 2-4). 

Table 2-4: The function of each of the natural information store principles (adapted 
from Paas and Sweller (2014), p35) 

Principle Function 
Information 
store  

Storing of information: biologically primary and secondary (acquired) 
information assumed held in the same store.  

Borrowing 
and 
Reorganising  

Acquiring information: Secondary knowledge may undergo significant 
reorganisation depending on what is “borrowed” from another’s long-term 
memory. 

Randomness 
as Genesis  

Generating novel information: where not possible to “borrow and 
reorganise”, novel knowledge is randomly generated and tested for viability 

Narrow Limits 
of Change  

Generating novel information is limited, to ensure a functioning information 
store. All novel information - regardless of source - is subject to working 
memory limitations, more so under randomness as genesis. 

Environmental 
Organising 
and Linking  

Co-ordinating stored information with the external environment to generate 
appropriate action: specific methods (via working memory) are needed to 
acquire secondary knowledge which cannot be acquired automatically. 

Sweller, Ayres and Kalyuga (2011a) contest that long-term memory consists 

predominantly of biologically primary knowledge, acquired in order to survive and 

function, alongside some information. The work of de Groot (1968) and Chase and 

Simon (1973) relating to chess grandmasters illustrates how expertise reduces the need 

for problem-solving: novices must use thinking skills whilst experts apply knowledge. 

Information is stored in long-term memory in schemas, cognitive constructs enabling 
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the classification of multiple elements of information into a single element according to 

how they are used. The grandmaster chooses a chess move from a “direct association 

between move sequences and a chunked representation of highly stereotyped (or 

overlearned) chess pieces or patterns” (Chi, Glaser and Rees, 1981) (p56). Selection of 

an appropriate problem-solving schema enables the solution of problems that may be 

otherwise be difficult or impossible to solve. This suggests that assistance on the 

selection of appropriate schema for problem solving would support learners with 

minimal domain knowledge. With increased practice through worked examples, less 

conscious processing is required by using schemas, and eventually use is automatic and 

without effort (Kotovsky, Hayes and Simon, 1985).  

Instruction aims to increase the store of domain-specific knowledge in long-term 

memory, resulting in learning. Competence requires the acquisition of domain-specific 

schemas, and an ability to recognise what actions to take for numerous problem states 

and scenarios. Learners gain an advantage by borrowing information that has already 

been tested for effectiveness by others, is therefore already organised and, probably, 

appropriate.  

In the absence of relevant knowledge, only a random attempt to solve a problem is 

possible, which is then tested for effectiveness. Randomly generated information will 

not be organised and will put a strain on cognitive load. The strain is compounded by 

the extent of “element interactivity”: processing three elements requires testing of a 

manageable 6 (= 3!) permutations; however, processing ten elements increases the 

permutations to 3.6 million (=10!). The narrow limits of change principle states that a 

very limited number of elements can be processed in working memory. Based on the 

memory system identified by Atkinson and Shiffrin (1968), elements of novel 

information are consciously processed in working memory in conjunction with 

information held in long-term memory. Miller (1956) suggests a limit of seven (plus or 

minus two) elements can be processed in working memory, although Cowan (2001) 

considers a short term memory capacity of four “chunks” (concepts with strong 

association to each other). As explained in section 1.2.3, working memory storage is 

very restricted: its primary function is to process information rather than store it 

(Sweller, Ayres and Kalyuga, 2011b). Working memory is also limited in duration: novel 

information is lost after 20 seconds or earlier (Peterson and Peterson, 1959), although 
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rehearsal of new material refreshes the working memory and maintains it, and also aids 

the transfer of information to long-term memory, where it can be returned and used to 

direct future behaviour. The impact of novel information on working memory capacity 

will be most significant for novice learners: and instructional designs should reduce 

unnecessary cognitive load by “directing working memory resources to the intrinsic 

essentials of a curriculum area and away from extraneous aspects” (Sweller, Ayres and 

Kalyuga, 2011b)(p 45). It is therefore vital for learning material covering new 

information to be designed such that novice learners’ working memory capacity is not 

overloaded. In this case, the design relates to online pre-lecture resources (tasks and 

supportive/procedural videos, in line with the 4C/ID model). However, CLT principles 

apply to all learning of secondary knowledge, particularly where the learner is a novice, 

and/or the learning is complex (and element interactivity is high). Section 1.2.3 

introduced some of the CLT principles that should be applied in complex learning (such 

as segmenting into manageable “chunks” of information and removing any causes of 

extraneous load). Using the CLT key works in Table 2-3, a more comprehensive list of 

CLT principles is described in section 2.8 which then informs the development of the 

online resources. 

In the next section, a scoping review outlines the extent of use of CLT principles in 

accounting education to identify any gaps in the literature, particularly relating to the 

development of pre-lecture learning materials for individual study. 

2.3. Scoping Review on Cognitive Load Theory (CLT) in Accounting Education  

In his conclusion to a paper recommending the application of CLT in accounting 

education, Mostyn (2012) contends that existing, validated research findings can 

improve the quality of learning in accounting education. CLT focuses on “increasing the 

learning efficiency of complex tasks” (Mostyn, 2012) (p228) by considering how human 

mental structure (working memory and long-term memory) processes input data. 

Whilst most of the literature on CLT is directed at managing extraneous load (generated 

by the manner by which information is presented to learners), the literature does 

describe research aiming to manage intrinsic cognitive load (based on the inherent 

difficulty, or elemental interactivity) (Ayres, 2006a) by modifying instructional 

sequencing, developing prior knowledge and decreasing information complexity (Van 



Page 68 of 316 
 

Merriënboer, Kester and Paas, 2006). Instructional sequencing is defined as “pre-

training” by Mayer (2001) in his cognitive theory of multimedia learning (CTML).  

A review of articles in accounting education journals5 from 2000-2010 identified only 

two articles applying CLT principles to accounting instructional design (Mostyn, 2012). 

The first investigated the efficiency of worked examples over problem-solving exercises 

(Halabi, Tuovinen and Farley, 2005) and the second reviewed efficient methods of 

feedback for teaching introductory accounting (Halabi, 2006). A subsequent search of 

the same accounting education journals using the method described in section 2.1, 

identified only 12 more papers that applied CLT from an accounting education 

perspective. Each is described below, categorised by the aspect of learning to which CLT 

was applied: design of worked examples, managing extraneous load through guidance, 

and online resources. 

Worked examples 

Kachelmeier and Jones (1992) recognised the limitations of working memory relating to 

novice learners in their evaluation of a computer-based learning aid for teaching 

pension accounting. Halabi, Tuovinen and Farley (2005) found that worked examples 

were more efficient than problem-solving exercises for novice students with less-

established schema. Johnson and Slayter (2012) criticised “full question” style activities 

in introductory accounting textbooks, suggesting that the high demand on novice 

learners’ cognitive load from such high-variability problems limits the development of 

schemas. In a random experiment, a learning group that practiced questions with one 

transaction type at a time before proceeding to problems involving a mixture was found 

to analyse transactions quicker in a final test and were better able to transfer their 

learning to a variety of transaction scenarios. Sargent (2013) described an intervention 

on an intermediate accounting course where students were required to pass an online 

proficiency test (mastering adjusting entries and the financial statements) prior to 

entry. CLT is referred to in terms of working memory limitations in complex 

learning, and the need for creating schemas (chunked information) to prevent cognitive 

overload. Such "mastery learning", especially for novices, frees up mental resources for 

more complex learning. Sargent and Borthick (2013) designed cognitive conflict tasks for 

 
5 Issues in Accounting Education, The Journal of Accounting Education, Accounting Education: An 

International Journal, Advances in Accounting Education, The Accounting Educators’ Journal, Global 
Perspectives on Accounting Education  
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introductory accounting students that yielded stronger effects for lower-achieving 

students, consistent with improved critical thinking. Novice students performed better 

on assignments phrased in everyday (non-technical) language, freeing up working 

memory (Johnson and Sargent, 2014). Garvey, Parte and Gonzalo Angulo (2017) 

referred to CLT's "expert-novice" principle in recommending a shortening of the 

teaching of Fair Value to experts (postgraduates), in favour of case studies. 

Guiding students toward Metacognition 

Phillips and Nagy (2014) introduced a graphic organiser to assist students in identifying 

arguments relating to financial accounting policy choices, reducing extraneous cognitive 

load that diverted attention from their intended goal of seeking a balance of arguments. 

Borthick and Schneider (2018) developed a guided learning experience (grounded in 

CLT) to support the construction of mental schemas. Based on CLT’s split-attention 

principle (section 2.8.5), Sithole (2017b) guided students to rewrite spatially separated 

text and diagrams such that text was integrated into the associated part of the diagram.  

Online resources  

Lento (2017) used "whiteboard voice-over" videos to present complex active learning 

strategies to increasing class sizes. Class time became available for active learning 

activities focusing on higher-order cognitive skills, in a student-centred learning 

environment. CLT is considered in relation to variation theory: the cognitive challenges 

students face when needing to be aware of, and discern, multiple variations 

simultaneously. Comments made on video design, however, exclude CLT considerations. 

Aldamen, Al-Esmail and Hollindale (2015) examined the impact of lecture captures on 

performance and attendance for introductory accounting students. Aspects of CLT 

mentioned included the advantages of dual coding (visual and auditory processing), and 

the flexibility that asynchronous presentation provides (on repeat viewing). Wynder 

(2017) applied CLT to evaluate the introduction of whiteboard animations in 

undergraduate accounting courses. A key focus of the review was on the experiences of 

ESL students, finding evidence that extraneous cognitive load (from unclear language) 

was significantly higher for ESL students leading to a lower learning efficiency. This 

suggests that the ESL students had to exert greater cognitive effort in order to arrive at 

the same level of learning (recall) - albeit based on subjective self-rating. 
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The above scoping review reveals that, despite the benefits that CLT  principles can 

bring (Mostyn, 2012), there remains a paucity of research into the application of such 

principles in an accounting education setting. This limited research can be grouped into 

three aspects: the presentation of worked examples, advice for students on removing 

extraneous load through better organisation and metacognition, and video design. 

Section 1.2.3 further describes the limited research by the accounting education 

literature into video design. This study therefore is the first to apply CLT principles to 

the design of pre-lecture videos in accounting education.  

2.4. A Scoping Review on the application of the 4C/ID model 

This research study applies principles from the 4C/ID model, in which the learner 

completes tasks in independent active learning. The design of the tasks (and 

accompanying worked examples), the video explanations, and methods to encourage 

learners’ metacognition are all vital to effective independent learning (section 2.5.6). 

The learner is unable to ask questions at this stage, and this was identified as problem 

with poorly designed flipped learning material (Lo, Hew and Chen, 2017; O'Flaherty and 

Phillips, 2015). Pre-lecture resources designed with the aim of managing cognitive load 

should help minimise cognitive overload, and the need for questions. The following 

articles were identified from the scoping review (section 2.1) in which the 4C/ID model 

was applied. Despite first being designed for use in medical education, the 4C/ID model 

is well-suited to any discipline (including accounting education) that is task-oriented 

(Section 1.2.4). Included in the search were the key accounting education journals 

outlined by (Mostyn, 2012)6. No application of the model was found in accounting 

education; the key learning domains in which the model was applied were in software 

training, languages, sciences, information literacy and medical education.  

Costa and Miranda (2019) applied the 4C/ID model to training in Alice software with 

“positive effects in programming learning and in logical reasoning” (p1). Marcellis et al. 

(2018) introduced the same three components of the 4C/ID model as this study 

(learning tasks, supportive information and procedural information) to support a course 

in Android app development. Laporte and Zaman (2018) used the 4C/ID model as a 

basis for comparative analysis of programming games, recognising the similarity 
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between 4C/ID model constructs (whole-task, supportive information and part-task 

practice) and game characteristics (simulated environments, feedback and repetition). 

Larmuseau et al. (2018). The 4C/ID model was applied to the teaching of French as a 

foreign language by Larmuseau, Elen and Depaepe (2018), and evaluated using the 

Technology Acceptance Model (Larmuseau et al., 2018), with positive results on 

perceived usefulness and student performance. 

Melo (2018) adopted 4C/ID principles to develop a 3-lesson set of learning resources in 

electrical circuitry for physics school students, following initial developments and review 

by Melo and Miranda (2015). Guochen, Kuishan and Jing (2012) describe the use of 

4C/ID in engineering drawing, claiming superior student performance compared to 

those taking the ‘conventional’ teaching model. 

The 4C/ID model is recommended as suitable for information literacy instruction by te 

Pas et al. (2016), and supported by Rosman, Mayer and Krampen (2016) who recognise 

how the 4C/ID model manages cognitive load through “well-structured online tutorials… 

using authentic real-world learning tasks” (p94). Frerejean et al. (2016) developed a 

two-hour online course (based on the 4C/ID model) to improve first-year Pedagogical 

Science students’ information problem solving skills whilst investigating types of built-in 

task support. Yan, Xiao and Wang (2012) used the 4C/ID-model to redesign a course in 

modern educational technology for pre-service teachers.  

Lim, Reiser and Olina (2009) compared the use of part-tasks with whole-tasks, the 

foundation of the 4C/ID-model, where undergraduates studying educational technology 

were exposured to an entire complex task from the start.  

A meta-analysis of eight studies (selected from 61 adopting the 4C/ID-model) that 

evaluated learners’ reproduction and transfer of knowledge found high effects from the 

use of the model, in particular in the reproduction of knowledge (Melo and Miranda, 

2016). Very few studies in their literature review assessed the efficiency of the 4C/ID 

model (combining data from achievement and mental effort): the focus was more on 

achievement and less in measures of mental effort.  

In the medical domain, an inverted classroom was designed in the teaching of 

resuscitation of trauma patients, using the 4C/ID model as its basis (Domínguez et al., 

2017). Vandewaetere et al. (2015) present a detailed case study in which the 4C/ID 

model is applied to  five learning modules in medical education and include “practice-

based challenges and pitfalls about the collaboration between different stakeholders” 
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(p4). Maggio et al. (2015) present the case for using the 4C/ID model in evidence-based 

medicine skills, identifying a need for skill transfer from classroom to clinical practice 

that whole tasks can provide. The 4C/ID-model was used to teach clinical reasoning, 

where the rich, whole tasks better support the acquistion of skills involving discussions 

between patient and clinician (Postma and White, 2015; Postma and White, 2016).  

Holtslander et al. (2012) describe the use of the 4C/ID-model alongside a constructivist 

approach, in which nursing students were “immersed in real-life experiences, which 

focused on the development of skills applicable to qualitative research” (p345) in a 

student-centered philosophy underpinning nursing graduate programs. 

The above review identifies a gap in the literature relating to the application of 4C/ID 

principles in an accounting education setting. 

2.5. Learning Theories: The Learning Cycle 

CLT relates to the management of working memory limitations. Section 2.2 describes 

how a learner constructs schemas which, since they are stored in long-term memory, 

enables working memory to manage more complex learning. Schemas are further 

developed through the learner interacting with activities and gaining feedback to 

reinforce mental connections.  

This section describes the learning theories that underpin the design of the resources 

developed and introduced in this thesis. The CLT-based 4C/ID model incorporates 

aspects of both associationist and cognitive perspectives. The task-completion focus, in 

which learners receive immediate feedback through in-video quizzes and worked 

examples (the procedural component), aligns with the associative perspective (section 

2.5.2). A fourth component of the model, unused in this case, of repeated part-task 

practice to promote “automaticity” is a further application of the associationist 

perspective. The design of tasks in such a way that learners can relate new information 

(the supportive component) with previously-acquired schemas and build upon their 

understanding aligns with the cognitive perspective (section 2.5.3). Management of 

cognitive load is fundamental to ensure learning. The resources created for this case 

study are provided online for completion by learners individually. Completion of the 

tasks prior to lectures should then permit more active learning in face-to-face time with 

the lecturer. The situative (social) perspective (section 2.5.4) applies to a learning 

environment in lectures where students’ learning is enhanced through active, shared 
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experiences rather than merely providing information. The situative perspective relates 

to the goal of ultimately flipping the lecture (sections 2.6). 

2.5.1. A Definition of Learning 

The following definition of learning is consistent with the cognitive viewpoint adopted 

in this thesis, where the focus is on task practice: “Learning is an enduring change in 

behaviour, or in the capacity to behave in a given fashion, which results from practice or 

other forms of experience” Schunk (2012) (p3).  

Philosphy and Learning  

The science of learning stems from Plato and Aristotle, whose viewpoints on the 

acquisition of knowledge and relationship to the environment are still evident in 

currrent learning theories. Plato made a distinction between knowledge acquired from 

the senses and that gained from reason and reflection. This viewpoint - rationalism - 

suggests that knowledge arises from the mind. Descartes’ (1596-1650) deductive 

reasoning, and Kant’s (1724-1804) viewpoint of a disordered external world being 

perceived as orderly through the mind are further illustrations of the rationalist 

doctrine. Empiricism, on the other hand, views knowledge as a derivation of experience 

alone. Plato’s student, Aristotle, believed the environment to be the source of all 

knowledge, and developed the principles underpinning associative learning: the more 

that objects are associated in memory, the more likely the recall of one will trigger 

recall of the other. John Stuart Mill (1806–1873) furthered the associationist 

perspective by arguing that a complex idea, derived from simple ideas, can be greater 

than the sum of its parts. 

Although there is overlap between the two philosophical positions and learning theories 

(for example, most theories concur that learning arises through association), 

conditioning theories (such as behaviourism) tend to be empiricist, and cognitive 

theories more rationalist.  

Three Learning Theory Perspectives 

Mayes and De Freitas (2013) outline the importance of learning theory in instructional 

design, identifying three clusters of learning theory perspectives that are integral to 

learning: associationist, cognitive and situative. 
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2.5.2. The associationist perspective 

Within the associationist perspective of behaviourism and connectionism (neural 

networks), learning arises when elementary mental units are connected through activity 

and feedback. Feedback is regarded as an automatic reinforcement of connections 

rather than providing further information, in what Thorndike (1931) termed implicit 

learning: also known as “procedural” as opposed to “declarative” (conscious) learning. 

Learning is argued to arise from basic stimulus-response conditioning: “the formation 

and expression of excitatory or inhibitory associations, formed via reinforcement” 

(Shanks, 2010) (p274). Behaviourism developed in an attempt to align psychology with 

physical sciences by using behaviour as something that is measurable, as opposed to 

mental processes that were considered too subjective to be measured. According to 

behaviourism, learning is explained in terms of associating a response to a particular 

stimulus. Thorndike hypothesised that responses can be strengthened when followed 

by satisfying consequences. Operant learning (Skinner, 1968) arises when a response to 

a discriminative stimulus is followed by a reinforcing stimulus: SD → R → SR. Complex 

behaviours require shaping: repetition of chains of these three-term contingencies, 

reinforcing desired behaviour. A key criticism of behaviourism relates to its focus being 

on the “product and not the process” of learning (Laurillard, 2012)(p45): about how 

behaviours are altered through operant conditioning without an understanding of how 

the learning takes place. Cognitive theorists (section 2.5.3) argue that, whilst some 

human learning can be explained by stimuli and reinforcement, research into learning 

(particularly complex learning) must consider the learner’s mental processes, beliefs 

and feelings. Whilst early behaviourist theories, therefore, “are no longer viable in their 

original form”  (Schunk, 2012) (p114), many principles are evident in current learning 

theories. For example, “objective accountability, testing with feedback, sequencing, 

identifiable steps, and recognition of stimulus-response motivation” are a part of its 

legacy (Mostyn, 2012) (p230). A distinction should be noted between behaviourism 

(which lacks consideration of the learning process) and associative learning theories, 

where the connectionism perspective attempts  to explain learning.  

Gagné (1985) developed an Instructional Systems Design based on a decomposition 

hypothesis that dissects the learning domain into a hierarchy of small units, which are 

combined only once each component unit is understood individually. Learning in this 

way - from the “bottom up” was adopted as far back as the 1920s by Sidney Pressey, 



Page 75 of 316 
 

whose mechanical learning machine provided multiple choice questions that would only 

progress once the correct answer was chosen (Benjamin, 1988). Mayes and De Freitas 

(2013) describe how programmed instruction in e-learning continues to adopt this 

approach. Instruction can be individualised such that the next problem a learner faces 

depends upon their response to the previous problem. Technology can automate such 

an approach, and whilst Mayes and De Freitas (2013) acknowledge the concerns raised 

over behaviourism as a basis for education, they also argue that an “active learning-by-

doing” approach, with immediate feedback on success, and an alignment of learning 

objectives, instruction and assessment (Biggs and Tang, 2011) matches the 

‘constructivist’ approach favoured by many educational developers. Constructivism, 

defined and explained in the next section (2.5.3) states that humans construct 

knowledge through personal experience and social interactions, using experiences to 

transform this knowledge (Mostyn, 2012). 

Associativity results in accuracy of reproduction, and therefore lends itself to domains 

requiring safety-critical skills, or the memorising of facts through associative devices 

such as mnemomics. For the novice learner, at low levels of element interactivity 

(section 1.2.3), learning by rote is often unavoidable: there’s only one way to learn that 

Dr stands for debit, for example. Rote learning can also be applied to higher-level 

element interactivity under CLT. Sweller, Ayres and Kalyuga (2011e) illustrate how rote 

learning a higher-element interaction [3 x 4 = 12], containing five elements (one for 

each symbol/number), can free up working memory which can then aid understanding 

of the underlying principles of multiplication. Knowing the outcome of the equation, 

stored in long-term memory, can allow capacity in working memory to understand the 

reason why the equation is correct: the fact that three lots of four is twelve, as are four 

lots of three. To appreciate this, element interactivity and cognitive load increases 

substantially. Indeed, Pollock, Chandler and Sweller (2002) argue that rote learning may 

be unavoidable in the initial stages of learning material with very high element 

interaction, in line with the associative (rather than behaviourist) perspective of 

learning.  

The fourth component of the 4C/ID model is arguably close to procedural learning, as 

‘automaticity’ is generated through part-task practice: repeated exercise of specific 

routines within a whole-task. An example of where part-task practice may be required is 

where manual dexterity is needed through repeated practice in a laboratory experiment 
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that may lose valuable time and findings if not performed expertly.  Van Merriënboer 

and Kirschner (2017) (p255) suggest that some part-task practices may be defined by a 

set of algorithmic IF-THEN rules, which can be simulated in a ‘skills lab’ or through drill-

and-practice software. An important point to note is that such part-task practice is only 

used where high levels of automaticity are needed, and only once the learner has been 

introduced to the recurrent practice aspect in the context of the whole task (“in a 

fruitful cognitive context,” p255). This moves the practice away from the highly-

criticised behavioural perspective through connectionism, toward the constructivist 

approach outlined in the next section.  

2.5.3. The cognitive perspective 

By the 1960’s psychology research shifted focus toward the workings of an individual’s 

mind: learning was regarded as the result of an individual’s “attention, memory, and 

consciousness, the core cognitive processes” (Tudela, 2004). Cognitive research 

attempts to model how an individual acquires knowledge and constructs meaning by 

relating new experiences with structures (schemas) already created by the individual. 

Under the cognitive perspective, knowledge acquisition moves from declarative to 

procedural, complied form. Experiences are reorganised to make sense of new stimuli 

from the environment. As performance develops into levels of expertise, low-level 

aspects (associations) become automised, freeing up cognitive resources for higher 

level processing. Anderson et al. (1995) based their advanced computer tutoring theory 

on this principle of ‘expertise’ learning.  

The constructivist theory of Piaget (1971) assumes learners construct knowledge by 

active engagement (problem solving) and observation (feedback), building existing 

frameworks developed from prior knowledge (schemas). Expertise arguably cannot 

arise from merely memorising the knowledge of experts, and Piaget was opposed to the 

bottom-up techniques of behaviourism. Intellectual growth arose from adaptation, 

through assimilation (using existing schema to respond to new experience), 

accommodation (where the existing schema adapts to handle the new experience) and 

equilibration (a driving force for learning: the wish to master the challenge).  

The constructivist viewpoint is that activity is at the centre of learning, rather than 

instructional delivery. Adopting a constructivist approach requires instructor guidance 

so that learners manage cognitive load and effect learning. Without this, a learner will 
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employ a very inefficient ‘trial-and-error’ approach in which new knowledge is randomly 

generated and then tested for viability.  This method is termed in CLT as the 

“randomness as genesis principle” (section 2.2), and is a key argument against pure 

discovery learning without guidance (Mayer, 2004). Where an instructor provides 

guidance, hints or feedback, the learner will adopt a “borrow and reorganise principle” 

under CLT: the learner “borrows” the instructor’s guidance to achieve learning more 

efficiently.  

For example, the cognitive apprenticeship theory (Collins, Brown and Newman, 1988) 

regards concepts as tools that should be used in order to gain understanding (Mayes 

and De Freitas, 2013). Under cognitive apprentiship, six teaching methods promote the 

adoption by students of cognitive and metagognitive strategies, each of which is 

relevant to this research study (Table 2-5). Section 1.2.5 describes the pre-lecture online 

resources designed for this case, which incorporate a series of tasks, supportive videos 

(PreViews – providing information) and procedural videos (ReViews – providing “how 

to” advice). PreView videos relate to the modelling teaching method in which expert 

demonstration of the concepts of consoliation are outlined; whilst ReView videos 

provide hints on completion of each task (coaching). The tasks are sequenced from 

basic to complex, in a manner similar to instructional scaffolding: students move onto 

more complex activities after more basic ones are achieved. The ultimate intention of 

this study is to flip the lecture, and so provide students with opportunities to articulate 

their understanding (articulation). Exploration is provided by requiring students to 

complete the final task in a task class independently, and reflection applies when 

students then compare their problem-solving processes against the ReView worked 

answer/video. Similar exploration/reflections apply to workshop tasks in small groups, 

which is a part of the course teaching structure, and where articulation is also 

promoted. 
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Table 2-5: Six teaching methods adopted in Cognitive Apprenticeship Theory and their 
application to this research study (source: Collins, Brown and Newman (1988)) 
Teaching method: Application to this case’s 

instructional design 

1. Modelling: an explicit expert demonstration to show 
students the conceptual model 

PreView videos: concepts 
explained online 

2. Coaching: feedback and hints are provided to the 
learner during or after an observation of a student’s task 
performance 

ReView videos: procedural 
“how to” explanations 
(worked examples) 

3. Instructional Scaffolding: support structures such as 
limiting the student’s tasks so that they do not go 
beyond their abilities 

Tasks that progress from basic 
to complex 

4. Articulation: using “any method of getting students to 
articulate their knowledge, reasoning, or problem-
solving process” (Collins, Brown and Newman, 1988) 
(p23). These include inquiry teaching (a teacher-led 
form of discovery learning based on the Socratic 
teaching method), thinking aloud (where students 
explain their approach whilst problem-solving) and 
having students assume the role of critic. 

Proposed introduction of 
active learning (e.g. Peer 
instruction) in lectures, 
subject to the conclusion of 
this study 

5. Reflection: students can evaluate their problem-solving 
processes against an expert, or other students in 
“reflective comparison” (p24) 

Review of final task of each 
task class; workshop activities 

6. Exploration: “pushing students into a mode of problem 
solving on their own” (Collins, Brown and Newman, 

1988) (p24): fading scaffolds in both problem solving 
and problem setting. 

The final task in each task class 
requires problem solving 
without support 

Whilst under the constructivist approach meaningful learning arises through the 

learners’ activity, constructivism has not evolved purely from the cognitive perspective. 

Feedback – a key aspect of associative perspective – is vital in any active learning 

approach; and using authentic activities relies also on the the third learning perspective 

– the situative perspective (next section).  Social interaction was regarded by Vygotsky 

(1978) as key to the development of a child’s higher cognitive functions, leading to a 

distinction between Piaget’s cognitive constructivism and Vygostky’s socio-cultural 

constructivism. Duffy and Cunningham (1996) identify two activities in which 

understanding is constructed: through systems and concepts in the domain, and 

through discussions and reflection. Mayes and De Freitas (2013) describe the opposing 

direction of policy-makers and educational researchers in the 1980s. Whilst policy 

makers promoted the efficiencies in delivering information through technology, the 

research community was developing theories highlighting the importance of task-based 
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learning within a social context. The internet has since brought the focus in both fields 

back to communication as key to learning. 

2.5.4. The situative perspective 

Under social cognitive learning theory, Bandura (1986) identifies the influence on the 

learner of the environment - the social perspective -  in which the learning is situated. 

Social influences can raise motivation to learn through goals, values and self-efficacy 

(perceived capabilities), discussed further in Chapter 7. 

Barab and Duffy (2000) distinguish two types of situated learning, based on either  

psychological or anthropological viewpoints. From a psychological standpoint - where 

learning in an educational setting typically focuses on meeting learning objectives - the 

aim is to situate content in learner activities that are authentic to the social context in 

which the skills are normally used, by creating “practice fields”. Cognitive 

apprenticeship (Collins, Brown and Newman, 1988) and problem-based learning (Savery 

and Duffy, 1995) are both examples in which constructivist tasks are designed such that 

learning tasks in an educational environment best portray characteristics on real use.  

The second type of situated learning stems from the concept of a community of 

practice, with a focus on how an individual learner learns within a group. Lave and 

Wenger (1991) regarded learners in a community of practice as engaging in a process of 

“legitimate peripheral participation”. Novice learners are initially at the periphery in the 

community’s activities, but will move toward full participation as they learn the 

practices. Wenger (1998) regarded the community as a contributor to the individual’s 

identity as a learner, as well as providing meaning. The community also offers 

opportunities for vicarious learning (Bandura, 1986) which arises through observing the 

learning of others (Mayes et al., 2002), as opposed to enactive learning (actively doing). 

Sources of vicarious learning extend beyond observing in person, and there are 

opportunities to enhance this kind of learning through computer-mediated 

communication (Mayes and De Freitas, 2013) that may accelerate learning beyond what 

would be possible by requiring the learner to perform every behaviour themselves 

(Schunk, 2012).  

Mayes and De Freitas (2013) identify three levels of learning under the anthropological 

viewpoint of situated learning: 
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▪ Situated learning at the community of practice level. This top level regards the 

community of practice as a group of people with a common goal (for example, to 

develop and share practice), similar in nature to the activity systems within Activity 

Theory (Jonassen and Rohrer-Murphy, 1999). The community can influence an 

individual’s learning by inspiring membership through expertise or competence in 

the field defining the community (Wenger, 1998). This could be formal, such as 

becoming a member of the Association of Certified Chartered Accountants by 

passing examinations and maintaining expertise through countinuous professional 

development; or informal, such as membership of a special interest research group. 

A second influence of the community is the high value placed on learning and 

intellectual development: the learning itself. 

▪ Situated learning at the group level. The learning group (eg the course cohort, 

tutorial group or online discussion group) may encourage individual participation 

through a sense of identifying with the group, and to engage in learning.  

▪ Situated learning at the individual relationship. Mayes and De Freitas (2013) suggest 

that whilst learning may be motivated by community and group, most learning “will 

be mediated through relationships with individual members” from the community 

or group, highlighting the importance of shared experience in social learning. This 

highlights the importance of the one-to-one discussions that peer instruction offers 

the learner in lectures (section 7.5). 

2.5.5. The Learning Cycle 

Each of the three learning perspectives outlined above describe different stages of 

learning. Activities carried out by an individual learner and their resulting outcomes are 

described by the associationist perspective, addressing the detailed nature of 

performance. How the learner attempts to make sense of the activities - the method of 

gaining understanding through reflection - are described by the cognitive perspective. 

The manner in which a learner participates as a member of a community - their 

motivation - is described by the situative perspective. All three perspectives are integral 

to the instructional design of this research project and relate to stages in a learning 

cycle leading to mastery of knowledge or skill (Mayes and De Freitas, 2013) (p24).  As a 

novice learner progresses to expert levels, so the nature of learning - and pedagogy - 

changes.  
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Green, Banas and Perkins (2017) illustrate how instructional design principles integrate 

each major learning theory (Figure 2-1). Establishing clear learning objectives aligns with 

the instructional support of behaviourist theory: learners provided with specific, 

measureable tasks can be guided and assessed to ensure the success of learning at 

varying levels of behaviour, according to learning taxonomies such as Bloom’s revised 

taxonomy (Anderson, Krathwohl and Bloom, 2001). 

The selection and “chunking” of appropriate learning material into sub-topics aids in the 

development of schemas and manages cognitive load (Sweller, 1994) (section 2.2) 

whilst task variation can promote learning transfer and is aligned to the cognitive 

perspective of learning. Providing multiple learning opportunities that move from basic 

to complex to aid in the construction of schema is consistent with cognitivist and 

constructivist learning theories. Furthermore, providing opportunities for student 

interaction to deepen understanding through self-explanation and discussion is 

consistent with the situative learning perspective.  

Figure 2-1: Three key instructional design principles (Green, Banas and Perkins (2017), 

p12) 

A common problem faced by conceptually challenging accounting courses is how a large 

syllabus can be covered in limited contact (lecture) time whilst providing effective 

learning opportunities from student interation (Chi, 2009). The solution proposed in this 

study adopts the 4C/ID model to create online learning material – videos and worked 

examples – that can be viewed in advance of the limited contact time with the 

1) Establish Clear Learning Objectives. 

• Aligned with behaviourist learning theory

• Create specific measurable goals

• Based on Knowledge taxonomies

2) Choose and Chunk (Appropriate) Course Material. 

• Aligned with cognitivist learning theory, considers 
cognitive load

• Integrate a variety of sources & instructional techniques

3) Support Learning With Scaffolding and 
Interaction

• Aligned with constructivist learning theory

• Increase complexity with individualized support
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instructor (lectures and seminars), freeing up time for sessions in which students can be 

given opportunities to through activities, discussion and group work, to develop both 

cognitive and metacognitive skills (section 2.5.6), and increase levels of self-efficacy 

(section 2.5.7). 

2.5.6. Metacognition 

A learner will apply cognitive strategies to achieve cognitive purposes (Pressley et al., 

1985). How successful these strategies are will be assessed using metacognitive 

strategies. Empirical research has investigated the association of metacognition across a 

range of cognitive purposes, including reading (Taraban, Kerr and Rynearson, 2004), 

memorising (Finn and Metcalfe, 2007), critical thinking (Sharma and Hannafin, 2004), 

problem solving (Berardi-Coletta et al., 1995) and decision making (Puncochar and Fox, 

2004). Flavell (1979) describes two components to metacognition which are both 

dissected into three types.   

Knowledge of cognition (what a learner knows about cognition), which comprises: 

▪ Declarative knowledge: about the self (such as their limits, influences), 

▪ Procedural knowledge: about strategies that are available (e.g., note-taking), and 

▪ Conditional knowledge: about which strategy to use and when. 

Regulation of cognition (how a learner can control cognition), which comprises: 

▪ Planning: strategies to choose resources, goals, prior knowledge and time 

constraints, 

▪ Regulation: methods to monitor, self-test and choose effective repair strategies, and  

▪ Evaluation: ways to review learning results, question the effectiveness of learning, 

re-evaluate and revise predictions relating to further cognitive processes. 

Both metacognitive knowledge and regulation improve alongside growth in domain 

knowledge or expertise (Schraw, 1998); and cognitive regulation (a learned behaviour) 

has been shown to improve with guidance (El-Hindi, 1997; Vukman, 2005; White and 

Frederiksen, 2005). In a synthesis of 1,200 meta-analyses of influences on achievement, 

metacognitive strategies was ranked 46th out of 195 (with an effect size of 0.53) (Hattie, 

2015).  

In the field of accounting education, Schleifer and Dull (2009) provide some practical 

ways for instructors to promote metacognitive skill development within cognitive 

activities relating to: 
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▪ writing; where evidence suggests a lack of metacognition is linked to low writing 

self-efficacy (Lavelle and Zuercher, 2001) 

▪ reading; for example, small-group discussions to identify important points of the 

text, using social context to regulate learners’ comprehension and self-explanation, 

or using comprehension-based multiple choice questions with confidence 

judgements to practice monitoring skills 

▪ spaced studying; quizzes can be planned to revisit topics at regular intervals 

▪ problem-solving; verbalisation can increase metacognition, so activities in which 

students take about the problem, the main obstacle, and the approach to solving it.  

A flexible, self-paced delivery of online learning resources can engage students in both 

cognitive and metacognitive processing before face-to-face time; to allow more active 

learning activities in-class in which metacognitive strategies can also be applied. The 

methods by which the online resources developed in this study encourage 

metacognition are described in section 2.8. 

2.5.7. The importance of self-efficacy 

Social cognitive theory (Gallagher, 2012; Schunk, 1991; Schunk, 2008; Schunk and 

Mullen, 2012; Zimmerman, 2000a; Zimmerman, 2000b) describes learning and 

performance as the result of reciprocal personal, behavioural and environmental 

interactions (Bandura, 1986) (section 2.5.4). The key to motivated action is self-efficacy 

belief, defined by Gallagher (2012) as “people's domain-specific perceptions of their 

ability to perform the actions necessary to achieve desired outcomes” (p314). It is an 

evaluation of whether the individual believes they can (rather than will) perform the 

required actions. Such beliefs influence how they act: their effort, persistence, and 

resilience to adversity (Bandura, 1997). The social cognitive model is put into practice 

through the self-regulation model (Zimmerman, 2000a): a three-stage cyclical process 

on learning or performance based on self-generated feedback. Before starting a task, a 

learner will bring self-efficacy beliefs based on prior experience, aptitude and social 

support. The task is then performed by the learner, a peer or an instructor, and self-

efficacy is influenced by cues during and after the task. A strong influence on self-

efficacy are enactive mastery experiences, where success reinforces (and failures 

weaken) self-efficacy. Learners may also model their self-efficacy based on vicarious 

experiences of others (a ‘near-peer’ regarded as similar to the learner). The cycle can 
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then begin again with the learner’s self-efficacy beliefs altered from the above the 

process.  

An individual with low self-efficacy may perceive a subject to be harder than it really is, 

which can cause stress and lead to a feeling that failure is down to some innate, 

unalterable inability. Conversely, those with high self-efficacy are more likely to rise to 

the challenge of a new task, show a higher intrinsic interest in their studies, and recover 

confidence quicker after any failure.  Students with high self-efficacy regard failure as a 

result of insufficient effort, knowledge and skills that is rectifiable (Pajares and Schunk, 

2002).  

Byrne, Flood and Griffin (2014) created an instrument to measure self-efficacy levels of 

accountancy students, based on 26 domain-specific learning activities, and included 

them in a 7-point Likert scale questionnaire, provided to students who had experienced 

the academic environment. Over half of the 183 respondents lacked confidence to 

approach their lecturer for help, and 40% also lacked confidence to ask or answer 

questions in smaller size (35) workshops. Half of the 26 self-efficacy measures (those 

significantly correlated to academic performance) were included in a stepwise multiple 

regression analysis to identify self-efficacy factors explaining variation in student 

performance (exam grade). It should be noted that a stepwise approach has been 

criticised for lacking robustness, particularly where there are a large number of possible 

predictors (Smith, 2018). Nevertheless, the findings are pertinent to this study. 

Table 2-6: Self-efficacy scores significantly correlated with academic performance 
[from Byrne, Flood et al. (2014)] 
Follow and make sense of material covered in lectures 
Study effectively on my own  
Respond to questions asked in lectures  
Meet the deadlines for my assignments  
Produce my best work in exams  
Ask questions in tutorials  
Make a good attempt at tutorial questions in advance 
Ask for help from my lecturers 
Explain material to a friend 
Make sense of feedback on my assignments 
Judge the standard to get good marks in my exams 
Respond to questions asked in tutorials 
Pass both accounting modules at the first attempt 

Only two measures from Table 2-6 were highly significant to students’ performance 

(explaining 23% of the variation): a confidence in the ability to: 

1. Follow and make sense of material being covered, and  
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2. Make a good attempt to answer tutorial questions in advance  

The online resources developed in this study aim to resolve both by providing: 

1. PreView videos that increase opportunities to make sense of the material. Repeat 

viewings can reinforce understanding, whilst in-video quizzes provide immediate 

feedback and encouraging self-regulation.  

2. ReView (worked example) videos which support a student’s ability to make a good 

attempt to answer tutorial questions in advance. The ReView task booklet provides 

a guided study approach to help answer each task (Borthick and Schneider, 2018)  

(see section 7.3.1) Students are guided toward which PreView videos to view 

beforehand to reinforce theory, and ReView videos provide a step-by-step 

explanation of the worked examples, leading to completion of a final task without 

scaffolding or prompt. 

A further aspect to self-efficacy is the interactions gained from learning with a peers 

using active learning techniques, in which learners can model their self-efficacy based 

on vicarious experiences a from ‘near-peer’ (Bandura, 1997). The following section on 

flipped learning outlines how combining the online learning resources (for use prior to 

lectures) with active learning in lectures, where students learn through discussion and 

problem solving with their peers, can raise self-efficacy levels and improve 

metacognitive skills. 

2.6. The inverted or flipped lecture 

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” 

(Flipped Learning Network, 2014)(p1). The flipped approach is grounded in CLT and 

constructivist learning theories (as described in section 1.2.2): information previously 

provided in the traditional lecture is provided asynchronously by video beforehand, 

allowing more time in face-to-face sessions for discussion and active learning.   

2.6.1. Evidence of efficacy of Flipped Learning 

A bibliometric study of 233 articles on flipped learning by Al-Shabibi and Al-Ayasra 

(2019) describes how video material before lectures can focus on lower cognitive levels 
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of Bloom’s taxonomy (remember and understand) to enable the application of higher 

levels (application, analysis and assessment) in the classroom (section 1.2.2). Whilst 

indirect evidence of improvements in academic performance and satisfaction were 

identified in a scoping review by O'Flaherty and Phillips (2015), a meta-analysis 

approach not only gathers findings from several flipped learning studies, but also 

statistically verifies the reliability of results. Bredow et al. (2021) identify fourteen meta-

analyses on flipped learning published after 2017, including two large meta-analyses, 

(Låg and Sæle, 2019; van Alten et al., 2019), which analysed 272 and 114 studies 

respectively. The remaining analyses were relatively small (average: 30 studies) and/or 

limited in terms of learning domain, or education level. Låg and Sæle (2019) included 

randomised or quasi-experimental intervention studies in their analyses, where 

outcomes were measured by continuous-learning outcomes (grades on exams, tests or 

concept inventories), pass/fail rates or a measure of students perception of course 

quality. An effect size for continuous-learning outcomes (Hedges’ g) was about a fifth of 

a standard deviation higher under flipped classroom conditions than traditional, after 

adjusting for publication bias of smaller studies: this was statistically significant and 

supports a move to flipped learning. Similar findings were made by Cheng, Ritzhaupt 

and Antonenko (2018), who identified an increase in achievement outcomes of g = 0.19 

in their meta-analysis of 46 studies in sciences. Likewise, a higher increase in 

achievement outcomes was reported in a meta-analysis of 55 experimental studies by 

Karagöl and Esen (2019) (g = 0.57).  van Alten et al. (2019) included 114 studies in their 

meta-analysis, finding a significant average effects size (g = 0.36) for assessed learning 

outcomes under the flipped approach compared to traditional, with no findings of 

publication bias.  

Bredow et al. (2021), who were critical of the inclusion criteria adopted by these 

previous meta-analyses, limited inclusion criteria in their meta-analysis of 317 studies to 

those in higher education (where higher-order thinking and metacognition skills are 

more developed), and for which pre-lecture videos were provided. Videos provide a 

closer representation of the instructor-led lecture which can then be replaced with 

student-centred teaching methods in-class (Lo, Hew and Chen, 2017), and use a dual 

mode delivery (Leahy et al., 2011) to better manage cognitive load (section 2.8.2). 

Studies included used an experimental approach (flipped versus traditional as a control) 

with both groups taught by the same instructor with very similar outcome measures 
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applied to both. The effectiveness of flipped learning was evaluated across a spectrum 

of learning outcomes integrating Bloom’s learning taxonomy with categories updated 

by Fink (2013) to include application (professional and academic skills), human 

(knowledge of self and others), caring (feelings, values and interests) and learning to 

learn (metacognitive skills toward self-directed learning). Overall findings from an 

analysis of 282 studies were that flipped learning produces a small to moderate 

academic gain (effect size 0.39) compared to lecture-based learning. Such an effect size 

is close to the 0.4 cut-off for meaningful educational interventions suggested by Hattie 

(2012), and would rank 42nd out of 105 in order of strength of association with 

achievement in the meta-analyses comparison by Schneider and Preckel (2017). A 

medium effect (0.53) was identified for academic/professional skills, and whilst higher-

order thinking skills was lower (0.20), significant variability was identified between 

overall and individual outcomes; possibly due to the challenges of clearly separating 

higher-order thinking from foundational knowledge. There was strong evidence that 

flipped learning also supports (at an equal level to improvements in learning outcome) 

the development of students’ intra-/interpersonal skills (0.43), metacognition (0.37), 

confidence and interpersonal skills (0.41) and engagement and identification with the 

subject (0.52). 

2.6.2. Flipped Learning in Accounting Education 

Despite the problems facing introductory accounting courses with high failure rates 

(Kealey, Holland and Watson, 2005), and the need for accounting education to move 

toward active learning (Bloemhof and Hughes, 2013) (section 1.1.5), comparatively few 

articles describe the use of flipped learning in accounting education. In their meta-

analysis of flipped studies (section 2.6.1), Bredow et al. (2021) identified the largest 

effects for language courses (g = 0.76), although all disciplines were significant apart 

from Humanities (limited to 8 studies). Their findings “point toward greater efficacy of 

flipped learning in more applied, skill-based disciplines” (p906) - financial accounting 

meets this description, combining theory with practice. Their analysis also identified 

higher benefits in Middle East and Asian countries, where active learning techniques 

may be less embedded into courses and so could benefit more from their introduction. 

The course in which this thesis relates has significant Chinese students (around 40% of 

the cohort, see section 1.1.1), which further supports the introduction of flipped 
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learning. In terms of course level, Bredow et al. (2021) found significantly larger learning 

effects (g = 0.45) in intermediate or post-graduate courses (where self-regulation 

learning skills are more advanced) compared to introductory level (0.33).  This further 

supports the introduction of a flipped approach in this case study’s course (intermediate 

level).  

Furthermore, Partially-flipped courses (involving elements of traditional lecture) were 

found to have a higher effect on overall academic performance (0.47) compared to 

fully-flipped courses (0.35). This eases the transition for instructors who are new to the 

flipped technique (Williams, Horner and Allen, 2019), and in this study, supports a 

stepped progression to flipped learning, focusing first on that part of the course (group 

accounting) most suited for flipped (active) learning (section 1.2.5). 

The accounting education literature provides examples of the application of flipped 

learning. A survey (125 respondents, 17% response rate) of accounting students’ from a 

US university by Phillips and Trainor (2014) suggested a preference for active learning 

and an awareness of the benefits of flipped learning. Some interventions showed 

elements of a flipped approach: Braun and Sellers (2012) used pre-class quizzes to 

motivate non-accounting majors to prepare and participate in class. Others applied a 

flipped approach requiring pre-class reading rather than viewing videos (Braun, 2013; 

Brown, Danvers and Doran, 2016; Hyde and Downen, 2016; Weisenfeld, 2017), failing to 

replicate the information-providing lecture experience nor benefiting from the dual 

modality benefits that video offers (section 2.6.1). Each study recognised a need to 

check for the preparedness of students in-class: Braun (2013) used a pre-announced 

quiz at the start of class, Brown, Danvers and Doran (2016) used guided reading 

questions to motivate student preparation for a flipped intermediate accounting class 

and Weisenfeld (2017) awarded 55% of the final grade to ensure that students 

“understand the importance of these activities and complete them” (p3). Hyde and 

Downen (2016) used a crossed within-participants research design (where each student 

experiences both traditional and flipped instruction), finding most benefit from lower 

performing students. However - significantly - this excluded absentees (only 28 of 45 

were included in the first flipped group, and 27 of 49 in the second traditional group). 

Pre-class material was limited to printed lecture slides, and the authors acknowledge 

that video could improve the learning experience, as well as defined and measurable 

incentives. 
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Flipped Learning with pre-class Videos 

The remaining studies described in this section provided video as the key pre-class 

activity. Lento (2016) used a quasi-experimental design to compare a flipped 

introductory financial accounting course (with white-board voice-over videos, online 

homework and tutorials) with a lecture-based control group. The flipped classroom 

improved student final exam scores and pass rates in both stronger and weaker 

students. Students regarded the videos as the most helpful aspect. Active learning in 

classes included developing concept maps, problem solving, small group discussion and 

case analysis. Course failure rates in the flipped class were half those of a control group.  

Gomes, Neto and Titton (2017) flipped four accounting classes, finding improved post-

class tests and positive responses from a student survey. Duxbury, Gainor and Trifts 

(2016) reported increased student satisfaction in their flipped courses whilst identifying 

the importance of limiting video length. A pre-class assignment (5% of total grade) 

ensured students prepared for the flipped session. When this was excluded, an 

instructor experienced significant declines in level of preparedness.  

Flipping in Large Lecture 

Williams, Horner and Allen (2019) compared three groups of first year accounting 

students’ perspectives of flipped learning (interactive questions, group case study 

analysis and presentations), partially flipped ‘flexible’ learning (a mini lecture followed 

by active tutorial problems), and traditional (lecture, workshop, tutorial). A 45-minute 

pre-class video was presented to the flipped groups; the authors acknowledge the video 

should have been segmented into 10 minute chunks. Whilst  both flipped groups 

reported the experience as useful, students from the flipped (face to face) group in a 

traditional tiered lecture suggested the location may have inhibited group discussion 

and made it “too easy not to participate” (p344). Ling, Li and Deni (2019) partially 

flipped lectures into a first year accounting course (n=215), offering pre-class 12-minute 

videos and a quiz, using a large lecture hall. The first 20 minutes of the lecture covered 

student questions followed by group discussion to solve 2-3 questions. A survey (92% 

response rate) found a positive impact on improving understanding through discussion 

with peers and instructor. However, observations suggested disengagement by some 

students, who may be shy or intimidated to share ideas. Stover and Houston (2019) set 

their comparison of a flipped and traditional undergraduate introductory accounting 

course in a fixed-seat lecture hall, applying a community of inquiry pedagogy in 
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accounting problem solving. Shy or intimidated students could participate anonymously 

by answering polling questions on their mobiles, and all students were expected to 

complete a short quiz (12 of the 16 counted as 10% of the grade) beforehand. Student 

surveys found a significant positive impact on attitudes relating to the approach, 

teaching presence (improved through helping students take control of their learning), 

social presence (developed through working collaboratively) and satisfaction. However 

no significant changes were identified in students’ learning (measured by final exam) or 

perceptions of cognitive presence (constructing meaning through reflection and 

discussion). Unlike comparable US studies (e.g. Shawver (2020)), no comparison of 

grade point averages to predict performance between cohorts is evident: this may 

impact the comparability of learning outcomes by exam grade.  

Active learning has been shown to produce higher normalised gains in the lecture 

theatre (Lasry et al., 2013; Lasry, Mazur and Watkins, 2008) (section 1.1.2). This is 

considered further as part of the third research question in this study (section 7.5). 

2.6.3. Further Factors affecting efficacy in Flipped Learning 

Bredow et al. (2021) acknowledge in their meta-analysis (2.6.1) that over 75% of 

heterogeneity in the variance in flipped learning outcomes was unaccounted for, and 

postulate this is down to “uncodable differences.” They suggest the following factors 

may account for these differences; in each case the factors are linked to the research in 

this study: 

1. The extent of teaching strategies and active learning methods. RQ3 of this study 

(1.3.3) questions how to best promote an effective active learning approach. 

2. The use of technologies. In their analysis of 316 studies Birgili, Seggie and Oğuz 

(2021) identify a range of technological tools supporting flipped learning (ranked 

from largest use): video [206] (bespoke or YouTube-style), Web 2.0 [147] (e.g., 

clickers, quiz); LMS [105], learning labs [27] (eBooks and/or quizzes), podcasts [11], 

social media [11] and Zoom [7]. In this study, technologies are used in the 

development of bespoke supportive and procedural videos using Camtasia (Chapter 

3), and RQ3 (1.3.3) investigates the use of technologies like student response 

systems to encourage wider participation through anonymity. 

3. The quality, duration and style of pre-lecture videos. RQ1 of this case study (1.3.1) 

relates to the design of the videos to manage cognitive load. 
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4. The extent of collaborative versus independent learning. This study adopted the 

4C/ID model (1.2.5) to promote more active independent learning prior to the 

lecture, whilst RQ3 (1.3.3) reviews how best to engage in collaborative learning in 

lectures.  

5. The regularity and timeliness of instructor guidance and feedback. The online 

resources developed in this study under the 4C/ID model (1.2.5) include guided 

instruction to help users know what to watch before each task. Quizzes embedded 

into supportive videos (3.3.4) provide opportunities for feedback and self-

regulation, whilst procedural videos provide worked example solutions to guide 

students through the process of completing pre-lecture tasks. 

6. The constructive alignment of pre-and in-class activities. In this study, RQ3 (1.3.3) 

questions how best to direct the in-class activities such that students are developing 

higher-level skills, based on their pre-class activities.  

A further factor to consider is that, despite its importance, many studies reported that 

not all students completed pre-class work or viewed pre-class videos. The next section 

considers the impact of the unprepared student on flipped learning.  

2.7. The Elephant in the Flipped Lecture Hall: Unprepared Students  

Whilst the literature provides many examples of how the flipped lecture approach can 

promote more active learning sessions and engage students in a more effective learning 

experience, fewer articles outline what can be a significant problem: unprepared 

students (Abeysekera and Dawson, 2015). Bristol (2014) (p44) summarises the problem 

thus (italics added): “The foundation of flipping the classroom is a student that arrives 

to class ready for the learning experience. Because flipping the classroom hinges on an 

active learning experience where application and analysis are the focus, the knowledge 

and comprehension levels of learning must have occurred prior to class time. Because 

so many students arrive to class unprepared, this becomes one of the main barriers to 

flipping the classroom”. An analysis by Lo, Hew and Chen (2017) on mathematics flipped 

classroom studies found the two most frequently reported student-related challenges 

to be unfamiliarity with flipped learning (reported in 26 from 61 studies), and 

unpreparedness for pre-class learning (14 studies). The lack of preparation was 

sometimes significant: “39% of participants indicated that they did not do any 

preparation for the class” (Sahin, Cavlazoglu and Zeytuncu, 2015) (p146). M. K. Kim et 

al. (2014b) reported that one of the participating instructors in their study observed 
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that about 25% of the students had not watched online lectures. The impact may 

depend on the situation: Palmer (2015) who introduced a flipped calculus class to first 

year students not specialising in the learning domain reported “only 28% watched 

videos before coming to class. Many more watched them before the test” (p890).  

Braun, Ritter and Vasko (2014) (p14) found that a “major dilemma for the instructor was 

how to deal with students who had not watched the videos beforehand, usually circa 

20% to 25% of the students. On the one hand, too much recap would demotivate the 

other students, who had prepared themselves for the class. On the other hand, those 

students, who did not have a possibility to watch the videos, would be unable to work in 

the classroom session.” Their conclusion to their review of a mathematics flipped 

classroom was: “student motivation remains a critical component of the inverted 

classroom. Several students recognized as a disadvantage of the model, that if one does 

not watch the videos beforehand, the classroom session is useless. Such students can 

actually suffer from the new model” (italics added, p16). 37% of students surveyed after 

their inverted class pilot explicitly complained that they needed to spend more time or 

did not have the time to watch the videos. Exam performance suggested that the 

inverted classroom model benefits motivated students - more likely to engage with pre-

lecture material. This distinction relates to the findings of Kalyuga et al. (2001) that 

inexperienced learners tended to benefit from more guided instruction. Braun, Ritter 

and Vasko (2014) (p16) call for further research into finding out the “effects of the 

inverted classroom model on different student groups, including the differences 

between students with good or weak prior knowledge.”  

There is a risk that that some students who resist the change in study habits that the 

flipped lecture requires may fall into a downward spiral (Chen et al., 2014): “students 

who did not watch videos at all before synchronous class felt significantly more behind 

than those who did, so that during class, when they were required to participate in 

discussions and hands-on projects, they could not follow. As the course progressed, poor 

adopters lagged further behind” (italics added, p26). 

Evidence of unprepared students in a flipped learning approach is seen in accounting 

education too. Lubbe (2016) adopted a flipped approach for accounting undergraduates 

following a traditional approach with the same instructor in the previous semester. Only 

75% of all students accessed the videos before class. Whilst survey respondents self-

reported higher levels of preparation, student-lecturer relationship, subject knowledge 
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and participation; the response rate was not provided, and it appears likely that the 

25% who were unprepared may not be represented in the survey findings. Williams, 

Horner and Allen (2019) found only 73.6% of survey respondents (39% response rate) 

claimed to have viewed the videos prior to learning sessions. 

Shawver (2020) implemented an experimental study comparing a flipped learning 

approach (with co-operative learning) to traditional lectures (the previous year’s cohort) 

for advanced accounting students. Using grade point averages as a predictor of 

performance, both cohorts were not significantly different. Pre-lecture videos were 

made available for the flipped cohort who then worked through quiz questions, whilst 

the instructor observed, providing no assistance. The flipped learning group scored 

statistically significantly higher on seven of the 10 quizzes, but – importantly - a lower 

average exam score than the traditional group. Since there were high and low 

performing students (based on grade point average) in each group, individual 

(unprepared) students may have benefited from a “free ride” compared to the 

traditional group where each student had to take the quiz individually. Students in the 

cooperative group who completed all the required work and videos scored higher in the 

exam than those that did not, and a lack of preparation by some group members 

(identified by peers in their comments and feedback) would have brought down the 

flipped group average exam score. A suggestion is made in the conclusion that providing 

an element of instructor guidance prior to the cooperative learning session may help, 

although this is unlikely to eliminate the issue of unprepared students.  

In their evaluation of a flipped undergraduate management accounting classroom in 

rural South Africa, Van Niekerk and Delport (2022) recognised that students could not 

be assumed to have adequately prepared for class, leading to the need to clarify with 

students what is expected of them. and guide them towards self-directed learning. In 

this context, a semi-flipped approach combining lecture and active learning activities 

helped maintain engagement.  

Possible reasons for students being unprepared for flipped learning 

Unprepared students may claim to have insufficient time to prepare or face an 

increased workload (Brown, Danvers and Doran, 2016; Van Niekerk and Delport, 2022), 

be unaware of what preparation is needed (Van Niekerk and Delport, 2022) or of the 

benefits of preparing (Gilboy, Heinerichs and Pazzaglia, 2015).  
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Another possible reason for not preparing may be technology-related: students may 

either lack the skills to use the online resources (a digital literacy problem) or lack the 

equipment to do so (digital accessibility).  Such challenges are identified in the literature 

at school level compared to higher education. Although, at 2015, 95% of children from 

OECD countries had access to the internet at home, socioeconomically disadvantaged 

school students may still struggle with accessibility (Galindo-Dominguez, 2021). Lo, Hew 

and Chen (2017) cite three studies (Chen, Chen and Chen, 2015; Clark, 2015; D’addato 

and Miller, 2016) in which some high school maths students encountered problems 

accessing flipped learning materials. Solutions included extending office hours to 

provide technical assistance, preparing extra IT resources (DVDs or flash drives), and 

reserving computer facilities on campus. In higher education, on-campus libraries offer 

IT resources and internet, and adult students are more likely to have access through 

mobile devices via on-campus Wi-Fi. In recognising the potential barrier of student 

facing poor internet and older computers, Critz and Knight (2013) describe how their 

students “always had the opportunity to complete work in the library or technology 

center if needed” and that “problems were easily solved with a phone call to the faculty 

member or to the technology support center.” (p211). Problems with accessibility can 

be identified by reviewing course level analytics within the respective learning 

management system (Gilboy, Heinerichs and Pazzaglia, 2015), and students can be 

offered support similar to those outlined above. 

Reasons why no flipped learning undertaken at this stage 

Issues with unprepared students in a flipped class highlight the importance of providing 

pre-lecture resources that engage the learner and are designed to manage cognitive 

load limitations. The design of appropriate pre-lecture material answers this study’s 

RQ1. The impact of engagement with these resources on learning outcomes answers 

RQ2; which will also reveal the extent of non-users, who may not have had a positive 

experience from a flipped lecture, had it taken place.  Findings on how use impacts 

learning outcomes can inform students of the benefits of preparing for flipped lecture 

once a proven active learning pedagogy has been identified – the answer to RQ3 

(Chapter 7). At this stage, therefore, I chose not to flip the lecture.   

The remainder of this chapter focuses on findings from the literature review relating to 

CLT principles and impactful screencast design, to inform the design of the online 

resources (RQ2). 
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2.8. Application of Cognitive Load Theory to Pre-Lecture Learning Resources  

This section reviews the literature on CLT and Multimedia Learning Principles and 

presents strategies to ensure effective learning, summarised in Table 2-7 (page 96). 

Each technique is cross-referenced to sub-sections and considered in the development 

of the worked example tasks and the creation of both PreView (theory-based, 

supportive) and ReView (procedural, “how-to”) videos. The end of each sub-section 

includes a shaded outline relevant to the design of the learning resources applied in this 

study.  
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Table 2-7: Techniques to support Task development and Procedural/Supportive videos (Adapted from: Mayer (2014b) page 63) 
Goal Principle Description and considerations in instructional design Ref: 

Minimize 
Extraneous 
processing in 
complex learning 
(where element 
interactivity high): 
strain on 
processing, 
described in section 
2.8.1 

[1] Coherence  Remove extraneous material (e.g., background music); (see redundancy and contiguity). 2.8.1 

[2] Modality Use spoken rather than printed text  2.8.2 

[3] Multimedia Use dual-mode: words and pictures rather than words alone 2.8.2 

[4] Redundancy  Limit material to essential elements: avoid printed and spoken text 2.8.3 

[5] Pre-training  Describe key elements before the lesson: aids schema development (chunking prior knowledge). 2.8.3 

[6] Sequencing Provide basic knowledge/terms first, build up to more complex learning (basic to complex) 2.8.4 

[7] Temporal contiguity  Avoid temporal split-attention: Present narration/graphic simultaneously 2.8.5 

[8] Spatial contiguity  Avoid spatial split-attention: place printed text near corresponding graphic 2.8.5 

[9] Signalling  Highlight essential material 2.8.5 

Manage essential 
processing by 
including intrinsic 
elements in worked 
examples 

[10] Segmenting  Segment into meaningful subtasks/subgoals; labels/table of content in transient environment. 2.8.3 

[11] Partial worked example Elements of worked example/problem to promote development of relevant schema element. 2.8.3 

[12] Variability  Worked examples across type for novice; by type when experienced (to study technical aspects) 2.8.4 

[13] Expertise reversal Worked examples support novice learners; unguided tasks may suit more experienced learners. 2.8.4 

[14] Problem pairs 
Worked example and task: example-problem suits novice (motivates, constructs mental model, 
consolidate with practice). Problem-example suits prior knowledge learner (identify deficiencies). 

2.8.4 

Foster Generative 
processing for 
constructive 
learning 

[15] Personalisation  Put words in conversational style 2.8.2 

[16] Voice  Use human voice for spoken words 2.8.2 

[17] Embodiment  Give on-screen characters humanlike gestures 2.8.2 

[18] Guided discovery  Give hints and feedback as learner solves problems 2.8.6 

[19] Self-explanation  Ask learners to explain a lesson to themselves 7.1 

Effective Feedback 

Considerations 
relating to domain 
level of experience  

[20] Feedback Principle 
Principle-based explanation with corrective guidance (elaborative feedback) suits novice learner but 
not experienced learner (expertise reversal), where verification feedback is more appropriate. 

2.8.6 

[21] Modality of feedback Spoken feedback alongside visual: using visual / verbal channels assists generative processing 

2.8.6 
[22] Timing of Feedback 

Immediate: novice corrects errors (mindful engagement, motivation); but overreliance restricts 
performance when removed. Delayed: better suits prior knowledge learner 
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2.8.1. Intrinsic and Extraneous Cognitive Load, element interactivity  

When learners process new information in working memory, the load imposed can be 

divided into categories (Paas, Renkl and Sweller, 2003; Sweller, Van Merrienboer and 

Paas, 1998; van Merriënboer and Sweller, 2005): 

▪ Intrinsic cognitive load: caused by the difficulty of the information that the learner 

needs to acquire, regardless of the type of instructional design; 

▪ Extraneous cognitive load: caused by instructional design: how information is 

presented or activities the learner undertakes. 

Total cognitive load is the sum of intrinsic and extraneous cognitive load. Well-

developed instructional resources that focus on the intrinsic nature of the material are 

said to be ‘germane resources’: working memory is devoted to information that is 

relevant to learning, imposing only an intrinsic cognitive load. ‘Extraneous resources’, on 

the other hand, place a burden on working memory to deal with a cognitive load 

imposed by poor instructional design. Such resources may include interesting (but 

inessential) facts,  background music or environmental sounds which, whilst aiming to 

spice up a presentation with what Mayer and Fiorella (2014) term ‘seductive details’, 

will impact negatively on learning, particularly for the novice learner (Mayer, 2009e). 

The Coherence Principle (Table 2-7, item [1]) requires the removal of all extraneous 

items from learning resources. 

The amounts of intrinsic and extraneous cognitive load depend upon the level of 

element interactivity. Converting numerous lower-level schemas into a smaller number 

of higher-level schemas reduces working memory load. Whilst material that is low in 

element interactivity may be learned an element at a time, more advanced material 

(with high intrinsic load) will require the interaction of numerous elements and a higher 

demand on working memory. Through the process of learning, these lower level 

elements/schemas are integrated into a smaller number of higher-level schemas. For 

example, definitions for the elements of financial reporting may be learnt in isolation. 

However, the way these elements change through accounting transactions, and how 

they are collated in financial statements requires the consideration of the Accounting 

Equation, and financial statements format, bearing a higher intrinsic load. 

The difficulty of a task depends on the level of element interactivity and the number of 

elements. High element interactivity is akin to understanding (Marcus, Cooper and 
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Sweller, 1996): the ability to process numerous interacting elements simultaneously in 

working memory. Intrinsic cognitive load can be reduced by teaching interacting 

elements in isolation, and then incorporating these into schemas. Once incorporated 

into long-term memory, the interacting elements are replaced by a single schema 

(under ‘schema automation’).  

Relevance to this case: Element interactivity (complexity) and novice learners 

▪ Video design: all extraneous material - the ‘seductive details’ (Mayer and Fiorella, 

2014) - such as background music, or redundant illustrations, are avoided under the 

Coherence Principle (Table 2-7, item [1]).  

▪ The accounting theory and techniques used in Consolidated Accounting contain high 

levels of element interactivity, and the use of practice learning (tasks) can reduce 

element interactivity through the construction of schemas.  

▪ Referring to Achievement Goal Theory, Dull, Schleifer et al. (2015) suggest a 

combination of both mastery and performance goals suits accountancy students, 

who need to learn technical detail (section 7.1.4 provides a further explanation). As 

such, a combination of supportive and procedural videos can assist in both mastery 

and performance goals. 

▪ Blayney, Kalyuga and Sweller (2010) found that novice accounting students’ learning 

improved when performing complex tasks in a sequential, cumulative manner 

starting from simple procedural steps (managing cognitive load). More experienced 

learners, with developed schemas in the domain, benefit more from tasks with fully 

interacting elements, where redundant simplified sequences waste cognitive 

resources, causing an expertise reversal effect (Table 2-7, item [13]). In this case, 

however, all students are new to consolidated accounting, learner expertise is low, 

and element interactivity will be high. 

▪ The 4C/ID model is therefore an appropriate basis for the design of whole tasks that 

increase in complexity to support schema development. 

2.8.2. Modality and Multimedia Learning 

Multimedia learning principles utilise both auditory and visual channels (Mayer, 2009o) 

to reduce working memory load: “we have evolved to listen to speech while looking at 

objects. If so, presenting information in dual-modality form may tap into biologically 

primary knowledge resulting in an advantage over visual only, written text plus objects, 
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pictures or diagrams” (Sweller, Ayres and Kalyuga, 2011c) (p130). This is the multimedia 

principle (Table 2-7, item [3]), in which presentation of words and pictures are suited to 

merely presenting in words. 

Most theories of working memory suggest two processors - auditory and visual - work 

independently to process information. Penney (1989) describes two “streams” 

processed separately into acoustic/visual codes. Baddeley (1992) divides working 

memory into an attention-controlling “central executive” and two “slave systems”: the 

visuospatial sketch pad (processing visual images) and the phonological loop (processing 

speech-based information). If, as Sweller, Ayres and Kalyuga (2011c) suggest, these two 

independent processors have limitations on capacity and duration, spreading cognitive 

load over both processors alleviates the load on a single one. The modality effect (Table 

2-7, item [2]) is a key aspect of Mayer’s cognitive theory of multimedia learning (Mayer, 

2009o; Mayer, 2014b). Figure 2-2 illustrates the dual channel hypothesis (Paivio, 1986). 

The boxes represent three memory stores (sensory, working and long-term memories), 

the arrows represent cognitive processes (selecting, organising and integrating). The top 

row shows the verbal channel and the bottom the visual channel. 

Figure 2-2: Cognitive theory of multimedia learning. Source: Mayer (2014b) p52 

In Figure 2-2 words are received by either ears or eyes as audio or written text 

(represented by arrows 1 and 2). Making sense of a diagram that also contains written 

explanatory text requires all initial processing to be made via the visual channel (Figure 

2-2(2)), increasing the risk of overload. However, if the written text were presented in 

auditory form, it can be processed immediately in the auditory channel, leaving the 

visual channel to process the diagram (Figure 2-2(1)). Whilst the two channels are not 

completely independent, processing with both channels increases working capacity 

beyond processing with just one. In addition, “dual modality” presentations may reduce 

or eliminate visual “split-attention” that can arise from presenting with only visual 

sources (Sweller, Ayres and Kalyuga, 2011c). Section 2.8.5 expands further on how 
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spatial contiguity (Table 2-7, item [8]) resolves split attention issues in visual-only 

material.   

Replacing written text with narration results in lower reported cognitive load levels and 

higher test scores (Kalyuga, Chandler and Sweller, 1999; Kalyuga, Chandler and Sweller, 

2000; Tindall-Ford, Chandler and Sweller, 1997), higher retention and transfer (Mayer 

and Moreno, 1998; Moreno and Mayer, 1999) and quicker problem-solving (Jeung, 

Chandler and Sweller, 1997). Revised learning materials from visual to dual-mode 

format improved learning compared to a solely visual presentation (Mousavi, Low and 

Sweller, 1995), and self-reported cognitive load levels declined (Tindall-Ford, Chandler 

and Sweller, 1997).  

Findings are not always positive, however: Tabbers, Martens and Merriënboer (2004) 

found replacing visual text with oral resulted in lower retention and transfer scores, 

possibly due to “confounding factors” of learners’ ability to determine pace (user 

control; section 2.8.3).  

The key work of multimedia learning takes place in the working memory, where an 

experienced reader may be able to mentally convert on-screen text, initially processed 

in the visual channel as images, into sounds – processed via the auditory channel 

(Mayer, 2014b). Likewise, an illustration may be mentally translated into a verbal 

description that can be processed in the auditory channel. Such “cross-channel” 

representations, depicted in Figure 2-2 by the arrows linking sounds and images in 

working memory, further illustrate the dual-coding theory (Paivio, 1986). The right side 

of the working memory box denotes the construction of knowledge in working memory 

through the integration of organised pictorial and verbal models with the learner’s store 

of existing knowledge, brought into working memory from long-term memory. Each 

step of the process raises challenges for learner and instructor, since according to CLT 

(Chandler and Sweller, 1991) and the theory of working memory (Baddeley, 1999), the 

learner can hold only a few images/words in each working memory channel at any one 

time. Presenting the same information concurrently in both visual and oral forms, or 

where presentation is unnecessarily elaborated introduces redundant information 

which can interfere with learning (Kalyuga and Sweller, 2014; Mayer, 2009g). The 

redundancy principle (Table 2-7, item [4]) recommends that presented material should 

be limited to essential elements (in line with Coherence Principle), and not duplicated: 

be presented via visual (text) or audio (spoken), but not both. 
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Relevance to this case: Adopting the modality principle and encouraging engagement 

through task and video design. 

Careful design of tasks and multimedia is key to ensure no processing capacity is wasted 

on extraneous cognitive load (Sweller, Ayres and Kalyuga, 2011b). Screencast videos can 

exploit the use of auditory and visual channels where speech supports visual 

representations to minimise cognitive overload (modality effect: Table 2-7, item [2]), 

whilst ensuring that where written words are displayed, these are not also spoken as 

this duplication imposes a cognitive load that imposes on learning (the redundancy 

principle: Table 2-7, item [4]) (Kalyuga, Chandler and Sweller, 1999).  The methods by 

which a learner selects appropriate images and words (intrinsic cognitive load) then 

makes sense of it, alongside prior knowledge, to generate an integrated mental model 

(germane cognitive load) will also rely on the learner’s motivation to learn (Sweller, 

2010) (see Chapter 7).  

▪ Task design: anchoring tasks in the domain enhances mental effort: learners identify 

them as genuine and of value (van der Meij and Carroll, 1995), and resonate with 

real-life (van Merriënboer and Kester, 2014). Tasks should be “interesting relevant 

and engaging” (van der Meij, 2017), in line with Merrill (2002). In this case, students 

are aware of the importance of consolidated accounting in the final exam which will 

require the higher order techniques covered in the online resources (Biggs, 2012). 

The sequencing of tasks is outlined further in section 2.8.4. 

▪ Narration style: Supportive PreView videos should be strictly structured (using a 

script) to ensure speech does not divert from intrinsic material (section 3.2.1). Using 

personal pronouns (e.g. “you can see…”) helps create a conversational style (Mayer 

et al., 2004) leading to a personalisation effect (Table 2-7, item [15]) (Reichelt et al., 

2014) improving motivation and retention through higher perceived importance 

(the ‘self-reference effect’ (Moreno and Mayer, 2000)), personal relevance (Keller, 

2009), and encouraging dialogue in accordance with social agency theory, (Reeves 

and Nass, 1996). Narration can guide the viewer towards hints and advice to aid in 

problem solving (guided discovery: Table 2-7, item [18]), and raise open-ended 

questions to promote self-explanation (Table 2-7, item [19]). Schrader, Reichelt and 

Zander (2018) found motivational benefits of conversational language (the voice 

effect: Table 2-7, item [16]) for students with an intermediate individual interest. 

Given playback control (section 2.8.3), a faster speech could double engagement 
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(Guo, Kim and Rubin, 2014). Speech should not be “forced”, but “bring out their 

enthusiasm” to promote engagement. Hesitating “uhs” should be edited out (under 

the Coherence Principle (Table 2-7, item [1]) to present a crisper pattern: speech 

pauses are not required as viewers can pause if needed. Camtasia offers user 

control of playback speed and allows the removal of narration errors (section 3.3.2). 

▪ Review video design (Procedural information): Guo, Kim and Rubin (2014) 

recommend a “talking head” as more engaging for procedural videos exceeding 6 

minutes. Students attempted 46% of problems after a more personalised talking-

head video compared to 33% for other videos. Students engaged twice the time 

with videos presenting a “personal one-on-one, office-hours style conversation” 

projecting a “feeling that the video is being directed right at them” (p6). This is the 

embodiment principle (Table 2-7, item [17]). ReView videos are based on the Khan-

style tutorials (Khan Academy, 2019; Parslow, 2012). Students engage up to twice as 

long with videos showing freehand drawing (on digital tablet), with more attempts 

of post-video problems (40%) than other styles (31%) (Guo, Kim and Rubin, 2014). 

Khan-style videos require more planning, good handwriting, drawing and layout (see 

section 2.8.5 on overcoming split-attention issues). 

2.8.3. Segmenting Principle (Chunking) 

Under the segmenting principle (Table 2-7, item [10]), smaller “bites” of information 

were argued by Mayer et al. (1999) to be more manageable for novice learners and 

carrying lower risk of cognitive overload. Under the segmenting principle, “People learn 

better when a multimedia message is presented in user-paced segments rather than as 

a continuous unit” (Mayer, 2009m) (p175). Blayney, Kalyuga and Sweller (2015) 

presented complex information to novice learners “into isolated elements in the first 

instance” to overcome cognitive overload (p209). Segmentation of a long video into 

smaller sections confirms with event theory (Zacks and Tversky, 2003) which posits that 

individuals naturally tend to break activities into separate events. Lusk et al. (2009) 

found that segmentation benefits novice learners without inhibiting the learning of 

individuals with higher working memory capacity. Singh, Marcus and Ayres (2012) found 

that segmenting presentations improves learning outcomes, particularly for long 

narration, where the “transient information effect” of losing explanation before it can 

be processed is more at risk. This links with temporal contiguity (Table 2-7, item [7]),  

further explained in section 2.8.5. 
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Moreno and Mayer (2002) found that presenting text into manageable sequential 

segments (with breaks), alongside narration may reverse the redundancy effect (Table 

2-7, item [4]) of presenting the same information in two formats at the same time 

(where one is normally sufficient) when the presentation language is a second language 

to the learner (ESL).  

Segmenting with pauses offer learners time to manage cognitive activities and connect 

new information with existing (Hassanabadi, Robatjazi and Savoji, 2011; Spanjers et al., 

2011). van der Meij (2017) suggests that providing short video clips (under 2 minutes) 

should prevent “early dropout” by viewers, whilst Guo, Kim and Rubin (2014) also found 

that shorter videos are more engaging. Regardless of total video length, median 

engagement was no more than 6 minutes: “students often make it less than halfway 

through videos longer than 9 minutes” (p4). Assessment problem attempts dropped the 

longer the video (from 56% for a 3-minute video to 31% when over 12 minutes). Shorter 

videos require succinct explanation and a more careful design.  

In developing an interactive video player for ‘how-to videos’, J. Kim et al. (2014) outline 

the importance of “an interactive video player that displays step descriptions and 

intermediate result thumbnails in the video timeline” (p1). Displaying this structure 

encourages learners to process and perform steps without getting lost in the transient 

nature – the “continuous stream of demonstration” – that how-to videos may 

otherwise present.  

User Control of Video 

Learners with a high “need for cognition” (Kühl et al., 2014) benefit more when they  

can control the pace of the presentation Hassanabadi, Robatjazi and Savoji (2011). Self-

pacing is most beneficial for novice learners (Boucheix and Schneider, 2009), whose 

cognitive capacity is more likely to be overloaded (Lusk et al., 2009).  

Learner control and unrestricted viewing times can partially compensate for extraneous 

load imposed from simultaneous presentation of redundant material. Indeed, repetition 

of information visually following a spoken explanation could enhance understanding 

(Kalyuga, Chandler and Sweller, 2004), much in the same way that a summary aids 

learning (Reder and Anderson, 1982). Most video players now give the user control to 

stop, pause, replay and select the pace of replay to suit their individual capacity to 

process the video content (Brar and van der Meij, 2017). Schwan and Riempp (2004) 

illustrated the advantages of such features by learners of more challenging tasks, where 
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their use was more pronounced. User control provides opportunities of 

individualisation: users can select the appropriate areas and speed depending on their 

own learning needs (Schreiber, Fukuta and Gordon, 2010). The pace or speed of the 

video and its content (shots, transitions, graphics and audio) can impact cognitive 

processing. When Meyer, Rasch and Schnotz (2010) allowed learners to control pace, 

those viewing high speeds were found to focus on global (macro) events, whilst viewing 

with low speeds accentuated the local (micro) events. Learner-control of pacing 

reduced mental effort and promoted performance for instructions using visual text 

(Stiller et al., 2009), and cues (de Koning et al., 2011) (section 2.8.5). Pace is dependent 

on the element interactivity (intrinsic load) of the material and level of prior knowledge 

of the learner (Koumi, 2013).  

Partial Worked examples: subgoals, isolated elements & labels 

Segmenting is equally effective in the presentation of worked examples (the partial 

worked example principle (Table 2-7, item [1]). Transfer test performance improved 

when students were presented with worked examples chunked into meaningful steps 

rather than a full formula (Ayres, 2006a; Gerjets, Scheiter and Catrambone, 2006). 

Margulieux, Guzdial and Catrambone (2012) segmented their instructional material into 

labelled sub-goals to aid in the development of mental models. A similar finding was 

made by Catrambone (1995) with physics students. Catrambone (1998) further 

illustrated how students can better transfer knowledge where solutions were structured 

and labelled into subgoals. Cueing students into identifying which steps to group 

promoted attempts to self-explain what the steps did, and why they were linked. 

Presenting segmented worked examples (with lines dividing the solution steps) 

improved learning for novices (Morrison, Margulieux and Guzdial, 2015; Spanjers, Gog 

and van Merriënboer, 2012).  

An expertise-reversal effect (Table 2-7, item [13]) can apply for students with higher 

prior knowledge who have more free working memory and find segmenting a burden 

(Spanjers et al., 2011). Whilst cognitive load is reduced with subgoals, learners will not 

necessarily learn how elements in the separate chunks interact within the whole task 

(Chi et al., 1994). The 4C/ID model (section 1.2.4) overcomes this by providing full tasks 

of increasing complexity and decreasing guidance/scaffolding, as described in section 

2.8.4. An appropriate number of solution steps in whole-task training (with support 

tools and feedback) was studied by Nadolski, Kirschner and Merriënboer (2005). Law 
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students receiving an ‘intermediate’ number of steps (four) outperformed those 

receiving the maximum (nine) or minimum (one) number of steps. Nine steps was 

claimed to be less coherent, whilst presenting a single solution reduced opportunities to 

construct “partial schemas” which can later develop more fully with further instruction 

outlining the element relationships (Pollock, Chandler and Sweller, 2002). Whilst this 

method benefits low-experience learners, high-experience learners can process 

element interactions without the intermediate step. Similar findings were made with 

students of algebra (Ayres, 2006b), and introductory accounting (Blayney, Kalyuga and 

Sweller, 2010). The fourth component of the 4C/ID model, part-task practice (see 

section 1.2.4), is based upon the same argument.  

Relevance to this case: Segmenting Videos and User control 

▪ Separation of PreView (supportive) and ReView (procedural) videos: In accordance 

with the Adaptive Character of Thought (ACT) theory (Anderson, 1996), two types of 

information are managed when problem solving: declarative, or supportive 

information (required to reason and identify a solution) and procedural information 

(used to manipulate the environment and produce the solution). The high element 

interactivity imposed by supportive information increases risk of cognitive overload 

when processing both information types together (Kester, Kirschner and van 

Merriënboer, 2006). A piecemeal presentation of each information type frees up 

working memory to aid learning. Presenting supportive information before practice 

and procedural information during practice helps learners manage cognitive load by 

first elaborating on new information (forming schemas) without attempting 

procedures. ACT theory conforms with the 4C/ID model, where in this case, 

supportive information (Preview videos) is provided separate from procedural 

information (ReView videos).  

▪ Segmenting information into isolated elements will benefit novice learners 

(Blayney, Kalyuga and Sweller, 2015). PreView/ReView videos should be designed to 

allow breaks every 6 minutes maximum (Guo, Kim and Rubin, 2014). However 

complete worked examples can be used for revision, where the level of expertise is 

greater (isolated elements are assimilated), according to the expertise reversal 

principle (Kalyuga, 2014). 
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▪ Learner-control of video playback is vital to accommodate individual learner needs 

(Stiller et al., 2009): Camtasia offers the viewer the ability to pause, alter playback 

speed (between 0.25x and 2x speed), navigate the playback timeline, and apply 

closed captions (section 3.4). 

▪ PreView video design (supportive information): Guo, Kim and Rubin (2014) 

recommend the use of hyperlinked bookmarks, a table of contents, or signposts to 

assist learners navigate the “continuous stream of information” which is regarded as 

appropriate for optimal initial viewing. The use of a table of contents providing step 

descriptions and thumbnails in the video timeline (J. Kim et al., 2014) for the “how 

to” procedural ReView videos supports the novice learner by isolating elements to 

overcome cognitive overload. With Camtasia, named markers can be set at selected 

points in the video timeline, and used to create a table of contents that can be 

accessed at any point in playback (section 3.3.2). 

2.8.4. Sequencing (Basic to Complex) 

The segmentation of videos raises the challenge of how best to sequence video clips.  

Under the sequencing principle (Table 2-7, item [6]), presenting clips using a simple-to-

complex sequence (Reigeluth, 2007) follows the basic assumption of the 4C/ID model 

(van Merriënboer and Kester, 2014). Demonstration-Based Training (Pollock, Chandler 

and Sweller, 2002) also recommends segmenting and sequencing information to novice 

learners. Mayer, Mathias and Wetzell (2002) used sequencing in “pre-training”: 

providing component names and basic concepts in advance of multimedia instruction. 

Similar “pictorial scaffolding” was applied to learning geological features  (Mayer, 

Mautone and Prothero, 2002) and spreadsheets (Clarke, Ayres and Sweller, 2005). 

The sequencing principle also applies to worked examples, where the problem pair 

principle (Table 2-7, item [14]) recommends a manner of sequencing based on learner 

experience. When Sweller and Cooper (1985) first adopted the example-problem pair 

sequence (providing students with a worked example, and then requiring them to solve 

a similar problem), the assumption was that students should be motivated to study the 

worked example knowing they would then need to solve a similar problem; and gain 

sufficient depth of learning to construct appropriate schema. van Gog (2011) suggests 

example-problem pairs allow novice learners to construct a mental model of a solution 

to a problem, then consolidate with practice (Leppink et al., 2014). Students with prior 
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knowledge benefit more from problem-example pairs, where practice can stimulate 

reflection and act as a check on understanding (Reisslein et al., 2006). Performing the 

solution steps strengthens the learner’s construction of the mental model and increases 

confidence in ability to perform (Hodges and Coppola, 2015).  

As learner experience develops, providing worked examples with variable features 

further aids learning  (Scheiter and Gerjets, 2007). Johnson and Slayter (2012) suggested 

that accounting students’ short-term performance was better when completing practice 

problems grouped by type (e.g., A, A, B, B, C, C) rather than interleaved (e.g., A, B, A, C, 

A, B). However, Phillips (2017) contested the suitability of initially grouping by type, 

arguing a lower long-term performance resulted from this method, and suggesting 

accounting students can become over-confident when provided with grouped (rather 

than interleaved) problems. Initial instruction may be more effective where it “presents 

learners with a desirable level of difficulty” (p81). Students presented with the more 

challenging interleaved series of questions performed better on a test delayed by one 

week. This conforms with the findings of Scheiter and Gerjets (2007). The challenge 

faced by the instructor is when to determine the move from interleaved to grouped 

examples.  

Repeated testing has been shown to consolidate learning as opposed to restudying 

(Brewer et al., 2010; Dirkx, Kester and Kirschner, 2014; Karpicke and Roediger, 2008; 

McDaniel et al., 2013), and  promotes transfer of facts and concepts for application in 

other scenarios. Repeat testing offers opportunities for elaboration: the “encoding of 

additional features or the formation of alternative routes to access the memory trace” 

(Butler, 2010) (p1118).  

Relevance to this case: 

▪ The series of ReView full tasks are designed in accordance with the 4C/ID principles 

of sequencing from basic to complex (section 1.2.4). Novice learners are introduced 

to the accounting treatment of consolidation in three separate task classes (at 

acquisition date, post-acquisition, and finally including more complex consolidation 

adjustments), each of which contains tasks that increase in complexity and builds 

upon the knowledge from prior tasks (Table 1-2, page 44).  

▪ The ReView worked examples workbook provides tasks that are grouped by type, to 

suit the novice accounting learner under the problem-pair principle (Johnson and 
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Slayter, 2012). Variability of tasks is recommended for more advanced learners: at 

the revision stage, full worked examples of varying structure can be provided. 

2.8.5. Signalling and Cues (overcoming the Split-Attention effect) 

If sources of information essential to understanding (and unintelligible in isolation) are 

separated in space or time, then the split attention effect can arise. Such split-source 

worked examples or videos require learners to split their attention between separate 

information sources, diverting memory from schema formation. This is resolved by 

physically integrating or temporally synchronising information sources. Text (spoken or 

written) and diagrams should be presented at the same time (temporal contiguity: 

Table 2-7, item [7]) (Mayer, 2009i); and as close together as practicable (spatial 

contiguity: Table 2-7, item [8]) to achieve integration (Ayres and Sweller, 2014; Mayer 

and Sims, 1994; Moreno and Mayer, 1999; Owens and Sweller, 2008). 

A meta-analysis of fifty studies into the split-attention effect (Ginns, 2006) found a 

significant effect on novice learners for materals with high levels of element 

interactivity, with consistently high effect sizes across technical learning domains 

(broadly: mathematics, science and engineering). Ginns (2006) describes the impact 

upon working memory thus: “for associated elements split over space, mental 

integration is achieved by searching for and matching such elements. For associated 

elements split over time, mental integration is achieved by rehearsing some elements in 

working memory until associated elements are displayed” (p522). In either case, 

extraneous cognitive load is borne, particularly for novice learners (Kalyuga, Chandler 

and Sweller, 1999). For more experienced learners, the split-attention effect is lower 

(Kalyuga, Chandler and Sweller, 1998) as they can rely on already-developed schemas to 

manage a split-source diagram.  

The signalling principle (Table 2-7, item [9]) (attention cueing) offers a solution to the 

problem of split-attention by guiding attention to essential information, resulting in 

deeper learning (de Koning et al., 2009; Mayer and Fiorella, 2014), outlining topics and 

how they are organised (Harp and Mayer, 1998), and explaining element relationships. 

Eye-tracking data reveals that novice learners focus more time on cued information that 

is best spatially and temporally coordinated within the video presentation (Jamet, 

2014); spreading-colour cues were found to better assist attention to relevant themes 
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than arrows (Boucheix and Lowe, 2010). Learners were found to look more often and 

longer at cued parts of a diagram (de Koning et al., 2010a). 

The use of cues or signals can focus attention on important aspects (Lemarié et al., 

2008). Verbal cues include using the voice to stress relevance (Mayer, 2014c) and 

intonation to emphasise aspects of an accompanying animation (Mautone and Mayer, 

2001). Effective text-based cues include inserting text to draw attention to 

accompanying graphical aids (Hayes and Reinking, 1991), using highlights, zooming or 

drawing (Lai and Newby, 2012; Lin et al., 2011; Richter, Scheiter and Eitel, 2016; 

Tabbers, Martens and Merriënboer, 2004), and hyperlinking text with sections of a 

diagram to eliminate the need for a visual search (Kalyuga, Chandler and Sweller, 1999). 

Moreno and Abercrombie (2010) coloured key terms in a worked-out solution in red 

font and found a significant signalling effect on transfer performance, and lower self-

reported cognitive load. Cues to aid in the selection of a visual element should be 

presented just before the narration begins (Jamet, Gavota and Quaireau, 2008). Cues 

enhance learning in relation to digital text (Jin, 2013). Text can be hidden unless 

activated by clicking on the area of a diagram, avoiding clutter.  

Cues should only be used when they are needed (Crooks et al., 2012): when a learner 

needs attention guidance to select essential information, because of domain complexity 

(inherent cognitive load demands), lack of prior knowledge, or the transient nature (of 

video presentations). Signalling may not be needed where visual search requirements 

are low (Jeung, Chandler and Sweller, 1997), and may have no influence on visual search 

or cognitive load (de Koning et al., 2010a). Provided cognitive load is managed and the 

content sufficiently complex, cues can assist in the development of higher-level 

schemas (Amadieu, Mariné and Laimay, 2011; Ozcelik, Arslan-Ari and Cagiltay, 2010). 

The signalling principle can assist in resolving split-attention (spatial contiguity) effects 

(Folker, Ritter and Sichelschmidt, 2005).  

A meta-analysis of 27 studies into the effects of signalling on learning outcomes by 

Richter, Scheiter and Eitel (2016) identified an 84% positive effect of signalling on 

comprehension performance in multimedia material compared with non-signalled 

material (38 of 45 comparisons). Learner control (e.g. speed, views, pausing) improves 

learning times (Boucheix and Schneider, 2009) and performance (Tabbers and de 

Koeijer, 2010). Eye movements of students with more time used it to better integrate 
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text and diagrams (Schmidt-Weigand, Kohnert and Glowalla, 2010). Self-paced material 

may therefore not benefit as much from cues (just as self-pacing manages the modality 

effect (Ginns, 2005)), although evidence shows the use of cues is still effective with self-

paced resources (as used in this study). Visual signals (colour coding, zooming, fading) 

are better than verbal signals in linking pictorial information and verbal information 

(Lemarié et al., 2008). 

Relevance to this case: 

▪ Both spatial and temporal contiguities are ensured in ReView worked example 

videos by displaying task information on the left of the word document used for 

digital pen annotation. Annotated workings are then completed on the right, and 

viewers can follow the procedure without the need to refer to the original task 

information (which risks split attention issues). See section 3.2.3, Figure 3-2 for an 

illustration of the screen appearance. 

▪ The signalling principle can be applied using Camtasia’s range of cuing techniques, 

described in section 3.3.3 (Table 3-1, p.124). Shapes and coloured highlights can 

denote items referenced in the narration to avoid visual search (Jeung, Chandler and 

Sweller, 1997); the length of time these highlights remain on screen can be 

controlled depending on cognitive requirements. Dynamic cues (e.g. moving arrows 

or spreading highlights) using Camtasia’s Animations function, can aid 

comprehension by identifying each element as the narration describes them 

(Boucheix et al., 2013). Extraneous areas can be shaded out using a spotlight 

function to focus attention (de Koning et al., 2010b), or hidden by zooming in to 

relevant information (Amadieu, Mariné and Laimay, 2011). Examples of use in this 

case study are available at https://youtu.be/eJDUgVe9Jug.  

2.8.6. The Feedback Principle in Multimedia Learning  

The feedback principle (Table 2-7, item [20]) suggests novice learners gain better 

learning outcomes with elaborative (explanatory) feedback: a principle-based 

explanation of why their answer was correct or incorrect) rather than verification 

(corrective) feedback, which merely informs the learner whether their answer is correct 

or not (Johnson and Priest, 2014). Guidance from explanatory feedback reduces 

extraneous cognitive load: learners can evaluate their response and repair faulty 

knowledge (Hattie and Timperley, 2007; Shute, 2008). Experiments have shown the 

https://youtu.be/eJDUgVe9Jug
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effectiveness of elaborative feedback over verification feedback on post-test and 

transfer tests (for a summary of these, see Johnson and Priest (2014)). An analysis of 58 

feedback studies by Bangert-Drowns et al. (1991), found that elaborative feedback had 

a moderate effect on learning, whilst verification feedback showed a small negative 

effect. In a meta-analysis of 607 studies, Kluger and DeNisi (1996) found a negative 

effect on performance from over a third of the studies – despite an overall positive 

effect. Both meta-analyses highlight the importance of providing feedback that supports 

learning: instructors need to consider the risk that feedback may increase extraneous 

cognitive load rather than reduce it and consider how learners may respond to 

feedback. Verification feedback may encourage “trial and error” rather than deeper 

thinking: feedback designs must “promote the intentional and purposeful processing of 

the information” (Moreno and Valdez, 2005) (p43). In more complex scenarios, with 

higher cognitive demands, the modality of feedback (Table 2-7, item [21]) may be 

important. Using predominantly visual media, Fiorella, Vogel-Walcutt and Schatz (2012) 

found real-time spoken feedback yielded greater decision-making performance during 

the session and post-test: learners receiving auditory feedback in a predominantly visual 

learning session use both visual and verbal channels to process the information, 

allowing the visual channel to engage in essential and generative processing.  

Experiments examine the impact on learning of the following levels of feedback:  

1. Detailed: elaborative information on error and correction, 

2. General (Process): high detail on errors (e.g. “remember to …”) but no explicit 

correction, requiring the learner to then refer to learning materials. 

3. Outcome (verification): performance score, or whether correct 

4. Normative feedback: performance relative to others, 

5. No feedback 

Astwood et al. (2008) found process (high detail) feedback yielded significantly higher 

performance than all other groups; and performance from students receiving outcome 

feedback was not significantly different to those receiving no feedback at all. Other 

studies (Billings, 2012; Serge et al., 2013) found detailed feedback that explained the 

errors significantly improved performance, whilst process feedback requires effort from 

the learner to revise their schemas. 

Students with high prior knowledge perform better with global feedback (the correct 

answer and general solution steps) whilst novice learners benefit more from elaborate 
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feedback (global feedback plus a worked-out solution and explanation) (Smits et al., 

2008). A novice learner can be “cognitively overwhelmed” if presented with basic 

corrective feedback and left on their own to attempt to repair knowledge leads to high 

cognitive demands and frustration. Explanatory feedback bridges the gap between 

current and target performance, and “may lead to higher motivation and more efficient 

task strategies” (Shute, 2008) (p157). 

Under timing of feedback (Table 2-7, item [22]) immediate feedback offers the learner 

the opportunity to identify any error before it is encoded incorrectly into memory 

(Anderson et al., 1995), promoting mindful engagement and motivation (Hoska, 1993). 

However, concerns exist that the learner may be too reliant on using immediate 

feedback and may not be able to perform once it is removed (Schmidt, 1991; Shute, 

2008).  

Relevance to this case: 

▪ Explanatory feedback (in detail) with corrective guidance is provided through full 

worked example videos (ReViews) and via Camtasia’s quiz function (section 3.3.4) to 

test the learner’s understanding (schema development) in the case of the 

informational PreView videos. Immediate feedback is available.  

2.9. Conclusion: Findings from literature  

In this chapter a literature review provides answers to the first research question of this 

study, RQ1 (1.3.1), by identifying design attributes of pre-lecture online learning 

resources, incorporating screencast videos and based on the Four Component 

Instructional design to best manage cognitive load to enhance learning outcomes. A 

scoping review found: 

▪ reference to CLT principles in accounting education was limited to worked examples, 

guided learning and online resources (2.3)– with only one article applies CLT 

principles to video design (Wynder, 2017). 

▪ no previous application of 4C/ID principles in accounting education (2.4) 

The online resources developed using 4C/ID principles incorporates both associationist 

(2.5.2) and constructivist (2.5.3) perspectives of learning theory, but lacks the situative 

perspective (2.5.4), which a flipped learning pedagogy applies. Whilst flipped learning 

was not undertaken in this case study, it is the intention to do so in future; the efficacy 

of flipped learning and the experiences of its use in accounting education are described 



Page 113 of 316 
 

in sections 2.6.1 and 2.6.2 respectively. A meta-analysis by Bredow et al. (2021) provide 

a number of factors (2.6.3) believed to account for unexplained variance in flipped 

learning outcomes, including the quality and design of pre-lecture resources (RQ1), as 

well as the use of applicable pedagogies in the flipped session. A further factor 

identified in the flipped learning literature (including accounting education) is the 

unprepared student (2.7), which explains why flipped learning was not undertaken in 

this study until a review of the use of online resources on learning outcomes is 

undertaken (RQ2; 1.3.2), and a proven active learning pedagogy has been identified that 

can manage the possibility of unprepared students (RQ 3; 1.3.3). 

2.9.1. Techniques applied to this study’s online resources 

Strategies to ensure effective learning discussed in this chapter are summarised in Table 

2-7 (page 96). Each technique is referenced to sections in this chapter and considered in 

the creation of the PreView (theory-based, supportive) and ReView (procedural, “how-

to”) videos described in Chapter 3.  

The subject area used for this research project, Consolidated Accounting (described in 

section 1.2.5), was selected because it covers concepts new for all students on the 

course, who therefore all fall into the category of novice learners. This is an important 

consideration in CLT, as new learners may face cognitive overload when adopting the 

borrowing and reorganising method (section 2.2). 

Videos showing dynamic visualisations better support learning rather than static 

illustrations (Mayer, Lee and Peebles, 2014). Whilst learners focus attention quicker 

when they have more knowledge of the task (van Gog, 2014),  novice learners are more 

reliant on cues to guide attention to key aspects, as they may otherwise focus on 

aspects that whilst “perceptually salient”, may be less relevant  for the task (Lowe, 

2003). Visual cues have been shown to benefit novice learners, regardless of 

presentation (static or dynamic) and visual search requirements. Learner-controlled 

presentations improve learning times, performance and support a better integration of 

text and diagrams, particularly with novice learners (Boucheix and Schneider, 2009). To 

overcome a risk of spatial and temporal contiguity, relevant aspects of a worked 

example are presented on one side the screen whilst the procedure is performed and 

explained. Colour-coded highlights assist novice learners in linking information from the 

scenario with the solution. 
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Whilst the redundancy effect suggests that providing the same verbal information in 

both written and narrated form leads to extraneous learning material, circumstances 

were found in the literature suggesting combining narration and written words (Moreno 

and Mayer, 2002), or emphasising key words or concepts (via on-screen cues) as well as 

orally can enhanced learning (Mayer and Johnson, 2008), particularly when the 

presentation language is a second language to the learner (ESL). ESL students need clear 

narration that is not over-technical: using a script to read will help (Wynder, 2017). 

Subtitles, possible in Camtasia and in most software (e.g., Zoom, YouTube), can help 

support ESL students’ learning. Learner control over the videos (ability to pause and 

alter playback speed) will also enhance learning for all students. 

Worked examples have proved successful in learning domains with well-structured 

problems (mathematics and sciences), with clear problem states (e.g. finding angles 

within a triangle) and problem-solving operators (e.g. geometry rules) (Renkl, 2014). 

Accounting falls under the same umbrella of subjects, and has been evaluated by 

Halabi, Tuovinen and Farley (2005) at the introductory accounting level. An accounting 

problem, such as calculating Goodwill in consolidated accounts, requires application of 

problem-solving operators (the rules of IFRS 3) with clear problem states. Such 

problems are well-suited to worked examples. These aspects will be new to the student 

who, as novices to group accounting, would benefit from acquiring problem-solving 

schemas (through the borrowing and organising principle) for subsequent use in similar 

problems. Worked examples are best presented in this case as example/problem pairs 

(section 2.8.4). 

This chapter concludes with how Cognitive Load principles are applied to the design of 

worked example tasks, supportive PreView videos and procedural ReView videos. The 

next chapter focuses on the practicalities of creating both supportive PreView and 

procedural ReView videos using Camtasia (TechSmith, 2016). 
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Chapter 3 Practical Aspects: Using Camtasia in Video Creation 

This chapter describes the process used to produce PreView videos using Camtasia 

software (TechSmith, 2016), applying multimedia learning techniques of Mayer (2014b) 

to minimise extraneous learner processing, support essential processing and foster 

generative processing in the summative (informational) PreView videos and further 

principles relating to tasks, worked examples and procedural ReView videos. Within the 

chapter, reference is made to the CLT principles identified from the literature review in 

Table 2-7, page 96. 

3.1. Equipment and software requirements 

Camtasia 9 (TechSmith, 2016) is my preferred software for screencasts. A single user 

licence costs about £230 (discounts are available for education users). Alternatives are 

available, some of which are free, but with comparatively few advanced functions (see 

Roehling (2018b) for an overview). The functions offered by Camtasia are extremely 

powerful and allow the integration of multimedia principles outlined in the previous 

chapter. Microsoft Office’s PowerPoint and Word are also used to produce the 

supportive (PreView) and procedural (ReView) videos respectively. Camtasia provides a 

PowerPoint add-in to simplify the recording process where the presentation is based on 

PowerPoint slides, whilst Word has an ink facility in the review section for annotating 

(with a choice of ink colours). A desktop pc (with two screens) is recommended for 

informational videos in which PowerPoint is used, although a laptop with a second 

screen is just as effective (Williams, 2017) 

A good quality microphone is essential: “audio makes or breaks the video” (Jungić et al., 

2015) (p510) and clear narration (voice effect: Table 2-7 [16]) is vital for exploiting the 

modality effect (Table 2-7 [2]) of visual and audio. Cheap headsets must be avoided: 

when Pettit, Kinney and McCoy (2017) (p4) surveyed 221 medical students for their 

“biggest pet peeve” on video podcasts (“vodcasts”), the most common comment 

relating to audio was poor sound quality, then ambient (distracting) noises (Coherence: 

Table 2-7 [1]). I use a Samson Go Mic Clip-On USB Microphone for laptop recordings 

(£42) and a Samson CO1U (£79) with a pop filter and stand for desktop recordings. 

Whitaker (2018) offers some good tips for professional-sounding audio recording at 

home (my preference): the “recording room needs to absorb and not distort or 
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redistribute sound” (p5); floors in the recording room should be carpeted, doors closed, 

curtains drawn and a lightweight isolation shield mounted on the microphone boom 

arm to minimise all sounds except the narration. The pop filter minimises the impact of 

hard consonants (“plosives”). A good test for ambient noise is to record the screen 

without speaking and listen back to the recording via headphones: I spotted the 

humming of the pc (since moved onto the floor), a squeaky chair (now oiled) and 

keyboard/mouse clicks (replaced with silent versions). In addition, Camtasia’s audio 

effects can reduce ambient (white) noise and level out volume (see section 3.3.2). 

The ReView worked examples produced in this case study adopted the Khan-style 

approach of digital pen and narration (Khan Academy, 2019). This required a 

touchscreen laptop with digital pen functionality. My first laptop for such videos was a 

Toshiba Portege M750, then a ThinkPad yoga 12, and I currently use a Microsoft Surface 

Book 2. Each model can be used as a laptop or switched to tablet mode to facilitate on-

screen writing. More expensive alternatives include a SMART Podium, with a larger 

screen size (up to 24”); these are better suited to a recording studio and are not 

portable. A cheaper, much less functional alternative used by Khan Academy is the 

Wacom Intuos (formerly Bamboo) tablet which costs as little as £50 but requires some 

skill and a lot of patience to become accustomed to view the computer screen whilst 

writing on the blank tablet.  

As an alternative to digital ink, I have simply used pen and paper, recorded with a 

visualiser (IPEVO USB Document Camera, £99). The recording can later be edited in 

Camtasia to include cues, although the presentation appears a little less professional. I 

tend to use the visualiser to prepare quick, short videos which are useful for more 

immediate response to correct misunderstandings via online tutorials/revision sessions, 

and not for repeated use. 

3.2. Using Camtasia: recording of PreView videos 

3.2.1. Using a script 

In line with the recommendations of most articles on the preparation of supportive 

(informational) videos (e.g. Rana, Besche and Cockrill (2017), Dong and Goh (2015) and 

Lo, Hew and Chen (2017)), a script should be prepared to minimise the risk of 

misstatements and pauses, and videos are segmented (Table 2-7 [10]) into a 

recommended time of 6 minutes (section 2.8.3). PreView videos explain the theoretical 
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justification behind the accounting treatment of groups (holding company, subsidiary 

and associate) as well as how each investment is accounting for in practice. The videos 

are summarised in Table 1-2 which describes the area covered in each video. Most of 

the PreView content would have formerly been presented in lectures, so it made sense 

to base the videos on the lecture slides which are already prepared. The script was 

written directly into the PowerPoint notes section, which acted as a monitor on 

wordcount and aided in keeping the narrative succinct and to the point, avoiding 

extraneous narration and content (Coherence: Table 2-7 [1]).  

3.2.2. Recording process for Supportive PreView videos 

The simplest way to record from PowerPoint presentations is to use the Camtasia add-

in (Figure 3-1a).  

Figure 3-1: PowerPoint add-in for Camtasia 

a: initial add-in options 

b: Recording options  

c: Prompt prior to recording 

 

The add-in simplifies selection of microphone and camera (if used), and the recording 

options (Figure 3-1b) include settings for microphone levels and previews of the camera 

(if picture in picture is selected). Other options include a choice of watermark (I add an 

email at the bottom left), frame rate and hotkeys (F9 to pause and F10 to stop are 

defaults). Once recording button is clicked, the PowerPoint moves into presentation 
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mode, and prompts a “click to begin recording” (Figure 3-1c). Audio levels are easily set 

at this stage by speaking in your normal voice and ensuring the levels appear at about 

75%. Ensure the option to capture system audio is not ticked, so extraneous audio is not 

recorded. 

Whilst one option is to use a digital pen to then annotate slides (Williams, 2017), I 

prefer to present all cues post-production to provide a more professional appearance. 

Drawing onto the screen results in annotations being permanently burned into the 

recording. Adding drawing effects (arrows, circles or “callout” text or highlights) post-

recording using Camtasia, creates a similar effect, but can be edited, and therefore 

appears at the appropriate time and place and not remain beyond needed (applying 

temporal and spatial contiguity: Table 2-7 [7 & 8]).  

I decided against using a webcam to record a “talking head” in the informational 

PreView videos despite its adoption by others (e.g. Largent (2017)). Farris et al. (2017) 

argued that including talking heads would maintain the students’ attention, whilst 

Williams (2017) set her webcam on a stand just to the right and level with her 

PowerPoint notes screen so that appeared to be just looking at the camera and talking. 

In my case, given the technical nature of the consolidation process outlined in the 

PreViews (with high element interactivity), and the use of cues (signalling: Table 2-7 

[9]) to manage possible split-attention (of numerical examples and solutions), I 

regarded a talking head as extraneous to learning and excluded it (coherence: Table 2-7 

[1]). Including a talking head would also complicate the editing process such as the 

removal of “um’s” (section 3.3.1). In a comparison of types of video lecture on sustained 

attention, emotion, cognitive load, and learning performance (Chen and Wu, 2015) 

found that sustained attention of a voiceover video is “markedly higher than that with 

the picture-in-picture type” (p108). For the informational PreView videos, students’ 

attention is guided through use of colour cues, zooming and other drawing effects 

(signalling: Table 2-7 [9]). I do, however, use the digital pen and picture-in-picture 

(talking head) in the less formal procedural ReViews (worked examples), where 

embodiment (Table 2-7 [17]) better presents the workshop-style practical setting. 

These videos are also less structured to allow a more natural, personalised (Table 2-7 

[15]) effect. 
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3.2.3. Recording process for Procedural ReView videos 

The procedural ReViews (worked examples) are based on word documents, with the 

question text inserted as a picture (.jpg) on the left of a landscape-oriented page. This 

avoids issues with temporal contiguity (Table 2-7 [7]) by presenting both problem and 

solution at the same time (section 2.8.5). Using a jpg allows for annotations to be 

written over the text to help explain consolidation adjustments. Figure 3-2 shows a 

screenshot from the most advanced worked example. The question is answered in steps 

(segmenting Table 2-7 [10])) that can be labelled post-production, so that a table of 

contents can offer individualised guidance to particular aspects of the answer the user 

may need to focus on (section 2.8.5) (Partial worked example: Table 2-7 [11]). It 

includes additional “call outs” that enhance the recording (see section 3.3.3) and 

signpost the learner to the theory behind adjustments (signalling: Table 2-7 [9]). 

Concerns over spatial contiguity (Table 2-7 [8]) (split attention, section 2.8.5) are 

allayed by the ability of the user to control the playback of the video. In addition to 

pausing and rewinding, replay speed is controllable via playback settings (the cog wheel 

at the bottom left of the screen in Figure 3-2). Figure 3-9c outlines all user controls. In 

my initial worked example videos, all annotations – including highlighting - were made 

by digital pen; but later recordings leave highlighting to post-production so that text is 

not cluttered with permanent highlights that were only intended for transitory 

explanation or signal. 

Figure 3-2: Screenshot of ReView video (worked example) 
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3.3. Using Camtasia 9: Post-production 

3.3.1. Basic Editing in Camtasia: Canvas and Timeline  

The basic recording of PreViews (PowerPoint slides and narrative), or ReViews (word 

document, webcam and pen annotations) was then enhanced post-production. The 

original PowerPoint slides were sometimes replaced with more dynamic Camtasia 

functions, such as annotations (text “callouts”). In some cases, the slides were 

overwritten completely by inserting a simple black background over the top of it, upon 

which additional annotations could be added. With a black background and white text, 

text colour can be altered using the highlighting function, signalling (Table 2-7 [9]) the 

importance as the narrative references it (multimedia (Table 2-7 [2]) and support the 

linking of elements using similar colours. An example of this is available on YouTube 

(https://youtu.be/LdDUksZSzMU), illustrating the adjustments needed to account for 

intra-group sales in the consolidated income statement. This video incorporates several 

advanced Camtasia functions and was initially recorded as audio with the screen 

displaying a black background with static text presenting the example: subsequent text 

and highlighting was added post-recording. As soon as recording finishes, the Camtasia 

editing screen opens. Figure 3-3 shows the four areas of the editing screen.  

Area 1 of Figure 3-3 is the timeline, where the recorded video and audio (separated, 

ready for enhancing) can be played and edited. Navigation through the recording is best 

done using the “playhead” which represents the point of the recording being displayed 

Figure 3-3: Camtasia Editing screen 

 

https://youtu.be/LdDUksZSzMU
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in the Canvas (Area 3): moving the playhead from left to right will scroll through the 

video, which is shown in the Canvas. The Canvas shows a preview of the finished 

product: everything shown here will appear in the final video, including additional 

material (highlights, textboxes and callouts) that can be added, resized and positioned. 

When working with two screens, the canvas can be moved to the second screen where 

it can be enlarged to aid with editing (move the mouse to the canvas area, right click, 

select “detach canvas”). The playhead can be used to remove sections of the recording 

that contain errors. When a mistake is recorded (“ums and errs”, pauses or misreading), 

the most efficient way of dealing with these is in the editing stage rather than restarting 

the recording. Move the playhead to the start of the erroneous section, drag the red 

handle to the end of the section to highlight it, and use the right-click menu with the 

mouse located in the highlighted section to cut the section (Figure 3-4). A stitched line 

appears to represent the cut in the recording. Selecting delete will remove the section 

but leave space for a new recording to be inserted in its place.  

Figure 3-4: Using the Playhead to edit video (cutting, inserting) 

Area 2 of Figure 3-3 shows media that can be added or edited, including annotations 

(text boxes, arrows, shapes, sketch motion, highlighting and hotspots), transitions 

between sections, animations (zoom and pan), interactivity (quizzes) and captions. Use 

of these is outlined in Sections 3.3.2 to 3.3.4. 

Area 4 of Figure 3-3 is the Properties panel, where the properties of a selected item can 

be adjusted. In the case of Figure 3-3, the audio is selected (it is highlighted in the 

timeline), so the properties panel shows the audio properties, which are basic at this 

stage (pending enhancement), representing the raw recorded audio.  
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3.3.2. Enhancing and editing Audio  

The first action after recording is to enhance the audio. Both screen video and audio will 

initially appear together in the timeline but can be separated by right clicking. Select the 

audio track to highlight it; its properties then appear in the properties panel (as shown 

in of Figure 3-3). Click on the Audio Effects tab in the media section, and a choice of 

effects are available (noise removal, volume levelling, fade in/out and clip speed). My 

preference is to use volume levelling: drag the volume level effect down from the media 

section onto the audio track (step 1 in Figure 3-5) and adjust volume levels in the 

Properties Panel (step 2 in Figure 3-5). Three pre-set volume variation levels (high, 

medium, low) are available, or levels can be customised. Clip speed can also be 

amended here if you feel that your speech is a little slow in the recording. Guo, Kim and 

Rubin (2014) recommended a fast presentation pace, particularly where the user can 

control playback speed. Audio volume can also be adjusted within the track itself, by 

raising or lowering the green line. Noise removal can reduce any background noise 

through an automatic process: drag the effect down onto the audio track and click on 

the analyse button in the properties panel. 

Figure 3-5: Adjusting Audio Levels 

 

Editing of audio volume and levels is recommended before any splicing or editing of the 

video contents, since once the recording is spliced, audio clips are regarded as 

separated and would require editing individually. If there are moments within the 

recording where the volume suddenly changes, two audio points can be set by double 
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clicking within the track at the start and end of the section, and dragging the inner of 

each down/up to change the volume for that section (Figure 3-6a). The same approach 

can be used to fade audio in and out (Figure 3-6b). 

Figure 3-6: Using audio points to edit sections 

(a) Reducing volume for a section 
(b) Fading in 

Once the audio has been levelled, the video should be played through in full to: 

▪ identify areas where edits are needed (as described in section 3.3.1)  

▪ identify sections within the video that can me marked or labelled for a table of 

contents. The video should be Segmented (Table 2-7 [6]), as clearly defined 

“breakpoints” have been shown to improve recall and recognition (Boltz, 1992) 

and aid in the construction of schemas (see section 2.8.3). Markers can be added 

on the timeline by moving the playhead to the desired location and pressing 

Shift+M; or by making the marker track visible (CTRL+M) and adding them 

manually. Markers can be added during recording (using CTRL+M) and are added 

automatically when the recording is paused (these may need removing if not 

required). A marker title can be changed via the properties panel.  

▪ consider what signalling (Table 2-7 [9]) or call outs should be added, if not 

already planned out (section 3.3.3).  

3.3.3. Adding Signals (Cues) and other media 

Table 3-1 summarises the methods of signalling applied to videos, empirical evidence of 

their impact upon learning, and a description of similar techniques used or available for 

use with Camtasia. The examples cited in the table are also available to view on 

YouTube via this link: https://youtu.be/eJDUgVe9Jug. Each signal type is available via 

Camtasia (blur, spotlight, highlight, interactive hotspot and pixelate). The benefits of 

providing signalling/cues are outlined in section 2.8.5 (Table 2-7 [9]).  

https://youtu.be/eJDUgVe9Jug
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Table 3-1: Signalling methods applied to Videos 

Method Literature Camtasia technique used in this study 

1. Adding colour 
to picture 
elements or 
labels  

Jamet, Gavota and Quaireau (2008) coloured areas of a picture when narration 
referred to them, resulting in significant positive effects on retention and task and 
lower self-reported cognitive load. Colouring relevant diagram parts when 
referenced proved effective in recall but not transfer tests (Tabbers, Martens and 
van Merriënboer, 2000; Tabbers, Martens and Merriënboer, 2004). Ozcelik, Arslan-
Ari and Cagiltay (2010) coloured a label when referred to in narration, resulting in a 
higher fixation time on both label and picture element, and significant positive 
effects on matching and transfer tests. Spreading colour cues (expanding colour 
across animation as relevant aspects are described) aid comprehension (Boucheix 
and Lowe, 2010)  

Spreading cues have been used in illustrating the 

additive consolidation process (Figure 3-7a).  

Figure 3-7c and Figure 3-7d show how shapes 
(rectangles, circles) can highlight relationships 
between elements within the statement of financial 
position. Camtasia can add movement to these cues, 
adapting the findings of expanding colours by 
Boucheix and Lowe (2010) to other forms of cue.  

2. Using flashes 
or colour to 
highlight 
elements 
when spoken 
text refers to 
them. 

Under the modality effect (Table 2-7 [2]) (section 2.8.2), narration with diagrams 
should be more effective than written text with diagrams. Visual search (the extent 
to which learners must “hold auditory information in auditory working memory 
while searching for the appropriate visual referents using visual working memory”) 
is aided by cueing (Jeung, Chandler and Sweller, 1997) (p331). In conditions of high 
visual search, narration is still advantageous provided visual cues guide the learner 
to the appropriate picture element. Cues mitigate the effect of split attention. 

Figure 3-7b shows an example of using colours to 
link aspects of the written example with the 
workings, assisting visual search. Similar approaches 
apply to worked example ReViews, when referenced 
in the narrative; and where the question and answer 
are displayed in different screen locations 
(mitigating split attention effect) 

3. Shading out 
irrelevant 
areas  

de Koning et al. (2010a) adopted this approach to focus attention on an animated 
element that was the subject of narration or required learners’ self-explanation 
(Table 2-7 [19]). Significant performance benefits were found on retention, 
inference and transfer. Cueing was found effective for both cases. 

Shading is used to focus attention on specific areas 
that are the subject of the narration. Figure 3-7c 
shows the use of the spotlight facility to focus on the 
statement of financial position of the subsidiary that 
will be included in consolidation. 

4. Hiding 
irrelevant 
information 
by zooming 

Amadieu, Mariné and Laimay (2011) applied zooming in to important information in 
instructional animations, reducing extraneous cognitive load (coherence: Table 2-7 
[1]) (after three exposures), improving retention of high-element interactions (the 
“causal relations between elements” (p36)) and supporting development  of more 
elaborate mental models based on a subsequent problem-solving task. 

An example of zooming is shown in Figure 3-7d, 
where the lower half of the statement of financial 
position is magnified to explain the concept of pre- 
and post-acquisition reserves. 

5. Using arrows, 
colour and 
summary 
icons 

Mautone and Mayer (2001) found performance benefits on transfer when using 
guiding arrows, colour and summary icons. Learning time fell when Lin et al. (2011) 
used arrow cues in static and dynamic pictures with narration, although cues 
revealed no improvement in learning outcomes.  

Dynamic Arrows and colour are used to illustrate 
aspects such as the significance of majority 
shareholding (control) on the consolidation process. 
See the YouTube video for further illustrations. 
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Figure 3-7: Examples of Signalling methods applied to Videos 

(a) Spreading Cues illustrate the additive process of consolidation 

(b) Colouring elements to assist in visual search 

(c) Shading out irrelevant areas to focus attention 

(d) Zooming focuses attention and aids viewing on mobile devices 
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3.3.4. Adding Quizzes 

Brame (2015) (p5) recommends integrating questions into the video and providing 

elaborative feedback (Table 2-7 [20]) needed for the novice learner, based on a 

student’s response, to avoid a passive viewing experience and to promote “processing 

and self-evaluation” that leads to learning. Dong and Goh (2015) recommend the use of 

interactive elements to promote students’ participation, moving them from passive 

viewers (studying independently online) to active participants. Vural (2013) found an 

improved performance on subsequent quizzes when pre-service teachers viewed videos 

containing embedded questions, compared to interactive videos without quizzes. 

Students provided with guiding questions during the viewing of videos were found by 

Lawson et al. (2006) to have scored significantly higher in a post-view test than those 

who viewed videos without guiding questions (guided discovery: Table 2-7 [18]). Quiz 

content and design “should be guided by goals of the course and the norms of your 

discipline” (Brame, 2015) (p5). In this case, since the PreView videos present students 

with information that builds upon previous videos, a short quiz is presented at both the 

start and end of a video. 

Quiz at the start of PreView video 

Where content is presented linearly (as in most videos), a quiz at the start can “help to 

build the cognitive foundation” (Dong and Goh, 2015) (p141) by promoting recall and 

application of knowledge from prior experience, preparing students for new material 

(Merrill, 2002) and assessing their readiness (Kirvan, Rakes and Zamora, 2015). PreView 

opening quizzes tested areas covered in previous videos, which also related to the new 

material presented in the video (acting as a form of pre-training: Table 2-7 [5]).  

Quiz at the end of PreView video 

Prober and Heath (2012) embedded quizzes in their pre-lecture videos to test 

comprehension prior to the class session. Results from these quizzes then informed the 

design of class activities under Just-in-Time Teaching (JiTT; Novak et al., 1999). Quizzes 

can act as a “self-check of knowledge or skill” (self-explanation: Table 2-7 [9]), where 

feedback reinforces learning through a critical evaluation of the material presented in 

the video (Martin and Martin, 2015) (p47). Questions – and elaborative feedback - were 

planned out in word or excel (if a calculation question), then added to the start and end 

of the video in Camtasia.  
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3.4. Video content presentation in Blackboard 

The videos and other pre-lecture material (worked examples presented as problem 

pairs: Table 2-7 [14]) are placed in Blackboard folders with guidance (Figure 3-8).  

Figure 3-8: Folders for PreView videos in Blackboard 
(a) PreView folder 

 

(b) 

 

Feedback from students in the Pilot research (section 4.4.1) recommended that the 

length of Pre-lecture material should be around 30 minutes; and the average length of 

each PreView video is 6 minutes (Figure 3-9a).  
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Figure 3-9: Guidance on content and viewing 
(a) Illustration of PreView content for a Lecture 

 
(b) Illustration of Guidance with worked examples (ReViews) 

(c) Guidance provided on Blackboard on learner-controlled video playback 

The ReView worked examples Blackboard section includes a booklet of the questions, 

with guidance on the PreView videos to watch beforehand, aspects that are new as well 

as aspects covered in earlier examples (Figure 3-9) (guided discovery: Table 2-7 [18]). 

Elaborative feedback (Table 2-7 [20]) is provided as soon as the student wants to check 

their attempts (feedback timing: Table 2-7 [22]) in video format (modality of feedback: 
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[21]), and also in typed and annotated format (based on the video answer). Figure 3-9c 

shows a summary provided to students explaining the playback functions under their 

control. It is also an example of adopting the spatial congruity effect by placing 

explanations within the diagram, as close as possible to the related aspects to which the 

explanations relate. 

3.5. Data collection from Blackboard 

Dates and number of times every student accessed each video was recorded using 

Blackboard’s statistics tracking. Throughout the 3-month learning period (Table 5-1, 

page 157), access data was available for each of the PreView, ReView and fully worked 

example videos (see Table 5-2, page 158).  

At the end of the semester, after the exam, statistics on access of each resource was 

downloaded from Blackboard in excel format using Blackboard’s statistics report 

function. Care should be made to ensure that no folders containing videos are statistics 

tracked, to ensure that statistics on video use can be recorded at the most detailed 

level. 

3.6. Considerations for Faculty 

The need for high quality videos is key to an effective flipped pedagogy. Akçayır and 

Akçayır (2018) describe how videos with limited technical and pedagogical features can 

negatively the learning experience, citing poor audio quality (He et al., 2016) and the 

need to segment videos (Mason, Shuman and Cook, 2013). Lo, Hew and Chen (2017) 

identify the importance of creating bespoke videos by outlining the ineffectiveness of 

using others' videos in technical subjects (Kuiper et al., 2015). But the development of 

videos by reworking existing resources or developing new ones (Ferreri and O’Connor, 

2013; Mason, Shuman and Cook, 2013) comes at a cost. McGivney-Burelle and Xue 

(2013) took an average of 90 minutes to make one short video. For Anderson and 

Brennan (2015), the time spent creating videos and planning material “was considerably 

greater than that for simple lectures” (p873). Lento (2017) describes how higher quality, 

script-based bespoke videos can triple the time to create a video, whilst Wanner and 

Palmer (2015) suggest preparation for flipped material can be nearly six times more 

than traditional course preparation. Talbert (2015) suggest a similar 6:1 ratio for 

preparing videos (development time to video running time) “so that a 5-minute video 

usually took half an hour to make. Multiplied by over 100 videos, this represents a large 
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amount of time and effort.” (p624-5). Realistically, even a 6:1 ratio is, I feel, quite 

optimistic and is likely to be higher for academics new to the process of designing 

resources incorporating the CLT principles described in this chapter (Table 2-7). It is little 

wonder, therefore, that the most common faculty challenge - identified in all of the 

flipped learning studies in the meta-analysis by Lo, Hew and Chen (2017) - is the 

significant start-up effort.  

There are ways to mitigate the time and skill requirements. Time spent in learning new 

techniques will fall once the learning curve is overcome, and a piecemeal approach to 

flipping, or flipping a portion of a course (Wagner, Laforge and Cripps, 2013) reduces 

initial workload, as would working as a team of instructors; and a careful selection of 

course area which is less likely to change means the videos can be reused in future 

(Lento, 2017; Moffett, 2014). 

Academics may currently lack both the equipment and technical skills to produce videos 

as outlined here (Anderson and Brennan, 2015). To support their development, some 

higher education institutions are developing specialist units to help with pedagogical 

and technological challenges and “assist instructors in the development of their 

electronic ancillary materials” (O'Flaherty and Phillips, 2015) (p88). This is to be 

encouraged, as well as providing development time on academic workloads (Grant, 

2013).  

3.7. Conclusion 

This chapter describes the process by which screencasts were produced for this case 

study, based on CLT and multimedia learning principles (described in Chapter 2, and 

summarised in Table 2-7). Videos were enhanced with quizzes to promote 

metacognition and self-regulation. Because the videos were uploaded in SCORM format 

onto Blackboard, data on individual quiz performance is available in addition to data on 

access through Blackboard’s statistics report function. This data can be used to identify 

types of user via cluster analysis and compare the use of resources against subsequent 

learning outcomes. The methodology of how these resources were first reviewed to find 

the mode of presentation preferred most by students (a pilot study) and then evaluated 

against learning outcomes (the final study) is described in Chapter 4.  
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Chapter 4 Methodology 

This chapter describes and justifies the choice of methodologies used in the two distinct 

stages of research in this study: an initial exploratory (pilot) study into the development 

of online resources, and a subsequent evaluative (final) study of their impact upon 

learning outcomes. 

4.1. Ontological and epistemological stances 

My ontological and epistemological stances are described in this section. A brief 

description of each key paradigm is presented, leading to a discussion toward my 

decision to adopt the pragmatist paradigm, and how this relates to the research 

methods applied in this study.  

In emphasising the social and cultural aspect of natural science research, Thomas Kuhn 

(1970) refers to a paradigm as concepts shared in research communities, anchored by 

exemplary studies at a set time and place, that provide a framework of assumptions 

containing ‘puzzles.’ Over time these puzzles may, if unresolved, lead to a scientific 

revolution leading to a new paradigm. Lincoln, Lynham and Guba (2017) provide a 

concise description of key paradigms set in a continuum between the two positions 

described by Johnson and Onwuegbuzie (2004) as quantitative purists (logical 

positivists) and qualitative purists (constructivists). Each paradigm holds assumptions on 

reality (ontology), knowledge of that reality (epistemology), and ways of knowing that 

reality (methodology). 

Constructivists believe that individuals construct their own worldviews through socio-

cultural contexts and interactions: reality is local and specific and “derived from 

community consensus of what is ‘real’, what is useful and what has meaning” (Lincoln, 

Lynham and Guba, 2017) (p167). Since meaning-making activities that are central to 

knowledge are subjective and findings are created by individuals, the focus of research 

is on the processes that leads to this construction (Hammersley, 2013). The researcher 

needs to examine the meaning-making though the multiple lenses of those involved: 

define and make sense of the interactions, contexts and experiences. This perspective 

links well with the social constructivist theory relating to learning through social 

interactions in classrooms (Cohen, Manion and Morrison, 2017) (p52) (sections 2.5.4 

and 7.5.1).  
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At the other end of the continuum, positivism adopts an empirical foundationalist 

stance in which knowledge must be derived in what the literature describes as ‘naïve 

realism,’ where knowledge cannot extend beyond observable evidence, rejecting a 

metaphysical reality free from “the interests, values, purposes, and psychological 

schemata of individuals” (Howe, 1988)(p13). Hicks (2018) suggests that (other than in 

pure maths) applying positivist principles negates many scientific theories that are 

inferred from observation, and Phillips (2004)(p67) infers that positivism’s naïve realism 

(where no “knowledgeable living person …. admits to being a positivist in anything like 

the classic sense”) has been replaced with postpositivism’s “critical realism” (Lincoln, 

Lynham and Guba, 2017). Postpositivists accept that knowledge is based on fallible 

sources of information rather than incorrigible (persistent) truths, and can be objective 

without certainty: either in a strong sense (where we are aware of objects existing 

independently of our conceptions of reality) or a weak sense (through researchers’ 

intersubjective agreement and convergence of beliefs) (Hicks, 2018). The weak sense of 

objectivity raises concerns of bias which requires elimination (see 1.4.2), and Dewey’s 

proposal of replacing ‘warranted assertibility’ for ‘truth’ is suggested as more 

appropriate (Phillips and Burbules, 2000). Popper (1963) theorises that science is 

evolving through application of logic. The logic of adopting falsification over verification 

(it is harder to verify than to refute) is a more efficient method to warrant objective 

knowledge, and was applied to contest the naïve realist (logical positivist) assertions 

about universal truth (Phillips, 2004). Similar to the scientific revolution of Kuhn, Popper 

(1963) describes how better theories evolve through competition which then improves 

approximations of reality in an upward spiral towards truth. Realism applies a 

foundational approach expanded beyond the incorrigible sources of information 

acceptable to positivists, thus adopting scientific theories that attempt to describe the 

‘real world’ (Cherryholmes, 1992). The scientific method is still embraced, and since 

observed evidence requires interpretation, it is both theory-laden and value-laden: 

when being interpreted, evidence incorporates the theories, values, perspectives and 

paradigms of the researcher (and research community) (Phillips and Burbules, 2000). 

Post-positivism still argues that an objective reality exists (rejecting relativism), but 

accepts the existence of multiple, co-existing realities dependent on the social 

constructs of the researcher (Nisbett, 2005). For example, two observers of a classroom, 

one sat at the back and one at the front, will have different observations (multiple 



Page 133 of 316 

truths) of the same classroom (an objective reality) (Cohen, Manion and Morrison, 

2017). As postpositivists view the world imperfectly, the issue of bias must be resolved: 

there is a need for value neutrality (Hammersley, 2013) in which warrants for 

knowledge are validated through a community of scholars and subject to tests of 

falsifiability (and future falsification upon new evidence).  

An incompatibility thesis or paradigm war (Johnson, Onwuegbuzie and Turner, 2007) 

argues that since quantitative and qualitative approaches are associated with two 

incompatible paradigms, combining both them would be the same as believing in both a 

round and a flat world (Guba, 1987) (p31). Howe (1988) counter-argues that a two-way 

relationship exists between methods and paradigms and that “paradigms are evaluated 

in terms of how well they square with the demands of research practice” (p10). Over-

emphasising differences fails to recognise similarities. For example, quantitative analysis 

is not as mechanistic as may seem: judgements are made over valid measure (in this 

case: judgement is made in determining the most meaningful cluster number), variables 

that may distort comparison (determining outliers) and choice of statistical tests (and 

which variables to include) (Huberman, 1987). Under the post-positivist (realist) 

approach, the forced choice of quantitative or qualitative methods is less valid. 

Onwuegbuzie and Leech (2005) describe three schools of thought that evolved from the 

paradigm wars: purists continue to argue the for only mono-method studies; 

situationalists follow a mono-method paradigm but accept that certain research 

questions are more suited to one of the two methods; and pragmatists argue against a 

clearly linked positivist=quantitative and hermeneutic=qualitative dynamic by 

recognising similarities in each. For example, both paradigms use observations, describe 

data and build arguments to explain the arising outcomes (Sechrest and Sidani, 1995). 

Both use techniques to minimise bias (e.g., triangulation) and verify their data, and both 

apply data reduction techniques: for example, emerging factors from (quantitative) 

cluster analysis are similar to emerging themes from (qualitative) thematic analysis 

(Onwuegbuzie and Leech, 2005). A ‘paradigm’ embraces a ‘world view’  - an 

epistemological stance, shared beliefs and model examples (Freshwater and Cahill, 

2013). A pluralist view of multiple, coexisting realities – resulting from the need to 

bridge the gap between observed evidence and meaning - is accepted by both 

postpositivists (where multiple perspectives, claims and warrants are presented (Phillips 

and Burbules, 2000)) and constructivists (where “multiple, incommensurable 
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interpretations are frequently generated and circulate within the same contexts” 

(Hammersley, 2013)(p35)).  

Pragmatists, therefore, have no problem with integrating both methods in a single study 

to benefit from the strengths of each, and consequently better understand social 

phenomena (Sieber, 1973). Pragmatists accept that truth is not viable, as it is impossible 

to tell when beliefs equal reality (Hicks, 2018). Their philosophy is that the research 

question should lead the choice of method(s) used and theories selected based on the 

pragmatic advantages gained: “Researchers who ascribe to epistemological purity 

disregard the fact that research methodologies are merely tools that are designed to aid 

our understanding of the world” (Onwuegbuzie and Leech, 2005)(p 377).  

My worldview:  

The aim of this study is to successfully develop, implement and review the impact of 

using pre-lecture online resources on learning outcomes. Interestingly, social science 

was described by Kuhn as pre-paradigmatic “precisely because it continuously displays a 

host of competing approaches” (Hammersley, 2013) (p39). My worldview is one of a 

pragmatist: I regard qualitative methods as the most effective way to answer the first 

research question (the pilot study), and quantitative methods best answer the question 

of overall cohort usage and impact on learning outcomes (the final study). Sale, Lohfeld 

and Brazil (2002) propose a solution to the incommensurate paradigms of quantitative 

researchers (in which an objective reality exists, separate from the observer) and 

qualitative researchers (where a changing reality evolves through individuals’ 

experiences and in which researcher and researched are inseparable). Since the two 

methods study different phenomena, labelling the different phenomenon examined by 

each method allows a single study to apply the two methods for complementary 

purposes. This differs from an additive approach in which both methods attempt to 

capture aspects of the same phenomenon. In this thesis, the identification of 

appropriate design attributes (in the pilot stage) requires qualitative research of the 

experience of using the resources; whilst the impact of the resources on learning 

outcomes is a quantitative measure against learning outcomes (and other factors). The 

paradigms under which each phenomenon is investigated can differ because each 

phenomenon differs and findings from each method complement the study.  

Onwuegbuzie and Teddlie (2003) further suggest reconceptualising quantitative and 

qualitative approaches into either exploratory or confirmatory methods, to de-
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emphasise the quantitative/qualitative aspect. Exploratory techniques could be 

quantitative (descriptive statistics, factor analysis and cluster analysis) or qualitative 

(thematic analysis); and confirmatory methods would adopt the various quantitative 

statistical techniques, or qualitative confirmatory thematic analyses. In this case, the 

pilot study and cluster analysis in the final study are both exploratory in nature, whilst 

regression techniques applied in the final stage are confirmatory. Focus group 

transcriptions are thematically analysed in the pilot stage, to help revise the design of 

the online materials; and quantitative cluster analysis explores the usage habits of the 

resources by students in the final stage. This then leads to confirmatory regression 

analysis in which usage clusters and other factors emerging from the literature are 

evaluated against learning outcome. This technique links with the fifth purpose of 

methodological studies, expansion, outlined by Greene, Caracelli and Graham (1989) in 

that it “seeks to extend the breadth and range of enquiry by using different methods for 

different inquiry components” (p259).  

I therefore adopt a pragmatist paradigm, although methods are not mixed in this case 

study. The two mono-method (Johnson, Onwuegbuzie and Turner, 2007) studies (pilot 

and final) are not integrated: the pilot (qualitative) stage does not "inform" the final 

(quantitative) stage, as online resources were complete and ready by that stage 

(Johnson and Onwuegbuzie, 2004).  

4.2. Two Research Stages and Methodologies 

Research methodologies at each stage are summarised in Table 4-1.  

Table 4-1: Methodology summary for two stages of this study 

 Pilot Stage Final Stage 

Methodology 
Exploratory case study 

Exploratory / Confirmatory  
case study 

Qualitative Focus groups 
Quantitative Cluster Analysis and 
Regression Analysis 

Rationale 

Subsequent qualitative data elaborates, 
explains and provides more understanding of 
barriers to use (practical and design-related), 
and suggestions for improvement. (See 4.3) 

Non-invasive approach grouping 
learners into profiles grounded in 
online activity; data enhances cluster 
descriptions & interpretation (see 4.5)  

At the pilot stage, the online resources were evaluated for accessibility and usability. 

The main focus of this stage is on the usability of the resources, once accessibility is 

confirmed through Blackboard statistics tracking and focus group feedback. The pilot 

version of the resources was reviewed and amended following feedback gained through 

focus groups to lead to a shorter, more manageable set of resources for use in the final 
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stage. The methodology of this review is outlined in section 4.3, with findings described 

in section 4.4.  

At the final stage, the focus switches to an evaluation of the use of online resources and 

their impact on learning outcomes. Cluster analysis (section 4.5) was used to divide 

students into subgroups based on their usage of the online resources. This non-invasive 

approach identifies and groups learners into profiles that are “grounded in learner 

activity” – the dates and number of times that each resource is accessed online 

(Antonenko, Toy and Niederhauser, 2012) (p383). Incorporating other data (whether 

the student uses English as a second language, their extent of prior knowledge in 

accounting, attendance at workshops and in-video quiz performance) attempted to 

enhance cluster descriptions and strengthen their interpretation. Findings from the final 

stage should guide future use. The rationale for using cluster analysis is provided in 

section 4.5. The chapter ends with ethical considerations (section 4.6). Findings from 

the final stage are covered in Chapter 5 (cluster analysis) and Chapter 6 (regression 

analysis). 

4.2.1. Methodology in Accounting Education Research 

Rebele and St. Pierre (2015) suggest there are signs of stagnation in accounting 

education research, arguing that most research is not empirical, or too reliant on the 

survey research method; whilst also acknowledging that experimental research is 

problematic both ethically (a treatment group may benefit over a control group, 

attitudes and outcomes may differ) and practically (withdrawal rates may differ). A 

review by Marriott et al. (2014) of 250 main papers’ characteristics from six key 

accounting education research journals found 18% used experimental design, 40% 

survey, 17% archival and 12% case study, with 13% using no method. 62.8% of these 

used purely quantitative evidence, 6% purely qualitative, and 12% mixed. The adoption 

of pedagogical theory to inform accounting education is relatively low (only 20% of all 

main papers), which is surprising given the “unlimited potential to apply theories 

developed for other domains and for other purposes” to accounting education 

(Marriott et al., 2014) (p276). This study describes the development of online resources 

grounded in pedagogical theory developed initially in the health education sector: the 

4C/ID model (van Merriënboer and Kester, 2014) and its impact on learning outcomes. 

A cluster analysis of the whole cohort of students removes issues over "selection bias" 

that may arise under experimental design (e.g. Sargent, Borthick and Lederberg (2011)) 
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or sampling techniques, and enables the assessment of the whole cohort’s use of the 

introduced online resources. 

4.2.2. Triangulation and Validity 

Using multiple sources enhance rigour through triangulation, and counter threats to 

validity (Denzin, 2017). This study uses variation in: 

1. data sources: Levels of person analysis vary between the aggregate (student access 

to Blackboard, test and exam results), interactive (participants in focus groups in the 

pilot stage of research (section 4.4.1),  and collective (sub-groups of clusters 

analysed in the final stage of research (section 4.5)). 

2. observer: in the management of focus groups, removing risk of personal bias 

(section 4.3), and 

3. methodology: Using both qualitative (focus groups) in the pilot and quantitative 

(cluster analysis, regression) techniques in the final  study. 

This study provided opportunities for repeating the final stage with different cohorts, 

and by replicating the methodology, offering enhanced rigour through theoretical 

replication (Eilbert and Lafronza, 2005). Multiple case studies can provide either a literal 

replication (yielding the same results) or a theoretical replication (building upon the first 

study), akin to multiple experiments (Yin, 2017).   

4.2.3. Relocation from University A to University B 

Table 1-3 on page 50 outlines that the research locations shift from University A (where 

the pilot study was completed) to University B (where the final study took place). The 

change in location was unavoidable, and purely the result of my moving jobs. It has, in 

my opinion, minimal impact in the findings of this thesis. The move in location took 

place after completion of the pilot study, at which time online resources had been 

refined and ready for application in the final study. It did result in a hiatus in the study 

as the online resources were created for use at the new location, applying the same 

principles and features as recommended in the pilot study. Had the study continued at 

the same location, a new cohort of students at University A would have been using 

similar resources as those that were subsequently created for use with students at 

University B. Both institutions are UK, higher education institutions, at the same level of 

study in the same course (Financial Reporting). 
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4.3. Objectives and Methodology of the Pilot Research 

A two-year pilot project examined, through focus groups, the practical, operational and 

design issues involved in providing online resources (“PreViews”) to students on the 

Financial Accounting module at University A. Its aim was to identify barriers to access 

(both practical and design-related), methods to overcome these barriers, and to 

contribute to previous research into the effective provision of online screencasts 

(Pinder-Grover et al., 2011), whilst exploring the access habits and additional support 

requirements for the effective provision of an online instructional design to accounting 

students. It also confirmed the viability of data gathering techniques using the VLE’s 

statistics tracking function which provides data on an individual’s access of the online 

material. The pilot research covered two stages (Table 4-2).  

Table 4-2: Pilot Research Stages and key dates 
Key dates of Pilot Stage 1: 
▪ Use of online instructional design: 7th– 28th March 2014 [Teaching period] 
▪ Focus Groups: 28th March 2014 
▪ Additional data collection up to 16th May 2014 (final exam). The “PreViews” were made 

available to all students after the participation period, and data on usage was recorded 
via the University’s VLE, Blackboard. 

The primary focus of the pilot was on processes as opposed to outcomes – and so a 

flexible research design strategy is more appropriate than a fixed design. Quantitative 

data was available - exam results, ongoing online test results and Blackboard access 

data. However, the aim was to evaluate the ongoing learning experience in addition to 

the impact on the final exam results. Data is non-numerical gathered from focus group 

transcripts. A flexible design strategy was most appropriate to evaluate the impact of 

the intervention upon the learning experience. The term “learning experience” 

incorporates many qualitative aspects (such as motivation, engagement, retention, 

enjoyment, lecturer input and available resources) which may become variables in 

addition to learning outcomes (exam result). 

Focus groups were used to identify practical issues such as internet and Blackboard 

access, personal study time, extent of use and workability of videos/hyperlinks, and 

feedback on their design and content, including ways in which the resources may be 

improved to meet the students’ needs. Focus groups allow the collection of a large 

range of qualitative data and offer natural quality controls in that participants can weed 

out extreme views, and group dynamics aids focus on key topics (Krueger, 2009; Winlow 
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et al., 2013). Focus groups were audio-recorded (with participants’ permission, see 

section 4.6) and transcribed.  

Themes were derived inductively: beginning with concrete empirical evidence (the 

transcripts) and working toward concepts and theoretical relationships (Neuman, 2014). 

Codes are therefore grounded in the data (Glaser and Strauss, 1967).  However, I 

acknowledge that under a post-positive perspective, the focus group data will be 

theory-laden, and codes were in mind relating to the objectives of the pilot study 

(confirming accessibility of the resources, and how they may be more accessible by 

improved design) (Gläser and Laudel, 2013). Codes were kept as discrete as possible 

(Gibbs, 2007) and through an iterative process of initial coding and recoding on 

subsequent reviews (Miles, Huberman and Saldaña, 2013), the  ‘constant comparison’ 

approach (Glaser and Strauss, 1967) ensured each code was appropriate. The codes 

were then grouped into categories (sets), linked by similar meaning or concepts (Corbin 

and Strauss, 2015), so that the core issues raised from the discussion are identified. 

Findings are described in section 4.4. 

A total of 21 students were invited to attend one of three focus groups. Each group had 

a no more than seven students, to encourage full group participation. The students 

were invited based on their extent of use of the “PreViews” and results in the online 

tests. As one aim of this pilot research was to identify potential barriers to using the 

resources, selection for the focus groups was not random, and there was no intention 

for the focus group to be representative of the cohort. Invitees may have not 

participated at all, whilst others may have extensively used the resource. The intent was 

that the selection criteria would emerge from the individual’s extent of participation in 

the scheme. Some invitees were likely to be overseas students, for whom English is a 

second language: an awareness of cultural differences was therefore considered when 

inviting and explaining the research process, and in the facilitation of focus group 

dynamics, to encourage full participation of all.  

The focus groups were asked to identify and discuss the barriers to use of the model. 

Because of the researcher’s close involvement with the project’s development, and the 

fact that the researcher assesses the students (via exam), the focus groups were 

facilitated by an independent research colleague not involved in the model, thereby 

eliminating researcher bias (Marriott and Teoh (2012)). Inconsistency and bias between 
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focus groups was minimised by using a protocol guide (Appendix 1) to summarise the 

procedures and discussion issues: a semi-structured approach allowed more insight into 

the themes that emerged from the initial survey. Whilst benefits from my facilitating 

the discussions exist (for example, I may have wanted to pick up on specific comments 

or asked follow-up questions given my knowledge of their intended use and design), my 

main concern with facilitating was that students may have felt compelled to provide the 

answer I want to hear, rather than an honest depiction of their experience; and this was 

considered more important. 

All focus groups were audio-recorded, transcribed and coded into themes using NVivo. 

All participants were required to sign a consent form informing them of their right to 

withdraw, or refuse to answer any questions in the meetings, and describing the way in 

which the transcribed sessions were to be analysed. Participants were made aware that 

their words may be quoted in publications, reports, web pages, and other research 

outputs. However, their identity remained confidential. Students were identified using a 

coded ID in the NVivo analysis, and not identified in research output. 

Some students in the focus groups may have been reluctant to discuss their opinions in 

a group context, and others may have refused either to participate in the focus group or 

refuse the invitation. Whilst BERA’s general guideline (British Educational Research 

Association, 2018) is to accept the student’s right to withdraw or not participate, the 

guidelines do suggest researchers assess whether a change of approach might persuade 

them to re-engage. In situations where the student had, for example, not used the 

model, or had personal reservations over speaking in a focus group, such students 

would be invited to short, individual and confidential interviews, also facilitated by an 

academic and research colleague not involved in the model, to eliminate researcher 

bias. Refusal to participate in interviews was accepted without further question: no 

coercion or duress was placed on students to re-engage.  

A similar approach was undertaken in a research project investigating the delivery of 

audio and visual feedback using screencast technology (Marriott and Teoh, 2012), 

where the full cohort of 155 accountancy students were surveyed, and 17% of the 

cohort volunteered for participated in focus groups. This project avoids potential bias 

from self-selection by using data from Blackboard as the basis for focus groups 

selection.  
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4.3.1.  Blackboard Access data 

The online learning materials were available to those willing to participate in the 

research period (7th March – 28th Mar 2014), and then made available to the cohort 

from 29th March to 16th May 2014 (the final exam date) via the University’s VLE, 

Blackboard. Blackboard’s “statistics tracking” facility records the number of “hits” or 

times that a user has accessed any resource that is posted onto the site. The data can 

be downloaded as a CSV file. The data on access by the cohort of “PreView” material 

was successfully collated after the final exam (see section 3.5).  

4.4. Findings from the Pilot Stage 

4.4.1. Focus Groups Findings 

Focus groups took place on 28 March 2014, administered, audio recorded and 

transcribed by an independent interviewer, and transcriptions were analysed into sets 

of nodes as described in section 4.3; and summarised in Appendix 2. Six categories were 

identified:  

▪ technical issues (relating to accessibility via Blackboard and various devices), 

▪ reasons for non-use (aspects that are putting off the timely use of the resources), 

▪ active learning (comments relating to the task-based approach of the resources),   

▪ resource design (relating to the appearance and content of the videos and tasks),  

▪ individualisation (the ability of students to use as best suits themselves), and  

▪ quiz design (issues with quiz design and demand for in-video quizzes to test 

understanding).  

The technical issues set includes comments on access to the resources, each of which 

was resolved through students contacting the university’s IT services and – in the case 

of use by tablet – accessing the videos though the Blackboard app. All technical issues 

were resolved, and access advice was provided to students on Blackboard, with the 

advice updated as issues were reported and resolved.  

A key aspect of the pilot related to gaining a viewpoint on why students may choose to 

not use the online resources at the recommended time. In the reasons for not using 

category, two students explained their reluctance to use the resources before lectures, 

indicating two issues: a lack of time to complete, and an inability to get immediate 

answers to any questions they had. The former was a clear issue with both users and 
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non-users leading to the first key recommendation: to redesign the content into a more 

manageable time: 

1. Packaging activities to complete within a set time 

Only five students viewed all PreView videos within the recommended timeframe – 

which reinforces the feedback from the focus groups that too many videos and activities 

were provided for effective pre-lecture use. Some admitted to being put off by the 

number of videos provided, although there were indications that some were also 

unaware of the relatively short duration of each video. Guidance on the duration of 

each video and when each needs to be viewed prior to attempting each task will be 

added to the content. The groups commented on the amount of time needed to go 

through the videos and tests:  

“I've done them all, but I've not done any of my other modules - like any of my 

other modules.  I've concentrated on this. So if you have other work to do, 

you'd struggle 'cause it did take a while” [F4, G2] 

Students suggested a better “package” of videos where they know that the 

commitment to viewing is limited to, say, one hour a week. This can encourage 

participation and knowledge retention: 

“It does put you off.  So I think if it was all just one video, like one lecture thing 

per week, but it has everything in it that it does, then you can still fast forward 

it and stuff - I just think it looks a little bit less overwhelming.” [F1, G2] 

“Yeah, you can't just say 'Oh, I'll do this one video, I'll take a break' and you 

forget about the others, whereas if you actually sit down and do the entire 

thing, you'll fully concentrate and dedicated to it.” [F4, G2] 

2. Asking Questions 

One student (who didn’t use the resource) commented that there was no opportunity 

to ask questions whilst viewing the PreView videos, in line with the findings of Lo, Hew 

and Chen (2017). This confirms the need for a social constructivist approach to learning 

– which was intended for the lecture. Ways to promote pre-lecture discussion include 

the use of Blackboard’s discussion board (or other collaborative eLearning tools), and 

promoting informal peer study sessions where students can work through the tasks 

together.  

In the active learning category, students who had used the resources prior to lectures 

discussed how it had motivated them towards self-study, by attempting tasks alongside 
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theory. The online resources were also used as a revision tool after lectures, and some 

students felt they were ready to go further in the lectures – toward an active learning 

approach (flipped learning): 

3. A focus on Task completion (active learning) 

In line with the task-based focus of the Four Component Instructional Design (van 

Merriënboer and Kester, 2014), one student commented that they preferred 

approaching tasks at the earliest possible stage: 

“I - the first few questions, I watched all the videos and then, I understand 

the concept of what he's doing - where's there's this scaffolding and stuff - 

but, for me, I just went straight onto the worked examples then.  I didn't 

watch any of the theory videos because for me, doing the question, it sticks 

in more. It makes more sense.” [F1, G2] 

Each focus group appreciated the additional support the resource provided at the 

revision stage, or post-lecture: 

“It's like extra revision as well. Like, after the lecture, like, if you didn't 

understand it before, you can go through it again. [F1, G1] 

Yeah, having the videos there, it's like, if you forget something, or you need 

to go over something again then you have that there for you - so you can 

do it in your own time. You're not pressured, you can fit it round your 

schedule” [M1, G2] 

“I'd definitely recommend it to people.  I think it’s good because you can go 

into the lecture with like a rough idea of what to do, and then you can learn 

from the lecture, and then if there's something you don't do, you can go 

back and watch the videos. Then because there's tasks, its always great 

revision 'cause you can then like again watch the videos for revision and 

the tasks to see what you've learnt.  And 'cause it's sort of instant you know 

whether you've got it right.” [M2, G3] 

The resource design category included discussion on the experiences of using the online 

videos and worked examples, and whether there were any aspects they liked or 

disliked. Comments were positive and many comments accorded with CLT:  

4. Video Duration 

Students commented favourably on the flexibility of the short 6-10 minute videos, in 

line with the segmenting principle: 

“Well I thought that the video lengths and how it was broke down was great 

'cause like you could sort of do one section, like the beginning of it, then 
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maybe have a break .... then you could go in a bit more detail .... I thought the 

timing and everything was great 'cause it wasn't too long but it was enough to 

make sure you grasped everything that was on there.”  

5. Multimedia Learning Principles  

Other comments suggested that the Multimedia Learning Principles applied to the video 

design were effective: 

i) the “split-attention” theory of presenting worked examples “all-on-one page”:  

F1:  When you said about the pages: I think it’s better that it is all on one - 

'cause I think that sometimes in the lecture, he'll scroll up... 

F3:  And then you lose it. 

F1:  ... yeah. So it's good that it's all just on the screen. [G1] 

ii) the “signalling” theory, using highlights to reduce cognitive load: 

“Plus, that movement of the pen and the highlighting, it actually looks like 

we're looking at the giant lecture board and so you have that kind of 

understanding .... you know what he's highlighting with his pen - you get 

used to his technique and everything.” [M1, G3] 

iii) the “sequencing” theory, building from basic to complex tasks: 

“tasks build up on each other, so it’s like, you do a little bit, then carry on, 

until your last one, which is a big question. It's very good.” [F1, G1] 

The individualisation category outlines how students were using the resources to suit 

their own methods of learning. It was interesting to see some students making use of 

the closed captions, whilst others liked the way in which they can control what they 

watch (and in what order). Some students preferred to go through the worked 

examples first (see quote under finding 3), and then dip into the theory videos when 

needed; others described how they could pause to take notes and replay as needed. 

The times at which the resources were released prior to lecture was sufficient (1 week) 

for students to prepare; and comments suggested a reduced need to visit during office 

hours as a result of the worked example videos: 

6. Closed Captions 

The software to create the videos, Camtasia, enables the inclusion of closed captions, or 

subtitles. It took quite a long time to synch these with the narrative, so it was important 

to ensure they were used and useful: students in the focus group confirmed this – the 
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subtitles were used by students with English as a second language, and in noisy 

environments (with the sound turned off): 

“I did use the closed captions, like when I was in Uni and I didn't have 

headphones, I had it on silent and then like read his - the subtitles”. [F4, G2] 

“Also English is not our first language, yeah, so that help a lot. Like because 

subtitles as well.  If I don't understand and then go back and see the titles, 

so it’s good.” [F3, G3] 

7. Individualisation 

Students were selecting elements of the resource to suit their learning preference (and 

prior experience): allowing learners to individualise, take control and tailor what they 

use, and the speed at which they use it, particularly where lecture time is limited: 

“I find it helpful, 'cause I did them all before and then when he's going over 

it, I find it a lot easier 'cause then I understand what he's going on about. 

Whereas, sometimes in other lectures, I've been like left behind 'cause I've 

not done accounting before.” [F1, G2] 

“For some of the video I've noticed I can skip parts of the video, because I 

already have an understanding of it, or I've read about it.” [M1, G2] 

The final category, quiz design, identified a need for careful checking of accompanying 

blackboard quizzes to ensure these are error-free as this can risk putting students off 

using the resource. Once identified, the mistakes were corrected, but this indicates the 

need for preparation time in the design process. That said, students were in favour of 

quizzes to be embedded into the videos, to promote  engagement and self-regulation. A 

question asked of the focus groups wanted to assess opinions on offering a small grade 

for quizzes, as a way of encouraging use.  

8. Quiz design and moderation 

Time must be factored in to allow for checking all material before posting it live. Quizzes 

must be error-free: the quiz results - which may be very important if part of the module 

grade - may be lost if a live quiz needs correcting. Material must be peer reviewed or sat 

by higher-level students before providing to the group. 

9. To consider using quiz score as part of grade 

Students were in favour of promoting participation in pre-lecture videos and quizzes by 

incorporating quiz scores as an element of the final module grade. Research literature 

suggests that this element does not need to be significant (Einig, 2013).  
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4.4.2. Progression to the Main Study 

Findings from the pilot study were encouraging. The pilot confirmed that data on usage 

habits of the online material can be gathered on an individual student basis, using 

Blackboard’s Statistics Tracking function.  Initial non-statistical inferences were made on 

the data that suggests cluster analysis is viable in the Final study. 

As a result of the feedback from the Pilot study’s focus groups, a weekly 1-hour “pre-

lecture package” of PreViews and worked examples was developed for use in the Main 

study (represented by Table 1-2). The package includes worked examples provided in a 

Task booklet, with guidance and advice on completing each task, resulting in a final, un-

scaffolded task. Technical issues with the creation of Blackboard quizzes were resolved 

(replacing word tables with jpg pictures allows gathering of data).  

Shorter re-edited PreView videos, produced using Camtasia, were enhanced with in-

video quizzes to encourage active participation (section 3.3.4). In the pilot version, 

students were required to input their name and email to take part in the in-video 

quizzes; In the main study the quizzes were linked to Blackboard, removing the option 

to skip them and so ensuring all attempts are recorded. 

Given the relatively high number of students who did not access the online resources in 

the pilot, the main study was designed to evaluate whether prior knowledge was an 

influence on membership of the non-use group, by controlling for the students’ grade in 

their pre-requisite course (as a proxy for past knowledge). 

4.5. Methodology of the Main Study  

In the case of the main study, the aim is not to construct a model to predict outcomes, 

but to provide evidence that can inform students of the relative merits of using online 

resources at the appropriate stage (prior to lectures, to enable effective peer 

instruction) and provide suitable guidance on metacognitive behaviour (such as self-

regulation through quizzes and worked examples). Using cluster analysis in educational 

technology research, learner profiles are “grounded in learner activity” - such as the 

sequence of accessing items or time spent engaged in an activity (referred to as “click-

stream data”) (Antonenko, Toy and Niederhauser, 2012) (p384). Cluster analysis is 

preferred to think-aloud techniques (Fonteyn, Kuipers and Grobe, 1993), in which the 

user explains their thought processes, as it works in the background: it is non-invasive, 
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and patterns of learning behaviour are identified without disrupting the learner’s 

cognitive processing (Clark, 2010).  

4.5.1. Cluster Analysis in exploratory educational research  

Cluster analysis is primarily used for exploratory analysis, where cases of data are 

grouped according to the extent of association with target variables (Everitt, 2011a). It 

provides a way to spilt large datasets into smaller manageable subsets and use these in 

subsequent analysis. It can be regarded as complementary to factor analysis 

(Antonenko, Toy and Niederhauser, 2012): clustering algorithms group cases (e.g. 

students) based on the variables (e.g. usage habits of eLearning resources) as opposed 

to factor analysis grouping variables across cases.  

In their review of the literature on lecture capture use O’Brien and Verma (2018) 

describe a change in research basis from student questionnaires (with low response 

rates and questions over reliability of responses) to the use of cluster analysis, based 

upon online resources and attendance (Bos and Brand-Gruwel, 2016; Inglis et al., 2011; 

Kovanović et al., 2015; Lust et al., 2011; Yen and Lee, 2011). Issues over low response 

rates were also evident in this study. The initial intention was to provide questionnaires 

in both pilot and final stage of this study, to enhance the findings of cluster analysis; 

however, fully completed response rates were low and thus unusable in both cases 

(pilot:  11.8% (16/135), final: 10.5% (33/313)].  

Lee and Recker (2018) conducted a systematic literature review of 47 articles to 

investigate how learning analytics studies collect data, what this data measures, the 

methods used to analyse it and findings from such analysis. 31 of these articles 

investigated learner behaviours with 19 of these studying online behaviour using LMS 

data. 12 of these studies used clustering methods (2 using Ward’s heirarchical (Abdous, 

Wu and Yen, 2012; Kovanović et al., 2015), 7 using k-means (Angeli and Valanides, 2013; 

Blikstein et al., 2014; Cerezo et al., 2016; Hung, Rice and Saba, 2012; Liu, Chang and 

Tseng, 2013; Tseng et al., 2016; Wallden and Mäkinen, 2014), and 3 using both methods 

(Antonenko, Toy and Niederhauser, 2012; Lee et al., 2016; Romero and Ventura, 2007)). 

Their conclusion warned that “most of the studies focused on using descriptive or 

predictive analytics approaches to infer what happened or what will happen with 

learners, rather than using a diagnostic approach, which investigates why something 

happened with learners” (italics added) (Lee and Recker, 2018) (p 26). To do so requires 
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an understanding of the dynamic learning processes, as opposed to counting user 

activity (Gašević, Dawson and Siemens, 2015).  When Barab, Bowdish and Lawless 

(1997) adopted Ward’s heirarchical clustering, they were careful to note that cluster 

“labels used were not stated a priori, they are suggestive and exploratory rather than 

demonstrative and confirmatory” (p34). The main study of this case adopts a similar 

post-hoc rationalisation approach in which cluster analysis is selected to explore the 

extent and methods of use by each student of the online resources, and review their 

impact on learning outcomes. 

4.5.2. Inclusion of other influences using multinomial logistic regression 

Aggregating data beyond online behaviour, rather than focusing on that one factor, 

helps to build a more comprehensive model. Clusters will be defined by students’ use of 

the online resources (based on times and extent of access). However, further 

demographic data can enhance the description of clusters and strengthen their 

interpretation. 

O’Brien and Verma (2018) used cluster analysis to identify “common lecture resource 

utilisation patterns for students in four large first-year business subjects” (p1). The 

authors were critical of the attempts to use cluster analysis to predict student academic 

outcomes, as this would likely “result in an incorrect, or biased, estimate” (p5). They 

argued that “one should attempt to identify factors that influence student lecture 

resource utilisation patterns as a first step before attempting to link this engagement 

behaviour with student performance outcomes” (p6). To address the issue of structural 

and psychosocial influences on student engagement (Kahu, 2013), data on age, gender, 

nationality, residential distance from campus (an Australian university) and prior grades 

was used to model their influence on cluster membership. Multinomial logistic 

regression was performed (with membership of one of the four identified clusters as 

the dependent variable and student demographic and prior performance as explanatory 

variables) attempted to “disentangle the various influences on the likelihood of 

students belonging to each cluster”, using as a base what they regarded as the 

“traditional” student cluster. This added insight into the characteristics of each cluster: 

prior performance was a strong predictor of being either an active “traditional” or 

“digital” student (as opposed to a “minimal” or “phantom” student) , whilst females and 



Page 149 of 316 

older students were more likely to engage digitally, perhaps reflecting other work or 

family commitments.  

The final study adopts the same approach, incorporating additional explanatory 

variables, as outlined in section 6.1, page 175. 

4.5.3. Identifying non-users as a first step to providing guidance and support 

Despite providing guidance to using the PreViews (through workbooks), the pilot study 

identified a number of non-users of the resource. This section briefly summarises similar 

findings on non-use in the literature, reflections on why this cluster exists and 

implications for instructors. 

In their review of the theory on educational technology use, Kovanović et al. (2015) 

highlight the importance of self-regulation (Bjork, Dunlosky and Kornell, 2013) and 

suggest that many students may be underusing online resources either through a lack of 

awareness, knowledge or motivation (Lust, Elen and Clarebout, 2013a). This issue is 

heightened in fully-online learning environments where students need to have the 

metacognitive skills to be able to recognise when the use of online tools would be 

beneficial for their learning (Clarebout et al., 2013). Successful learning in online 

environments requires an ability to recognise the opportunities; connect these with the 

learning task; be able to find, articulate and integrate relevant information; and be 

motivated to do so (Clarebout et al., 2013).  

Previous research provides evidence to support the suggestion that a significant 

number of learners make very little use of online resources. Kovanović et al. (2015) used 

Ward’s hierarchical clustering to identify six technology-use profiles and their levels of 

cognitive presence in asynchronous online discussions in a fully online post graduate 

course. The analysis used variables from the learning management system and outcome 

variables (from the discussion board). A cluster termed “no-users”, comprised 27% of 

the total. del Valle and Duffy (2009) used Ward’s hierarchical cluster analysis to identify 

three "naturally" occurring groups (Alexander, Jetton and Kulikowich, 1995) of learners’ 

interactions in an online teacher professional development course.  The third cluster, 

termed “minimalist” users, amounted to 19% of the total. Barab, Bowdish and Lawless 

(1997) adopted Ward’s heirarchical clustering to identify emergent hypermedia 

navigational profiles for a computer-based information “kiosk”. Cluster 2, labelled as 

“disenchanted” and making little use of the resource, amounted to 22% of the total.  
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The risk of disengagement by learners in massive open online courses (MOOCs) is 

considerably higher than in Higher Education, mainly because of the constraints that 

MOOC learners experience over engaging with instructors, peers and the social 

community (Deng, Benckendorff and Gannaway, 2020). However the method used to 

evaluate the level of disengagement by Tseng et al. (2016) is similar to that used in this 

study: cluster analysis developed profiles grounded in the learner activities, identifying 

the largest cluster as the bystander (n=1344, 90%). Findings were similar to those of 

Kizilcec, Piech and Schneider (2013), who also adopted clustering techniques.  

O’Brien and Verma (2018) used k-means cluster analysis to identify lecture resource 

patterns of use for first year students across four business subjects. Both the Schwarz 

Bayesian and Akaike Information (Clustering) Criteria identified four clusters as optimal, 

with 15.6% of the total of 1,169 students belonging to the “phantom” cluster of low use 

of any resource. Acting on findings of Azevedo and Feyzi-Behnagh (2010) suggesting 

that not all learners adapt well to the metacognitive requirements that a learning 

management system (LMS) requires, Cerezo et al. (2016) used an expectation-

maximisation (EM) clustering algorithm as an exploratory approach to identify four 

clusters in the LMS relating to 140 undergraduate psychology students in a degree 

program. One cluster, termed “extreme procrastinators,” amounted to 21% of the total. 

Members in this cluster spent minimal time on tasks and significant time on theory and 

discussion without benefit adopting what Cerezo et al. (2016) call a “maladaptive 

approach to learning” (p51). Steps were recommended via scaffolded support 

(Devolder, van Braak and Tondeur, 2012) to optimise this cluster’s future performance 

through self-regulated learning processes. Similar conclusions are made by Bos and 

Brand-Gruwel (2016) following their cluster analysis study into blended learning, 

recommending specific guidance be presented for students so that they can determine 

the most appropriate digital learning resources according to their learning preferences. 

Identifying non-users’ characteristics should provide insight into methods to guide such 

learners in their use of the online resources moving forward. 

4.5.4. Cluster Analysis: rationale for choice of Hierarchical Clustering 

This section provides an overview of the alternative methods of cluster analysis, leading 

to a rationale for the selection of Ward’s hierarchical method (Ward, 1963). 

Proximity Indices 
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Cluster analysis begins with calculating the proximity indices between each pair of 

cases, relative to the selected variables. The generally accepted measure (Antonenko, 

Toy and Niederhauser, 2012) of proximity for continuous and interval data is squared 

Euclidean distance which sums the squared differences across variables: eliminating 

positives and negatives and accentuating cases that are further apart. An alternative to 

this is the city block distance (l1 norm, also known as the Manhattan or taxicab distance) 

based upon rectilinear distances. Both Euclidean and Manhattan distances are cases of 

the Makowski distance, the lr norm (Everitt, 2011a). Alternative measures, based on the 

correlation between each two objects to quantify their similarity, include the Pearson 

correlation (in which the Pearson correlation coefficient is subtracted from 1), the 

Angular separation measure (or Eisen cosine method, using a correlation coefficient 

based on the cosine of the angle between vectors), the Spearman correlation (which 

computes the correlation between the rank of x and the rank of y variables), and the 

Kendall correlation (another rank-based analysis). Using correlation coefficients to 

measure proximity has been criticised where variables are not measured on the same 

scale (Everitt, 2011a), and is sensitive to outliers. In this case, however, all variables 

represent the number of times a video has been accessed, so each is on the same scale.  

The Euclidean distance arguably best reflects all three dimensions of level scatter and 

shape (Antonenko, Toy and Niederhauser, 2012), and is adopted in this study. The 

Euclidean distance is, according to Everitt (2011a), interpretable as physical distances 

between two  p-dimension points in Euclidean space. 

Clustering Algorithms 

The next step is to select a clustering algorithm to group similar cases. Monte Carlo 

simulations have tested the usefulness of each clustering algorithm by using an artificial 

data set (with pre-defined clusters and a random error) to test the appropriateness of 

each clustering algorithm (Milligan, 1981). Antonenko, Toy and Niederhauser (2012) 

reviewed Monte Carlo studies from the past two decades, concluding that “Ward’s 

method and average linkage are the most recommended hierarchical clustering 

algorithms, and the k-means method is the suggested non-hierarchical clustering 

algorithm” (p386). Each is considered further in the next two sections. However, it is not 

unusual for cluster analysis to adopt each method (hierarchical and non-hierarchical), 

given the exploratory nature and the size of the dataset. When dealing with very large 

datasets the hierarchical method may be applied to a small sample of the dataset to 
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review the possible number of clusters and their relationships, before then using a non-

hierarchical method (Antonenko, Toy and Niederhauser, 2012). 

Hierarchical Clustering 

Hierarchical Clustering techniques are either agglomerative, “bottom-up” (fusing the n 

individuals from their own cluster into groups) or divisive, “bottom-down” (separating a 

single cluster into finer groups). Agglomerative nesting is the most common type of 

hierarchical clustering, where cases are grouped according to their similarity (relative 

distance). Each case is initially considered as a single “leaf”, and the most similar then 

combined into a larger cluster (“node”) until all objects are members of one single 

“root” (Kassambara, 2017). Under such methods, once fusion or separation is made, 

then this cannot be subsequently undone, so, as Everitt (2011b) quotes Kaufman and 

Rousseeuw (1990): “it can never repair what was done in previous steps” (p71). Using 

this method requires a decision on when to stop – identifying an appropriate level of 

clusters that best describes the scenario can be challenging, although a graphical 

representation (dendrogram) can assist in this. Ward’s method (minimum sum of 

squares) (Ward, 1963) identifies and groups cases with the smallest distance value step-

by-step, merging groups that minimise the within-group variance, resulting in the 

smallest increase in error sum of squares. It assumes Euclidean space for geometric 

interpretation, tends to identify same-size, spherical clusters, although is sensitive to 

outliers. 

Non-Hierarchical Clustering 

Non-Hierarchical Clustering algorithms, such as k-means, produce clusters using 

optimisation methods that differ from hierarchical. An index c(n, g), where n individuals 

are partitioned into the required number of groups (g), determines the optimal 

clustering. Clustering indices are developed with reference to homogeneity and 

separation: how well a group portrays a cohesive structure which is well-isolated from 

other groups. Each group contains a reference point, the star, representing its exemplar 

(the medoid). Optimisation algorithms to partition into g groups are required because 

even with computers a full comparison of every possible partition is impossible, because 

of the number of possible partitions. Instead, existing partitions are rearranged and only 

those that provide improvement are kept (‘hill-climbing algorithms’). Everitt (2011a) 

summarises the steps in the algorithms thus: 



Page 153 of 316 

1. Identify an initial partition of n objects into g groups either through prior knowledge 

or at random 

2. Calculate the change in clustering index as a result of each object moving from its 

current to alternative group 

3. Select the change that yields the greatest improvement in the index 

4. Repeat steps 2 and 3 until no move of a single object improves the index 

In the case of k-means clustering, optimization arises when objects are assigned (singly 

or simultaneously) to the nearest cluster mean (centroid) such that the squared 

distances are minimised. Every object is therefore relocated to the group whose mean it 

was closest to, and the group means are recalculated. An alternative method, aimed at 

minimising dissimilarities, is the partitioning around medoids (PAM), or k-median 

algorithm, where re-evaluation is based on group exemplars (medoids, actual objects in 

the data set) rather than centroids.  

Rationale for selection of Ward’s Hierarchical clustering over K-means 

Adopting hierarchical methods requires choices for the measure of proximity, the 

clustering method and the number of clusters. The literature has no clear 

recommendation for which clustering method to use, mainly because the more 

mathematically robust methods (like single linkage) may often produce uninterpretable 

results (Webb, 2002). For example, whilst the single linkage method (nearest neighbour) 

considers the distance between the closest pair of individuals from each group, it 

ignores cluster structure and can produce unbalanced clusters in large data sets – long, 

straggly groups – known as ‘chaining’.  

Wards’ hierarchical method has been adopted in similar research into learners’ use of 

online learning material (Abdous, Wu and Yen, 2012; Barab, Bowdish and Lawless, 1997; 

del Valle and Duffy, 2009; Jovanović et al., 2017; Kovanović et al., 2015; Maldonado-

Mahauad et al., 2018).  

Ward’s method is generally “useful for exploratory work when researchers do not have 

a preconceived idea about the likely number of clusters in the dataset” (Antonenko, Toy 

and Niederhauser, 2012) (p385). Once the likely number of clusters has been 

determined, alternative non-hierarchical algorithms may be applied for triangulation. 

The results of hierarchical methods can be represented graphically in a tree-like 

dendrogram, depicting the multilevel hierarchy where clusters are joined together at 

higher levels. This graphical representation helps with the selection of level at which to 
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“cut” the tree and then continue with analysis based on suitable clusters of cases, as 

well as the analyst’s knowledge of the research area. 

A potential problem using k-means is the need to run an optimisation algorithm several 

times with alternative initial partitions. This is recommended because results from 

optimisation can be “radically affected by the choice of starting position” (Everitt, 

2011a) (p122). Techniques may produce groupings that appear ‘unnatural’, and “the 

user must be aware that a structure is being imposed on the data that may not be 

present” (Webb, 2002) (p361).  

When O’Brien and Verma (2018) adopted k-means clustering to identify lecture 

resource patterns, selecting a four-cluster solution (as both the Schwarz Bayesian and 

Akaike Information (Clustering) Criteria recommended), an expected cluster (where 

students both regularly attended lectures and used podcasts) was not identified. The 

authors acknowledged that restricting the cluster number to four (to “simplify our 

analyses by allocating students to a relatively small number of groups” (p12) may have 

limited the identification of a key cluster: a traditional/digital intersect. This raises the 

question as to whether using hierarchical cluster analysis may have better informed the 

ultimate decision on cluster number for k-means analysis, or indeed have been a better 

choice for their cluster analysis.  

Applying a hierarchical method allows production of a dendrogram to present a visual 

representation of the partitioning, and this can provide further meaning to the optimal 

cluster selection. Groupings from a cluster analysis should be systematically reviewed,  

because a clustering algorithm produces clusters even when the data may not seem to 

contain natural categories (Webb, 2002)(p396). Examining group means and the 

number and nature of clusters must be considered in light of prior knowledge in the 

field (Antonenko, Toy and Niederhauser, 2012). All of this is possible when using 

hierarchical clustering.  

Given the exploratory nature of this research, where there is no preconceived idea of 

the appropriate cluster number, Ward’s method was therefore selected over K-means. 

An important reason for this choice is the ability to review the dendrogram and identify 

differences in each cluster as they split into smaller ones. Hierarchical clustering 

provides a way in which descriptive information can be added to the emerging clusters, 

by reviewing changes in variable means attributable to each cluster, as the clusters split 

into smaller ones. Rather than be restricted to a set-numbered solution required by K-
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means, hierarchical clustering allows the researcher to select an appropriate - and 

meaningful - cluster number according to the descriptions that can be applied to each. 

4.6. Ethical Considerations 

Ethical Consent was obtained for the pilot study from the University A’s Ethics Panel and 

for the final study (from University B’s Ethics Committee, Ref: 16412). Both pilot and 

main study did not involve anyone from a vulnerable group. Participants were invited to 

participate and provided a participant information leaflet (an online video version was 

also available) prior to giving consent online. A research overview, consent and consent-

withdrawal forms were provided to each participant, and approval obtained prior to 

data collection. The forms provide participants with assurances over anonymity, 

confidentiality, the option not to participate, an option to withdraw consent and 

information on how to do so. 

4.7. Conclusion 

This chapter describes the methodologies adopted in both Pilot and Final stages of this 

study and justifies their adoption with reference to educational research literature. 

Findings from the Pilot stage describe how the resources were adapted to best meet 

student needs. 

Findings from the Final Stage are described in the next two chapters. Chapter 5 

describes the Cluster analysis procedure for the two cohorts (2017 and 2018), whilst 

Chapter 6 describes the multinomial logistic regression analyses for both years, with 

cluster membership as the dependent variable and prior performance, demographic 

and other attributes as explanatory variables. 
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Chapter 5 Data Collection and Cluster Analysis 2017 and 2018 

This chapter describes the hierarchical cluster analysis for two datasets, based on two 

separate cohorts that used the online resources (PreViews). In section 5.1 the data is 

described (and their sources), for use in the cluster and regression analyses. Section 5.2 

explains the process by which variables were selected for inclusion in the cluster 

analysis for 2017 and 2018. Section 5.3 describes the methods used to confirm 

clustering tendency. The method by which an optimal hierarchical cluster number was 

obtained (seven clusters in both cases) is described in section 5.4. The chapter ends 

with a comparison of the seven clusters identified for 2017 and 2018: mean scores for 

the respective cluster variables in both years reveal a consistent pattern. Replicating the 

methodology using data from two separate cohorts enhances rigour through theoretical 

replication (Eilbert and Lafronza, 2005).  

5.1. Data and Sources 

Data was extracted from Blackboard (BBD, the University’s VLE), Campus Solutions (CS: 

the university’s administrative database), and registers (for workshop attendance).  A 

full list of the data gathered, including source and description, is provided in Appendix 

4.  

Since data was gathered from various separate sources with differing layouts, a 

reconciliation into a single dataset was required. The data layout provided by 

Blackboard required re-presentation into a month-by-month horizontal summary, and 

data relating to university staff and students who withdrew from the course in the first 

two weeks was removed. Student Blackboard IDs, different to their university course ID, 

required reconciliation. Data sources were: 

▪ PreView and ReView video access, by date and frequency (from BBD) 

▪ Grade Centre results (participating students only) (from BBD) 

▪ Exam results including scores on the exam question relating to group accounting 

▪ Workshop attendance by ID (from CS).  

▪ Demographic data (from CS), including information on Domicile, Nationality, Age, 

Gender, Prior experience (performance in year 1 course, “UG1”) 

The Blackboard summary (e.g. Preview Views) was the source of most of the data, to 

which other sources were merged.  
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5.2. Cluster Variable Selection in 2017 and 2018 

As explained in Chapter 4, the first step to cluster analysis is the selection of appropriate 

variables. Since the intention was to identify whether students were adopting the 

resources at an appropriate stage in the course, the usage data was segmented into 

time periods, based on key aspects of the course: the time during lectures, the two 

workshop weeks, the post-teaching period and the final ten days leading up to the exam 

(Table 5-1).  

Table 5-1: Stages of use of online material used in Cluster Analysis 

Usage: 2017 2018 

Before lecture 1-Nov to 17-Nov 28-Oct to 16-Nov 

During workshop 18-Nov to 2-Dec 17-Nov to 1-Dec 

Post-teaching 3-Dec to 13-Jan 3-Dec to 7-Jan 

Last 10 days before exam 14-Jan to 23-Jan 8-Jan to 17-Jan 

The variables selected in the final version of the cluster analysis are summarised in 

Table 5-2. Different coding of the same variables was made in 2017 and 2018; there 

only were slight changes to the resources relating to the research area of Group 

Accounting. For example, S1 in 2017 represents the first PreView (supportive) video 

(denoted as PV1 in 2018); and P in 2017 represents the ReView (procedural worked 

example) video (denoted RV1 in 2018). 

In both years, a complex fully worked example video (EG/Hit) was provided after the 

lecture. Two virtual revision sessions (in the final ten days before the exam) were 

provided in 2017 in which group accounting was covered, whereas in 2018 this was only 

covered in one session.  

Exploratory cluster analysis included additional variables such as usage of videos prior 

to the group accounting section of the course. Similar preview videos were prepared for 

the Earnings Per Share section of the course, and inclusion of these within earlier 

attempts at cluster analysis resulted in meaningless clusters. A total usage of each video 

was included in another earlier iteration of the cluster analysis but was redundant and 

distorted results given the focus was to identify the timing of use of each resource, 

rather than total use. Other variables such as scores on in-video quizzes were excluded 

from the analysis for the same reason; but were then available in subsequent regression 

analysis as an explanatory variable of learning from the PreView videos.  
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Table 5-2: Variables included in Cluster Analysis, 2017 and 2018 

Period 2017 2018 Description 

Before 
lecture 

S1B4L2 PV1b4L10 PreView series 1: views before lectures in week 1 
S2B4L2   PreView series 2: views before lectures in week 1 [2017 only] 
S1B4L3 PV1b4L11 PreView series 1: views before lectures in week 2 
S2B4L3 PV2b4L11 PreView series 2: views before lectures in week 2 
S3B4L3 PV3b4L11 PreView series 3: views before lectures in week 2 
PB4L3 RV1b4L11 ReView videos: views before/during week 2  

During 
workshop 

S1WSP PV1WSP PreView series 1: views in workshop period 
S2WSP PV2WSP PreView series 2: views in workshop period 
S3WSP PV3WSP PreView series 3: views in workshop period 
PWSP RV1WSP ReView videos: views in workshop period 

EGWSP HitWSP6 Full worked example: views in workshop period 

Post-
teaching 

S1W12 PV1W12 PreView series 1: views post teaching period 
S2W12 PV2W12 PreView series 2: views post teaching period 
S3W12 PV3W12 PreView series 3: views post teaching period 
PW12 RV1W12 ReView videos: views post teaching period 

EGW12 HitW12 Full worked example: views post teaching period 

Last 10 
days 

before 
exam 

S1REV PV1REV PreView series 1: views in final 10 days before exam 
S2REV PV2REV PreView series 2: views in final 10 days before exam 
S3REV PV3REV PreView series 3: views in final 10 days before exam 
PREV RV1REV ReView videos: views in final 10 days before exam 

EGREV HitREV Full worked example: views in final 10 days before exam 
R1 VDI3REV Virtual Revision session (groups): in final 10 days 
R2   Second virtual revision session (2017 only) 

5.3. Exploratory review: Assessing Clustering Tendency  

Prior to clustering, an assessment of clustering tendency is required to evaluate 

whether the data set contains meaningful clusters (non-random structures), and, if so, 

how many. It is vital to bear in mind that clustering methods will produce clusters even 

if the data does not contain any meaningful ones: “a data set without inherent natural 

clusters could be thought of as a random collection of feature vectors and such random 

data sets should not be subject to partitioning” (Banerjee and Dave, 2004) (p149). 

5.3.1. Visual inspection: Scatterplot using Principal Component Analysis 

Visualising the data provides an initial assessment for meaningful clusters. Where the 

data contains more than two variables, dimensionality needs to be reduced to allow 

plotting of a two-dimensional scatter plot. Whilst scatterplots may be “more useful for 

exploring multivariate data for the presence of clusters when there are only a relatively 

small number of variables” (Everitt, 2011a) (p29), and may be less useful given the 
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number of variables in this case, there are methods to project the data into smaller 

dimensions whilst preserving multivariate structure. Principal Component Analysis (PCA) 

(Jackson, 1991) transforms variables from a multivariate data set “into new variables 

which are uncorrelated with each other and which account for decreasing proportions 

of the total variance of the original variables” (Everitt, 2011a) (p29).  

A scatterplot using the first two principal component coordinates (accounting for as 

much of the variability in the data as possible) provides a guide as to whether the data 

presents clustering tendency as opposed to random generation. 

Using R software, algorithm (R function: prcomp()) performs PCA, which can then be 

visualised with the function fviz_pca_ind() [factoextra R package]: 

fviz_pca_ind(prcomp(df), geom = "point", ggtheme = theme_classic()) 

Where df is the dataset. 

Where data is random, with no clustering tendancy, a scatterplot of this data would 

display an even distribution. However, scatterplots of datasets transformed by PCA for 

both 2018 (Figure 5-1) and 2017 (Figure 5-2) show uneven distribution that suggests 

both datasets contain meaningful clusters.  

 

Figure 5-1: Scatterplot of 2018 Dataset after Principal Component Analysis 

 

 



Page 160 of 316 

Figure 5-2: Scatterplot of 2017 Dataset after Principal Component Analysis 

 

5.3.2. Visual Assessment of Cluster Tendency (VAT) 

The algorithm of the visual assessment of cluster tendency (VAT) approach (Bezdek and 

Hathaway, 2002) reorders the dissimilarity (DM) matrix between the objects in the data 

set using the Euclidean distance measure such that similar objects are close to one 

another. The resulting ordered dissimilarity matrix (ODM) can be displayed as an 

ordered dissimilarity image (ODI), the visual output of VAT. Using R software, the 

dissimilarity matrix between observations is first computed using the function dist(), 

and this is visualised using function fviz_dist()] [factoextra R package]. 

Ordered Dissimilarity Images for 2017 and 2018 are shown in Figure 5-3 and Figure 5-4 

respectively, with crosses added to the images to represent the partitioning of potential 

clusters. The colours are proportional to the value of the dissimilarity between 

observations: pure red represents zero dissimilarity (or complete similarity) (dist(xi, xj) = 

0) and pure blue represents complete dissimilarity (dist(xi, xj) = 1). Closely clustered 

items are presented consecutively, so x- and y-axes represent students with similar 

usage patterns. The red diagonal line represents a comparison of the same student 

(which will of course have zero dissimilarity). 

These images suggest that both datasets show clustering tendency, and the number of 

clusters can be reviewed by counting the number of square shaped dark blocks along 

the diagonal line. In contrast to these two images, a randomised dataset would show no 

blue lines along the diagonal. 
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Figure 5-3: Ordered Dissimilarity Image (ODI) for 2017 data 

 

Figure 5-4: Ordered Dissimilarity Image (ODI) for 2018 data 

 

The 2018 ODI suggests at least four large 'blocks', with one clearly defined large cluster 

in the centre. Within these four are smaller blocks that may also be distinguishable as 
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separate clusters, suggesting that meaningful clusters may well exceed four. The 2017 

ODI shows a large, distinct cluster at the top right; and a further five or six smaller 

blocks leading down the diagonal to the bottom left, suggesting up to seven identifiable 

clusters. These ODIs are a good way to both identify clusters and explain them: in both 

cases there is a large cluster of students displaying similar characteristics (the red box at 

the top right of 2017’s image, and in the centre of 2018’s). This is likely to be a non-use 

cluster since non-users will show high similarity by definition: no use at all (or very 

limited use). Both ODIs also show a thin deep blue line (close to the bottom/left edge in 

the 2017 image) that would represent a small number of students with very low 

similarity compared to the rest of the cohort. These are likely to be students with 

unusual, very high use (perhaps at one of the fours time periods) compared to the rest 

of the cohort. Students displaying such dissimilar usage habits would explain the 

extreme points showing in the far left of the two Principal Component Analysis 

scatterplots in Figure 5-1 and Figure 5-2. 

5.3.3. Statistical Methods for assessing clustering tendency: Hopkins Statistic 

The Hopkins statistic can assess the clustering tendency of a data set by testing its 

spatial randomness: measuring the probability that a given data set is generated by a 

uniform data distribution (Banerjee and Dave, 2004). The Hopkins statistic compares 

the distance between a uniform sample of points from the dataset with those from a 

simulated random data set. The Hopkins statistic (H) is the mean nearest neighbour 

distance in the random data set divided by the sum of the mean nearest neighbour 

distances in the real and across the simulated data set. If the value of H is 0.5, then both 

datasets are closely related, meaning the dataset under scrutiny is uniformly 

distributed. The alternative hypothesis, that the dataset is not uniformly distributed 

(and contains meaningful clusters) is suggested by a value of the Hopkins statistic close 

to zero. 

The R function hopkins(data, n) where data represents a data frame or matrix and n the 

number of points to be selected from the data [in R library (clustertend)] can compute 

the Hopkins Statistic. For both datasets these were computed as: 

▪ Hopkins statistic for 2018 data: 0.1360442  

▪ Hopkins statistic for 2017 data: 0.1589311.  

Both 2018 & 2017 data sets, therefore, show a high clustering tendency: Hopkins 

statistic values in both cases are well below 0.5 threshold.  
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5.4. Hierarchical Clustering 2017 and 2018 

Using the methods of Kovanović et al. (2015), Wise et al. (2013) and del Valle and Duffy 

(2009), hierarchical clustering (Ward’s merging procedure and Euclidean distance 

measure) was performed, using 23 variables in 2017 and 21 in 2018 (Table 5-2). The 

variables record the counts of access over the four specific timeframes outlined in Table 

5-1 (page 157). Since all variables were recorded in the same scale (count of uses in a 

period), standardising for cluster analysis was not required (Milligan and Cooper, 1988). 

Dendrograms for the cluster solutions in 2017 and 2018 are shown in Figure 5-5 and 

Figure 5-6 respectively.  

Clusters were identified at each level of the dendrogram, beginning with the two-cluster 

solution, by comparing the cluster’s mean for each variable. For each subsequent 

progression, starting from a two- to a three-cluster solution, a spreadsheet summarised 

the change in means of variables in the newly-split cluster using a colour-coding system 

to aid the descriptive identification (Table 5-3).  

Table 5-3: Colour coding to aid descriptive identification of clusters 
 

 

 

 

 

At two clusters, 2017 and 2018 both show a clear distinction between users and non-

users7 (Table 5-4). Both dendrograms therefore confirm the analysis of the Ordered 

Dissimilarity Images in section 5.3.2, where in both years a relatively large cluster of 

non-users was predicted (representing the distinct red boxes in Figure 5-3 and Figure 

5-4, page 161).  

 

 
7 The term “non-use” does not strictly describe this cluster, as almost all students accessed some of the 
resources at some time. The number of students who failed to access the resources at all in 2017 was 
only two from 313 (0.64% of the cohort); and in 2018 was only one from 276 (0.36%). 

Coding of access of video Mean score: access of videos 

Very low  0 to 0.2 

Low  0.2 to 0.9 

Average  .9 to 1.5 

Good  1.5 to 4 

Outstanding 4+ 
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Figure 5-5: 2017 7-Cluster Dendrogram  

   

Y = Euclidean 
Distance 

X = Clusters 
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Figure 5-6: 2018 7-Cluster Dendrogram  

 

Y = Euclidean 
Distance 

X = Clusters 
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Table 5-4: 2-Cluster Analysis: mean scores (see Table 5-3 for colour code key) 

 2017  2018 

 number: 178 135  number: 171 105 
  Cluster: C1 C2  Cluster: C1 C2 

 variable: User Non-User  variable: User Non-User 

Before 
lecture 

S1B4L2 4.60 1.59  PV1b4L10 4.48 0.00 
S2B4L2 2.15 0.43        
S1B4L3 1.22 0.59  PV1b4L11 3.43 0.11 
S2B4L3 0.87 0.47  PV2b4L11 2.67 0.00 
S3B4L3 3.19 0.51  PV3b4L11 2.65 0.00 
PB4L3 0.37 0.13  RV1b4L11 0.67 0.06 

During 
workshop 

S1WSP 5.25 0.42  PV1WSP 7.74 0.30 
S2WSP 3.16 0.46  PV2WSP 4.14 0.06 
S3WSP 4.45 0.57  PV3WSP 4.04 0.06 
PWSP 1.12 0.31  RV1WSP 1.60 0.26 

EGWSP 0.65 0.25  HitWSP6 3.42 0.57 

Post-
teaching 

S1W12 4.23 0.17  PV1W12 4.43 0.14 
S2W12 3.22 0.02  PV2W12 3.05 0.00 
S3W12 4.31 0.03  PV3W12 2.77 0.11 
PW12 1.13 0.21  RV1W12 0.84 0.25 

EGW12 0.78 0.23  HitW12 5.04 1.10 

Last 10 
days 

before 
exam 

S1REV 5.15 0.24  PV1REV 8.18 0.90 
S2REV 2.54 0.19  PV2REV 4.22 0.30 
S3REV 3.42 0.14  PV3REV 3.25 0.49 
PREV 1.06 0.43  RV1REV 1.20 0.60 

EGREV 0.88 0.49  HitREV 7.30 3.43 
R1 1.60 1.12  VDI3REV 9.81 6.50 
R2 1.19 0.93        

Note: the second PreView video was not available prior to the second group lecture in 
2018, and the second 2018 Revision session did not cover the relevant topic of Groups. This 
explains the two blank entries for 2018. Otherwise resources analysed were identical in 
both years. 

At three clusters, a small cluster was identified with significant access post-teaching (in 

2017), and in the final ten days (2018). At four clusters, the main users divided into 

those accessing during lectures (the “flipped” users, prepared to engage in flipped 

lecture sessions) and those accessing at workshops (the “procedural” users, so named 

because use was at the worked example - workshop - stage). The four clusters in 2017 

are quite distinctive in terms of the four learning timeframes, with identifiable clusters 

at the flipped (pre-lecture) stage, procedural (workshop) stage and catch-up stage. In 

2018 clusters are also identifiable for procedural and last-minute (final 10 days), with a 

significant number in the flipped cluster (steady access of the material throughout the 

semester). 
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At five clusters, the main user cluster divided revealing a cluster of high users in the last 

ten days (with little use at other times – the “last minute” user) in 2017; whilst in 2018 a 

smaller cluster was identified using the material after teaching (a “catch-up” cluster).  

By the sixth cluster level, the “flipped” cluster had divided users between those with 

good use at lecture and workshop stages and those with extensive use.  At seven 

clusters – in both 2017 and 2018 – the large non-user cluster divided, identifying a 

“minimal” use cluster, with some use in lecture and workshop times (2017 – see Table 

5-5) and in the last ten days (2018 – see Table 5-6).  

5.4.1. Selection of k under hierarchical clustering at 7 Clusters 

Seven meaningful clusters were identified as Flipped, Procedural, Intensive, Minimal, 

Catch-up, Last-minute and Non-use. A graphical presentation of the means of each 

cluster on the dependent measures (Figure 5-7) is a useful way to illustrate the 

differences (Barab, Bowdish and Lawless, 1997). The graph shows how the means of 

each cluster by variable vary according to access at the four learning stages Lecture, 

workshop, post-teaching and final revision.  

Beyond this level, no new meaningful clusters were identified. The 8-cluster solution in 

2017 splits the “catch-up” cluster into one with some use at workshop, although in both 

clusters key use is in the post-teaching stage. In the 2018 case, a small cluster of 9 users 

split from the “Flipped” cluster, identified as highly intensive users at the lecture stage. 

The 9-cluster solution for the 2017 cohort identifies a cluster in the “Flipped intensive” 

with higher use at the workshop stage (otherwise no significant difference), and in 2018 

an intensive procedural cluster is identified (with high use at the workshop stage), with 

no other significant differences from the procedural cluster. At the 10-cluster stage, 

both the 2017 and 2018 cohorts identify a cluster from the “last minute” users with 

some, not extensive, use at lecture or workshop times. 
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Table 5-5: 2017 7-Cluster Analysis: review of mean scores (see Table 5-3 for coding key) 

2017 

Identifier: Procedural Non-Use Catch Up Flipped 
Intensive 

Last Minute Flipped Minimal 

n: 18 74 54 46 45 15 61 
Cluster → 

C1 C2 C3 C4 C5 C6 C7 
Variable↓ 

Before lecture 

S1B4L2 1.00 0.01 2.33 12.02 1.71 3.00 3.49 
S2B4L2 0.17 0.00 1.24 6.41 0.38 0.07 0.95 
S1B4L3 2.33 0.00 0.72 0.67 0.27 6.20 1.31 
S2B4L3 0.06 0.00 0.06 1.72 0.84 2.20 1.03 
S3B4L3 1.67 0.07 1.89 8.20 0.58 2.13 1.05 
PB4L3 0.06 0.01 0.31 0.76 0.13 0.47 0.28 

During workshop 

S1WSP 16.06 0.16 3.65 2.04 2.47 16.27 0.74 
S2WSP 8.00 0.03 1.65 2.07 0.76 13.33 0.98 
S3WSP 2.67 0.00 1.11 7.39 0.31 22.00 1.26 
PWSP 2.00 0.12 0.81 1.04 0.42 3.53 0.54 

EGWSP 1.33 0.05 0.54 0.74 0.36 0.87 0.49 

Post-teaching 

S1W12 0.56 0.01 12.17 0.65 0.40 2.53 0.36 
S2W12 2.67 0.00 8.81 0.15 0.36 1.80 0.05 
S3W12 2.50 0.00 11.46 0.35 0.22 5.20 0.07 
PW12 1.17 0.07 2.20 0.76 0.07 1.60 0.39 

EGW12 1.28 0.04 1.43 0.41 0.09 1.07 0.46 

Last 10 days before 
exam 

S1REV 3.22 0.03 1.15 0.80 13.04 11.47 0.51 
S2REV 0.44 0.00 0.91 0.28 6.04 7.33 0.43 
S3REV 0.00 0.01 1.59 0.35 7.93 10.00 0.30 
PREV 0.89 0.22 0.85 0.37 1.93 1.53 0.69 

EGREV 0.44 0.23 0.39 0.63 1.89 0.87 0.80 
R1 1.67 0.51 1.57 2.00 1.07 2.00 1.85 
R2 1.39 0.43 1.15 1.39 0.89 1.40 1.52 
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Table 5-6: 2018 7-Cluster Analysis: review of mean scores (see Table 5-3 for coding key) 

2018 

Identifier: FLIPPED  
MINIMAL 

(Last minute) 
LAST 

MINUTE 
PROCEDURAL CATCH UP 

FLIPPED 
INTENSIVE 

NON-USE 

n: 42 55 33 35 8 53 50 
Cluster → 

C1 C2 C3 C4 C5 C6 C7 
Variable↓ 

Before lecture 

PV1b4L10 2.57 0.00 1.73 0.71 0.00 10.87 0.00 

PV1b4L11 2.88 0.16 0.97 2.80 0.00 6.32 0.06 

PV2b4L11 1.95 0.00 0.12 0.06 0.00 6.94 0.00 

PV3b4L11 3.26 0.00 0.48 1.14 0.00 4.92 0.00 

RV1b4L11 0.38 0.07 0.39 0.23 0.13 1.43 0.04 

During workshop 

PV1WSP 2.60 0.40 2.70 28.69 4.38 1.62 0.20 

PV2WSP 3.64 0.11 1.52 10.03 0.00 2.91 0.00 

PV3WSP 3.52 0.11 0.39 6.29 0.38 5.77 0.00 

RV1WSP 1.26 0.45 0.55 2.06 0.88 2.34 0.04 

HitWSP6 3.69 0.95 1.55 3.71 2.75 4.26 0.16 

Post-teaching 

PV1W12 8.07 0.27 0.79 0.86 42.13 0.49 0.00 

PV2W12 6.38 0.00 0.00 1.69 24.13 0.02 0.00 

PV3W12 6.05 0.22 0.00 2.00 16.63 0.32 0.00 

RV1W12 1.76 0.38 0.15 0.71 1.75 0.47 0.10 

HitW12 9.50 1.80 1.55 3.60 23.38 1.87 0.34 

Last 10 days before 
exam 

PV1REV 2.00 1.71 30.73 5.34 2.75 1.74 0.00 

PV2REV 1.52 0.56 15.24 3.11 2.75 0.43 0.00 

PV3REV 2.38 0.93 9.70 2.14 3.25 0.66 0.00 

RV1REV 1.29 1.04 2.58 0.83 1.25 0.51 0.12 

HitREV 5.83 5.53 18.55 5.03 10.75 2.45 1.12 

VDI3REV 14.93 10.35 7.85 8.91 14.00 6.94 2.28 

 
  



Page 170 of 316 

Figure 5-7: Depiction of 7-Cluster means in 2017 and 2018 
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5.4.2. Comparison of 2017 and 2018 7-cluster solution 

The proportion of non-users fell from 24% in 2017 to 18% in 2018, whilst flipped/flipped 

intensive rose from 20% in 2017 to 34% in 2018 (Table 5-7). Users expecting to benefit 

the most from the resources would be those accessing at the appropriate time (before 

lectures for the supportive/theory videos, and at workshop time for the 

procedural/worked examples). The seven clusters are ranked in Table 5-7, from what is 

regarded to be the least ideal (non-use) to the most ideal (flipped intensive). Some 

clusters are expected to produce similar results, as they display usage similarities in the 

cluster summary comparing 2017 and 2018 clusters (Table 5-8). For example, the 

flipped cluster has significant use at workshop and post-teaching times (like procedural 

and catch-up clusters), and minimal/last minute clusters both show some use in the 

final 10 days. Patterns of use moved toward the more beneficial ones in 2018 (Figure 

5-8). Moreover, usage “hits” increased in 2018 as illustrated by the scales used for both 

years in Figure 5-7. This increase was expected: research findings were presented in 

lectures to illustrate the benefits of earlier use impact on outcomes.  

Table 5-7: Comparison of identified Cluster numbers in 2017 and 2018 

Use 
Category: 

 2017 2018 % Movement 
Cluster Identifier: n % n % 2017-2018 

1 NON-USE 74 24% 50 18% -6% 
2 MINIMAL/last minute 61 19% 55 20% +1% 
2 LAST MINUTE 45 14% 33 12% -2% 
3 PROCEDURAL 18 6% 35 13% +7% 
3 CATCH UP 54 17% 8 3% -14% 
3 FLIPPED  15 5% 42 15% +10% 
4 FLIPPED INTENSIVE 46 15% 53 19% +4% 

  313 100% 276 100% - 

Figure 5-8: Comparison of Clusters by proportion in 2017 and 2018 

 

A comparison of the seven clusters identified in both 2017 and 2018 is made in Table 5-

8, in order of least appropriate use to most appropriate (as outlined in Table 5-7).  

0% 5% 10% 15% 20% 25% 30% 35% 40%

No Use

Minimal/late use

Procedural / Catch-up / Flipped

Flipped intensive
Usage clusters: 

2018 2017
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Table 5-8: Comparison of Identified Clusters 2017 and 2018 based on mean access scores at the four study periods 

 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 

Study 
Period / No: 

CLUSTER IDENTIFIER: Non-Use Minimal Last Minute Procedural Catch Up Flipped  Flipped Intensive 

Percentage of Cohort: 23.6% 18.1% 19.5% 19.9% 14.4% 12.0% 5.8% 12.7% 17.3% 2.9% 4.8% 15.2% 14.7% 19.2% 

313 276 74 50 61 55 45 33 18 35 54 8 15 42 46 53 

Before 
lecture 

S1B4L2 PV1b4L10 0.01 0.00 3.49 0.00 1.71 1.73 1.00 0.71 2.33 0.00 3.00 2.57 12.02 10.87 

S2B4L2   0.00   0.95   0.38   0.17   1.24   0.07   6.41   

S1B4L3 PV1b4L11 0.00 0.06 1.31 0.16 0.27 0.97 2.33 2.80 0.72 0.00 6.20 2.88 0.67 6.32 

S2B4L3 PV2b4L11 0.00 0.00 1.03 0.00 0.84 0.12 0.06 0.06 0.06 0.00 2.20 1.95 1.72 6.94 

S3B4L3 PV3b4L11 0.07 0.00 1.05 0.00 0.58 0.48 1.67 1.14 1.89 0.00 2.13 3.26 8.20 4.92 

PB4L3 RV1b4L11 0.01 0.04 0.28 0.07 0.13 0.39 0.06 0.23 0.31 0.13 0.47 0.38 0.76 1.43 

During 
Workshop 

S1WSP PV1WSP 0.16 0.20 0.74 0.40 2.47 2.70 16.06 28.69 3.65 4.38 16.27 2.60 2.04 1.62 

S2WSP PV2WSP 0.03 0.00 0.98 0.11 0.76 1.52 8.00 10.03 1.65 0.00 13.33 3.64 2.07 2.91 

S3WSP PV3WSP 0.00 0.00 1.26 0.11 0.31 0.39 2.67 6.29 1.11 0.38 22.00 3.52 7.39 5.77 

PWSP RV1WSP 0.12 0.04 0.54 0.45 0.42 0.55 2.00 2.06 0.81 0.88 3.53 1.26 1.04 2.34 

EGWSP HitWSP6 0.05 0.16 0.49 0.95 0.36 1.55 1.33 3.71 0.54 2.75 0.87 3.69 0.74 4.26 

Post-
teaching 

S1W12 PV1W12 0.01 0.00 0.36 0.27 0.40 0.79 0.56 0.86 12.17 42.13 2.53 8.07 0.65 0.49 

S2W12 PV2W12 0.00 0.00 0.05 0.00 0.36 0.00 2.67 1.69 8.81 24.13 1.80 6.38 0.15 0.02 

S3W12 PV3W12 0.00 0.00 0.07 0.22 0.22 0.00 2.50 2.00 11.46 16.63 5.20 6.05 0.35 0.32 

PW12 RV1W12 0.07 0.10 0.39 0.38 0.07 0.15 1.17 0.71 2.20 1.75 1.60 1.76 0.76 0.47 

EGW12 HitW12 0.04 0.34 0.46 1.80 0.09 1.55 1.28 3.60 1.43 23.38 1.07 9.50 0.41 1.87 

Last 10 
days 

before 
exam 

S1REV PV1REV 0.03 0.00 0.51 1.71 13.04 30.73 3.22 5.34 1.15 2.75 11.47 2.00 0.80 1.74 

S2REV PV2REV 0.00 0.00 0.43 0.56 6.04 15.24 0.44 3.11 0.91 2.75 7.33 1.52 0.28 0.43 

S3REV PV3REV 0.01 0.00 0.30 0.93 7.93 9.70 0.00 2.14 1.59 3.25 10.00 2.38 0.35 0.66 

PREV RV1REV 0.22 0.12 0.69 1.04 1.93 2.58 0.89 0.83 0.85 1.25 1.53 1.29 0.37 0.51 

EGREV HitREV 0.23 1.12 0.80 5.53 1.89 18.55 0.44 5.03 0.39 10.75 0.87 5.83 0.63 2.45 

R1 VDI3REV 0.51 2.28 1.85 10.35 1.07 7.85 1.67 8.91 1.57 14.00 2.00 14.93 2.00 6.94 

R2   0.43   1.52   0.89   1.39   1.15   1.40   1.39   

Note:  variables highlighted in purple are task-based (procedural worked examples): depicting more active learning approach.
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In Table 5-88, zero use is represented by dark red, and high use by dark green; with 

lower levels of use represented by lighter shades. Similarly identified clusters have very 

similar averages across the study period in both years, which provides further 

robustness to the identification process. For example, mean access scores for the non-

use cluster are almost identical, apart from in 2018 where some access was made of the 

worked examples 10 days prior to the exam. The pairs representing the Last minute, the 

Procedural and the Catch-Up clusters all show very high access at their designated 

periods in both years. The table provides further argument as to why the Flipped 

Intensive cluster is regarded as the most appropriate usage pattern from a pedagogic 

perspective. Average access of all videos is highest pre-lecture, including access of the 

procedural worked example videos. This indicates that members of this cluster engage 

with the tasks that are the key component of the Four Component Instructional Design 

model. Access of the initial supportive videos (presenting basic theory) drops by the 

workshop stage, whilst access of the procedural videos and the fully worked example 

video increases. This indicates that students are engaging appropriately with the 

activities at a time where any misunderstandings can be corrected in workshops. Post-

teaching, average access of all resources in the Flipped Intensive cluster falls 

significantly, since members of this cluster would, arguably, have no need to revisit 

them, having benefited from the resources in the appropriate lecture and workshop 

periods. Some use is made of the worked example videos at revision time, with minimal 

use of the supportive videos. This suggests that, after the teaching period, students in 

this cluster understand the theory behind consolidation, and have no need to revisit the 

supportive, theory-based resources. Their focus at the revision stage (10 days before 

the exam) is purely on the procedural worked example videos (specifically the fully 

worked example).  

5.5. Conclusion 

This chapter uses data, confirmed for clustering tendency, gathered from the use of 

PreView and ReView videos at four distinct stages in the course to group students with 

similar usage habits into seven clusters. A comparison of usage mean scores for each 

variable within each cluster reveals a consistent pattern between the two cohorts 

 
8 A table presenting both means and standard deviations for each variable is provided in Appendix 3. 
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(Table 5-8) which provides additional validity through theoretical replication (Eilbert and 

Lafronza, 2005). Findings are summarised in Table 5-9.  

Table 5-9: Summary of Cluster Analysis findings from 2017 and 2018 data 

Cluster analyses were performed using the whole cohort of students. This removes issues 
over "selection bias" that may arise under experimental design (e.g. Sargent, Borthick and 
Lederberg (2011)) or sampling techniques, and enables the assessment of the whole 
cohort’s use of the introduced online resources (section 4.2.1). Cohort sizes were: 313 
(2017) and 276 (2018). 

Stage of Analysis Findings Section 

1. Cluster variable 
selection: Blackboard 
statistics on video 
access (dates and 
number of times) 

Variables were selected relating to access counts of 
PreView/ReView/worked example/revision videos at 
each of the four stages (before lecture, during 
workshop, post-teaching and revision).  

5.2 

Total Variables: 2017: 23, 2018: 21 (Table 5-2). 

2. Confirmation of 
clustering tendency  

Principal component analysis: both years depict 
uneven distribution: meaningful clusters. 

5.3.1 

Ordered Dissimilarity Image: visual representation of 
distinct clusters (both years). 

5.3.2 

Hopkins statistic: both years’ scores below 0.5 
threshold (2017: 0.16; 2018: 0.14), indicating high 
clustering tendency. 

5.3.3 

3. Ward’s Hierarchical 
clustering: recursive 
splitting into clusters: 
identification of 
meaningful cluster 
numbers and review for 
consistency between 
2017 and 2018 

Meaningful Identification of 7 clusters (Flipped 
Intensive, Flipped, Procedural, Minimal, Catch-up, 
Last-minute and Non-use).  

5.4.1 

Comparison of the 7-cluster solutions 2017 and 2018 
reveal a consistent pattern of use across the four 
stages (before lecture, during workshop, post-
teaching and revision).  

Table 5-8 best represents this consistency by 
comparing each cluster variable’s mean (average 
access). High usage represented by heavily-shared 
green; very low usage by heavily-shared red.  

5.4.2 

 

Having identified the seven clusters that describe the various student user habits, 

Chapter 6 describes the regression analysis techniques undertaken to explain the 

impact upon learning outcomes of adopting each alternative strategy of use, whilst 

considering further factors, such as prior experience, English as a second language, and 

evidence of active engagement with the whole tasks that are an integral part of the 

4C/ID model upon which the online resources are based. 
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Chapter 6 Regression Analysis 2017 and 2018 

Chapter 5 explains how seven clusters were identified as best representing the grouping 

of students based on their pattern of use of the PreView and ReView online material. 

This chapter now explores the implications of usage on their learning outcome 

(represented by their exam score in the related area of consolidated accounting) and 

explores other factors that may also contribute to their learning outcome (O’Brien and 

Verma, 2018), as described in section 4.5.2.  

6.1. Selection of explanatory variables for 2017 and 2018 

Several variables in addition to those used in the cluster analysis were considered for 

inclusion as additional explanatory variables in the regression models for 2017 and 

2018. These are summarised in Table 6-1, where a justification for their inclusion in the 

process is provided as well as their impact as an explanatory variable where added to a 

base model. The base model described the relationship between membership of a 

cluster and results of the exam question at the end of the semester (relating to groups, 

the subject to which the online resources related), adjusting for prior experience in the 

subject (represented by the score in the student’s pre-requisite first year course in 

financial accounting): 

▪ Base model for 2017: ExmQ1TOT ~ Learning_Cluster + UG1 

▪ Base model for 2018: ExmQ4TOT ~ Learning_Cluster + UG1 

The semester-end exam contained two sections: section A was compulsory and 

contained two questions; and for section B there was a choice of answering two 

questions from three. In 2017, a groups question was set as a compulsory question, 

which was the first time this had happened. Despite numerous warnings that any 

subject area may appear in any section, and despite it being in the compulsory section, 

28 students made no attempt, 3 exchange students in the “intensive” cluster took an 

alternative assessment, 2 were absent, and 23 students scored zero marks on this 

question (out of a total of 313 students). These students may have gambled that a 

groups question would be optional and decided to not study this area for the exam. Of 

those 56, 32 were in the “non-use” cluster, 11 in the “minimal use”, 5 in the “Catch-up” 

cluster and 3 in “last minute”. The remaining 5 comprised 3 students in the 

“Procedural” cluster (with significant views of   
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Table 6-1: Summary of Variables included in a review of an appropriate model for 2017 and 2018 (before outlier review) 
Variable Description & rationale for inclusion 2017 Variable, and impact 2018 Variable, and impact 

Lang 2 

A binary categorical variable explaining 
whether the student has English as a second 
language (ESL). This was considered because of 
the literature outlining the different 
approaches to learning that ESL students may 
take (section 2.2, page 70). 

Lang 2: Insignificant (p = 0.068). 206 of the 251 
students in the dataset were ESL students 
(82%), so there is a dominant representation of 
this group. ESL students benefit from the video 
content including closed captions and user 
control aspects (e.g. ability to pause and alter 
play speed) mitigate challenges faced by ESL 
students (Pinder-Grover, Millunchick and 
Bierwert, 2008) 

Lang 2: Insignificant effect (p = 0.61). As 
in 2017, the majority (76%) were ESL 
students, facing same benefits of video 
design as outlined under 2017. 

2017: P1Tot 
 

2018: RVTot 

The number of times procedural videos 
(ReViews) accessed; a way of representing the 
extent of engagement with the ReView tasks, 
which are core to the 4C/ID model.  

P1Tot: significant (p = .0013). This supports the 
importance of task activities in the 4C/ID model 
and use of the procedural videos to assist in the 
“how-to” aspects of task completion. 

RVTot [2018]: less significant in 2018 (p = 
.049), becoming insignificant when 
EgsTOT added (p = 0.57). Two more full 
worked example videos provided in 2018 
gave opportunities for further tasks 
which were significant (see next variable, 
EgsTOT,  below).  

2017: 
EG.Avg 

 
2018: 

EgsTOT 

The average number of times the worked 
example videos were accessed. Like P1Tot, this 
indicates engagement with the procedural 
element of the 4C/ID model, but with more 
advanced whole tasks. Students in 2018 had 
more of these worked examples to review and 
complete. 

EG.Avg: Insignificant (p = 0.40). Access of 
worked examples videos was the lowest overall 
(64%); this may be because students had less 
need to access the full worked example, given 
the ReView videos that offer the same thing, 
but in a manner that progressively builds up to 
exam standard tasks. 

EgsTOT: Significant (p = 0.02). Higher 
access of worked example videos (with 
more available in 2018), found more 
significant in 2018 than viewing the more 
basic ReView videos. (P1Tot was 
significant in 2017 but RVTot not in 2018 
- above) 
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Table 6-1 (continued): Summary of Variables included in a review of an appropriate model for 2017 and 2018 (before outlier review) 
Variable Description & rationale for inclusion 2017 Variable, and impact 2018 Variable, and impact 

2017: 
WSP6_Grp1 

 
2018: 

ABSWSP6 

A binary categorical variable recording 
attendance or absence at the applicable 
workshop, where students construct 
knowledge through social interaction 
(Vygotsky, 1978), active engagement 
(problem solving) and observation 
(feedback) in line with the constructivist 
theory of Piaget (1971). 

WSP6_Grp1: Insignificant (p = 0.77). 82% of 
students attended. Of the 44 not attending, 
12 were in the non-use cluster, 11 in the 
catch-up and 7 in the last-minute. Whilst not 
disregarding the importance of social 
interaction, students in this part of the 
course can access theory and worked 
examples online.  

ABSWSP6: Insignificant (p = 0.20). Absences 
from the relevant workshop was again found to 
be insignificant under the same argument as for 
2017. 
 

2017: 
SQ.Tot 

 
2018: 

QGrpAv 

The average score in all PreView in-video 
quizzes, representing the extent of active 
engagement, rather than passive viewing. 
In 2017, the final scores were recorded; 
whilst in 2018 scores from first attempt 
were recorded. Repeat viewing would most 
likely increase scores as students become 
familiar with concepts. 

SQ.Tot: (based on final score in video quiz): 
Significant (p = 3.347e-05). As such, a higher 
average score in all in-video quizzes (SQ.Tot) 
suggests a higher engagement with the 
PreView supportive videos, leads to a better 
exam score. Since the score in 2017 was 
based on the final viewing, students who 
viewed the video more times are likely to 
have achieved a higher score. 

QGrpAv: (based on first score in video quiz): 
Insignificant in 2018 (p = 0.12), although it was 
in 2017. The grade of the first quiz attempt was 
recorded in 2018 (more useful information at 
the lecture stage, to inform the focus of the 
lecture). Students with low first scores are likely 
to have repeat viewed and improved their 
knowledge as a result, leading to a higher exam 
score.  

Gender 

Gender was identified by Dull, Schleifer and 
McMillan (2015) as a factor of self-efficacy 
and test anxiety in accounting students 
(females showing lower levels of both); 
Sithole (2017b) identified higher self-
management skills in females accounting 
students 

Gender: not significant (p = 0.20) Gender: not significant (p = 0.349) 
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only the first PreView at workshop time) and 1 each from the “intensive” and “flipped” 

clusters. Given this lack of preparedness for the exam, and to allow comparison with the 

next year (in which the question was optional), the zero scores in the exam were 

removed from the regression analysis in both 2017 and 2018. This subgroup is 

significant, and further highlights a need for review of students’ self-efficacy and 

metacognitive skills which is a part of this research project. 

Both explanatory variables have a significant effect on Exam Q1 in 2017 (cluster 

membership (Learning_Cluster p =3.423e-12; UG1 = 4.439e-11), and Q4 in 2018 

(Learning_Cluster p = 5.572e-07; UG1 = .01332).  

In 2018, the exam question relating to groups was in the optional section of the paper 

(Q4), meaning not all students attempted it. For consistency with 2017, a subset was 

used in the analysis which excluded students who scored zero in Q4 or for whom no 

data was held on prior experience (direct entrants to year 2). In 2018, 90 of the 276 

students who did not answer Q4 - for whom no response variable existed - were 

removed from the regression analysis. Of these, 32 were in the non-use cluster and 30 

in minimal or last-minute clusters. Over two thirds of students who opted not to answer 

the question had not used, or minimally used the online resources, which is further 

evidence of a lack of preparedness and engagement in a substantial number of 

students. Methods to encourage engagement will be reviewed in Chapter 7.  

The explanatory variables outlined in Table 6-1 were added to the model one at a time 

to assess their influence on the model, and impact on other explanatory variables 

(Kabacoff, 2013). 

Students with English as a second language (Lang2) was not a significant explanatory 

variable in either 2017 or 2018. The majority of both years were deemed to be ESL 

students (2017: 82%, 2018: 76%); so there is a dominant representation of this group.  

Total access times of the ReView videos (P1Tot) in 2017 was significant (p = 0.0013), 

highlighting the importance of task activities in the 4C/ID model and use of the 

procedural videos to assist in the “how-to” aspects of task completion. In 2018, 

however, the significance of ReView video access declined, and access of more 

advanced whole-task worked examples (new to 2018) were found more significant. The 

inclusion of P1Tot (in 2017) and EgsTOT (in 2018) represent the importance of active 

engagement with tasks. 
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Attendance at the relevant workshop was an insignificant explanatory variable in both 

years (2017: p = 0.77, 2018: p = 0.20). Most students attended workshops (82%), and of 

the 44 not attending in 2017, 12 were in the non-use cluster, 11 in the catch-up and 7 in 

the last-minute. Students in this part of the course were able to access theory and 

worked examples online to support their learning and be better prepared for 

workshops. Two thirds of students absent from workshops were therefore also in the 

three learning clusters indicating the lowest online engagement. 

The average score in the in-video quizzes in 2017 (SQ.Tot) represented a highly 

significant explanation of exam score (p = 3.347e-05), suggesting that a higher 

engagement with the PreView supportive videos leads to a better exam score. It is 

important to note that, since the score recorded was that from the final viewing, 

students who viewed the video more times are likely to have a higher final score. In 

2018, the average score on in-video quizzes was based on the first attempt (rather than 

final attempt), since this information was more useful to guide the lecture content. The 

change meant that for 2018, this variable was no longer significant, because – whilst 

recording the first attempt useful for pedagogic reasons – it is unlikely to represent the 

final attempt. Those with low first scores in the tests are likely to have repeat viewed 

and improved their knowledge as a result, leading to a higher exam score. 

6.2. Selected models for 2017 and 2018 and diagnostics review 

Appropriate models for 2017 and 2018 are summarised in Table 6-2. In order to 

compare cluster coefficients, the “non-use” cluster was set as the baseline using the 

contr.treatment () function. The explanatory models are: 

For 2017: ExmQ1TOT ~ Learning_Cluster + UG1 + P1Tot + SQ.Tot 

For 2018: ExmQ4TOT ~ Learning_Cluster + UG1 + EgsTOT 

In both years, prior experience (represented by score in the pre-requisite first year 

course) is a significant explanatory variable to exam score. This accords with self-

efficacy and metacognition theories, discussed in more detail in the following Chapter 7. 

Both years also identify the importance of engaging with the procedural tasks (access of 

the procedural videos in 2017 and of more complex whole tasks and worked examples 

at revision in 2018). In 2017, a highly significant explanatory variable was the final score 

in the in-video quizzes: this represents the extent with which students have understood 

the concepts behind the consolidation process, as well as their application. The 2017 
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settings recorded the final scores on these quizzes: repeat views should yield higher 

scores, which also explains the final exam score. In 2018, the first quiz score was 

recorded, as this provided useful information on the effectiveness of the videos, as well 

as guiding the lecture and workshop focus. However, this meant that the in-video quiz 

scores were not a significant explanatory variable in the 2018 model.  

The 2017 and 2018 reports also identify students as outliers for further review (section 

6.3). R’s standard diagnostics summary (Figure 6-1 and Figure 6-2) describes residuals 

from four perspectives. 
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Table 6-2: Summary of 2017 and 2018 Regression Models, before outlier review 
2017 (before outlier and diagnostics review) 2018 (before outlier and diagnostics review) 

glm(formula = ExmQ1TOT ~ Learning_Cluster + UG1 + P1Tot + SQ.Tot)  glm(formula = ExmQ4TOT ~ Learning_Cluster + UG1 + EgsTOT)  

Coefficients:                   Estimate Std. Error t value Pr(>|t|)     Coefficients:                   Estimate Std. Error t value Pr(>|t|) 

(Intercept)                    -5.80103    2.07482  -2.796  0.00559 **  (Intercept)                     8.39604    1.83508   4.575 0.00000895 *** 

Learning_Cluster[T.Flipped]     7.01410    2.47935   2.829  0.00506 **  Learning_Cluster[T.Flipped]     3.54383    1.63738   2.164    0.03179 *   

Learning_Cluster[T.Intensive]   5.84444    1.98233   2.948  0.00351 **  Learning_Cluster[T.Intensive]   6.78652    1.44948   4.682 0.00000565 *** 

Learning_Cluster[T.Last-min]    4.11746    1.73732   2.370  0.01858 *   Learning_Cluster[T.Last-min]    1.34188    1.69963   0.790    0.43088     

Learning_Cluster[T.Minimal]     3.84732    1.53635   2.504  0.01293 *   Learning_Cluster[T.Minimal]     2.06887    1.46630   1.411    0.16003     

Learning_Cluster[T.Catch-up]    3.50841    1.85989   1.886  0.06045 .   Learning_Cluster[T.Catch-up]    2.67476    2.49487   1.072    0.28514     

Learning_Cluster[T.Procedural]  6.15565    2.27868   2.701  0.00739 **  Learning_Cluster[T.Procedural]  4.89696    1.67577   2.922    0.00393 **  

UG1                             0.22150    0.03285   6.743 1.14e-10 *** UG1                             0.06721    0.02711   2.479    0.01413 *   

P1Tot                           0.42836    0.13183   3.249  0.00132 **  EgsTOT                          0.08098    0.03088   2.622    0.00950 **  

SQ.Tot                          8.27622    1.95741   4.228 3.35e-05 ***  

--- Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 --- Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Analysis of Deviance Table (Type II tests) Analysis of Deviance Table (Type II tests) 

Response: ExmQ1TOT Response: ExmQ4TOT 

Error estimate based on Pearson residuals  Error estimate based on Pearson residuals  

                  Sum Sq  Df F value    Pr(>F)                      Sum Sq  Df F value     Pr(>F)     

Learning_Cluster   673.8   6  2.3177  0.034039 *   Learning_Cluster  906.9   6  6.1404 0.000007272 *** 

UG1               2203.0   1 45.4649 1.141e-10 *** UG1               151.2   1  6.1437     0.01413 *   

P1Tot              511.6   1 10.5576  0.001322 **  EgsTOT            169.3   1  6.8763     0.00950 **  

SQ.Tot             866.3   1 17.8773 3.347e-05 *** Residuals        4332.5 176                         

Residuals        11677.8 241                       --- 

---Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

[1] "9***459" "9***749" "9***241" "9***469" "9***115" "8***300" 
"9***431" "9***623" "9***107" 

[1] "9***407" "9***146" "9***014" 
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Figure 6-1: Diagnostics summary for 2017 regression, before outlier review 
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Figure 6-2: Diagnostics summary for 2018 regression, before outlier review 
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The first chart in both diagnostics summaries (Figure 6-1 and Figure 6-2), Residuals v 

Fitted values, considers whether any non-linear relationships may exist between 

predictor and outcome variables. Where plots are spread equally above/below the 

centre line, as in both cases here, this is a good indication there are no non-linear 

relationships. Further evidence of linearity is provided by the component plus residual 

plot (using the crPlots ( ) function in R), which generates scatter plots of each 

predictor and outcome variable. Nonlinearity in any of these plots suggests remodelling 

of the functional form of that predictor in the regression (Kabacoff (2013), p190). In all 

cases the plots showed a linear relationship (Figure 6-3).   

Figure 6-3: Component plus residual plot of 2017 (left) and 2018 (right) variables 

 

A Q-Q plot is a scatterplot in which two sets of quantiles (or percentiles) are plotted 

against one another. In the second chart in Figure 6-1 and Figure 6-2, the Normal Q-Q 

plot, if both quantile sets came from the same normal distribution, the points should 

form a straight line. The x-axis plots the theoretical quantiles (from the standard Normal 

distribution with mean 0 and standard deviation 1). If residuals follow the dashed 

straight line, without severe deviation, this indicates that residuals are normally 

distributed. It is never likely to be a perfect straight line, as is the case here. Where 
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there are curves in the extremities, the data may have more extreme values than would 

be expected from a Normal distribution; in this case the analysis has identified some 

outliers subsequently reviewed in section 6.3. To further review the normality 

assumption, the R function qqplot( ) was used to plot the studentised residuals 

against a t distribution (Figure 6-4) (Kabacoff (2013), p. 187). The plot includes dotted 

lines representing 95% confidence envelope, and in this case whilst most points fall 

close to the line, some residuals pull away from the comparison line at both ends, 

although almost all are within the 95% confidence envelope.  

Figure 6-4: Q-Q Plots with 95% confidence envelope, 2017 (top) and 2018 (bottom) 
before outlier review 

 

 

Normality can also be assessed by plotting a histogram of studentised (standardised) 

residuals superimposed with a normal curve, the kernel-density curve, and rug plot 
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(marks along the axis to visualise data distribution), using the residplot( ) function 

of R (Kabacoff (2013), p.189). The resulting histogram, shown in Figure 6-5, shows a 

skew to the right from normal distribution in 2017 and – more pronounced – in 2018. 

These are expected given the Q-Q plots. 

Figure 6-5: Distribution of Errors, with outliers, for 2017 (top) and 2018 (bottom) 

 

 

The Scale-Location (or Spread-Location) plot (bottom left box in Figure 6-1 and Figure 

6-2) is conceptually similar to the residuals vs fitted values plot, but uses standardised 

residual values instead of residuals. A horizontal line with equal and randomly spread 

points either side suggests equal variance (homoscedacity). The ideal is for there to be 

no noticeable pattern in the plot, implying a normal distribution of errors.  For both 

years, whilst the variance of residuals is not an absolute straight line, the points in the 

Scale-Location graph appear in a random band around a relatively horizontal line. A 

further test for homoscedacity is the spreadLevelPlot ( ) function (Figure 6-6), 

whose points form a random horizontal band around a horizontal line of best fit. A 
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nonhorizontal line would violate the homoscedacity assumption. The function provides 

a suggested power transformation, the power p (Yp) that may stabilise any nonconstant 

error variance. In 2017, a suggested power transformation was 1.107 – close to 1, which 

suggests no evidence of heteroscedasticity. In 2018, however, the suggested power 

transformation was 2.436, suggesting a power transformation would be required; 

transformed by the response variable Y to Y2.436, or as an approximation: squaring it. 

Figure 6-6: Spread-Level Plot for 2017 (top) and 2018 (bottom) with outliers 

  

 

To confirm each model’s suitability for linear modelling, the gvlma ( ) function, the 

global validation of linear model assumptions (Peña and Slate, 2006), provides a 

summary of all validation tests of linear model assumptions, leading to a simple yes/no 

decision on acceptability. The results from this are shown in Table 6-3, where whilst the 

2017 model meets the assumptions, the 2018 model exhibits skewness that does not 

meet the global validation of linear model assumption.  
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Table 6-3: Report on Global validation of linear model assumptions 
For 2017: 

gvlma(lm(ExmQ1TOT ~ Learning_Cluster + UG1 + P1Tot + SQ.Tot, data=Outliers2017) 

  Value p-value Decision 

Global Stat 1.35078322 0.8527024 Assumptions acceptable. 

Skewness 0.84137646 0.3590034 Assumptions acceptable. 

Kurtosis 0.39201698 0.5312411 Assumptions acceptable. 

Link Function 0.02588078 0.8721918 Assumptions acceptable. 

Heteroscedasticity 0.091509 0.7622675 Assumptions acceptable. 

    
For 2018: 

gvlma(lm(ExmQ4TOT ~ Learning_Cluster + UG1 + EgsTOT, data=Outliers2018) 

  Value p-value Decision 

Global Stat 11.0198308 0.02634205 Assumptions NOT satisfied! 

Skewness 7.8936937 0.00496075 Assumptions NOT satisfied! 

Kurtosis 0.6582966 0.41716195 Assumptions acceptable. 

Link Function 2.0686437 0.15035518 Assumptions acceptable. 

Heteroscedasticity 0.3991968 0.52750438 Assumptions acceptable. 

Given the spread level plot for 2018 suggested a power transformation of 2.436, the 

2018 model was transformed by using the square of the response variable 

(ExmQ4TOT2): 

For 2018 (version 2): ExmQ4TOT^2 ~ Learning_Cluster + UG1 + EgsTOT 

This transformation resulted in a more even spread-level plot (Table 6-4), a suggested 

power transformation of 1.26, close to 1), and a less-skewed distribution of errors 

(Table 6-5), leading to all global validation of linear model assumptions being met.  

Table 6-4: Spread-Level Plot and Distribution of Errors for Transformed 2018 model 
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Table 6-5: Distribution of Errors in Transformed 2018 model 

 

The next section reviews the impact of outliers in both models, and the Residuals vs 

Leverage plot (bottom right box in Figure 6-1 and Figure 6-2 ) helps in the identification 

of influential subjects. Leverage describes how far a covariate is from other covariates. 

In linear regression, leverage measures how sensitive a fitted y value (the hat value) is 

to a change in the true response of y. Cases with high Cook’s distance scores, that can 

influence a regression line, are located in the top right or bottom left corners of the 

Residuals vs Leverage plot. Such cases are not aligned with the trend in most cases and 

should be reviewed to consider if there is anything special about them (or for data 

accuracy). They may influence the regression results when included or excluded from 

the analysis. 

6.3. Outlier Review [2017 and 2018] 

The process by which outliers were reviewed is described using the 2017 model, 

although a similar process was performed for 2018 too. Cook’s Distance assesses the 

influence of an individual observation on the estimated coefficients in a linear 

regression by contrasting the results with and without the observation (Cook, 2011). A 

high studentised residual suggests the observation does not fit the model and is an 

outlier. For such an outlier to be influential, it must also show a high leverage. Cook’s 

distance, therefore, is the product of the observation’s leverage and its goodness of fit 

(the studentised residual). Care should be taken over whether such cases are accepted 

or rejected without a review, since whilst it could indicate an anomalous case that is 
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“extramural to the experimental protocol”, merely removing without a review may be 

eliminating “the most important case in the analysis, one that points to a relevant 

phenomenon not reflected by the other data” (Cook, 2011) (p302). 

In this case, some plots appear to be outside the Cook’s distance line (for example, in 

2017, “9***115” and “9***469” are identified in Table 6-2) which require review to 

consider their influence on the regression analysis. The cook's distance for each case 

measures the change in outcome Y (fitted Y) for all observations with and without the 

presence of that case, and hence shows the impact of that case on the fitted values. 

Influential cases are taken to be those with a Cook’s distance greater than 4/(n – k – 1), 

where n is the sample size and k is the number of predictor variables, indicate 

influential observations (Kabacoff, 2013); although this not a definitive cut-off level. 

Figure 6-7 identifies 13 influential observations based on this cut-off level in 2017. A 

clearer representation of the manner of influence of each observation can be seen using 

the influencePlot () function, which combines information about outlier, leverage 

and therefore influence (Fox and Weisberg, 2018).  The resulting bubble plot (Figure 

6-8) presents horizontal lines at +/-2 (as a guide to extent of outlier) and a vertical line 

at 2 times the average hat value (guiding the extent of leverage). Each observation is 

shown as a circle proportional to its Cook's Distance. Points to the right have higher 

leverage, and to the top/bottom right are outliers with high leverage and therefore 

large Cook's Distances (influential observations).  

Figure 6-7: Influential observations, Cook's Distance, for 2017 with outliers 
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Figure 6-8: Influence Plot for 2017, including outliers 

  

An accompanying data frame of noteworthy outliers (22 in 2017, 20 in 2018) was used 

in the review of outliers. An interesting finding for 2017 was that almost all cases in the 

high leverage section of the influencePlot comprised two clusters (Procedural and 

Flipped) (Figure 6-9). Removing all 22 identified "noteworthy" influence cases would 

remove 7 of the Flipped (n=15) and 5 of the Procedural (n=18).  

Figure 6-9: Scatterplot of residuals v leverage by cluster (2017) 

 

Rather than removing all, each was reviewed on an individual basis to identify those 

outliers with unusual behaviour, with reasons provided in Table 6-6 (2017) and Table 6-

7 (2018).   
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Table 6-6: Review of 22 identified "noteworthy" influence cases (2017) 
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Table 6-7: Review of 20 identified "noteworthy" influence cases (2018) 
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In 2017 (Table 6-6), three students were identified as having very high scores in the 

exam question but clustered in “non-use”. Each also made no use of similar videos on 

another subject, earnings per share (not a part of this research) but all scored 

reasonably well in that exam question (12, 13 and 18 out of 25). The highest scorer of 

the three made use of the procedural (worked examples) to support their studies. 

Removing these three would be appropriate, as these students made no use of the 

resources, but achieved good learning outcomes through other study methods.  No 

discussion was possible on their reason for appearing to not use the videos (for 

example: attendance at lectures, reviewing lecture podcasts, co-studying and viewing 

videos with others, or use of text to support their learning). Two of these students 

completed their degrees with first scores (74.3 and 69.2), and the third completed in 

2018-19 after a placement year (scoring 63.2). Ten students were identified as using the 

PreView videos extensively - often at the appropriate teaching times - but with minimal 

or no use of the ReView and worked example videos (the procedural support, flagged in 

green on the variable header of Table 6-6), which suggests a passive viewing rather than 

an active engagement with the tasks which are fundamental to the 4C/ID model. This 

disengagement with tasks may partly explain why their score in the exam question was 

so low (and the residuals and Cook’s Distance so high), and these ten were removed as 

outliers for subsequent analysis as they lacked engagement with the material. 

A similar review for 2018 (Table 6-7) identified four students with high scores but no use 

of the online resources (who are therefore not relevant for this review, and removed as 

outliers). Each student ended with good final degree grades (all exceeding 64) at the 

end of their studies. Three more outliers were removed who appeared to be passive 

users of the Review videos, lacking task engagement, or perhaps better classified in 

another cluster. It is interesting to note that all seven members of the “catch-up” cluster 

for 2018 were included in this review as “noteworthy” influence cases (see Figure 6-10, 

which illustrates their extent of use compared to the remaining cohort). Removal of 

these would eliminate a key learning cluster, so these were kept in the database.  
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Figure 6-10: Scatterplot of residuals v leverage by cluster (2018) 

 

6.4. Impact on Regression of Removed Outliers 

The effect of removing outliers in both 2017 and 2018 is illustrated by comparing the 

regression model summaries before and after outlier removal. In the case of 2017, 

Table 6-8 shows a fall in the intercept value (representing non-use cluster score) from 

(5.8) to (7.6) as a result of removing the three students with high scores but no use of 

the online resources. These three were removed as they successfully used other 

learning techniques and so are not relevant to the study. The removal of the 13 outliers 

has increased the level of significance of all clusters to a higher level (‘***’ equates to p 

= 0.001 or less: high significance), and also increased the overall significance of learning 

cluster, access of procedural videos (denoting engagement with tasks) and prior 

experience.  

In 2018, Table 6-9 shows a similar drop on the intercept (non-use cluster) estimate, 

because of the removal of two students with high scores but no use of the online 

resources, who chose alternative, successful, learning strategies and are not relevant to 

this study. The revised model shows an increase to high significance (p exceeding 0.001) 

for three clusters, and a higher overall significance for learning cluster. Prior experience 

(represented by UG1, exam score from the previous year) is now highly significant as 

well. 

Both models are improved following the outlier review.  
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Table 6-8: Comparison of Regression summaries for 2017: before and after outlier removal 
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Table 6-9: Comparison of Regression summaries for 2018: before and after outlier removal 
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6.5. Assessing the impact of the Online Resources 

One of the key aims of this research is to consider whether the extent of use of the 

online resources at the appropriate time has an impact on the exam score in that aspect 

of the course. Use of the PreViews, ReViews and revision material has been recorded at 

four stages of the course (Table 5-1, page 157): 

1. At lecture time  

2. At workshop time  

3. Post-teaching  

4. In the final 10 days prior to the exam. 

These four stages are ranked in order of what is purported to provide the most to the 

least effect on learning. Accessing before lectures allows the lecture time to be used in 

ways other than information provision. Adopting the flipped lecture (Section 2.6), and 

the active learning techniques such as peer instruction will only be effective provided a 

sufficient number of students have viewed the PreViews and can engage in effective 

Peer Instruction. This is the ideal position. 

However, students can access the resources later – prior to the workshop, for example 

– and still benefit from the social interaction and completion of tasks in the workshop 

(they can refer to the supportive and procedural online resources to guide them in 

completing the workshop tasks). Learning is still possible at the third stage (the “catch 

up”, post-teaching stage), and even in the final 10 days prior to the exam. The majority 

of students in the pilot study were using the resources at the final stage. However, the 

closer to the exam that students leave viewing, the shorter the time – and support – 

they have to benefit; and learning is likely to be more surface than deep (Dolmans et al., 

2015). 

The clustering of students into types of user allows a comparison with their final grade 

in the relevant exam question, alongside the impact of other explanatory variables 

identified as significant. The regression analysis in this study uses R’s contr.treatment 

() function to contrast the clusters with a baseline level – which has been set at “non-

use”  since this was the largest cluster in 2017 (23.6% of cases) and third largest in 2018 

(18.1%). The “non-use” cluster is also a good base to use as it is hypothesised that 

students that are not engaging with the additional online material may not benefit as 

much (subject to the outliers identified and removed prior to the analysis).  
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Table 6-10 summarises the coefficients in contrast to the “non-use” cluster. All clusters 

show a higher estimate compared to “non-use”; although a graphical representation 

better presents the case, such as effects plots (Figure 6-12 and Figure 6-13). 

Table 6-10: Summary of regression analysis, 2017 and 2018 

 

The average exam score in the related topic of group accounting for each of the seven 

clusters in both years is presented in Table 6-11. The table includes the average scores, 

a percentage equivalent, a count of the cluster members and the average scores from 

the first year (to consider prior performance).  

For 2017, the impact on the exam score of resource non-use is likely to have been 

impacted by the groups question appearing in the compulsory section (in 2018 it was an 

optional question, and out of 25 rather than 30). Non-users in 2017 scored an average 

of only 5 out of 30, compared to an average of 23.5 for the Flipped cluster. Minimal 

users of the PreViews achieved 9 marks more than non-users, and those in the last-

minute cluster, achieved 10.6 more.  
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The total proportion of the non-use cluster (before removal of students who did not 

attempt the groups exam question, and outliers) was smaller in 2018 (18.1%) compared 

to 2017 (23.6%). Members of the more desirable flipped and intensive clusters also 

increased as a proportion from 2017 to 2018 (see Figure 6-11). The proportion of non-

users overall, however, is still very significant. 

In 2018, the intensive cluster achieved the highest average score in the exam question 

relating to groups of 20.7 (out of 25, 82.7%). This was almost 10 marks higher than the 

non-use cluster. In 2018, every other cluster’s average score was between 50% and 

100% more than the non-use cluster.  

Table 6-11: Summary of Exam result by 7-cluster for 2017 and 2018 

Cluster 

2017 2018 
Av.  
Q1  

[Out  
of 30]  

Av.  
Q1  
[%] 

Marks 
above 

non-use 
Count 

UG1 
Av. 

Av.  
Q4  

[Out 
 of  25] 

Av.  
Q4  
[%] 

Marks 
above 

non-use 
Count 

UG1 
Av. 

Flipped 23.5 78.2% 18.5 12 57.7 19.5 77.8% 8.7 26 58.5 

Intensive 22.6 75.4% 17.6 38 64.6 20.7 82.7% 9.9 46 61.1 

Procedural 20.7 69.0% 15.7 13 60.7 19.1 76.5% 8.3 27 52.7 

Catch-up 17.9 59.7% 12.9 47 60.9 18.3 73.1% 7.5 7 56.6 

Last-min 15.6 52.1% 10.6 41 55.5 15.5 61.8% 4.7 23 53.1 

Minimal 14.0 46.6% 9.0 49 58.2 15.3 61.0% 4.5 35 55.0 

Non-use 5.0 16.6% - 38 53.4 10.8 43.2% - 15 49.5 

Total 15.8 52.7%  238 58.6 17.6 70.4%  179 56.1 

Figure 6-11: Cluster Proportions, 2017 and 2018 (before removal of outliers and 
students not attempting the exam question) 

 

Prior experience (represented by the students’ result in the comparable year 1 Financial 

Reporting course) is lowest in the non-use cluster in both years, although the extent by 
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which the non-use cluster underperforms in the year 2 exam question compared to the 

year 1 result is much more significant (Table 6-11).  

An interaction model (ExmQ4TOT ~ Cluster7 * UG1) confirms that the clusters were 

not determined based on prior experience (represented by UG1). Using a pivot table in 

excel, the lowest 30 scores at UG1 in both 2017 and 2018 were compared to their 

ultimate cluster allocation in year 2. The results (Table 6-12) reveal an allocation across 

a range of clusters: the non-use cluster does not purely contain students with less prior 

knowledge; in fact, the top quartile UG1 scores in the non-use cluster were 65.3 for 

2018 and 67.6 for 2017.  

Table 6-12: Allocation of lowest 30 scores at UG1 to Year 2 Cluster 

Cluster 2018 2017 

Catch-up 1 5 
Flipped 2 1 
Intensive 5 3 
Last-min 4 6 
Minimal 7 7 
Non-use 4 7 
Procedural 7 1 

 30 30 
  

Barab, Bowdish and Lawless (1997) reference Cohen’s (1988) suggestion that “effect 

sizes provide a better indication of the degree of relationship among variables than 

sample-dependent significance tests.” Effects plots for both 2017 (Figure 6-12) and 

2018 (Figure 6-13) better illustrate the impact of using the resources compared to not 

using (or using minimally). Whilst the 2017 effects plots suggest that any use of the 

resources is beneficial (subject to three non-user outliers identified and removed), it 

appears that the time at which the resources are used also has an impact on the 

learning outcome. For example, in Table 6-11, the 2017 “flipped” cluster (accessing the 

resources primarily at the lecture stage) shows the highest mean score above the “non-

use”; with the “procedural” cluster (accessing primarily at workshop stage) a close 

second. In 2018, the “intensive” cluster shows the highest mean score above “non-use”, 

followed by “flipped” and “procedural”.  
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Figure 6-12: Effect Plots for 2017 model, outliers removed 
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Figure 6-13: Effect Plots for 2017 model, outliers removed 

   



Page 204 of 316 

Given the focus of the four learning stages in the research design (Table 5-1, p157), the 

clusters were recoded and placed into one of four groups depending on the extent of 

use, and time of use. The recoding for both years is described in Table 6-13.  

Table 6-13: 7 clusters recategorised based on extent and timing of use 
Code Description Use period Clusters allocated 

04 

“Ideal use”: High and extensive use at the 
key time to enable the adoption of the 
flipped lecture (peer instruction): 
regarded as ideal, so separately grouped 

Pre-lecture “Intensive” 

03 
“Appropriate use”: Good use, with 
enough time to actively engage with 
learning tasks. 

Workshop and 
post-teaching 

"Flipped"; 
"Procedural"; "Catch-

up" 

02 

“Late use”: Minimal use at any stage or 
use at the last minute (10 days prior to 
the exam) with insufficient time to 
actively engage with learning tasks. 

Revision  
"Minimal"; “Last 

Min” 

01 “Non-use” Negligible "Non-use" 

The resulting effect plots (Figure 6-14 for 2017 and Figure 6-15 for 2018) and box plots 

(Figure 6-16 for 2017 and Figure 6-17 for 2018) illustrate the impact of early adoption of 

the resources on exam result compared to insufficient or non-use. In 2017 users at the 

recommended “intensive” stage scored an average of 22.6 out of 30. The later the 

period of use, the lower the average score. The variance or spread of results is lower at 

the optimal earlier stage. 

Table 6-14: Summary of Exam result by the 4 Learning Stages for 2017 and 2018 

Learning period (Cluster): 
2017 2018 

Av. Q1 
[30] 

n 
Cohort 

%  
Av. Q4 

[25] 
n 

Cohort 
% 

04 Ideal use (“Intensive”) 22.6 38 16% 20.7 46 25.7% 

03 Appropriate use ("Flipped"; "Procedural"; "Catch-up") 19.3 72 30% 19.2 60 33.5% 

02 Late use ("Minimal"; “Last Min”) 14.7 90 38% 15.3 58 32.4% 

01 No use ("Non-use") 5.0 38 16% 10.8 15 8.4% 

Grand Total 15.8 238 100% 17.6 179 100% 
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Figure 6-14: 2017 Effect Plot of clusters grouped according to Table 6-13 criteria 

 

Figure 6-15: 2018 Effect Plot of clusters grouped according to Table 6-13 criteria 
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Figure 6-16: Boxplot of 2017 clusters grouped according to Table 6-13 criteria 

 

 

Figure 6-17: Boxplot of 2018 clusters grouped according to Table 6-13 criteria 
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6.6. Conclusion from Regression Analysis 

A summary of the findings from this Chapter is provided in Table 6-15, below.  

Table 6-15: Summary of Findings from Regression analysis 
Stage Findings Reference 

1. Explanatory 
variables 
selection 

Five variables added one at a time to a base model describing 
relationship between cluster membership and learning outcome 
(adjusting for prior experience – first year grade (UG1) 

Section 
6.1 

Significant: 
▪ Worked example Videos 
▪ PreView Quiz scores 

Indicative of Task Engagement 

Insignificant: 
▪ ESL (over 75% ESL in both years) 
▪ Workshop attendance (since high) 
▪ Gender 

2. Diagnostics 
Global validation of linear model assumptions: 
2017: linearity validation testing acceptable 
2018: evidence of skew: power transformation applied 

Section 
6.2 

3. Outlier 
review 

Table 6-6: Outliers identified as passive viewers in 2017: high views of 
theory videos but no access of procedural: no engagement with tasks 
Outliers removed: 7 in 2018; 13 in 2017. 

Section 
6.3 

4. Sample 
sizes 

Reconciliation: numbers in Cluster & Regression Analyses 2017 2018 

 

Students in cluster analysis (Whole cohort): 313 276 

Direct entry students to year 2 (no UG1 data) (6) (5) 

No exam Q (no response variable) [Section 6.1] (56) (85) 

Outliers [Section 6.3, Table 6-6 & Table 6-7] (13) (7) 

Students in Regression analyses  238 179 

5. Findings 

Model: Learning outcome (exam Q) ~ cluster + prior experience + access 
of worked example videos + Quiz score (2017 only9) 
For 2017: ExmQ1TOT ~ Learning_Cluster + UG1 + P1Tot + SQ.Tot1 
For 2018: ExmQ4TOT ~ Learning_Cluster + UG1 + EgsTOT 

Section 
6.5 

Using the “non-use10” cluster as a baseline, membership in ALL other 
clusters in 2017 (i.e.: use of online resources to any extent) is a 
significant factor on learning outcome (p = 0.001). In 2018, membership 
in Flipped intensive, Flipped and Procedural clusters is significant (p = 
0.001). Best illustrated graphically: see Figure 6-12 and Figure 6-13 

Table 6-10 

6. Assessment 
on Learning 
outcome 
(exam 
question)  

Table 6-11: Flipped intensive and Flipped clusters average significantly 
higher scores than non-use cluster 

Section 
6.5 

Clusters categorised according to four periods of use (before lecture, 
during workshop, post-teaching and revision) further illustrates the 
improved learning outcome from earlier use:  

 
 

Table 6-14 
 
 
 

Figure 
6-16  

 
Figure 
6-17 

 

Ranking  Use period Associated cluster(s): 
1. Ideal  Pre-lecture “Flipped Intensive” 

2. Appropriate  
Workshop and 
post-teaching 

"Flipped"; "Procedural"; "Catch-up" 

3. Late  Revision  "Minimal"; “Last Min” 

4. No use Negligible "Non-use" 

Box plots charting these categories against learning outcome illustrate 
the positive impact of timelier use (e.g., before lectures relates to the 
highest score) and specifically, a timelier use of worked examples 
(active learning focus on task completion).  
The “flipped Intensive” cluster shows the highest use of worked 
examples at the pre-lecture stage (see Table 5-8, p172: resources 
highlighted in purple are worked examples). This indicates an adoption 
of active learning at the appropriate pre-lecture stage and is aligned 
with the task-focus of the 4C/ID design. 

 
9 based on final scores in 2017, but based on initial scores in 2018 (hence not significant in 2018) 
10 “non-use” is not a literal description: almost all students accessed the resources at some time. In 2017 only two 
from 313 students did not use the resources at all (0.64% of the cohort); and in 2018 only one from 276 (0.36%). 
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Regression analyses using two separate years of data reveal consistent results: there is a 

statistically significant effect of any use of the PreView and ReView online resources on 

learning outcomes, measured by exam question in the subject area (groups). The two 

regression models identify two additional statistically significant factors on learning 

outcome, representing active engagement with the material, as opposed to passive 

viewing of the videos. It is important that students engage with the task element of the 

4C/ID model: the procedural aspects which are vital to an understanding of the 

techniques of consolidation. Regression identified the importance of: 

▪ engagement with the procedural ReViews (worked examples), and  

▪ performing metacognitive techniques (completing in-video quizzes) 

The minimal/non-use clusters fell as a percentage of the cohort: from 36.6% of the 

cohort in 2017 to 27.9% in 2018 (Table 6-11), and whilst these proportions are 

significant, they are not out of line with the proportions of similar non-user clusters in 

research (see Table 6-16).  

Table 6-16: Clusters of non-use in learning analytics (see section 4.5.3)  
Study Non-use category and context % 
Kovanović et al. 
(2015) 

No-users: users below average in all variables apart from logging in 
(fully online post graduate course) 

27% 

del Valle and Duffy 
(2009) 

Minimalist: low effort, procrastinator, prefers group work; needs 
motivation-related assistance (online teacher course) 

18% 

Barab, Bowdish and 
Lawless (1997) 

Disenchanted: impatient, lowest scores, little resource exploration. 
Computer-based information “kiosk” 

22% 

O’Brien and Verma 
(2018) 

Phantom: low in all lecture resources. Online resource use for first years 
in four business subjects 

16% 

Cerezo et al. (2016) Procrastinators: minimal time on tasks, significant time on theory and 
discussion without benefit. Online activity in undergraduate psychology. 

21% 

The non-use cluster of students included in the regression analysis had the lowest 

average level of prior experience (represented by the students’ result in the comparable 

year 1 Financial Reporting course, UG1; see Table 6-11). This suggests the need for more 

extensive instructional guidance on individual study (see sections 4.5.3 and 7.3.1).  

Underuse of online resources may be due to a lack of awareness, knowledge or 

motivation (Lust, Elen and Clarebout, 2013a) or a lack of metacognitive skills to 

recognise when online tools are beneficial for their learning (Clarebout et al., 2013). 

These aspects are considered in the next chapter which proposes methods to reduce 

the non-user cluster and promote timely engagement with the online resources.  
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Chapter 7 Promoting engagement with online resources to lead 

to effective lecture activities 

This chapter answers RQ3 by identifying  methods that can encourage an appropriate 

use of the online resources to enhance learning outcomes. Three sub-questions arise 

from the findings so far: 

1. What methods best minimise or ideally remove the “non-use” cluster? 

2. How can students be encouraged to engage actively with the tasks (and ReView 

videos) rather than passively view PreView videos? 

3. If “non-users” attend a flipped lecture, what activities would not disadvantage them 

and motivate a switch to using the online resources? 

The first challenge relates to shifting “non-users” of the online resources to users. 

Despite a drop in the “non-use” cluster as a proportion of the total cohort (from 23.6% 

to 18.1%) this is still a large share of students on the course. Section 4.5.3 (page 149) 

describes research studies that - like this case study - identified a significant proportion 

of students underusing or not engaging with online resources. Terms used to describe 

these clusters (Table 6-16, page 208) include “non-users”, “minimalist”, “disenchanted”, 

“phantom” and “procrastinators”.  The “non-use” group may lack motivation (Lust, Elen 

and Clarebout, 2013a), or the metacognitive skills to recognise when or how best to use 

them (Clarebout et al., 2013). These aspects are considered in this chapter, which 

proposes methods to reduce (ideally: to eliminate) the non-user cluster and promote 

timely engagement with the online resources.  

The second challenge relates to users of the online resource: encouraging them to 

actively work through each task (alongside the procedural ReView videos) as well as 

viewing the theory-based PreViews. The highest-achieving clusters in this study (in both 

years) were those with the highest usage of ReViews (worked examples) (see Table 5-8, 

page 172). Mean access scores for ReViews is lower in all clusters compared to the 

theoretical PreViews, but significantly so (and at later stages) for the lower-achieving 

clusters. The review of outliers in Chapter 6 (Table 6-6, page 192) identified students 

with very high views of PreView videos, but little or no engagement with the ReView 

tasks. Such “passive” viewing was associated with low learning outcomes. Whilst the 

extent by which students complete the tasks was not explicitly monitored (working on 
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tasks was an offline activity), the relatively low access of the ReView worked example 

answers also indicates that many students lacked sufficient focus on the tasks. 

Section 7.1 describes five key Motivational Theories in educational literature, and 

provides practical recommendations based on each theory to first encourage 

engagement with the online resources, and then promote motivation levels toward the 

ideal position of intrinsic motivation. Section 7.2 considers technology adoption models, 

which identify influencing factors in the use of eLearning resources. Section 7.3 

describes approaches adopted in the literature to encourage pre-lecture engagement 

with online learning resources, some of which are already employed in this case. Even if 

use of PreViews increases before lectures, students may still not adopt metacognitive 

techniques that best promote mastery, nor may they be appropriately balancing 

PreViews and ReViews. Section 7.4 describes why self-regulation is so important for 

active learning and recommends ways to embed self-explanation prompts into online 

learning materials to facilitate deeper learning and more active engagement with tasks.  

The final challenge relates to the design of lecture activities that, whilst promoting the 

use of the online resources beforehand, aim to not disadvantage students that have not 

yet engaged with the pre-lecture resources. Section 2.7 (page 91) raised the concern 

that unprepared students may be further disadvantaged where a lecture is flipped. 

Whilst the literature on the flipped lecture is extensive (see section 2.6, page 85 for an 

overview), most articles lack a grounding in learning principles (M. K. Kim et al., 2014b).  

Section 7.5 proposes the use of peer instruction in lectures, where students are 

encouraged to self-explain their understanding of concepts in a social learning 

environment. The section includes a pedagogical justification for its use and argues how 

peer instruction can mitigate the impact of unprepared students in a flipped lecture and 

motivate a shift for “non-users” into users of the online resources.   

7.1. Motivational theories 

“To be motivated means to be moved to do something” (Ryan and Deci, 2000b) (p54). 

Motivation is a process in which the learner begins and continues to direct effort 

towards a goal. The motivation theories described in this section are based on cognitive 

processing, which can involve a social context. They often have common themes that 

relate to a learner’s belief on their competence ( “can I do it?”), their value on the 

anticipated outcome (“do I want to do it?”), attributions of outcome to underlying 
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cause(s); and whether those attributions are changeable and within their control 

(within a social-cognitive context). At the end of each subsection describing the theory 

is a summary (shaded) outlining practical approaches based on recommendations by  

Cook and Artino (2016). 

7.1.1. Expectancy-Value Theory  

Expectancy-value Theory (EVT) (Eccles and Wigfield, 2002; Wigfield and Eccles, 2000) 

identifies two independent factors, both of which are needed to influence a learner’s 

behaviour: 

1. The expectancy of success (if the individual attempts the task) and  

2. The task value perceived from success (based on personal importance)  

The learner will hold their own motivational beliefs formed from past events and social 

influences (e.g. parents, teachers, peers), and their perceptions from these (which may 

not necessarily reflect reality) determine their expectancy of success. Expectancy to 

succeed depends on their goals (short- and long-term learning objectives), self-concepts 

of ability in the learning domain (e.g. academic or social skills) and the perceived (not 

actual) task difficulty.  

The task value is shaped by a learner’s reactions to past experiences (affective 

memories): favourable experiences enhance value and unfavourable experiences 

diminish value. At least four factors can determine the task value (or valence): the 

intrinsic value (the interest and enjoyment for the learner), the extrinsic value (the 

utility to the learner: being of practical use, or a step towards a future goal), the 

attainment value (the personal importance of achievement, or affirmation of their self-

concept), and the opportunity cost (the cost of spending time and effort meaning other 

tasks are forgone).  

Wigfield and Eccles (2000) suggest that (at school level) task value is the most important 

determinant of choosing whether to learn. Once that choice is made, expectancy of 

success is related strongest with engagement, depth of processing and achievement. 

Expectancy of success is a greater predictor than past performance.  

Students need to appreciate the value of the task (e.g., importance, utility) in their 

initial selection. This is particularly important for members of the “non-use” cluster, 

who may not perceive value on the completion of PreView and ReView tasks. Task value 

should be emphasised (by explaining why the task is necessary and what can be done 
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subsequently) and then expectancy for success can be promoted when the task is 

selected. Students should be encouraged to maintain high and accurate perceptions of 

their ability and to believe their domain-specific competence is controllable. This feeling 

of competence (expectancy) is promoted through domain-specific success (not just 

motivational rhetoric or accurate feedback, nor general self-esteem). Comparative 

scores should never be published. 

7.1.2. Attribution Theory 

Attribution Theory (Weiner, 1985; Weiner, 2000) suggests that subconscious causal 

explanations (attributions) are made, post-event or outcome (e.g. receiving a grade), 

which influence emotions and determine motivation in future events. If the outcome is 

negative or unexpected, the individual will attribute reasons as a “naïve scientist” across 

three causal dimensions: locus, stability and control. Locus reviews whether the cause is 

internal to the learner (e.g. effort, health) or external (e.g. poor teaching). Stability 

questions whether the cause is fixed or changeable (e.g. more effort). Control 

determines whether the cause is within or outside the learner’s control. Subconscious 

attributions as to success or failure directly influence future activities (and success), 

mainly via the stability aspect: if conditions are expected to remain the same, then so 

should the expected outcome (Weiner, 1985). Attributions have indirect influence on 

perceived value; these are determined by the individual’s emotional response to 

success or failure, which can be outcome-dependent (e.g. happiness, frustration), or 

attribution-dependent emotions.  

Students may need guidance in forming credible, positive attributions for any failure 

through accurate feedback. If applicable (and evidenced), guide students to attribute 

failure to low effort (a changeable, controllable attribution) or another unstable factor 

(if the student believes an effort was made); failure should not be attributed to low 

aptitude as this not regarded as changeable. Attribution errors with feedback or 

encouragement should be avoided: do not label discrete behaviours as general traits 

(the fundamental attribution error). 

7.1.3. Social-Cognitive Theory (Self-Efficacy) 

Self-efficacy theory (section 2.5.7), describes how a learner’s perceived ability to meet 

desired learning outcomes influence the extent of their effort and persistence (Bandura, 

1997). One aspect of the theory is how learners can model their self-efficacy based on 



Page 213 of 316 

vicarious experiences a  ‘near-peer’. This supports the use of Peer Instruction (section 

7.5). Feedback and persuasion may impact negatively on self-efficacy where the learner 

is persuaded to attempt a task resulting in failure; whilst positive emotions and 

enthusiasm (physiological responses) typically enhance self-efficacy (Pajares, 2008).  

Learners with low self-efficacy may perceive a subject to be harder than it really is, 

which may lead to expectations of failure (similar to the entity mindset of Goal 

Orientation Theory, section 7.1.4). Sharing a learning experience with a learner with 

high self-efficacy, who regard failure as rectifiable, may alter the perspective of the low 

self-efficacy student (Pajares and Schunk, 2002).  

Byrne, Flood and Griffin (2014) identified only two measures of self-efficacy that were 

highly significant to accounting students’ performance (see Section 2.5.7): a confidence 

to follow and make sense of material, and to make a good attempt to answer tutorial 

questions in advance. Both aspects accord with the findings of this case study. Students 

in the non-use cluster would not have benefited from the PreView videos to make sense 

of the material, reinforce understanding through repeat views and gain confidence 

through immediate corrective feedback from in-video quizzes. Likewise, the ReView 

task booklet provides a guided study (section 7.3.1), outlining what to view beforehand, 

whilst ReView videos provide a step-by-step explanation to help students make a good 

attempt to answer tutorial questions. 

Byrne, Flood and Griffin (2014) (p418) identified the challenge of creating “a supportive 

educational environment that provides students with the opportunity to engage in 

mastery experiences” and helps build students’ confidence. Students with low academic 

self-efficacy are less likely to ask for help (Ryan and Pintrich, 1997) as they consider this 

may be perceived as a lack of ability (Linnenbrink and Pintrich, 2003). As a result, “the 

very students who need the assistance are the ones who are least likely to look for it, 

and consequently they place themselves at a disadvantage” (Byrne, Flood and Griffin, 

2014) (p418). Accounting students may hold negative perceptions about the subject 

leading to anxiety, which “is a potential maladaptive outcome or aspect of the learning 

process” (Dull, Schleifer and McMillan, 2015) (p156). 

Self-Efficacy can be increased by offering opportunities for enactive (hands-on) mastery, 

adopting the same models as the learner’s when demonstrating, and providing realistic 

verbal persuasion (encouragement). Goals should be set at high-quality, and goal 

progression monitored. Credible attributional feedback should be provided after 
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performance, with any rewards (external and self-administered) linked with goal 

progress. Students should be provided guidance on specific self-regulatory techniques, 

and feedback on the effects of using such techniques should be provided to encourage 

use. Prompts to promote self-regulation are therefore important and discussed in 

section 7.4. Peer instruction techniques (section 7.5) confirm with the modelling of self-

efficacy through vicarious experiences of “near peers”. 

7.1.4. Goal Orientation Theory 

Under Goal orientation Theory (Ames, 1992; Dweck, 2000; Dweck and Leggett, 1988; 

Harackiewicz et al., 2002), each learner places themself into one of two self-theories 

(mindsets), in a manner similar to attribution theory. ‘Goals’ in this context relate to the 

broader purpose of learning, and the self-theories are domain- and situation-specific 

(e.g. skill level). 

Learners with an entity mindset regard intelligence and ability as stable and 

unchangeable (the result of genetics) and regard success as a result of talent. Whilst 

simple successes encourage study, more challenging tasks resulting in poor 

performance (indicating low ability in their eyes) are magnified against any success, 

leading to disengagement. Such learners will unconsciously adopt a performance-

approach goal: aiming to outperform others to look good; and adopt a performance-

avoidance goal to avoid looking bad (Ames, 1992). The avoidance construct, 

representing the ‘fear of failure’ (Geitz, Brinke and Kirschner, 2015), are associated with 

maladaptive outcomes (such as embarrassment, text anxiety low self-esteem and 

avoiding help-seeking). Care is needed to not unwittingly promote such goals by 

applying misplaced assessment methods (e.g. process-driven questions that can be 

learnt without the need for explanation), providing phrases in feedback that encourage 

an entity mindset (e.g. “you must be really clever” rather than suggesting that anyone 

can learn if they work at it) or using teaching methods that encourage competition 

(Cook and Artino, 2016).  

Conversely, learners with an incremental mindset believe ability is malleable and regard 

intelligence and ability as changeable and learned. Success in their view arises from 

effort, and hence they focus on incremental improvements via a growth learning 

mindset. Learners adopt a mastery goal approach, seeking out learning opportunities 

regardless of confidence levels, since this will stretch their ability. Simple tasks bear 
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minimal value. Failure is regarded as an opportunity to learn: a challenge to apply more 

effort in order to achieve mastery. Whilst this approach is often sought, it is not without 

its shortcomings: for example, a learner with mastery goal approach may focus on those 

areas of interest at the cost of broader study. 

Table 7-1 links these two achievement goals with the Student Approaches to Learning, 

which applies the terms deep learning and surface learning to the approaches applied 

to students with incremental mindsets and entity mindsets. 

Table 7-1: Relationship between Achievement Goal Theory (AGT) and Student 
Approaches to Learning (SAL) summarised from Dull, Schleifer et al. (2015) 

Achievement Goal 
[definitions from Senko, 

Hulleman and 
Harackiewicz (2011)] 

Approach Goal 
(linked with 

Adaptive 
Outcomes) 

Avoidance 
(linked with 
Maladaptive 
Outcomes) 

Accountancy Student 
Approaches to Learning (SAL)  

Mastery: “focus on 
acquiring and 
developing 
competence” 

To increase 
knowledge and 
competence 

To avoid a 
lack of 
competence 

Deep Learning: perceptions of 
good teaching, clear learning 
objectives and feedback, 
independence 

Performance: “focus on 
demonstrating one’s 
competence and 
outperforming others” 

To demonstrate 
achievement to 
others 

To avoid the 
appearance 
of failure 

Surface Learning: perceptions 
of high workload, assessment 
requiring rote learning, time 
constraints 

Barron and Harackiewicz (2001) extended the theory toward a multiple goal 

perspective, where learners who combine mastery goals (adaptive learning strategies) 

and performance-approach goals (relating to achievement), were found to optimise 

motivation. Students may, for example, adopt a mastery goal during the semester, 

“cultivating their interest and desire to learn the material deeply”, then change focus to 

“outperforming others when studying for exams and  preparing assignments” (Senko, 

Hulleman and Harackiewicz, 2011) (p42). Knight (2010) found that students who 

accessed online resources consistently throughout the module (regarded by the author 

as a deep learning approach), “performed markedly higher than surface learners who 

focused their online activity at the beginning or end of the module’s duration” (p67). 

This accords with the findings of this case study, where students in the “intensive” use 

cluster achieved the highest learning outcomes.  

Dull, Schleifer and McMillan (2015) replicated the work of Daniels et al. (2008) using a 

version of the Motivated Strategies for Learning Questionnaire (MSLQ) (Duncan and 

McKeachie, 2005) which asked introductory accounting students to score their 

motivation aspects for intrinsic goal orientation (mastery) and extrinsic goal orientation 

(performance), and then related this to their academic expectations, achivement (exam 
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score), self-efficacy and test anxiety. They identified four motivation clusters: those with 

mastery goals, performance goals, a combination of both, and a “low motivation” 

cluster (with low scores in both goals). The combined mastery and performance group 

ranked the highest in expected grade, final grade, and self-efficacy; followed by the 

mastery, performance, and low motivation clusters. All clusters had higher grades than 

the low-motivation cluster, controlled for age, gender and prior achievement.  

The low-motivation group identified by Dull, Schleifer and McMillan (2015) had the 

lowest grade expectations, final grade, and a significantly lower self-efficacy level than 

all other groups, and this lead them to suggest: 

“Accounting instructors should monitor the levels of self-efficacy, test anxiety, and 

grade expectations of their students (by, e.g. periodically surveying students 

regarding their expectations, and with questionnaires such as the MSLQ) and try to 

ensure that fluctuations in their responses to their own performance do not 

undermine their determination to succeed” (p167). 

Applying an adapted MSLQ questionnaire simliar to that used by Dull, Schleifer and 

McMillan (2015) to identify students’ goal motivations and expectations may provide 

information to help identify those students in need of intervention in changing from 

“low-motivation” (non-users) to another more motivated group. Dull, Schleifer and 

McMillan (2015) found “the greater the students’ perceived motivation in accounting, 

whether mastery or performance, the greater the potential academic achievement” 

(p167). Rather than attempting to alter a student’s approach from “surface” to “deep” 

learning, which is challenging “even in the most supportive learning contexts” 

(Ramburuth and Mladenovic, 2004) (p513), Dull, Schleifer and McMillan (2015) suggest 

a combination of both mastery and performance may specifically suit accountancy 

students, given the need to learn technical detail. The literature reveals a tendancy for 

accountancy students to be strategic learners (Byrne, Flood and Willis, 2009; Teixeira, 

Gomes and Borges, 2013), adopting “learning activities which they considered were 

most likely to lead to examination success” (Flood and Wilson, 2008) (p225) or surface 

learners (Booth, Luckett and Mladenovic, 1999; Eley, 1992; Gow, Kember and Cooper, 

1994; Hall, Ramsay and Raven, 2004; Sharma, 1997). Without instructor intervention, 

Ballantine et al. (2008) suggest accountancy students move toward surface learning, 

whilst Gow, Kember and Cooper (1994) identify a drop in deep approaches as 

accountancy students move into their second year, to then return in their third year. 
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Among the suggested reasons for this are a lack of intrinsic motivation (see section 

7.1.5) and a didactic, teacher-focussed style. Both of which can be mitigated through 

prompting self-regulation techniques (section 7.4) and adopting a student-centred style 

to lectures, such as peer instruction sessions (section 7.5). 

Whilst most learners shift from incremental to entity mindsets by the age of 12, 

empirical research shows that students can be encouraged to revise their mindset: 

“people's theories of intelligence are malleable…. students may arrive in our 

experiments with strong and longstanding beliefs, but we can, at least temporarily, tune 

them into a different one” Dweck (2000) (p 40).  

Students should be encouraged to accept an incremental (growth) mindset, where the 

brain has a limitless learning potential, mistakes are regarded as opportunities for 

learning, and effort is recognised as an important outcome. A favourable learning 

environment is vital: Meece, Anderman and Anderman (2006) recommend 

incorporating the following “TARGET” principles: 

▪ Task design: use mastery-focus learning tasks with variable difficulty 

▪ Autonomy: encourage student leadership and choice/control in learning. 

▪ Recognise success with objective standards: avoid normative comparisons. 

▪ Groups: heterogenous groups: promote peer collaboration, help low achievers. 

▪ Evaluation: effort matters, mistakes=learning; personalised feedback. 

▪ Time: students control pace and workload; plan own schedules. 

Providing a positive experience when help is sought (Pajares and Schunk, 2002) and 

promoting a task-focused goal structure (on understanding and improvement) over a 

“relative-ability goal structure” (where demonstrating ability relative to others appears 

more important) leads to students asking questions to gain mastery (Ryan, Gheen and 

Midgley, 1998) (p529).   

7.1.5. Self-Determination Theory 

Self-determination Theory (Deci, Koestner and Ryan, 1999; Ryan and Deci, 2000a) 

suggests motivation varies in both quantity and quality, identifying three main 

motivation types (Figure 7-1). Intrinsic motivation (resulting in optimal, most productive 

and spontaneous results) arises when activities are inherently enjoyable: the learner 

embarks on the activity through their own volition (autonomously). At the other 

extreme, amotivation (a lack of any motivation) represents apathy or a failure to act. 
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Theorists who treated motivation as a unitary concept (e.g. Bandura (1986)) considered 

only these two extremes, and research at the time attempted to identify factors that 

promoted intrinsic motivation. Cognitive Evaluation Theory (Deci, 1985) recognised that 

feelings of competence also required a sense of autonomy (an internal perceived locus 

of causality) to facilitate intrinsic motivation. According to Ryan and Deci (2000b) (p58): 

“people must not only experience perceived competence (or self-efficacy), they must 

also experience their behaviour to be self-determined if intrinsic motivation is to be 

maintained or enhanced.” Empirical research, summarised in Ryan and Deci (2000b), 

identified various factors that undermine intrinsic motivation, including tangible 

rewards attached to performance (and with minimal feedback), threats, deadlines, 

directives and competition pressures. Each factor was regarded as a control over 

learner behaviour, inhibiting their autonomy.  

Figure 7-1: Self-determination Theory. Adapted from: Cook and Artino (2016), Ryan and 
Deci (2000b) 

  

A third type of motivation, extrinsic motivation, arises when learners require prompts 

through an external force or regulation in order to act. As children, learners tend to act 

from intrinsic motivation; however - as was the case with goal orientation theory’s 

mindsets (section 7.1.4) - learners progressively face external influences to do less-

interesting activities as they move into adulthood. Such extrinsic regulations - such as 

career goals, promised rewards, and penalties - can undermine intrinsic motivation, but 
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at the same time are required where social demands and roles require individuals to 

undertake “non-intrinsically interesting tasks” (Ryan and Deci, 2000b). Extrinsic 

motivation is divided into levels that vary depending upon the extent to which the 

external regulation is:  

▪ internalised: the task’s value is accepted or ‘taken in’ as a personal commitment, 

and then  

▪ integrated into the learner’s “sense of self,” through self-examination and aligning it 

with the learner’s values and needs (Ryan and Deci, 2000a). 

Figure 7-1 describes the range of motivation from amotivation (far left) to intrinsic (far 

right), with four levels of extrinsic motivation which vary according to the extent that 

the external regulation has been internalised and integrated. The lowest level, External 

Regulation, prompts action only to gain reward or avoid punishment, likened to operant 

theory (Skinner, 1965) (section 2.5.2). Behaviours are performed to meet an external 

demand which the learner views as controlling and alienating: their actions have an 

external perceived locus of causality with no feeling of learner autonomy. The next level, 

Introjected Regulation, still has a controlling aspect: actions are performed under 

pressure to avoid guilt or enhance or maintain self-esteem. Whilst partially internalised, 

the regulation is not accepted personally by the learner. Students were found to expend 

more effort, but as a result of anxiety and a poor management of failures. The next 

form, Identified Regulation, is more autonomous or self-determined: learners identify 

the personal importance and accept the regulation as if it were a self-desired goal 

because it is useful, albeit still not intrinsically desirable. Students were found to enjoy 

learning and displayed better coped styles. The most autonomous extrinsic motivation 

is integrated regulation, arising from full assimilation to the self. The regulation is self-

examined and aligned with internal values and needs. The greater the assimilation to 

the self, the closer extrinsically motivated actions are to those that are self-determined 

(intrinsic motivations).  

Ryan and Deci (2000b) extend Cognitive Evaluation Theory by now identifying three 

feelings that facilitate extrinsic motivation: 

▪ Relatedness. Extrinsically motivated behaviours are not inherently interesting and 

require an external prompt. Individuals are more likely to do such behaviours when 

regarded as valued by significant others (family, peers or society); and a sense of 

belonging or affiliation with others will facilitate internalisation. This extends to the 
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feeling of being respected and cared for by the lecturer/teacher to be willing to 

accept and internalise the educational regulations. 

▪ Competence. To adopt an extrinsic goal as your own requires an understanding of it, 

and a perception that you have the skills to achieve it (feelings of efficacy).  Support 

for competence such as optimal challenges and positive, relevant feedback will 

facilitate internalisation. 

▪ Autonomy. This is key to integrating a regulation. Competence and relatedness 

encourage internalisation, but without autonomy, the regulation will only be 

introjected, leaving a feeling that the regulation is still in control. To fully integrate a 

regulation, the learner must “inwardly grasp its meaning and worth” (Ryan and Deci, 

2000b) (p64). Removing controlling contexts and allowing the learner to take control 

of their actions can result in integrated self-regulation (intrinsic motivation).   

Empirical studies listed by Ryan and Deci (2000a) (p63) into types of extrinsic motivation 

reveal associations of higher autonomy with better engagement, performance, well-

being and quality learning, with evidence of generalisability across cultures. Given the 

benefits of internalisation (reduced conflict, more access to personal resources), the key 

issue is argued to be how to promote autonomous regulation.  

Student autonomy should be clearly promoted: choices should be provided throughout 

the course, and specifically in this case study, a flexible schedule is available to suit the 

individual, as all online resources are available to complete throughout the course. 

Students are offered self-directed learning: a guide to approaching the resources is 

available as is feedback and fully-worked video answers (ReViews). Reactions to 

feedback from students should be quick and public as this will also raise perceptions of 

control and relatedness (by legitimising the student experience). Students’ competence 

has been covered in the suggestions relating to expectancy-value, self-efficacy, and 

attribution theories. Feelings of relatedness will be enhanced by using Peer Instruction 

in lectures as this incorporates social aspects of learning that are key to social 

constructivism: providing a sense of belonging and affiliation with peers to facilitate 

internalisation of domain-specific concepts (see section ).  

The use of rewards for informational purposes (linked to actual performance/progress) 

rather than behavioural control (task completion) can be used to promote higher 

extrinsic motivation (Deci, Koestner and Ryan, 1999). This aspect is reviewed in more 

detail in the next section. 
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7.2. Consideration of Technology Adoption Models 

In both years of the final study, virtually all students accessed the online resources at 

some point in their studies. The “non-use” clusters were not true non-use, but rather 

very limited use. In 2017 only two from 313 (0.64% of cohort) failed to access them: 

both subsequently switched to a non-accounting pathway in their final year. In 2018 

only one from 276 (0.36%), who took the course as a third year option, opted not to use 

them; and time pressures from other courses may have influenced their decision. Whilst 

the resources were therefore accessible to all students, how and when they were used 

varied considerably (section 5.4.2). Section 7.1 focused on motivational aspects as the 

key to encouraging a timelier use of the resources. This conforms with the theoretical 

argument posed by Abeysekera and Dawson (2015) that “flipped approaches might 

improve student motivation and help manage cognitive load” (p1). They based this 

argument on CLT and Self-determination theory (SDT), proposing three empirically-

sound active learning approaches for use in a flipped class: process-oriented guided 

inquiry learning (Eberlein et al., 2008), peer-led team learning (Gosser, Kampmeier and 

Varma-Nelson, 2010) and peer instruction – the approach I recommend in this Chapter 

(section 7.5). The modelling of the flipped approach using SDT as well as CLT supports 

my focus on motivation, given the intention is to adopt a flipped approach.  

A smaller take-up of the online resources by some students could be down to other 

reasons, such as those outlined in technology acceptance theories; an expanding 

research area for the evaluation of e-learning systems which identifies factors that 

influence students’ use of eLearning tools. The technology acceptance model (TAM), the 

most applied model in the evaluation of learning management systems in a systematic 

review by (Al-Nuaimi and Al-Emran, 2021), postulates that an intention to use a 

particular technology, the behavioural intention (BI), depends upon perceived 

usefulness (PU: how users perceive it would enhance their performance) and perceived 

ease of use (PEU: the perceived lack of effort required to use it) (Davis, 1989). TAM-

based studies have also incorporated further external factors into the model, 

representing personal capabilities for given contextual factors, such as self-efficacy, 

subjective norm (social influences) and perceived enjoyment (Abdullah and Ward, 

2016).  

Andujar, Salaberri-Ramiro and Martínez (2020) applied a TAM with two additional 

constructs -  system characteristics and material characteristics - to focus on the flipped 
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experience from a technological perspective. Huang et al. (2012) added these constructs 

in a previous study, on the basis that system characteristics for ubiquitous technology 

like mobile video (which can be used anytime, anywhere) and material characteristics 

relating to bespoke videos designed to manage cognitive load both aid the learning 

experience. Both additional characteristics were found influential to the extent that 

“ubiquitous technology and video clips can be viewed as critical factors leading to 

student adoption of a system” (Huang et al., 2012)(p281), and also prompted students’ 

curiosity to use the system. The findings from both studies described here support the 

use of the online resources developed in this study: providing short bespoke videos that 

are viewable on mobile devices (anywhere and anytime). 

Andujar, Salaberri-Ramiro and Martínez (2020) found students reported an ease of 

using mobile devices and needed little time to understand how to access and view the 

videos provided “as they already mastered the technology being used” (p8). This finding 

is common with digital mobile devices in higher education (Sevillano-García and 

Vázquez-Cano, 2015). This suggests that the main issue relating to a timelier use of 

mobile-related videos is less to do with system features (which are familiar to students), 

and more with the students’ beliefs, attitudes and motivations according to social 

psychology. In their systematic review of technology acceptance models in the domain 

of learning management systems, Al-Nuaimi and Al-Emran (2021) report that 

“technology acceptance models tend to amplify the explanatory powers of socio-

psychological constructs, whereas the empirical weights assigned to external stimuli 

associated with system features on actual system usage are comparatively negligible” 

(p5515-6). The focus is therefore more on beliefs, attitudes and motivations once access 

issues are resolved (which has been shown in this study, with only two students from 

313 never accessing the online resources in 2017, and one from 276 in 2018).   

7.3. Solutions in the Literature to encourage Pre-Lecture engagement 

In response to the ‘elephant in the lecture theatre’ of unprepared students in a flipped 

lecture (section 2.7), the literature suggests the following ways to encourage pre-lecture 

study. The first three recommendations (7.3.1 to 7.3.3) promote the task value in 

accordance with Expectation-Value Theory (section 7.1.1). The fourth involves 

monitoring student activity (section 7.3.4). The remaining two consider rewarding 

students for either passing a pre-lecture quiz (section 7.3.6) or for participating in 
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lecture activities (section 7.3.7). Each is reviewed in light findings on the impact of 

rewards under Self-Determination Theory (section 7.3.5). 

7.3.1. Provide Guided Study 

Bristol (2014) advocates the embedding of guided study throughout the course rather 

than in a study guide that is probably rarely accessed. Advising students to complete 

specific activities whilst preparing for class better prepares them than merely 

instructing them to read a text chapter, hoping they get the key points:  “ask the 

students to perform activities that demonstrate understanding or at least give evidence 

that some of the key points were explored and understood” (p44). In a qualitative 

assessment of guided reading questions provided to students to increase the effective 

flipping of an intermediate accounting classroom, Brown, Danvers and Doran (2016) 

found a positive impact on student motivation, comprehension, effort and 

understanding of the material read before classes. Guided notes can also enhance the 

viewing of pre-lecture videos. Kreiner (1997) compared passive viewing of video with a 

two active methods: guided notes (where students provided written answers whilst 

viewing) and an interaction (pausing the video for oral responses). Comprehension was 

higher in both active approaches, and can help students to develop metacognitive 

strategies (Clarebout et al., 2013).  

Where videos are designed specifically for the course, design techniques can further 

promote self-regulation by students. Such techniques were applied in the design of 

PreView videos  incorporating short quizzes (see section 3.3.4). A guided study booklet 

was also provided for students describing the new aspects for each task, which PreView 

videos to view to appreciate the concepts, and a ReView video outlining the completion 

procedure (see Table 1-2; page 44). 

7.3.2. Constructive Alignment 

In their modification to assessed group work in tutorials, Cahyadi (2004) ensured 

students were made aware of the need for strong conceptual comprehension and 

problem solving skills to perform well in the exam. This establishes alignment between 

objective, activity and assessment (Biggs, 1996). Bristol (2014) (p46) recommends that 

“what happens during class appears on examinations” when using a flipped lecture 
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format to ensure the learner clearly identifies the benefit of active engagement with the 

in-class learning strategies.  

From an accounting student perspective, Love and Fry (2006) recommend the adoption 

of constructive alignment that “stresses the importance of aims that focus explicitly on 

high quality learning and a ‘deep’ level of understanding” (p152). In this case, there is 

always a question in the exam on consolidated accounting, including the need to explain 

the concepts underpinning the accounting approach. The flipped approach requires a 

transition period for students, to “unlearn the passive approach to traditional lectures”, 

(Pennsylvania State University (2011), p2). and prepare outside of class. This can be 

promoted by ensuring the assessment method incorporates an element of the in-class 

activities (section 7.3.7). Accounting students earning A’s increased from 12% to 26% in 

a single semester.  

7.3.3. Outline the importance of communication skills in accountancy 

A survey by Ameen, Jackson and Malgwi (2010) to first year undergraduate accounting 

students suggests a perception by students that the accounting profession requires little 

oral communication, which indicates they may be unprepared for the accounting 

workplace.  

Active discussion by students of concepts in lectures (Peer Instruction) provides 

opportunities for students to practice oral communication skills required by the 

accounting profession, and develop higher level critical analysis and debating skills 

leading to increased understanding (Chi et al., 1994).  

7.3.4. Monitor engagement using VLE system 

Hoffman (2014) outlines the use of VLE monitoring to ensure that pre-lecture videos are 

viewed, and quotes from Hamdan, McKnight and McKnight (2013) (p5) on the 

importance that instructors “build appropriate assessment systems that objectively 

measure understanding in a way that is meaningful for students and the teacher”.   

7.3.5. The issue of rewards on motivation 

The key question in this chapter is how to reduce the “non-use” cluster and promote 

engagement (and motivation) in using the PreView and ReView resources. Under Self-

Determination Theory (section 7.1.5), a student in the “non-use” cluster is amotivated, 

and sees no value to engaging with the PreViews. Ryan and Deci (2000b) acknowledge 
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that offering a reward for engagement with the resources can shift students from “non-

use” into external regulation, the lowest of the extrinsic motivation groups:  

“A person might originally get exposed to an activity because of an external 

regulation (e.g., a reward), and (if the reward is not perceived as too 

controlling) such exposure might allow the person to experience the activity’s 

intrinsically interesting properties, resulting in an orientation shift” (Ryan and 

Deci 2000b) (p63, italics inserted). 

The next two sections consider the inclusion of a reward for completion of a pre-lecture 

online quiz (section 7.3.6), or for participation in a lecture activity (section 7.3.7). Such 

rewards can impact upon both autonomy and competence (two of the three key 

feelings that facilitate extrinsic motivation). The impact upon both feelings depends 

upon the manner of the reward: for example, requiring students to take a quiz for a 

reward would reduce autonomy; but if the test provided feedback to reinforce (if 

answered correctly), then this can increase feelings of competence. Meta analyses of 

experiments examining the effects of extrinsic rewards upon intrinsic motivation by 

Deci, Koestner and Ryan (1999) outlined how rewards which are perceived as 

controllers of behaviours may undermine autonomy; unless the rewards are “positively 

informational” – in which case they can enhance intrinsic motivation through affirming 

competence. Four reward contingencies were distinguished (Table 7-2), the first three 

of which are task-contingent rewards, perceived as controlling the task behaviour (and 

undermining intrinsic motivation: the “undermining effect”).  

Table 7-2: Types of Reward contingencies. Summarised from Deci, Koestner et al. (1999) 
Reward type Description Impact on Intrinsic motivation 

Engagement-
contingent 

Rewards engaging;  
completion not required 

Lacks competence affirmation, so would not counter 
the negative effects of control 

Completion-
contingent 

Rewards completion 
(ignores quality of end 
product) 

More controlling. Level of competence affirmation 
(implicit positive feedback) unlikely to offset the 
undermining effect on intrinsic motivation 

Performance-
contingent 

Rewards performing well 
(e.g. excellence or set 
grade) 

Displays even more control by requiring a standard 
to be met to achieve the reward; but if achieved, the 
positive competence information may offset the 
negative effects of control. 

Non-
contingent 
reward 

Other than engaging 
(e.g. participation, 
attendance). 

There is no pressure to attempt, complete or do well 
in the task, so no negative impact on intrinsic 
motivation. 

Of these rewards, performance-contingent rewards, whilst displaying significant control 

by requiring a standard to be met to gain the reward, may enhance intrinsic motivation 

if resulting positive competence information (feedback) from meeting the requirements 
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offsets the negative effects of control. External limitations (like rewards) may not always 

reduce feelings of autonomy if they are introduced appropriately, for example: “the 

offering of choice, the minimization of controlling language, and the provision of a 

meaningful rationale” (Vansteenkiste et al., 2009) (p672).  

A further point to consider is the extent to which the reward is linked to performance. 

Cerasoli, Nicklin and Ford (2014) found that introducing extrinsic incentives that are 

indirectly salient to performance (not clearly tied to performance) has less effect on 

intrinsic motivation (intrinsic motivation was the better predictor of performance). 

Conversely, introducing incentives that are directly salient to performance (which are 

clear and immediate to the learner that if they perform a certain way, they will be 

rewarded) sets up a strong extrinsic incentive to perform which “crowds-out” or 

weakens intrinsic motivation. Cerasoli, Nicklin and Ford (2014) refocused attention on 

the task attributes, to determine the appropriate manner of the incentive. If the task is 

straightforward, repetitive and perhaps less inherently enjoyable, incentives can be 

directly salient to performance. For example, pay linked to performance in a production 

line (where the quality of output is also part of the incentive). However more complex 

tasks requiring personal investment and high quality are best linked to incentives 

indirectly salient to performance (and closely linked to intrinsic motivation). 

7.3.6. Award a Grade for correct (or completed) pre-lecture exercises 

The accounting education literature includes examples of how grades have been applied 

to motivate engagement with pre-lecture exercises. Braun and Sellers (2012) equate the 

introductory course in accounting to a first course in learning a foreign language, 

quoting in their conclusion from a speaker at the American Accounting Association’s 

2010 Annual Meeting: “if you fall behind at the start, it is very hard to catch up’’ (p276). 

They provided “daily” quizzes (at least 15 quizzes, worth 10% of the course grade) on 

conceptual questions linked to pre-class reading. A modest but significant effect on 

reduced failure rates was found compared to classes without the daily quiz. Similar 

“five-minute quizzes” (20-25% of the course grade) were implemented by Liebler 

(2003). Spiceland, Spiceland and Schaeffer (2015) incorporated online quizzes testing 

knowledge related to pre-class reading. Four studies identified by Lo, Hew and Chen 

(2017) in their analysis (Eager, Peirce and Barlow, 2014; Kuiper et al., 2015; Scott, Green 

and Etheridge, 2016; Van Sickle, 2015) allocated a small portion of the course grade to 
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pre-class online exercises.  See and Conry (2014) suggest similar grading on pre-class 

learning exercises.  

In other domains, Seery (2011) provided pre-lecture resources with in-built quizzes 

(15% of the grade) for novice chemistry students to test understanding. Student access 

to the resources prior to lectures was “typically over 80%” although this still implies that 

up to one in five students were not motivated to take the task. Brame and Director 

(2013) argue that “grading for completion rather than effort can be sufficient, 

particularly if class activities will provide students with the kind of feedback that grading 

for accuracy usually provides.” Completion-contingent rewards were identified as 

controlling, so may reduce intrinsic motivation (see Table 7-2, page 225); however 

competence affirmation provided in the class session may offset negative control 

effects. A randomized controlled trial by Wozny, Balser and Ives (2018) found students 

in a flipped class self-reported preparing for more time when required to answer 

questions totalling 10% of the course grade, although a note stated the quality of the 

instructor feedback was not distinguishable.  

Meta-analyses on studies into flipped learning supported the argument that studies in 

which students are assessed before flipped learning may display higher effects (Hew 

and Lo, 2018; Låg and Sæle, 2019; Lo, Hew and Chen, 2017; van Alten et al., 2019). 

However, Bredow et al. (2021) found that accountability (checking completion of pre-

lecture material) was not a significant moderator overall, and interestingly, studies 

including a pre-class assignment or quiz showed a weaker positive effect (0.35 and 0.28 

respectively) than an in-class quiz (0.46) or no test at all (0.52). If anything, pre-lecture 

quizzes were found to reduce academic outcomes. Students who are faced with a test 

may be motivated to view pre-lecture videos with the aim of completing the 

assessment rather than learning for the flipped session. At higher education level - the 

sole focus of the meta-analysis of Bredow et al. (2021) - self-regulation abilities may be 

higher, or learners are more motivated to prepare without the need to assign 

accountability. Earlier meta-analyses did not review purely higher education studies. 

Findings from Bredow et al. (2021) suggest that forcing students into pre-lecture tests 

may be detrimental to their experience. 
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Applicability to this Case Study of using Pre-Lecture Quiz as an incentive 

Student feedback from the pilot study focus groups of this case study (section 4.4.1) 

was in favour of promoting participation in the pre-lecture videos and quizzes by 

incorporating quiz scores as a small element of the final module grade, although this 

was only the opinion of one student. However, an alternative viewpoint was raised in 

one of the limited responses (33/313, or 10.5%) to an online questionnaire from the 

main study in 2017:  

“They (PreView videos) should contain more tests but should not be part of the exams 

because some tests are large(ly) new knowledge which are unfair to the students who 

learn slowly.”  [Questionnaire response 9***349] 

A similar – and pertinent - view was expressed in one of the Final Study Focus Groups 

(2017): 

“I feel like it would kind of like defeat the purpose of the PreView, 'cause you're kind of 

watching it to learn. But then like, if you were, if you knew that it was graded, you'd 

probably be like: I will study first, then I'll do the PreView.” [F2 Focus Group 22-3-17] 

Both comments suggest that pre-lecture grades would not be suitable for all students, 

particularly those learning new areas of accounting, where the concepts can take a time 

to bed in (Braun and Sellers, 2012). The second quote reinforces Self-Determining 

Theory’s view that a performance-contingent reward will impact negatively on 

autonomy (through a controlling regulation). Insisting that students be assessed on a 

topic before having the chance to discuss and learn it in lectures and workshops (under 

social constructivism) is a severely controlling regulation. Whilst there is the possibility 

that positive competence information may mitigate the negative effect of control, this is 

incumbent on the student succeeding. If the student fails to get the grade, this may 

have negative impacts on motivation. Under expectancy-value theory, expectancy of 

success will be low if the students are not yet confident on their ability (as they have not 

had opportunities to learn with others). Under attribution theory, the quiz will be 

regarded as fixed and uncontrollable (the assessment comes before the learning) and 

reduce motivation. Students with low self-efficacy levels (or entity mindsets) will also be 

stressed and feel that failure is likely. For these reasons, this method was rejected. 
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7.3.7. Provide grades for in-class activities 

To motivate students to read and complete guided questions, Brown, Danvers and 

Doran (2016) tested students in-class on the pre-class material, using a three-point scale 

for assigning a class participation grade, counting for 10% of the course. Schullery, Reck 

and Schullery (2011) inverted a US introductory business course, using class time for 

facilitated discussion of current events and problem solving. The authors found 

“approximately two-thirds or more of the students join in discussions” (p6) – although 

that also means a significant minority remain disengaged. A suggestion for this was that 

freshmen “may not have developed the discipline to prepare the material every week. 

To provide extrinsic motivation, five-question in-class quizzes were instituted, which 

comprise 15% of the students’ final grade” (p3). A suggestion from the student survey 

was to offer in-video quizzes to “assess students’ understanding throughout the video 

and alert facilitators to unexpected challenges in the material” (p6). Issues identified 

included over-use of "talking-head" videos (illustrating the importance of video design) 

and the absence of study guides (section 7.3.1). Chen, Jones and Moreland (2012) 

surveyed 463 US accounting students found that students at more advanced levels 

preferred a blended learning approach with a 10% element awarded for participation in 

discussions.  

Following the approach of Schullery, Reck and Schullery (2011) and Dallimore, 

Hertenstein and Platt (2010), providing a low stakes mark for participation in the peer 

discussions (section 7.5), rather than for selecting the correct answer, aligns with the 

objectives of peer instruction, where a discussion of the concepts is key. In this context, 

“low stakes” relates to the grade being awarded for participation in debate. James 

(2006) found that such an approach led to a more even discussion from both students, 

and lead to a more accurate reflection of student understanding for instructors to 

respond to; whilst requiring a correct response led to the peer discussion being 

dominated by the partner with greater knowledge. 

Applicability to this Case Study of providing a grade for participation in lecture 

discussions 

The choice of a non-contingent reward (not salient to performance) accords with Self-

Determination Theory. A reward for participation means there is no pressure and no 

negative impact on intrinsic motivation:  
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“as incentives become larger and more directly salient, teamwork and 

creativity will be disincentivized, intrinsic motivation and its importance to 

performance will be crowded out, and unethical or counterproductive 

behaviors may become more likely. Instead, when creativity, autonomy, 

teamwork, learning, ethical behavior, well-being, and quality are valued, 

incentives should be framed as less salient.” (Cerasoli, Nicklin and Ford, 

2014) (p1000) 

In light of these arguments, this method of encouraging intrinsic motivation, 

through enjoyment of the discussion in a non-controlling learning environment in 

lectures is regarded as most appropriate. The method by which the lecture 

activities are proposed, peer instruction, is described in section 7.5.  

Assuming that “non-users” are now incentivised to engage with the PreViews, the 

next challenge is to encourage methods of self-regulation which will support the 

student’s learning whilst using the resources. These are described in section 7.4. 

7.4. Promoting Self-Explanation to assist in schema development 

Regression analyses in this research project found that, in addition to the period of 

engagement with the online resources and past knowledge, two more variables 

impacted significantly upon learning outcome (section 6.6, page 207): engagement with 

worked examples and feedback on learning (through in-video quizzes). Both indicate a 

need for active engagement with the resources. Social Cognitive Theory (section 7.1.3) 

identifies the importance of promoting self-regulation techniques to help a learner 

make inferences and create or repair mental models for misconceptions. Self-

explanation is “a mental dialogue that learners have when studying a worked example 

that helps them understand the example and build a schema from it” (Clark, Nguyen 

and Sweller, 2006) (p. 226). Chi et al. (1994) found that students who were asked to 

self-explain after reading narrative showed higher knowledge gain than a control group 

asked only to re-read, and “high explainers” (generating the most self-explanations) 

performed the best. Self-explanations enable students to identify gaps in their 

knowledge, and acquire domain knowledge to fill the gap (VanLehn, Jones and Chi, 

1992). 

Renkl (1997) identified two types of unsuccessful learner: passive explainers (lacking 

self-explanation skills) and superficial explainers (lacking metacognitive awareness of 
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any learning difficulties). These learners either adopt the “illusion of understanding” or 

lack an appreciation that effective learning requires elaboration. The same passive 

engagement was identified in this case study (see section 6.6, page 207). Self-

explanations should therefore be integrated with “well-timed and well-adapted 

instructional explanations (e.g., from tutors) in order to enhance students’ problem-

solving skills” (Renkl, 1999) (p477). It is important that explanations are generated by 

the learner: excessive instructor explanation may inhibit a learner’s metacognitive 

development by not promoting the need for self-explanation (Schworm and Renkl, 

2006). 

Self-explanation can improve as individual metacognitive skills develop: it is a 

“constructive or generative learning activity that facilitates deep and robust learning 

and, like other cognitive skills, improves over time” (Wylie and Chi, 2014) (p415). Gadgil, 

Nokes-Malach and Chi (2012) prompted learners to either compare a self-constructed 

(and incorrect) diagram with that of an expert (the aim being to revise mental models – 

termed holistic confrontation by the authors), or to self-explain the expert’s diagram. 

Evidence suggested that learners who used the holistic confrontation method better 

corrected their mental model and gained a deeper understanding, by learning from 

their mistakes. 

Self-explanation is effective in learning domains based on logical rules: such as 

accounting, which is grounded on a conceptual framework. Wylie and Chi (2014) 

identify a continuum of self-explanation forms: 

1. Open-ended self-explanation prompts in which learners are free to make 

associations between new information and prior knowledge. Learners who explain 

using their own mental model, without influence, are more free to make 

connections in a natural way (Chi et al., 1994).  

2. Focused prompts offer more guidance as to what the self-explanation should 

include; students can be asked to ‘compare and contrast’ (Gadgil, Nokes-Malach and 

Chi, 2012), or identify relationships (van der Meij and de Jong, 2011). Focused 

prompts are better than open-ended prompts when the learning environment is 

more complex and significant amounts of information are provided, mitigating risk 

of cognitive overload (Berthold, Eysink and Renkl, 2009; Johnson and Mayer, 2010).  

3. Self-explanation scaffolds (Berthold, Eysink and Renkl, 2009) better suit novice 

learners with insufficient prior knowledge to engage in meaningful open-ended self-
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explanations. Students may ‘fill in the blanks’ of a scaffolded explanation prompt 

having performed a problem-solving exercise. 

4. Resource-based self-explanation prompts require the learner to explain each step 

made in a problem-solving exercise, by entering a principle used, or selecting it from 

a glossary, altering the explanation from a recall problem into a recognition 

problem. 

5. Menu-based explanation prompts, common in computer-based learning, require 

learners to select an explanation from a list, and provide immediate feedback based 

on their choice. Whilst freedom to self-explain is limited to the choice on the menu, 

studies have shown that students prompted in this way scored better on near and 

far transfer tasks than students not prompted (Atkinson, Renkl and Margaret 

Merrill, 2003). Hsu and Tsai (2011) prompted students who had answered 

incorrectly to select a reason for, or explanation of, the mistake they made from a 

menu. 

When using multimedia, research suggests that learners facing multiple sources of 

information benefit from focused prompts to self-explain (Gadgil, Nokes-Malach and 

Chi, 2012; van der Meij and de Jong, 2011).  

Chi (2009) defines four levels of learner self-engagement: interactive (I), where students 

work together in guided or co-construction activities; constructive (C), generating new 

content (e.g. explain/elaborate); active (A), doing something physically: engaging 

activities; and passive (P) the basic reception of information (e.g. reading a text). Chi 

(2009) hypothesises that as the ranking (I > C > A > P) increases, so does cognitive 

engagement and learning. Table 7-3 outlines overt activities and cognitive processes 

relating to each engagement and categorises self-explanation forms and prompts 

according to each level of engagement (in the final row).  

Self-explanations created in interactive environments produce the best learning 

outcomes, whether face to face or online. It is important to recognise, however, that 

merely because an “online class is inherently interactive … that does not necessarily 

make the student activity itself interactive” (Fonseca and Chi, 2011) (p319). Multimedia 

instructional design should consider how to promote engagement from passive reading 

to an active activity (e.g. asking the student to highlight key words), a constructive 

activity (e.g. prompting an explanation of key concepts) or - ideally - an interactive 

activity (e.g. preparation of joint explanations with another student in a Discussion 
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Board on Blackboard, or using a polling system like TurningPoint in lectures). Interactive 

activities should ensure that “students are in fact making substantive contributions and 

experiencing true interactions in terms of receiving and providing feedback, defending 

and challenging positions” (Fonseca and Chi, 2011) (p319).  

Whilst PreView videos do include in-video quizzes, these are limited in most cases to 

multiple choice answers to calculations, without requirement for self-explanation. In-

video quizzes should be enhanced using essay-style questions with focused prompts 

that provide guidance on the content of self-explanation (for example, to compare the 

full goodwill calculation with the partial method).  

Table 7-3: Examples of Learning: overt activities, cognitive processes, and self-
explanation prompts for active, constructive, and interactive activities, from the 
learner’s perspective. Adapted from (Chi, 2009), page 77 

Activity: Active Constructive Interactive 
Expected 
level of 
learning  

Examples 
Doing something 

physically 
Outputs contain ideas going 

beyond presented information 

Dialoguing substantively on 
the topic, not ignoring a 
partner’s contributions 

Overt 
Activities 

Engaging Activities 
▪ Look, gaze, fixate 
▪ Underline 
▪ Highlight 
▪ Gesture or point 
▪ Paraphrase 
▪ Manipulate 
▪ Select 
▪ Repeat 

Self-construction Activities 
▪ Explain, elaborate 
▪ Justify, reason 
▪ Connect, link 
▪ Construct concept map 
▪ Reflect, self-monitor 
▪ Plan and predict 
▪ Hypothesise 

Guided-construction in 
Instructional Dialogue: 
▪ Respond to scaffoldings 
▪ Revise errors from 

feedback 
Sequential / Co-construction 
Activities in Joint Dialogue: 
▪ Build on partner’s 

contribution 
▪ Argue, defend 
▪ Confront or challenge 

Cognitive 
processes 

Attending Processes 
▪ Activate existing 

knowledge 
▪ Assimilate, 

encode, store 
new information 

▪ Search existing 
knowledge 

Creating Processes 
▪ Infer new knowledge 
▪ Integrate new information 

with existing knowledge 
▪ Organise own knowledge for 

coherence 
▪ Repair own faulty knowledge 
▪ Restructure own knowledge 

Jointly Creating Processes 
▪ Create processes that 

incorporate a partner’s 
contributions 

Self-
explanation 
prompts 

Require selection of 
correct response 
▪ Menu-based, 
▪ Resource-based 
▪ Scaffolded 

Require generation of own 
explanation 
▪ Open-ended prompts 
▪ Focused prompts 

Require collaboration in 
pairs/small groups 
▪ Generate explanations 

as team 
▪ Critique other’s 

explanations 
▪ Peer instruction 

Peer instruction is an excellent example of an interactive activity, and the next section 

describes why this method is preferred for the active lectures. 

HighLow
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7.5. Peer Instruction as a flipped lecture activity 

This section considers a suitable flipped approach for lecture activities that aims to 

avoid disadvantaging students that have not yet engaged with the pre-lecture resources 

(see Section 2.7, page 91). In their literature review on the flipped lecture, M. K. Kim et 

al. (2014b) claim that “few studies detail the design principles of the flipped classroom, 

and we found no scientific articles that detailed the flipped classroom design principles” 

(p37). This section proposes and justifies the use of peer instruction (PI), where 

students are encouraged to self-explain their understanding of concepts.  

7.5.1. Social Constructivism: peer learning and relatedness 

Both Goal orientation and Self-determination theories cite the importance of 

relatedness as a part of the learners’ motivation. Peer-assisted learning techniques 

place the student into the teaching process within a more social learning environment 

(Manzoor, 2014), in line with Vygotsky’s social constructivism. Learning with help from 

fellow students can be more effective because of the shorter “experience gap” 

(Lambert, 2012; Lockspeiser et al., 2008). Unlike fellow peer learners, the lecturer and 

student may face a higher experience gap leading to a “reduced ability to communicate 

in relative terms” (Williams and Reddy, 2016) (p24). The Revised Community of Enquiry 

(RCOI) (Garrison, Anderson and Archer, 1999; Shea et al., 2012), based on a model of 

critical thinking and practical inquiry for online learning, theorises the contribution of 

four elements to successful student-centred learning (Table 7-4). Each of the four 

perspectives (cognitive, social, teaching and learning) are key to PI, evolving from the 

active learning environment, defined by Schell and Butler (2018) (p2) as “a process 

whereby learners deliberately take control of their own learning and construct 

knowledge rather than passively receiving it”. Such autonomy is key to implicit 

motivation. 

Active learners construct this knowledge in accordance with CLT (section 2.8), by 

combining new information with their existing schemas, assessing understanding and 

receiving directed guidance.  
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Table 7-4: The Revised Community of Inquiry (RCOI): Four elements to successful student-
centred learning, adapted from M. K. Kim et al. (2014b) 
Presence Description Applicable Theories  
Cognitive  Critical and creative thinking applied in the construction 

of knowledge through completing challenging tasks 
Cognitive Load Theory 
(Sweller, Ayres and Kalyuga, 
2011d);  

4C/ID (van Merriënboer, Clark 
and de Croock, 2002) 

Social  
 

Active student interactions within a positive, cohesive 
and collaborative learning community 

Social interdependence 
(Johnson and Johnson, 2009) 

Cooperative learning (Johnson, 
Johnson and Smith, 2014) 

Teaching  
 

Instructional guidance leading to a productive learning 
environment through the setting of tasks, facilitation of 
discussion and direction. 

Cognitive Load Theory 
(Sweller, Ayres and Kalyuga, 
2011d);  

Peer Instruction (Mazur, 1997) 

Learning  The use by students of self- and co-regulation learning 
strategies to organise thoughts, emotions, motivations 
and behaviour. Students are actively engaged in self-
direction rather than passive compliance. 

Metacognition (Schleifer and 

Dull, 2009); 

Self-efficacy (Bandura, 1997) 

PI is based on a series of learning activities that follow seven steps (Mazur (1997) (p 8): 

1. Ask the group a question, often using polling software (duration: 1 min) 

2. Give students time to think (1 min) 

3. Students submit answers individually.  

4. Students then debate their answer with neighbours, and try to convince them 

why they chose their answer (2 min) 

5. Students resubmit their answers (possibly revised after the debate)  

6. The lecturer provides feedback  

7. The lecturer provides an explanation of the correct answer (2+ min) 

Step 4 is key to the process, as it “forces the students to think through the arguments 

being developed”, and  “provides them (as well as the teacher) with a way to assess 

their understanding of the concept.” (Mazur (1997) p8). Using such a process works 

best where students find someone with a different answer and discuss their answers in 

pairs: defending their choice based on what they have studied or learned previously. 

Designed for teaching of physics, Mazur’s “ConcepTests” are conceptual multiple 

questions carefully designed to satisfy basic criteria (Mazur (1997) p24). They should 

focus on a single concept, not be solvable by relying on equations, have adequate 

multiple-choice answers, be unambiguously worded, and be neither too easy nor too 

difficult. Incorrect answer choices (detractors) should reflect the most common 

misconceptions, and these could be based on answers to questions that students have 

completed previously (e.g. exams, discussion boards). If students misinterpret a 
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question, then this will not provide useful feedback: the design of the question is 

therefore vital.  

The process is based on the think-pair-share technique of active learning, already used 

in Accounting Education (Brickner and Etter, 2008; Hetika, Farida and Sari, 2017; King, 

1993; Riordan, 2006). Opportunities for students to engage in debate and explain their 

reasoning (via self-explanation) increases understanding (Chi et al., 1994). PI brings 

formative assessment and immediate feedback into the lecture, encouraging students 

to be metacognitive: to monitor and reflect on their understanding (McDonnell and 

Mullally, 2016). Inherent to PI is cooperative learning, “the instructional use of small 

groups so that students work together to maximize their own and each other’s 

learning” (Johnson, Johnson and Smith, 2014) (p365). Cooperative learning is rooted in 

social interdependence theory, which “exists when the outcomes of individuals are 

affected by their own and others’ actions” (Johnson and Johnson, 2009) (p366). Positive 

social interdependence arises when the actions of an individual promote the 

achievement of joint goals and is distinguished from competitive learning (where 

students work against each other to achieve a grade), or individualistic learning (where 

students work alone). In their meta-analysis of over 168 university studies using 

cooperative, competitive, and individualistic learning, Johnson, Johnson and Smith 

(2014) found cooperative learning yielded moderate to large benefits for student 

achievement (knowledge acquisition, retention, problem solving and higher-level 

reasoning). The studies found cooperative learning prompts metacognitive thought, 

intrinsic motivation and learning transfer. A distinction is made between formal 

cooperative learning (instructor-driven), and informal cooperative learning (student-

driven). A suggested use of the latter was to allow a five-minute discussion before and 

after a lecture, with three-minute paired discussions throughout. Cooperative learning 

is the basis for other forms of active learning: problem-based learning, team-based 

learning, collaborative learning and peer-assisted learning (Johnson, Johnson and Smith, 

2014).  

A meta-analysis of 39 reports (over 20 years) of small-group learning in undergraduate 

courses found a significant positive main effect on achievement, persistence, and 

attitudes (Springer, Stanne and Donovan, 1999). The conceptual framework for small-

group learning crosses three interrelated perspectives: motivational, affective and 

cognitive.  
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7.5.2. Discussion and debate: resolving the issue of the “unprepared student” 

Unlike competitive grading and rewards systems, where “one student’s success 

decreases the chances that others will succeed” (Springer, Stanne and Donovan, 1999) 

(p24), setting group goals motivates the support of one another, and holding individuals  

accountable for their learning as a group motivates students to teach and support one 

another’s learning. From an affective (humanist) perspective, the instructor’s role is to 

facilitate frequent, uncontrolled interactions between students to promote intrinsic 

motivation where students can “engage in an activity because they are interested in 

and enjoy the activity” (Eccles and Wigfield, 2002) (p112). This also provides 

opportunities for participation from all students. From a cognitive perspective (Piaget, 

1971; Vygotsky, 1978), opportunities for students to discuss, debate and hear 

alternative perspectives will raise cognitive conflicts, expose inadequate reasoning and 

enrich understanding as a result of cognitive elaboration (Springer, Stanne and 

Donovan, 1999). A friendly environment for discussion is key, as Joksimović et al. (2015) 

(p640) outline: “the most important purpose of social presence – that supports higher 

order thinking – is in creating a healthy support that provides a comfortable place for 

students to exchange ideas freely, explore different perspectives and solve problems 

collectively”.  

Peer instruction can be an effective way of using mobile polling software (Carnaghan et 

al., 2011; Lantz and Stawiski, 2014; Rana, Dwivedi and Al-Khowaiter, 2016) such as 

TurningPoint (2019). In their review of over 2,500 Hong Kong undergraduates studying 

Finance and Law, Cheng and Wang (2019) found that polling software had a greater 

impact on conceptual knowledge compared to procedural (in line with the use of 

ConcepTests by Mazur (1997)), and that students possessing a higher social presence 

displayed a higher motivation to learn and better academic performance (according 

with Joksimović et al. (2015)).  

In the case where a student attends a lecture having not watched the online resources, 

there are still opportunities for them to gain from the experience by discussing the 

ConcepTest activities with students who have come prepared. The students who have 

experienced the pre-lecture resources will still be challenged to self-explain their 

understandings of the concepts in question, and debate which answer they feel is 

appropriate; the unprepared student can ask questions and benefit from the shorter 

“experience gap” (Lambert, 2012; Lockspeiser et al., 2008) in receiving explanations 
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from peers. As a result, both prepared and unprepared students benefit from the 

experience; and “non-users” of pre-lecture resources may begin to place value on the 

pre-lecture tasks through peer discussions, shifting from non-user to – potentially – 

intrinsically motivated user. Under Expectancy-Value (section 7.1.1), task value is vital 

for a learner to consider attempting the task. Through peer discussion, non-users may 

assign intrinsic value to the discussion with peers, extrinsic value through a discussion of 

the benefits of the PreViews with those who have experienced them, attainment value 

in wanting to participate more fully in the next peer instruction session, and recognise 

the benefit of spending time and effort before lectures (opportunity cost). 

7.5.3. ‘Normalised Gains’ compared to traditional lecture 

Vickrey et al. (2015) (p9-10) reviewed the research on the effects of PI in STEM courses, 

concluding that “in comparison with traditional lecture, this pedagogy overwhelmingly 

improves students’ ability to solve conceptual and quantitative problems and to apply 

knowledge to novel problems. Students value PI as a useful learning tool and are more 

likely to persist in courses utilizing it. Likewise, instructors value the improved student 

engagement and learning observed with PI”. Empirical evidence on this improvement 

stems from the use of ‘normalised learning gains’ (Hake, 1998) which demonstrate the 

positive impact of active learning instruction. Any actual gain between a pre-unit and 

post-unit conceptual test is ‘normalised’ by dividing it by the maximal possible gain, so 

that a valid comparison is possible between students with different pre-test scores. 

Crouch and Mazur (2001) reported over twice the normalised learning gains where PI is 

provided compared to traditional lectures. Improvements were neither instructor-

dependent nor level-dependent. In their survey of peer instructors, Fagen, Crouch and 

Mazur (2002) found that, of the 30 courses providing data to allow the calculation of 

normalised gains, 27 (90%) of these courses reported normalised gains of between 30-

70%. Studies in the geosciences (McConnell et al., 2006), computer sciences (Simon and 

Cutts, 2012), and calculus (Miller, Santana-Vega and Terrell, 2006) also showed positive 

PI-related gains. Studies on problem-solving skills found improvements in knowledge 

transfer (Cortright, Collins and DiCarlo, 2005) and near-transfer application of learning 

to a slightly different situation (Giuliodori, Lujan and DiCarlo, 2006).  
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7.5.4. Gains in Conceptual Understanding 

Smith et al. (2009) tested student gains in concept understanding post-PI, to evaluate 

whether the change in answers were from peer influence of knowledgeable students or 

from genuine gains in understanding. Following a PI session, students were given a 

similar (isomorphic) question to answer individually: and the percent of students 

answering this question correctly was significantly higher than for the post-discussion PI 

answer, indicating an increase in conceptual understanding. A delayed benefit of PI was 

found as students who incorrectly answered both before and after discussion were 

found to have a better-than-chance probability of answering the isomorphic question 

correctly. Cortright, Collins and DiCarlo (2005) found an almost doubling of correct 

scores in a novel problem-solving task (meaningful learning) for students using peer 

discussion compared to those without. Brooks and Koretsky (2011) gathered student 

conceptual explanations and a 5-scale level of student confidence after each PI vote, 

finding that group discussion during PI aided deeper explanations in all circumstances; 

whilst highlighting the importance of instructor-led discussion where most answer 

incorrectly. 

7.5.5. Increases in Student Self-efficacy: student feedback 

Studies examining feedback from students experiencing PI find generally positive 

results: 70% of the 384 instructors implementing PI surveyed by Crouch and Mazur 

(2001) reported higher course evaluations; although 5% reported negative responses. 

Crossgrove and Curran (2008) found that students who major in the subject in which PI 

is adopted preferred the technique, whilst non-majors were less positive. In this study, 

91% of the 2017-18 cohort were majors in accounting and/or finance, indicating its 

appropriateness in this case. Students value the immediate feedback that PI offers 

(Chui, Martin and Pike, 2013; Duncan, 2006; Lantz and Stawiski, 2014; Patterson, 

Kilpatrick and Woebkenberg, 2010; Premuroso, Tong and Beed, 2011), with suggestions 

made in some survey results that PI can improve the students’ relationship with the 

instructor (Cortright, Collins and DiCarlo, 2005; Simon et al., 2013), and improve student 

self-confidence (Brooks and Koretsky, 2011; Chui, Martin and Pike, 2013; Gok, 2012; 

Nayak and Erinjeri, 2008; Relling and Giuliodori, 2015).  

Zingaro (2014) investigated the impact on self-efficacy of adopting peer instruction 

compared to a “traditional” lecture group (presenting worked examples) in computer 
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science education. The peer instruction group showed a significant effect on self-

efficacy levels post-teaching (p=.015), the increase arguably the result of more 

opportunities to experience small successes (through answering and discussing 

ConcepTest multiple choice questions in the lecture), and receive quick, accurate 

feedback.  

7.5.6. Anonymity/social presence 

Latham and Hill (2014)  identified a preference for anonymity in the use by students of 

electronic response systems (ERS) in the classroom. Beekes (2006) (in accounting 

education) found that ERS can reduce an apparent reluctance from “students with 

certain cultural and education backgrounds” to participate in class discussion, 

stimulating  “further class discussion and debate” (p25). Chinese students, suggests 

Beekes (2006) “are simply not used to responding instantaneously and are often 

therefore reluctant to contribute to class discussions for fear of giving the wrong answer 

and ‘losing face’” (p28). Allowing anonymous answers through use of polling software 

increases students’ confidence (and self-efficacy) to participate more widely in class 

discussions. 

Research relating to overseas accountancy students (Sri Lankans studying in Australia) 

found that by adopting such learner-centred, techniques “(overseas) students tend to 

come out of their protected cocoons and engage more freely in deep level learning.” 

(Abhayawansa and Fonseca, 2010) (p545). PI has also been shown to improve student 

retention (Lasry, Mazur and Watkins, 2008; Porter, Bailey Lee and Simon, 2013).   

 

7.6. Conclusion: Promoting active and earlier engagement (RQ3) 

Three questions were posed at the start of this chapter, and each is now answered. The 

first question asked for methods that would best minimise or ideally remove the “non-

use” cluster. 

Many recommendations from motivational theories are already applied in the design of 

the online resources. Tasks that form the basis for the online resources (under the 4C/ID 

model) grow in complexity to nurture a belief in competence (goal orientation theory) 

and an expectancy for further success (expectancy-value theory). Levels of self-efficacy 

should increase, raising the learner’s effort, persistence and resilience to adversity 

(Bandura, 1997). Feelings of competence are reinforced through in-video quizzes which 
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also act as a self-regulatory prompt (social cognitive theory). As recommended by Self-

Determination Theory, students face no extrinsic regulation to view the PreViews, 

attempt the tasks and refer to ReViews for detailed feedback. Students were given 

autonomy to use the resources as they wish; to work at their own pace and under their 

own schedule. Such autonomy helps to promote intrinsic motivation in which the 

learning comes from the enjoyment and interest it provides. However, if students place 

no value on the task, according to expectancy-value theory, they may perceive no 

benefit in using the resources. In that case, without any extrinsic regulation to persuade 

them, they are arguably “amotivated,” and in the “non-use” cluster. Ways in which 

“non-users” may be motivated to engage with the resources include explanations of the 

benefits of early use of the resources (task value)11, identifying disengaged students 

through the Blackboard monitoring system and encouraging engagement directly, and 

offering a reward for either completing a quiz as part of the pre-lecture activities, or for 

participating in lecture activities (Peer instruction).  The literature includes many cases 

of awarding a small, low-stakes component of course grade to correct responses in pre-

lecture tasks. However, feedback from students in both pilot and main study of this 

research suggest that students would be against offering a grade for correct answers in 

respect to new aspects of accounting, before having opportunities to discuss or ask 

questions. This would accord with the negative impact on intrinsic motivation of such a 

controlling regulation. A more appropriate incentive would be to offer a grade for 

participation in the class activities, once students have had opportunities to discuss and 

reassess their understanding (Dallimore, Hertenstein and Platt, 2010). This approach 

blends well with offering peer instruction in face to face teaching sessions, with no 

negative impact on intrinsic motivation.  

The second question asked how students can be encouraged to engage actively with the 

tasks (and ReView videos) rather than passively view PreView videos. 

The highest-achieving clusters in this study (in both years) were those that had the 

highest usage patterns for ReViews (Table 5-8, page 172). Mean access scores for the 

worked example ReViews is lower in all clusters compared to the theoretical PreViews, 

but significantly so (and at later stages) for the lower-achieving clusters. Byrne, Flood 

and Griffin (2014) identify two self-efficacy factors that impact significantly on 

 
11 The benefits from using the resources has been explained to students each year, and this may explain 
the decline in “non-use” cluster size from 23.6% in 2017 to 18.1% in 2018. 
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accounting students’ performance, both of which support the timely adoption of both 

PreViews (making sense of the material) and ReViews (attempting the workshop 

questions in advance). A balanced use of both supportive (PreView) and procedural 

(ReView) resources is needed to be able to understand and explain the consolidation 

process, and achieve deep learning (mastery). In accounting education, surveys have 

been used to  measure self-efficacy levels which could be included as variables in future 

regression analyses to explaining variation in student performance (Byrne, Flood and 

Griffin, 2014), and strengthen interpretation of cluster groupings (Milligan and Cooper, 

1987). However, effective survey results rely on good response rates, and this is often 

problematic (Bos and Brand-Gruwel, 2016). In this research project, only 16 of the 

cohort of 135 students (11%) responded in full to an online survey in the pilot study, 

and 10.5% (33/313) in the main study. This suggests that obtaining a sufficiently high 

response rate is unlikely for any effective use. Moreover, whilst surveys may be useful 

for post-hoc review, they are less practical in a real-time intervention than using live 

data. A more pragmatic and effective solution would be to identify students not 

engaging with PreViews through Blackboard’s Grade Centre, where results from in-

video quizzes are recorded, and offer support and advice on metacognitive techniques 

on an individual basis. 

To encourage elaboration and comprehension, students should be encouraged to self-

explain consolidation techniques rather than passively viewing PreView videos. Learners 

may incorrectly feel they understand by studying examples and have “illusions of 

understanding” (Renkl, 1999). Embedding prompts for self-explanation will aid deeper 

learning. Whilst feedback is currently provided through the PreView video quizzes, 

these are currently limited to menu- and resource-based prompts, which limits freedom 

for self-explanation. An essay-style answer based on focused prompts would better self-

explanation. A short two-question quiz presented on Blackboard, linked to a component 

of a task the student is required to complete, may encourage task completion, and 

enable monitoring of progress. The first question can ask for the amount relating to a 

step calculation (e.g. “what is the amount of Goodwill”), and the second then require a 

written explanation of the calculation process (promoting self-explanation). This 

monitors progress and understanding.   
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The final question asked for appropriate flipped lecture activities that would not 

disadvantage unprepared “non-users” and motivate a switch to “non-users” to using 

the online resources. 

Peer instruction (described in section 7.5) uses contact time with the lecturer to 

promote learning through social influences that Bandura (1986) identifies as increasing 

motivation to learn through goals, values and self-efficacy (perceived capabilities). It 

also applies the final learning perspective of the situative perspective that is lacking 

from the individually-used online learning resources developed under the 4C/ID model. 

Electronic polling software such as TurningPoint can encourage participation through 

anonymity, whilst subsequent single-word questions using wordcloud prompt individual 

self-explanation and review the cohort’s understanding after each ConcepTest question 

(Brooks et al., 2014). The benefits described in Section 7.5 include gains in conceptual 

understanding leading to improved student self-efficacy, which encourages earlier and 

deeper engagement with the learning materials. 

Section 7.5.2 applies the expectancy-value motivational theory to justify how peer 

instruction activities should not disadvantage a student who has not accessed the online 

resources. Through discussions with students who have used the pre-lecture resources, 

non-users may assign intrinsic value to the discussion, extrinsic value through a 

discussion of the benefits of the PreViews with those who have experienced them, 

attainment value in wanting to participate more fully in the next peer instruction 

session, and recognise the benefit of spending time and effort before lectures 

(opportunity cost). 

The next and final chapter summarises the research findings of this thesis, considers the 

implications arising from the results, the limitations of the study and recommendations 

for future research.  
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Chapter 8 Conclusions and Recommendations 

8.1. Introduction 

This chapter summarises the research findings of this thesis, and provides conclusions 

obtained from the cluster analysis and regression models. The implications arising from 

the results are considered, as are the limitations of the study and recommendations for 

future research. 

8.2. Contribution to Knowledge  

This thesis contributes to the literature by describing the development of a set of pre-

lecture online (task-based) resources based on the Four-Component Instructional 

Design (4C/ID) model, and an evaluation of their impact on learning outcomes. This is 

the first case in which principles of the 4C/ID model are applied to accounting education 

(section 2.4), combining CLT, Multimedia Learning Principles and informed by the 

literature on effective screencast design in online education. The 4C/ID model meets 

the requirements of the accounting profession for active learning (section 1.2.1), where 

students are required to complete sets of whole tasks prior to lectures, with supportive 

and procedural videos available to explain the underpinning theory and practical 

aspects of each task. The instructional design of these online resources minimises risks 

of cognitive overload by incorporating CLT principles in the design of both tasks and 

videos. Tasks increase in complexity to support the construction of increasingly 

developed schemas (section 1.2.4). Videos are developed on the basis of CLT and 

multimedia principles outlined in section 2.8 (page 95). This thesis identifies and fills a 

gap in the literature on the appropriate design features of educational videos in 

accounting education (section 1.2.3).  

There is a paucity of accounting education literature on the application of CLT and 

multimedia learning principles. Mostyn (2012) identified only two articles applying CLT 

to accounting education and emphasised the research opportunities in this area for 

accounting educators. A scoping review of the same sources since then (section 2.2) 

identified only 12 articles referencing CLT, only two of which applied CLT principles to 

online resources. This thesis therefore contributes to the literature by identifying and 

describing CLT and multimedia principles that are best applied to the design of both 

online tasks and videos (section 2.8). These principles are not domain-specific. This 
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thesis also contributes to the literature by providing practical advice based on first-hand 

experience of using Camtasia software (TechSmith, 2016) to create screencasts that 

apply CLT principles to manage learners’ limited cognitive load in a complex learning 

domain (Chapter 3). The practical advice is also not domain-specific. Educational video 

design that minimises cognitive load through techniques such as segmenting, 

sequencing and signalling is of increasing importance in Higher Education in light of the 

global pandemic and growing adoption of blended learning techniques described in this 

case study (Code, Ralph and Forde, 2020; Nerantzi, 2020; Siripongdee, Pimdee and 

Tuntiwongwanich, 2020). 

This is also, to my knowledge, the first application in accounting education of learning 

analytics: gathering data on access clicks from the VLE to identify learner profiles that 

are “grounded in learner activity” (Antonenko, Toy and Niederhauser, 2012), and 

therefore avoids issues over teacher/researcher bias or low response rates that may be 

experienced using other methodologies. Cluster analysis also identifies patterns of 

learning behaviour without disrupting the learner’s cognitive processing (Clark, 2010), 

and learning analytics is available for the full cohort of students, eliminating the risk of 

low response rates, self-selection and nonresponse bias in responses evident in 

research that uses questionnaires to gather data on use (O’Brien and Verma, 2018). An 

evaluation of the various methods of use by students of the resource, identified by 

cluster membership, is possible using regression analysis to review for significance 

against learning outcomes. Data on access obtained from the VLE that houses the online 

resources can be used to further develop real-time interventions. 

Finally, whilst the literature contains much empirical research on the benefits attributed 

to the flipped lecture (section 2.6), evidence exists in the literature (and this case study) 

that students may be attending such lectures unprepared (not having completed the 

pre-lecture activities). This thesis provides recommendations on steps to encourage 

appropriate use of the resources, which students may not be using appropriately 

because of a lack of value attached to them (motivational aspects), or a lack of 

metacognitive awareness. A case is also presented for using Peer Instruction in 

accounting education (section 7.5), to resolve a gap in the flipped lecture literature 

where “no scientific articles …. detailed the flipped classroom design principles” (M. K. 

Kim et al., 2014b) (p 38). 
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8.3. Research summary 

Chapter 1 outlined three research questions for this thesis (section 1.3): 

RQ1:  What design attributes of pre-lecture online learning resources for 

undergraduate accounting students, incorporating screencast videos and based 

on the Four Component Instructional design, best manage cognitive load to 

enhance learning outcomes? 

RQ2:  Does the student approach to using the online learning resources impact upon 

learning outcomes in two cohorts of undergraduate year 2 Financial Accounting 

students at University B? 

RQ3: Which methods can encourage an appropriate use of the online resources to 

enhance learning outcomes? 

The research objectives pursued to answer the research questions were: 

1) To evaluate blended learning materials developed using CLT and Multimedia 

Learning Principles and based on the 4C/ID model (Van Merriënboer and Kirschner, 

2012), using mixed methods.   

2) Gather data on online resource use (dates and number of times of access) and use 

cluster and regression analysis to identify characteristics that impact upon the 

learning outcome (exam result).  

3) Review the literature that identifies “low-motivated” students and methods that 

may better encourage use (specifically more timely use) of online resources.  

The first research objective was achieved using focus groups with students at University 

A, where the online resources, designed based on recommendations from the literature 

on CLT and instructional screencast design (section 2.8), were adapted in response to 

user feedback (section 4.4).  

The second objective was achieved by gathering and analysing usage data of the online 

resources by students at University B. Data (after removal of non-attempts and outliers) 

was analysed for two separate cohorts in 2017 (n=238) and 2018 (n=179).  

The third objective (Chapter 7) was met by reviewing motivational theories and their 

recommendations, reviewing the literature on methods applied to encourage use of 

pre-lecture resources, methods of promoting self-explanation, and Peer Instruction.  
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8.4. Conclusions 

8.4.1. RQ1: attributes of pre-lecture online learning to enhance learning 

outcomes. 

Worked example design 

The online resources, created using principles of the 4C/ID model (van Merriënboer, 

Clark and de Croock, 2002) (section 1.2.4), consist of a series of “whole tasks” (worked 

examples requiring the preparation of consolidated financial statements) with 

accompanying PreView (supportive) videos to explain underlying theory, and ReView 

(procedural) videos to describe the consolidation process (Table 1-2). These are 

designed according to CLT and multimedia learning principles outlined in Table 2-7 

(page 96).  

Three task classes, comprising four tasks sequenced from basic to complex activities 

(section 2.8.4) (Reigeluth, 2007), introduce new aspects of the consolidation process (at 

acquisition date, post-acquisition, and consolidation adjustments), culminating in the 

student completing a final task in each class without scaffolding. Each task can be 

segmented into meaningful subtasks (section 2.8.3) (Lusk et al., 2009), with procedural 

videos structured to ease cognitive processing in a transient environment, using labels 

and a table of content (J. Kim et al., 2014). This supports schema development (by 

chunking) which reduces the number of interacting elements (Marcus, Cooper and 

Sweller, 1996).  

The use of example-problem  ‘problem pairs’, where a worked example is combined 

with a similar task for the learner to solve, suits the novice learner by motivating 

studying, aiding the construction of mental models and consolidation with practice 

(Sweller and Cooper, 1985). As the learner gains more experience, partial worked 

examples (completion problems) that contain elements of a worked example and 

elements for the learner to complete, promote deeper consideration by students of the 

relevant schema element. An experienced learner should benefit more from problem-

example pairs where they can more ably recognise learning deficiencies. Variability in 

the task aids learning transfer once the learner has sufficient experience (Johnson and 

Slayter, 2012). Elaborative feedback on tasks (a principle-based explanation of why an 

answer is correct or incorrect) is more appropriate for a novice learner (Astwood et al., 

2008), whilst verification feedback (providing a basic score, or merely stating whether 
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the answer is correct or incorrect) better suits the more experienced learner (Johnson 

and Priest, 2014). Excessive feedback and detailed guided tasks may cause extraneous 

cognitive load for the experienced learner (the expertise reversal effect).  This was not 

relevant in this case, as all students were novices to consolidation in financial reporting. 

Immediate feedback is more appropriate for novice learners, so that errors are 

corrected with mindful engagement, as well as motivating learning (section 2.8.6).  

Screencast Design 

Screencast videos introduce the theory (‘PreViews’: supportive information) whilst 

worked examples explain the consolidation process (‘ReViews’: procedural 

information). Learners are first provided with basic knowledge and technical terms in 

the PreViews, to facilitate more complex learning in the demonstration ReViews. The 

modality principle (section 2.8.2) (Sweller, Ayres and Kalyuga, 2011c) recommends using 

both visual / verbal channels to assist generative processing. Dual-mode materials 

(audio and visual) are recommended for the novice learner of complex content where 

element interactivity is high (section 2.8.1). Material should be limited to essential 

elements, segmented where possible to limit extraneous learning material, thereby 

avoiding redundancy and split-attention effects (section 2.8.3). 

The literature on screencast design stems from two sources: CLT  and screencast design 

(section 2.8), culminating in the recommendations summarised in Table 2-7 (page 96). 

Whilst the answer to this research question is specific to the learning domain of 

financial reporting (consolidated accounts), the screencast design principles (section 

2.8) apply regardless of learning domain. Effective adoption of the 4C/ID model and the 

focus on whole tasks would depend upon the ways in which suitable tasks can be 

designed; but the scoping review in section 2.4 (p70) identified the approach used in a 

range of learning domains (including medical education, software, languages and 

sciences). 

8.4.2. RQ2: Impact of approaches to using online activities upon learning 

outcomes 

Click Data on accessing the PreView (supportive/theory) and Review 

(procedural/worked example) and revision videos was segmented into four time 

periods (before lecture, during workshops, post-teaching and 10 days prior to the 

exam). Following a positive assessment of clustering tendency (section 5.3), Ward’s 

hierarchical clustering identified seven meaningful clusters in both years (section 5.4). 
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These clusters are summarised and described in Table 8-1. Cluster description is 

consistent between the two years 2017 and 2018. Table 5-8 (p172) best illustrates this 

using heavier shades of green to depict higher use and deeper shades of red to 

represent lower use across the four access periods.  

Table 8-1: Identification of meaningful seven clusters of users 

Seven 
meaningful 
clusters 
identified 
and 
described 
(Section 
5.4.2) 

Cluster 

Description of Cluster: Based on mean use at four 
periods (before lecture, during workshop, post-teaching 
and revision) 

Flipped 
Intensive 

Very high access pre-lecture: highest worked examples 
use in teaching period 

Flipped 
Good access pre-lectures with high access teaching 
period. Worked examples used during workshop period 

Procedural 
Some pre-lecture; very high workshops (worked 
examples) 

Catch-up 
Some access during workshops but significant post-
teaching  

Last-minute  Mainly high access in the final 10 days 

Minimal Mainly high access of worked examples in revision period 

Non-use1 Minor access, mainly of revision material at revision time 

Seven 
meaningful 
clusters in 
order of 
least to 
most 
appropriate 

Clusters (ranked least to 
most appropriate under 
the 4C/ID perspective)  

2017 2018 
2017 to 

2018 N % N % 

1. Non-use12 74 24% 50 18% -6% 

2. Minimal 61 19% 55 20% +1% 

3. Last minute 45 14% 33 12% -2% 

4. Procedural 18 6% 35 13% +7% 

5. Catch up 54 17% 8 3% -14% 

6. Flipped  15 5% 42 15% +10% 

7. Flipped intensive 46 15% 53 19% +4% 

Total Cohort: 313 100% 276 100% - 

Regression analyses then tested the impact on learning outcome (related exam result) 

of: 

▪ cluster membership,  

▪ prior knowledge (score in the first year accounting course), 

▪ engagement with procedural videos (indicative of an active learning approach) and  

▪ in-video quiz scores (representing self-regulation whilst viewing the PreViews) 

Students not electing to answer the related groups exam question (and who are 

therefore without a response variable), or for whom no prior knowledge was available 

(direct entrants to year 2) were removed from the regression analysis (Table 8-2). 

 
12 “non-use” is not a literal cluster description: almost all students accessed the resources at some time. In 
2017 only two from 313 (0.64% of the cohort) did not access them at all; and in 2018 only one from 276 
(0.36%). “non -use” cluster represents very limited access. 
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Outliers identified as high scorers in the “non-use” cluster, or as passive viewers of the 

PreViews (failing to engage with the tasks as represented by the ReView videos) were 

also removed (2017: 13, 2018: 6). The review of outliers highlighted the importance of 

active engagement through the completion of tasks and receipt of feedback via the 

procedural ReView videos. Such passive viewers may incorrectly feel they understand by 

studying examples and have “illusions of understanding” (Renkl, 1999), as described in 

section 7.6, without actually engaging with the worked examples to self-regulate 

learning. 

Using the non-use cluster as a baseline, regression analysis findings (section 6.5, p199) 

describe how membership in all other clusters in 2017 (with any use of online 

resources) is a significant factor on learning outcome (p = 0.001). In 2018, membership 

in the flipped intensive, flipped and procedural clusters is a significant factor on learning 

outcome (p = 0.001). These three clusters have high access of all videos (including 

worked example videos which are important for active learning) during teaching 

periods.  

Table 8-2: Students included in Regression Analyses 

Students in  
subsequent 
regression 
analyses 

 2017 2018 Ref: 

Students in cluster analysis (Whole 
cohort) 

313 276  

Direct entry students (no UG1 data) (6) (5) 
Section 

6.1 
No attempt of exam Q (no response 
variable)  

(56) (85) 

Outliers (mainly evidence of passive viewing) (13) (7) Section 6.3 

Students included in subsequent 
regression 

238 179  

Comparison 
of Learning 
Outcomes 
(cluster 
averages 
compared 
to non-use 
cluster) for 
students in 
regression 
analyses 

Cluster 

Numbers 
Exam marks above non-use 

average 

Table 6-11 
(p 200) 

201
7 

201
8 

2017 2018 

Flipped 
Intensive 

38 46 +17.6 +9.9 

Flipped 12 26 +18.5 +8.7 

Procedural 13 27 +15.7 +8.3 

Catch-up 47 7 +12.9 +7.5 

Last-minute  41 23 +10.6 +4.7 

Minimal 49 35 +9.0 +4.5 

Non-use1 38 15 - - 
 238 179   
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Clusters were categorised according to the four periods of use (as shown in Table 8-3), 

ranked according to the most appropriate for a flipped learning context, and in line with 

the 4C/ID model’s focus on active learning.  

Effect plots (Figure 6-14 and Figure 6-15 on page 205) charting the four categories 

against learning outcome (exam question score) illustrate the positive impact of timelier 

use (namely, before lectures) and specifically, a timelier use of worked examples (with 

an active learning focus on task completion). Students identified as high-users 

(“intensive” cluster) scored an average of 75.3% (2017) and 82.8% (2018) compared to 

49.0% (2017) and 61.2% (2018) for those identified as late-users (“minimal” and “last 

minute” clusters) (Table 6-14).  

Table 8-3: Categorisation of clusters according to suitability for flipped learning 

Ranking  Use period Associated cluster(s): Reason: 

Ideal  Pre-lecture “Flipped Intensive” 
Highest use of worked examples as 
well as theory videos pre-lecture 

Appropriate  
Workshop / 

post-teaching 

"Flipped"; 
"Procedural"; "Catch-
up" 

Evidence of some access pre-lecture, 
but also used during workshops 

Late  
Revision (last 
10 days) 

"Minimal"; “Last Min” 
High or medium use in the revision 
stage  

No use Negligible "Non-use" 
Minor access, mainly of revision 
material at revision time 

Benefit of early use of the online resources is therefore evident; and use of the 

resources at the recommended pre-lecture stage was higher in 2018 compared to 2017. 

However, a declining - yet still large - number of students in the total cohort (2017: 24%, 

2018 : 18%) were identified as “non-users.” These proportions are consistent with other 

research adopting learning analytics (Table 6-16, page 207). Students in this cluster may 

not perceive the value of the online resources, according to Expectancy-Value Theory 

(section 7.1.1); methods to reduce the size of this cluster (or ideally eliminate it) are 

considered in the response to RQ3 in the next section.  

8.4.3. RQ3: methods to encourage (earlier) adoption of the online resources 

The key findings on encouraging engagement with the resources are covered in the 

conclusion to Chapter 7 (section 7.6).  

The online resources already incorporate recommendations based on motivational 

theory (described in section 7.1). The resources offer autonomy to the learner as users 

can choose when and how to use them (with a guide to study provided), to promote 

intrinsic motivation (Ryan and Deci, 2000b). The resources are constructively aligned 
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(Biggs, 1996), tasks grow in complexity to nurture competence and expectancy of 

success (Eccles and Wigfield, 2002; Wigfield and Eccles, 2000), and in-video quizzes act 

as self-regulation prompts (Clark, Nguyen and Sweller, 2006). To shift the “non-user” to 

user, a non-contingent reward is recommended for participation in lecture activities 

(Cerasoli, Nicklin and Ford, 2014), as this has no negative impact on intrinsic motivation 

(section 7.3.7) A performance-contingent reward for completing a pre-lecture quiz was 

rejected because of the negative impact on intrinsic motivation (section 7.3.6). Further 

recommendations are to emphasise to students the importance of both communication 

skills and active learning in accounting education (task value) (section 7.3.4), and 

monitoring Blackboard use in real time using to identify non-users (section 7.3.4). 

Perceptions on students’ self-efficacy and metacognitive awareness could be monitored 

by survey (Duncan and McKeachie, 2005), and enhance future regression analysis. 

However, this would require high response rates. Whilst such data would add value to 

post-hoc analysis, it would be less dynamic than using Blackboard data for real-time 

interventions.  

Online prompts for learner self-explanation (section 7.4) can support what Renkl (1997) 

describe as passive explainers (lacking self-explanation skills) and superficial explainers 

(lacking metacognitive awareness of any learning difficulties). Prompts should vary 

depending on domain experience: a menu-based selection (multiple choice) is better 

suited for novice learners (Atkinson, Renkl and Margaret Merrill, 2003), whilst focused 

prompts (“compare/contrast”) allow for more advanced descriptions of more complex 

scenarios for leaners with more experience (Chi et al., 1994). In-video quizzes should be 

enhanced using essay-style questions with focused prompts that provide guidance on 

the content of self-explanation. Using a pair of questions, the first would check correct 

completion of the task, and the second require a short-written explanation of the 

calculation process so that both task completion and understanding are confirmed 

(Clark, Nguyen and Sweller, 2006). 

Peer instruction sessions in lectures (section 7.5) have been shown to increase learners’ 

self-efficacy levels and intrinsic motivation (section 7.5.5) by incorporating cooperative 

learning theories in which learners, through debate with peers, self-explain their 

understanding of concepts (Crouch and Mazur, 2001). Such uncontrolled interactions 

between students promote intrinsic motivation as students “engage in an activity 

because they are interested in and enjoy the activity” (Eccles and Wigfield, 2002) 
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(p112). Discussions with peers may raise cognitive conflicts, expose inadequate 

reasoning and enrich understanding as a result of cognitive elaboration (Springer, 

Stanne and Donovan, 1999). Students who are made aware of the benefits of peer 

instruction sessions will be motivated to engage with learning resources prior to these 

sessions. Offering a grade for participation (a non-contingent reward) in the peer 

instruction activities also increases intrinsic motivation for “non-users” to engage with 

the online resource. 

8.5. Implications 

The findings from this study provide insight into how the principles or the four-

component instructional design (4C/ID) model, developed in the health education 

domain, can be successfully applied in accounting education to enhance an 

undergraduate financial accounting course. 

8.5.1. Implications for accounting education 

Following the call by Mostyn (2012) for the application of existing, validated research 

findings into CLT to improve the quality of learning in accounting education, the 

literature contains relatively few examples of using CLT to reduce extraneous load, or 

adapt learning processes to cater for differences between the novice and more 

advanced learner (section 2.2). This research study applies the principles of the 4C/ID 

model, which is grounded in CLT. The model’s primary component is a series of “whole 

tasks” that focus on active learning at an individual level (section 1.2.4), with further 

supportive and procedural components provided via video screencasts to provide 

theoretical (the “whys”) and procedural (the “hows”) aspects of group accounting.  

This research study also resolves a gap in the accounting education literature relating to 

the creation of screencast videos in a blended learning context (section 1.2.3). Section 

2.8 describes the CLT principles to apply (with reference to validated research), and 

Chapter 3 provides a practical guide on how to create the videos and incorporate them 

into a VLE. Recommendations from the pilot research (section 4.4) outline the 

importance of providing a structured guide to support independent online learning and 

limiting the duration of each video to 6 minutes.  

The study’s findings on the positive impact on learning outcomes of using the PreViews 

at an earlier stage of the learning process (highest before face to face lectures) in 2017 

were replicated in 2018 with a different cohort, yielding consistent results and 
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enhancing rigour (section 8.4.2). It is important that students engage with the tasks in 

line with the instructional design, as this better promotes intellectual and metacognitive 

skills that are in demand by the accounting profession (section 1.1.4). Methods to 

encourage completion of tasks before the lecture are provided  in section 8.4.3.  

Whilst this study adopted the 4C/ID model to support learning of consolidated 

accounting, there are many areas in financial reporting where the same “whole-task” 

approach can be applied.  

8.5.2. Implications for students  

The findings from this study provide strong evidence for current and future students on 

the Financial Reporting and Accountability course on the benefits of active and early 

engagement with the PreViews. Figure 6-14 and Figure 6-15 (page 205) illustrate the 

impact on learning outcome (exam question score) of using the resources compared to 

“non-use”: with highest exam scores earned by the “intensive” use cluster.  

The “intensive” use cluster used the ReView (procedural worked example) videos the 

most at the earliest stages (Table 5-8, page 172), illustrating the importance for 

students to follow the study guidance. Merely viewing videos is insufficient according to 

the instructional design, where the focus is on the completion of the whole tasks. Some 

students within clusters that would ordinarily suggest a high learning outcome were 

found to have very low exam scores in both years’ outlier reviews (Table 6-6, page 192; 

Table 6-7, page 193).  Merely viewing the supportive PreView videos without then 

attempting the tasks (passive viewing) leads unsuccessful students towards what Renkl 

(1999) terms “illusions of understanding” (section 7.4). Section 8.4.3 outlines 

approaches that can be adopted to assist in active task engagement and identify non-

users at an earlier stage.  

8.5.3. Implications for higher education institutions: Covid-19 

The global pandemic of 2020-21 raised significant challenges for higher education 

teaching and learning as it shifted quickly toward blended or online learning. 

Experiences of remote teaching during the pandemic has “deepened the credibility of 

those who had advocated for the ‘flipped’ classroom,” where accounting students are 

offered enhanced versions of problem solving that can extend to “the more remote 

aspects of society and culture that are antecedents and consequences of accounting” 

(Fogarty, 2020)(p565). Almost half of the 66 contributors to a review of accounting 
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education in a COVID-19 world (Sangster, Stoner and Flood, 2020) were convinced that 

the “future lay a blended mix of face-to-face and online delivery, with the latter at a 

vastly greater level than previously”(p7). Whilst being able to access study materials 

anytime was one of the positives identified by Sangster, Stoner and Flood (2020), 

students were reportedly less engaged (often muted audio and video), and - 

experiencing conditions of isolation and having fewer support structures than normal - 

had to be more self-regulating (Tharapos, 2021). In addition to an increasing adoption 

of flipped learning during the pandemic, Sangster, Stoner and Flood (2020) describe 

only a few factors that increased student engagement:  

▪ an inclusion of self-reflection activities as part of the online teaching helped 

students to understand the lecture content;  

▪ the provision of advice to students on managing online learning   

▪ an increase in questions raised in online classes (often via the chat function) 

compared to face to face.  

Each factor relates to this study’s online resources and proposed flipped learning 

pedagogy developed in this thesis. Pre-lecture self-regulation is promoted through in-

video quizzes and elaborative feedback to the online tasks; guidance is provided on 

recommended use of the resources; and questions can be raised by students in the 

lecture using their mobile devices in face-to-face lectures using TurningPoint (much like 

the chat function in the online experience). 

A key factor that must be addressed is the amount of time and effort that goes into 

developing these resources. It requires “careful instructional design and process 

thoughtfully and systematically implemented by a team of specialists” (Tharapos, 

2021)(p3). Academics who are considering the shift toward innovative learning and 

teaching may face fears of failure or low levels of self-efficacy relating to the technology 

(Bruggeman et al., 2021; Jonker, März and Voogt, 2018; Watty, McKay and Ngo, 2016). 

Institutional support is therefore vital to ensure that accounting educators are assisted 

in the development of materials (Adler et al., 2021). Technological support can be 

provided from educational technologists (who can help with the production of videos 

adopting principles of CLT), whilst pedagogical support can be offered from learning 

designers (Davey, Elliott and Bora, 2019). Communities of practice may provide 

opportunities to share best practice and provide a safe environment to share concerns 

(Sadiq, 2020). 
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Given the importance placed by higher education institutions on teaching quality and 

student satisfaction ratings (Bobe and Cooper, 2020), and the challenges of obtaining 

higher satisfaction levels in larger groups (Arthur, 2020), institutions must recognise in 

academic workloads the time demands to develop and maintain such resources. 

During the pandemic, the instructional design outlined in this study proved to be an 

effective resource in a fully-online context: supportive and procedural videos were 

viewed asynchronously to assist in the completion of whole tasks prior to synchronous 

engagement with the lecturer (also online). Peer instruction techniques that would have 

occurred in a face to face lecture were presented online, using the online version of the 

polling software (TurningPoint Mobile). The inter-polling period was extended to five 

days, to allow students to manage time zones, and arrange a suitable time for their peer 

discussion (via zoom); this also gave them more time to self-reflect on the concepts and 

issues. Both initial poll and repolling windows were open for longer (e.g. 1 day).  

8.5.4. Professional skills (revisited) 

The need for developing professional skills in accounting curricula (e.g., communication, 

teamwork, critical thinking and problem solving (Tan and Laswad, 2018)) was discussed 

in section 1.1.5. Calls are being made to further incorporate accountability, ethical and 

sustainability awareness so that students are “able to analyse results and recognise 

limitations, underlying ethical issues and inherent biases” (Tharapos, 2021)(p4). The 

skills that accounting education should promote in students is broadening into two 

main foci: professional skills and professional values, ethics and attitudes (International 

Accounting Education Standards Board, 2019).  A greater emphasis on professional 

scepticism, developing an inquiring mind with an awareness of social and political 

contexts requires an iterative reflective practice in which, at all stages of their career, 

the professional accountant develops competence though reviewing their experiences 

(McGuigan, 2021). The inclusion of active learning and learning strategies as one of the 

top ten skills identified by the World Economic Forum (2020) outlines the importance in 

accounting education of providing learning experiences that shift away from procedural 

tasks and memorisation of accounting standards toward “a more reflective form of 

learning that assists in the development of learners’ capabilities.” (McGuigan, 

2021)(p385).  

To be able to meet this demand requires more effective use of in-class time and the 

provision of lower-level information beforehand. The online resources produced and 
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evaluated in this thesis take a step toward this goal. The procedural tasks and 

memorising aspects of group accounting (the topic chosen for this study) are provided 

online for individual study, using an empirically robust design, based on cognitive load 

and multimedia learning principles. Students then come to lectures to experience a 

constructivist learning environment (peer instruction, section 7.5), in which concepts 

are discussed and problems debated with fellow students.  

8.6. Limitations in this research study 

8.6.1. Limitations of Scope: Non-generalisable Findings, Insider aspects 

Whilst consistent findings from a replication of the main study in two separate cohorts 

and years increases the level of robustness, the findings are from one specific course 

and learning domain at one UK University. Gašević et al. (2016) cite a study by Finnegan, 

Morris and Lee (2008) in which successful students in online courses of different 

learning domains behaved in significantly different ways. It is not possible to suggest the 

findings of this study would apply to another learning domain. Another consideration is 

the extent to which the findings may be replicable by another lecturer in the same 

domain, at another university. A consideration of the insider research perspective was 

made in section 1.4.2, page 51. This research study was first possible through my 

actions as an insider (a lecturer who prepared the online resources for use in the 

courses I administered), however the research methodology adopted in the final stage, 

once the resources were prepared, was quantitative. Data on resource use was 

analysed into clusters, and a post-hoc quantitative analysis explored the extent and 

methods of use by each cluster of these resources, and their impact on learning 

outcomes alongside other explanatory variables.   

In response to whether another lecturer using the same resources would obtain the 

same findings at another university, this cannot be guaranteed as no cohort of students 

is alike. It would also depend on the extent to which the adoption of the resources 

would enable a change in face-to-face teaching methods to incorporate peer instruction 

techniques outlined in section 7.5. In both year of the final study in this thesis, lectures 

repeated the video concepts and activities, as I did not yet feel confident to alter the 

process to flipped learning activities because of the concerns over “non-users” (RQ3). 

The key difference in the learning experience, therefore, is not in the face to face 

teaching but the use of the online resources to support this teaching and free up 
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contact time for discussion on the concepts. Resources that were developed using the 

processes recommended in Chapters 2 and 3 should support a student’s learning by 

utilising methods to manage cognitive load. Whether using the same (or similar) 

resources in another institution would yield the consistent results cannot be 

guaranteed, although uniformity of findings between two separate cohorts at the 

institution of this case study provides some level of assurance. 

A review of the final stage research methodology in Table 1-5 (page 55) suggests it to be 

principally outsider research, with minimal if any influence from the researcher as an 

insider. A potential bias was recognised over the identification of clusters, although 

using variable mean scores to represent usage at each stage in the learning process 

minimised subjectivity in the clusters’ interpretation, and the process was validated 

through replication (section 5.4, page 163).  

8.6.2. Replication: differences between 2017 and 2018 

Whilst two different cohorts yielded consistent results, there were differences in 

assessment and learning materials between the years. In 2017, the full cohort faced a 

compulsory consolidation question the in the exam, whilst in 2018 the question was 

optional. As explained in section 6.1 (page 175), the 2017 cohort had 56 students who 

made no attempt or scored zero on the consolidation question, and these were 

removed from the analysis under the assumption that these students had not prepared 

for a question on consolidation.  77% of these students were in the non-use or minimal 

use clusters. Additional resources were provided to the 2018 cohort (including a pre-

course online revision pack, and more fully worked examples at the revision stage), and 

students in 2018 were made aware of the impact on learning outcomes of students who 

engaged with the Preview materials at an earlier stage. This may explain the relative 

decline in the non-use cluster and increase in intensive users between 2017 and 2018 

(Table 6-11, page 200). 

8.6.3. Access of ReView videos as a proxy for Task engagement 

The PreView tasks (and answers) were made available to students without any direct 

means of confirming the extent to which these were attempted or answered correctly. 

The number of view of ReViews (procedural worked example answers) was considered 

a proxy for task engagement, although the tasks could have been completed without 

viewing ReViews (since answers were available without conditions to access). A stricter 
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“adaptive release” method, whereby access to each task answer would be allowed only 

upon completion of a 2-question quiz (one asking for the amount and the other for a 

self-explanation of how to get to the answer), may have better represented 

engagement with each task, although this may have impacted upon students’ 

perceptions over autonomy, and reduced their motivations to use, depending on the 

extent and quality of feedback. This approach can be considered in future iterations of 

the instructional design but was rejected in 2017 and 2018 because of concerns that 

this may deter use by students.  

8.6.4. Applicability of the 4C/ID model to other accounting areas  

The rationale for selecting the topic of group accounts (the consolidated balance sheet 

and associated workings) was explained in section 1.2.5 (p43). The 4C/ID model bases 

its design on “whole tasks” which are grouped into classes of increasing complexity. The 

preparation of consolidated financial statements is easily divided into classes relating to 

the date and complexity involved, which – in line with the model – helps the learner 

progress from simple to more complex learning. The topic was described as “relatively 

standalone,” which raises the question as to whether the 4C/ID model would be 

suitable for other, less standalone areas of financial reporting. Whilst research for this 

study has progressed, I have adopted a similar instructional design to the study of 

earnings per share (EPS), which provides the same basic to complex aspects as group 

accounting. Financial Reporting is built upon a framework of principles and is – 

fundamentally – a task-related subject (being the preparation, presentation and 

evaluation of financial statements). Certain subject areas, therefore, may appear more 

compatible with the 4C/ID model. However, an accounting topic that requires the 

completion of tasks with levels of complexity and variability in design (see 8.6.5 and 

8.7.1) could be suitable for a similar 4C/ID approach.  

8.6.5. Surface versus Deep Learning 

A comparison between surface and deep learning made in section 7.1.4 (p214) reveals a 

tendency for accounting students to adopt surface learning without appropriate 

instructor intervention (Ballantine et al., 2008). 4C/ID’s task-related focus may raise 

concerns that it could encourage surface learning, in which performance (a 

demonstration of the task) outweighs mastery (a deeper understanding of the 

underlying theory behind the process). However, deep learning would be required to 
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complete tasks within a task class that exhibit a sufficient level of variability 

(incorporating more real-world scenarios), which is discussed in section 8.7.1. 

Furthermore, the resources were designed to allow deeper active learning in the face-

to-face lectures, under a flipped learning design using peer instruction (section 7.5); and 

students who have accessed the resources  

8.6.6. Testing and evaluating in different UK Universities 

The case study took place in two UK Universities (as explained in section 4.2.3, p137). 

This was not an intended part of the research design: it was purely the result of my 

moving employment. This meant that initial design took place in a different university to 

the one in which the resources were evaluated. The purpose of the pilot study’s focus 

groups was to consult with students who had varying degrees of use with the resources, 

so that a variety of perspectives were considered in the redesign. The focus groups 

were not representative of the cohort from that university, therefore; and alterations in 

the design were also not made with a specific cohort or specific university in mind. 

8.7. Further development and research  

8.7.1. Additional design principles to apply from 4C/ID  

The online resources adopted in this study are based on the principles of the 4C/ID 

model. The focus is on “whole tasks” that increase in complexity, with supportive and 

procedural videos to explain why and how the consolidation process is done. The 4C/ID 

model is however an extensive design: Appendix 5 outlines the 22 principles currently 

incorporated into the 4C/ID model (van Merriënboer and Kester, 2014). Whilst most of 

these principles are adopted in this research, the following can be expanded or applied 

to further develop the online resources: 

▪ The Training-wheels principle: using Blackboard’s adaptive release feature, access 

can be blocked to more advanced videos and tasks until students have passed a quiz 

at an appropriate level.  

▪ The Variability principle: learning tasks in this research project are currently 

presented in a similar manner, but could be presented in varying ways, 

incorporating more real-world scenarios. These include report writing; desiging an 

audit plan for verifying the accuracy of consolidation adjustments; acting as 

manager in accountancy firm, to review, feedback and explain corrections on a 
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junior’s consolidation attempt (with errors); explain alternative accounting 

treatments permitted and their impact on consolidated financial statements; create 

online quiz questions for testing on their peers. 

▪ The Collaboration principle, and self-explanation principle: working in a team or 

group, not individually, has a positive effect on inductive learning (self-explanation) 

and transfer when learning tasks are highly complex. This links with the use of peer 

instruction, workshops, and online peer discussion boards. 

▪ Development portfolio principle: students can log information on their progress in 

an electronic development portfolio and assess their progress and future learning 

trajectory (self-regulation). Blackboard offers a review status button that can be 

used by students to tick off items as they view and complete them.  

▪ The Individualization principle and Second-order-scaffolding principle: adapting 

content, difficulty, and support according to the individual level of expertise 

promotes inductive learning and transfer. In between the system-controlled content 

and learner controlled full tasks, a subset of suitable learning tasks can be provided 

from which students can select the tasks they feel would benefit them best to 

practice (shared control). Having more control coaches the learner to keep track of 

progress and select suitable learning tasks (metacognitive skills); and has a positive 

effect on the development of both domain-specific and self-directed learning skills. 

▪ Variation and individualisation: “Rapid online evaluation” of expertise uses the 

results of online quizzes to guide an individual learner toward the next appropriate 

learning material. This could be used to determine if the learner has suitable 

experience to embark in higher intrinsic load activities. Tailored instruction enables 

those with more higher-developed schemas to progress more quickly to problem-

solving examples with less guidance (Reisslein et al., 2006). 

It is important to acknowledge that incorporating such improvements may require a 

significant investment in both time and resources.  

8.7.2. Future research 

This study provides a foundation for further academic research into the adoption of the 

4C/ID model based on CLT. It was limited to intermediate level accounting students at 

two UK universities, and there is scope for expanding the research in the same domain 

(financial reporting) across a range of levels (introductory, intermediate and advanced). 
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Higher levels of element interactivity are faced at advanced levels, or with students at 

different levels (where issues over novice and more expert learners can be reviewed). 

More experienced learners, with more developed schema, benefit from learning 

materials that are designed differently to those for the novice. For example, the 

expertise reversal effect suggests that segmenting worked examples information into 

isolated elements is not required where learners have already developed schema to 

cope with a fully worked example (section 2.8.3).  Similarly, verification (basic) feedback 

that promotes elaboration by the learner is better than explanatory (detailed) feedback 

on worked examples that may cause extraneous cognitive load to an experienced 

learner (section 2.8.6). The resources produced for this study were developed for novice 

learners of consolidated financial statements, and there are opportunities to further 

develop the resources using additional design principles from the 4C/ID model (section 

8.7.1). 

A similar study is possible in another learning domain (section 2.4) in which the “whole 

task” focus of the 4C/ID model can be applied.  

Future research could combine survey measures of self-efficacy levels (Byrne, Flood and 

Griffin, 2014) to include as variables in multiple regression to explain variation in 

student performance and cluster membership (section 7.6). The effectiveness of surveys 

relies on a high response rate, however. Similarly, engagement and performance in 

active (flipped) lecture sessions, such as peer instruction (section 7.5) can be included as 

an explanatory variable in regression analysis. Surveys on self-efficacy levels before and 

after peer instruction activities would further inform the impact on learning. 

In the context of these future research opportunities, this study provides a strong 

foundation for adopting cognitive load principles and the 4C/ID model in accounting 

education. 
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Appendix 1: Focus Group Protocol from Pilot Study (Chapter 4) 

Adapted from The Flashlight Evaluation Handbook by Stephen C. Ehrmann and Robin 
Etter Zúñiga, 1997, pp. 3-57 to3-61. 

Interview/Focus Group Protocol: 

The Interview/Focus Group Protocol enables deeper investigation into the barriers to use of 
the online “PreViews” (videos to view and tests to take prior to the lecture), and to discuss 
how to overcome these barriers. The open-ended format of the interview protocol also allows 
the student to offer unique viewpoints that may not be revealed through a structured 
questionnaire. 

The following are sample scripts (protocols) for the moderator/interviewer, and a bank of 
interview/focus group questions for use in the interviews or focus group sessions.  

Note: Phrases in CAPITALS are instructions to the interviewer or focus group moderator.  

Sample Introduction/Conclusion for Focus Groups: 

WELCOME ALL THE PARTICIPANTS. IT IS A GOOD IDEA TO HAVE THEM 
INTRODUCE THEMSELVES (ALTHOUGH THIS CAN BE SHORT AS STUDENTS WILL 
KNOW EACH OTHER AS THEY SHARE THE SAME MODULES). THE FACILITATOR 
SHOULD INTRODUCE THE SESSION BY SAYING SOMETHING LIKE THE 
FOLLOWING: 

"Thank you for coming today – we really appreciate your time and value your input.  

The reason for this study is to explore your impressions of the online resource, 
“PreViews”. This is a new development, and we want to examine the practical and 
operational issues involved in using it.  The aim of this research project is to ensure 
that the PreViews work as designed, and are used by you and useful for you: so today 
we are trying to identify any practical issues in the operation, access and use of the 
videos and tests.  

We've brought you together so that we can learn from each other about what is really 
going on with the access and use (or not!) of the PreViews. This is a “no holds 
barred" discussion. We want to know what you're seeing, even if it looks bad. That is 
the only way we are going to learn. Of course, we also want to know where things are 
going well, but where they are not going well we really need to hear that message. 

We are focusing on your experiences in accessing and using PreViews during the 
past four weeks. However, if you have comments or concerns that span a longer time 
period, please do not hesitate to bring them up. 

We are taping this session so that we can study what you have said, but it goes no 
farther than this group. Anything you say here will be held in strict confidence; we 
won't be telling people outside this room who said what. When you have something to 
say, please repeat your name each time. When we are listening to the tape we will not 
be able to see who is speaking, and we'll need to be able to relate comments you 
made at different times. 

Are there any questions before we start? 

If everyone is ready, I shall start recording.” 

AT THE END OF THE FOCUS GROUP BRIEFLY SUMMARIZE THE MAIN POINTS OF 
THE DISCUSSION. ENCOURAGE SOME GENERAL AGREEMENT BY SAYING 
SOMETHING LIKE:  

"What I have heard you saying today was ...SUMMARISE.... Did I summarise your 
thoughts correctly? Is there anything you would like to add or amend?"  

THANK EVERYONE FOR ATTENDING. 
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Suggested Interview /Focus Group Questions:  
USE THE FIRST THREE QUESTIONS TO PROMOTE A DISCUSSION, AND THEN 
THE FOURTH TO FOCUS ON THE RESEARCH AREA: 

1. What is your overall opinion of the BSc in Accounting and Finance, and more 
specifically, the Financial Accounting Module? 

2. What is the most important outcome of this module for you (e.g., something you 
learned or done)? Can you summarize how or why that happened? Perhaps a story 
about something that happened to you would help us understand what you mean. 

3. What is the most frustrating or wasteful consequence of taking the Financial 
Accounting module for you? Can you summarize how or why that happened? 
Perhaps a story about something that happened to you would help us understand 
what you mean.  

4. PreViews is a technology you have used in this second semester of the Financial 
Accounting module in order to support your learning of accounting for Groups. We'd 
like your help in understanding the strengths and weaknesses of using this 
technology. 
Let's begin by imagining how you would have learned about consolidated accounts 
without the PreViews.  
Compare learning about consolidated accounts in these two ways. For you as 
a learner, what are the advantages of using the PreViews? Can you tell us a 
story that illustrates what you mean? 
What are the disadvantages of using the PreViews? Can you tell me/us a story 
that illustrates what you mean? Is there anything we might be able to do to 
sort out those disadvantages or problems? 

NEXT ASK FOLLOW-UP QUESTIONS ABOUT SPECIFIC OUTCOMES (QUESTIONS 5 
TO 10) OR MORE GENERAL OUTCOMES (QUESTIONS 11 TO 15).  
SELECT NO MORE THAN 3 TO 4 ADDITIONAL QUESTIONS 

5. Has the use of PreViews impacted your ability to understand and/or remember 
course material? Why or why not? Please explain. 

6. Has the use of PreViews increased your motivation to study? Why or why not? 
Please explain. 

7. Has the use of PreViews improved the skills you need for preparing group 
accounts? Why or why not? Please explain. 

8. Has the use of PreViews saved you time in learning about accounting for 
groups? Why or why not? Please explain. 

9. Do you consider that you had enough time to use the PreViews? Did it take too 
long to complete the sessions? Were the videos too long? Was the coverage of 
the subject matter too quick or slow? 

10. Do you think it would have made any difference to your use of PreViews if the tests 
had contributed to your final module grade? If so, what amount of weighting 
would you consider appropriate? 

 Questions 11 through 15 are questions of general interest.  
11. How easy was it for you to access Blackboard? If there were problems, what were 

they, and how could we help overcome them?  
12. Are you aware of any technical problems that occurred during your use of 

PreViews? Such as, not being able to play the videos, not being able to answer the 
tests, etc.? Were these problems dealt with promptly? Do you have any suggestions 
for how we can improve our support to you? 

13. Would you recommend the use of PreViews to other students? What would you 
tell them about it? Why or why not? 

14. Would you be willing to use Previews again in the Advanced Financial Accounting 
module next year? Why or why not? Please explain. 

15. Is there anything else you would like to tell us about your experience with 
PreViews?  
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Appendix 2: Focus Group Analysis: Summary [2013-14] from Pilot (section 4.4.1) 

SET NODE Groups Refs Comment Key findings (Section 4.4.1) 

Technical 
issues 

Blackboard App 1 1 
Blackboard App: solution for tablet users 

Students resolved any 
technical issues with IT 
support, and advice provided 
as issues raised.  

Issues with Playing on tablets 2 3 

ITT Support issues & problems 2 2 
Students are aware of support available. No technical issues raised other than 
use of tablets (above) 

Reasons for 
not using 

Comments from NON-user 1 1 Two students identified as non-users in focus groups 
1: package into 1 hour set 
time, with detailed guidance 
on which videos to view prior 
to attempting each task 

Commitment in time to view 2 6 
Discussion on how long the resources took to complete: evidence of need to 
reduce time load. 

Evidence of struggling if not  1 1 
Comment on how some found they were less prepared in lecture as a result of 
non-use. 

No chance to ask Qs on PreViews 1 3 
Discussion on how any immediate questions could not be answered and how 
discussion would help (ie: social constructivist approach that is proposed for 
lectures. 

2. Methods to encourage 
interaction before lecture: 
Discussion board, quizzes (with 
feedback); peer studying. Use 
of social constructivist 
approach (active learning) in 
lectures. 

Active 
Learning 

Encourages Self-study, homework 2 4 Promotes self-study for those who have used them 

3: Focus on Task completion 
(active learning): preference 
for tasks from the earliest 
stage to complement theory 
and reinforce understanding. 
Feedback from users is they 
are ready to experience a 
more active learning 
approach in lectures 

Encouraging Reading 1 1 Promotes self-study for those who have used them 

Flipped Lecture - Prepared 
beforehand 

3 10 
Discussion of acceptance of Flipped approach: advantages of coming to 
lectures with an understanding of the concepts 

Lecture Reinforces PreView 3 4 Discussions over how lecture content reinforces that in the PreView videos 

ReViews reinforce (post-lectures)  3 10 
Comments outline benefits of (re)visiting resources post-lecture: evidence of 
usefulness in revision as well as pre-lecture. 

Lecture too Slow for users 2 2 

Evidence that prepared students want more from the lectures. Students still 
want lectures: but willing for lecture content to alter (to active learning) and 
expand upon the information and activities from PreViews. 

PreViews replacing Lectures 2 2 

TEL – possible changes to lecture 2 3 

Variety of PreView task from 
lecture 

1 1 

Worked Examples 2 7 With subsets on use of MMLPs in video: signalling, sequencing 
4. Multimedia Learning 
Principles described 
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Focus Group Analysis: Summary [2013-14] from Pilot (section 4.4.1) (Continued) 

SET NODE Groups Refs Comment Key findings (Section 4.4.1) 

Resource 
Design 

Format of Worked example 
videos (one page, no scrolling) 

1 1 
Description of benefit of spatial/temporal contiguity (only required info on 
screen at required times) 

4: Multimedia Learning 
Principles described 

Lecturer Face needed or not 3 3 Discussion over personalisation element of lecturer’s face in procedural videos  

Podcasts and other TEL 
provisions  

2 2 
Discussion on what TEL is available on other courses, and advantages of video 
to revisit content (at this time no lecture capture available) 

Scaffolding 1 1 
"Tasks build up on each other, so it’s like, you do a little bit, then carry on, then 
carry on, until your last one, which is a big question. It's very good." [F1,G1] 

Theory on video 1 6 
Discussion of supportive (theory-based) videos; plus linking with tasks to 
reinforce (i.e.: 4C/ID approach) 

Use in Other Modules 3 9 Discussion over which subjects may be better suited to this approach  

Duration of video 3 8 Short videos preferred, some unaware of length and thought each was longer 5: Short 6min duration 

Individual-
isation 

Closed Captions 3 4 Popular with ESL and in public locations (no headphones).  6: Benefits of Captions 

Tasks before viewing video 1 1 Some preferred going to tasks first and then reviewing theory 

7: Individualisation 

Missing Lectures, Efficiencies 1 2 Video usefulness where absent from lectures (note: prior to lecture capture) 

No Acc experience before BSc 1 1 

Student without accounting A-level: benefit to prepare in advance to help with 
understanding. Benefits of pausing, note-taking, replay to suit individual. 
Worked examples aiding confidence ("I feel …more prepared for my exam 
already, than I would have done - . Like I feel like I'm going to do better in my 
exam just because of the videos."[F4; G3]). Appropriate time released prior to 
lecture to prepare; and reduced need to visit in office hours as a result of 
resolving questions through resources and worked examples 

Pause, make notes, replay... 3 4 

Previews in AFA 2 3 

Q on confidence 3 4 

Recommend to others 3 5 

Release Time before lecture 1 1 

Repeat Viewing 2 3 

Video reduces office hour visits 1 2 

Quiz  
Design 

Errors & pressure of preparation 
on workload - test checkers 

2 8 Problems with some quizzes containing errors due to time-pressure to produce 
8: Quiz  material must be 
quality tested before 
providing to the group. 

9. Consideration of quiz 
score as part of grade 

Formative Feedback 1 2 Benefit of immediate feedback after Worked examples 

Interactivity improvements 3 5 Demand for embedded quizzes in the PreView (theory) videos 

Promoting use of Quizzes 3 3  Support in favour of quizzes to motivate viewing and focus. 
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Appendix 3:  Expanded Table of Identified Clusters 2017 and 2018 including mean scores 
and standard deviations by variable (see Table 5-8 for mean scores only)  

 
2017 2018 Year 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 

CLUSTER 
IDENTIFIER: 

 Non-Use Minimal Last Minute Procedural Catch Up Flipped Flipped Intensive 

Cohort (%):  23.6% 18.1% 19.5% 19.9% 14.4% 12.0% 5.8% 12.7% 17.3% 2.9% 4.8% 15.2% 14.7% 19.2% 

313 276 No: 74 50 61 55 45 33 18 35 54 8 15 42 46 53 

S1B 
4L2 

PV1 
b4L10  

Mean 0.01 0.00 3.49 0.00 1.71 1.73 1.00 0.71 2.33 0.00 3.00 2.57 12.02 10.87 

SD 0.12 0.00 4.22 0.00 3.91 5.98 2.20 2.77 4.61 0.00 4.52 5.76 5.07 14.15 

S2B 
4L2 

  Mean 0.00   0.95   0.38   0.17   1.24   0.07   6.41   

  SD 0.00   2.70   1.23   0.51   2.87   0.26   3.69   

S1B 
4L3  

PV1 
b4L11  

Mean 0.00 0.06 1.31 0.16 0.27 0.97 2.33 2.80 0.72 0.00 6.20 2.88 0.67 6.32 

SD 0.00 0.42 3.78 0.86 1.25 3.37 4.23 9.03 2.52 0.00 8.39 6.34 2.07 8.86 

S2B 
4L3  

PV2 
b4L11  

Mean 0.00 0.00 1.03 0.00 0.84 0.12 0.06 0.06 0.06 0.00 2.20 1.95 1.72 6.94 

SD 0.00 0.00 2.84 0.00 3.18 0.55 0.24 0.24 0.30 0.00 4.66 5.39 3.41 7.50 

S3 
B4L3  

PV3 
b4L11  

Mean 0.07 0.00 1.05 0.00 0.58 0.48 1.67 1.14 1.89 0.00 2.13 3.26 8.20 4.92 

SD 0.42 0.00 2.39 0.00 1.97 1.97 4.45 6.08 4.66 0.00 4.82 6.30 6.67 5.90 

PB4 
L3  

RV1b 
4L11  

Mean 0.01 0.04 0.28 0.07 0.13 0.39 0.06 0.23 0.31 0.13 0.47 0.38 0.76 1.43 

SD 0.12 0.20 0.76 0.33 0.40 1.22 0.24 0.43 0.84 0.35 1.30 0.91 1.10 2.94 

S1 
WSP  

PV1 
WSP  

Mean 0.16 0.20 0.74 0.40 2.47 2.70 16.06 28.69 3.65 4.38 16.27 2.60 2.04 1.62 

SD 0.74 0.99 1.95 1.52 5.20 6.40 5.93 14.91 5.88 11.98 14.26 4.29 3.71 4.26 

S2 
WSP  

PV2 
WSP  

Mean 0.03 0.00 0.98 0.11 0.76 1.52 8.00 10.03 1.65 0.00 13.33 3.64 2.07 2.91 

SD 0.23 0.00 2.04 0.69 2.27 4.52 6.78 11.06 3.78 0.00 8.43 7.13 3.07 6.92 

S3 
WSP  

PV3 
WSP  

Mean 0.00 0.00 1.26 0.11 0.31 0.39 2.67 6.29 1.11 0.38 22.00 3.52 7.39 5.77 

SD 0.00 0.00 3.04 0.69 0.92 1.92 3.63 8.54 2.80 1.06 9.94 6.52 6.96 7.09 

P 
WSP  

RV1 
WSP  

Mean 0.12 0.04 0.54 0.45 0.42 0.55 2.00 2.06 0.81 0.88 3.53 1.26 1.04 2.34 

SD 0.40 0.20 1.09 1.74 1.18 1.52 2.17 2.24 1.49 1.46 2.85 2.30 1.23 2.77 

EG 
WSP  

Hit 
WSP6  

Mean 0.05 0.16 0.49 0.95 0.36 1.55 1.33 3.71 0.54 2.75 0.87 3.69 0.74 4.26 

SD 0.37 0.47 1.15 1.51 0.96 2.73 1.57 4.15 1.48 4.10 1.13 6.15 1.29 3.41 

S1 
W12  

PV1 
W12  

Mean 0.01 0.00 0.36 0.27 0.40 0.79 0.56 0.86 12.17 42.13 2.53 8.07 0.65 0.49 

SD 0.12 0.00 1.37 1.52 1.88 4.53 1.65 2.84 6.37 11.04 5.82 8.23 1.97 2.41 

S2 
W12  

PV2 
W12  

Mean 0.00 0.00 0.05 0.00 0.36 0.00 2.67 1.69 8.81 24.13 1.80 6.38 0.15 0.02 

SD 0.00 0.00 0.38 0.00 1.98 0.00 5.99 4.04 5.25 12.12 4.06 7.97 0.63 0.14 

S3 
W12  

PV3 
W12  

Mean 0.00 0.00 0.07 0.22 0.22 0.00 2.50 2.00 11.46 16.63 5.20 6.05 0.35 0.32 

SD 0.00 0.00 0.36 1.01 1.49 0.00 4.49 3.96 9.02 5.15 10.37 7.49 1.40 1.28 

P 
W12  

RV1 
W12  

Mean 0.07 0.10 0.39 0.38 0.07 0.15 1.17 0.71 2.20 1.75 1.60 1.76 0.76 0.47 

SD 0.25 0.46 1.00 0.97 0.25 0.62 1.95 1.45 2.67 1.04 3.00 1.82 1.77 1.19 

EG 
W12  

Hit 
W12  

Mean 0.04 0.34 0.46 1.80 0.09 1.55 1.28 3.60 1.43 23.38 1.07 9.50 0.41 1.87 

SD 0.20 0.85 1.04 2.67 0.36 2.86 2.35 4.96 1.63 10.84 1.94 6.79 1.09 2.66 

S1 
REV 

PV1 
REV  

Mean 0.03 0.00 0.51 1.71 13.04 30.73 3.22 5.34 1.15 2.75 11.47 2.00 0.80 1.74 

SD 0.23 0.00 1.42 3.08 7.94 18.01 6.35 10.01 2.88 5.34 7.21 4.72 1.72 4.50 

S2 
REV 

PV2 
REV  

Mean 0.00 0.00 0.43 0.56 6.04 15.24 0.44 3.11 0.91 2.75 7.33 1.52 0.28 0.43 

SD 0.00 0.00 1.59 2.06 5.01 11.64 1.42 6.28 2.07 4.80 5.09 3.51 1.34 2.19 

S3 
REV 

PV3 
REV  

Mean 0.01 0.00 0.30 0.93 7.93 9.70 0.00 2.14 1.59 3.25 10.00 2.38 0.35 0.66 

SD 0.12 0.00 1.01 2.23 8.38 7.63 0.00 4.46 3.93 4.20 5.74 4.20 1.29 2.95 

PREV 
RV 

1REV  

Mean 0.22 0.12 0.69 1.04 1.93 2.58 0.89 0.83 0.85 1.25 1.53 1.29 0.37 0.51 

SD 0.63 0.44 1.37 1.53 2.52 2.26 1.81 1.44 1.50 1.75 1.51 1.81 0.88 1.17 

EG 
REV 

Hit 
REV  

Mean 0.23 1.12 0.80 5.53 1.89 18.55 0.44 5.03 0.39 10.75 0.87 5.83 0.63 2.45 

SD 0.56 1.62 1.31 5.32 2.22 7.97 1.25 6.74 0.86 8.60 1.25 6.09 1.66 3.69 

R1  
VDI3 
REV  

Mean 0.51 2.28 1.85 10.35 1.07 7.85 1.67 8.91 1.57 14.00 2.00 14.93 2.00 6.94 

SD 0.78 2.73 1.77 5.21 1.37 8.85 1.64 7.17 1.92 8.64 2.17 9.33 2.27 5.16 

R2  
  Mean 0.43   1.52   0.89   1.39   1.15   1.40   1.39   

  SD 0.68   1.68   1.28   1.72   1.25   1.72   1.41   
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Appendix 4: Data gathered for cluster / regression analysis (Chapter 6) 

Category: Narrative 

ID 

Student number from Campus Solutions. This is the students’ ID which is 
also extractable from Grade Centre (part of Blackboard (BBD)), although 
students also have their own BBD reference, which tends to be the 
identifier in all other BBD-generated reports. ID is used in Grade Centre 
so is the anonymous identifier for all systems. 

Prog Students taking the course come from various programmes.  

Yr 
Year of student: predominantly year 2, some year 3 (exchange or non-
accounting students) 

2017: S1/2/3 
2018: PV1/2/3 

S denotes Supportive videos, intended to take the place of information 
provision in lectures (recoded as PV standing for “PreViews” in 2018). 
Data was available to show the number of hits by individual student on 
each of the three supportive PreView video series, and in each of the four 
timeframes outlined in Table 5-1 

SQ1, SQ2 
Average scores in the in-video quizzes of the supportive videos. Each quiz 
out of 100, six in the first series (S1) of videos, and five in the second (S2). 
No quizzes in S3 

2017: P 
2018: RV  

P denotes Procedural videos: worked examples (recoded as RV standing 
for “ReViews” in 2018). Students were advised to revise the relevant 
supportive videos prior to attempting the activity (reference to 
supportive videos assist students who require a revision of the terms, 
then check their answer against the one on BBD, and view the worked 
answer if required. Some students may have done the question without 
need to view the “ReView” video.  
Data was available to show the number of hits by each student on each 
of the three supportive PreView video series, and in each of the four 
timeframes outlined in Table 5-1 

2017: EG 
2018: Hit 
 
2018: Herd 

A fully worked example was made available, constituting 15 short steps 
toward completing a comprehensive answer covering all possible aspects 
covered in the syllabus. The views of each video were consistent (with 
only 1-2 minor differences, mainly in the viewing of the third video). An 
average of all 15 was taken as being representative, since students very 
rarely viewed only one without viewing all. The variable was renamed in 
2018 since an additional worked example was provided in 2018 (Herd). 
Data on views of these worked examples is available in the three times 
after lectures.  

2017: R1, R2 
2018: VDI3REV 

Two virtual revision sessions were offered to students, recorded and 
posted on BBD directly after (Jan 11 and Jan 18). In 2018, only one virtual 
revision session was presented on this aspect of the course (VDI3REV).  
In 2018, the Virtual revision sessions from 2017 were made available 
from the post-teaching period onwards, and data was extracted on 
access of these videos for the two periods post-teaching, and final 10 
days (these were identified as VDI1 and VDI2).  

EPS/DEPS; EPSQ 
EPS/DEPS.B4.L 
EPS/DEPS.B4.WSP 
EPS/DEPS.last.10 

To ensure the videos operated properly, a set of similar videos was 
presented on Earnings Per Share (EPS), and Diluted Earnings per share 
(DEPS), a few weeks prior to the Research period. Data on total views, 
the average results from in-video quizzes, views before the appropriate 
lecture and workshop, and views in the last 4 days before the exam were 
extracted.  
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Data for cluster / regression analysis (contd.) (Chapter 6) 

Domicile, 
Nationality, Age, 
Gender, Attained 
Qualification 
Prio.Acctg / Bus / 
Maths / Econ 
TOTAL.Tariff 

Demographic Data was obtained from the School office, as well as 
some idea of prior experience (and experience relating to accounting, 
business, maths and economics: based on the students’ entry 
qualifications before University). The total tariff before entry was also 
recorded if available, although was not complete and probably of little 
use because of this. A more appropriate method of identifying prior 
experience was to extract the results from the students’ performance 
in the year 1 exam (UG1) (see below) 

UG1 
UG1Crse 

Since prior performance in accounting has been highlighted as a factor 
for performance, data on each students’  
Extracted from the exam summaries for the four feeder courses from 
year 1 (UG1). These four courses are pre-requisites for the course, so 
prior performance in accounting is available for the vast majority of 
students: however, a handful (2018: 6 students) take the course as 
exchange students, or direct entrants for which no data is available. 

EPSQ1, Q2, Q3, Q4 The results of in-video quizzes are provided relating to each video 
within the series of supportive videos (S1, S2 and EPS), but were found 
to be better summarised into average scores relating to each of the 
series of videos: EPS, Q1 (Preview session 1), Q2 (Preview Session 2) 
and Y1Q (short revision of UG1). A total was also extracted. 
In 2018, additional revision material revision was provided in response 
to feedback on unpreparedness. Y1Q was replaced with a series of 
nine videos with embedded videos. Data was extracted for views in 
each of the four periods of the Previews (pre-lecture, pre-workshop, 
post-teaching, final 10 days). Data on in-video test scores are also 
available for 2018.  

2017: Y1Q[1-3] 
2018: Y1R[1-9] 
Q1[1,2,3,4,5,6] 
Q2[1,2,3,4,5] 

SQ.Tot 

Qrre 
Details on students who completed an online questionnaire on the 
uses of video [2017 only] 

Exam.Q1a.GW The results for the cohort in the January exam are available, with a 
specific focus on their performance on the group accounting question 
(a compulsory question in 2017, optional in 2018) - the area in which 
the research was conducted). Subsections for the activities within the 
question were provided, in case it was possible to link these with the 
usage detail for their corresponding PreView video. It transpired this 
was not possible: Blackboard statistics tracking made no separate 
identification of video views and so the total views for each video in 
the PreView series of videos was only available. 
Performance in the remaining questions is also provided, as well as in 
total. Although not the focus of the research project, usage of the EPS 
resources could also be evaluated, and compared with the student 
performance in Q5 (which was a question in this area). However, the 
EPS question was an optional question in both years rather than 
compulsory. 

Exam.Q1a.PURP 

Exam.Q1a.Assoc 

Exam.Q1a.RE 

Exam.Q1a.NCI 

Exam.Q1a.IS 

Exam.Q1a.SOFP 

Exam.Q1.TOT 

Exam.Q2/Q3/Q4/Q5 

Exam.TOT 

DiscBrd 
Shows the number of hits on the Discussion Board, which was 
promoted to encourage debate and discussion around the topics, 
although tended to be used at the revision time for final questions 

Miss.WSP 1-8 

Detail on attendance at workshops was obtained from school registers 
for all eight workshops, although the attendance at workshops 6 & 7 
are relevant to the research into groups (and, indirectly, to workshop 5 
on EPS). Data on absentees is recorded in the dataset. 
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Data for cluster / regression analysis (contd.) (Chapter 6) 

Last Access Online 
Extracted at the same time as the quiz results, but of little use as it 
would include access into semester 2. 

Txt.Sessions The course offers students access to an online text – free of charge – 
which is the core text used in the course, a bespoke combination of 
three texts. Details on students’ access to the online text, including 
uses of the resources (highlighting, note taking and page printing) are 
available. It should be noted that whilst the online text is available, 
there were also several hard copies of the text available for students at 
the local bookshop, and the individual texts were also available in the 
library. That said, the data may reveal some relationship with those 
students more active in the eLearning aspects of the course, and there 
is the possibility of more data being available in future teaching years. 
Not sufficient detail in 2017 and 2018 to incorporate into model. 

Txt.Avg.Length 

Txt.Pg.View 

Txt.Pg.Print 

Txt.Note 

Txt.Hghlght 

Txt.Bmrk 

WSP5_EPS Attendance at workshops was available (2017) for the three workshops 
relating to EPS (secondary data available but unused) and the two 
groups workshops. In 2018 data was limited to those absent from 
workshop 6 (ABSWSP6) and absent in total (WSPABS). 

WSP6_Grp1 

WSP7_Grp2 

WSPTotMiss 

2ndLang 
A binary condition relating to the student for whom English is a second 
language, based on their nationality 

2018 Additional material 

L2, L3 PreViews 

Additional PreView videos provided for other subject areas (published 
financial statements and accounting scandals), with Data available on 
the number of hits by each student in each of the four timeframes 
outlined in Table 5-1 

2018: Y1R[1-9] 

A series of videos and online material including worked examples and 
exercises to help ensure students enter the course at the suitable level. 
Entitled Y1R for revision of year 1, there are 18 videos in total, each 
analysed into the four timeframes outlined in Table 5-1 

Rev [1 – 9d] 
 

The scores from 18 in-video quizzes relating to the year 1 revision  
videos (above) 
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Appendix 5: The 4C/ID model: expanding principles for effective learning 

The 4C/ID model currently incorporates 22 multimedia principles (van Merriënboer and 

Kester, 2014). These are summarised in the following table, which includes definitions 

of each principle and incorporating illustrations of how these principles have been 

applied - or will be applied (these are highlighted in green) - in the instructional design 

for the learning of Group Accounting and Earnings Per Share at Alliance Manchester 

Business School. 
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Examples in Accounting Education of Consolidated Financial Statements (Group Accounts) and Earnings Per Share (EPS) in multimedia 
principles for components of the 4C/ID model and for instructional control (adapted, with definitions from van Merriënboer and Kester 
(2014) pp117-19). 
Multimedia Principle Example 

Learning Tasks in Accounting Education of Consolidated Financial Statements (Group Accounts) and Earnings Per Share (EPS): Online quizzes 
within PreView videos, ReView worked examples/activities, Workshop activities. 

1 Sequencing Principle: Sequencing learning 
tasks from simple to complex, instead of 
presenting them in their full complexity at 
once, has a positive effect on inductive 
learning and transfer. 

Relating to Group Accounts: Students learning to consolidate financial statements, start with 
low-elemental activities (at acquisition date, 100% acquisition, no fair value) and continue 
with increasingly higher elemental interactivity (post-acquisition consolidations, impact of 
depreciation on fair value adjustments of depreciable assets at acquisition, impact of intra-
group transactions).  

2 Physical-fidelity principle: The sequencing of 
learning tasks in such a way that they are first 
performed in an environment that does not 
try to mimic the real task environment (i.e., 
low fidelity) and later performed in 
environments that more and more resemble 
the real environment (i.e., increasing fidelity) 
has a positive effect on inductive learning and 
transfer. 

Relating to Group Accounts: Begin with low level tasks, building to more complex forms of 
consolidation as outlined above. Also introduce activities within each task set that 
incorporate more realistic requirements relating to analytical review of group financial 
statements (e.g. impact on gearing, ROCE of incorporating a new subsidiary versus associate) 
and engage students’ report-writing/presentation skills (fundamental in accounting 
profession) in explaining the need for, and techniques of, consolidation, with references to 
IFRS’s Conceptual Framework. Compare multiple consolidated financial statements, 
alternative treatments (e.g. IFRS v UK GAAP), and explanations of changes in treatment of 
goodwill over past 20 years. 
See comments on variability principle (section 4 below) for further task examples. 

3 Training-wheels principle: Sequencing 
learning tasks in such a way that learners’ 
performance is first constrained (i.e., 
unproductive actions are blocked), and then 
slowly loosening the constraints until none 
remain, has a positive effect on inductive 
learning and transfer. 

Not yet applied to the PreView/ReView resources, to allow users to determine their own use. 
For students learning to consolidate financial statements, block access (using Blackboard’s 
adaptive release feature) to more advanced consolidation adjustments videos and tasks (e.g. 
provision for unrealised profits, intra-group sale of non-current assets) until students have 
passed a quiz on the previous level. The example provided by (van Merriënboer and Kester, 
2014) related to the blocking of spreadsheet toolbars and menu options not required for 
completion of basic tasks, then unblocking once required in more complex tasks. 

 

(continued)  
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 (continued) 
Multimedia Principle Example 

4 Variability principle: 
Organizing learning tasks in 
such a way that they differ 
from each other on 
dimensions that also differ in 
the real world has a positive 
effect on inductive learning 
and transfer. 

Alternative tasks incorporating more real-world scenarios (for completion online or in workshops): 
▪ Write a report to the board explaining the accounting treatment of various consolidation adjustments 
▪ Design an audit plan for verifying the accuracy of consolidation adjustments, explaining the required 

evidence and actions. 
▪ Act as manager in accountancy firm, to review, feedback and explain corrections required for a 

junior’s attempt at consolidation, with errors. Or create a peer-review system in which this can be 
done (team review). 

▪ Require explanations of alternative treatments permitted under accounting standards, and their 
impact on consolidated financial statements: e.g. comparison of NCI at fair value with the share of net 
assets method, or provision for unrealised profit based on a mark-up or gross profit basis 

▪ Work backwards from a consolidated set of financial statements to recreate the individual financial 
statements of Holding company, or subsidiary (from additional information provided).  

▪ Create consolidation activities for peers to attempt and feedback upon (section 5 below), using 
spreadsheets. An example spreadsheet can be referred to so that students can become accustomed to 
the typical formulae and checks to ensure accuracy. A high-complexity task that is more appropriate as 
group work (using group function of Blackboard for collaboration online)  

▪ Create online quiz questions for testing on their peers. 

5 Collaboration principle: 
Working in a team or group, 
rather than individually, has a 
positive effect on inductive 
learning and transfer when 
learning tasks are highly 
complex. 

▪ Use peer instruction techniques in lectures to promote active engagement (section 7.1) 
▪ Online peer review of team-written activities (developed by team via Discussion Board or GoTo 

Meeting) attempted by other groups. 
▪ Workshop activities where teams explain certain consolidation process steps in complex example and 

how they impact upon other aspects: e.g.: Goodwill: consideration (share exchange), impairment 
(group retained earnings/NCI), NCI at FV or share of net assets, FV adjustment (on group Retained 
earnings where depreciable).  

▪ Online teams can be assigned to write questions for use by their peers (see section 4) 
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6 Completion-strategy principle: The 
sequencing of learning tasks, from 
studying worked examples, via 
completion tasks with incomplete 
solutions to be finished, to 
conventional problems for solving, 
has a positive effect on inductive 
learning and transfer. 

In each of the three task classes in the consolidated financial statements area (ReViews), sequencing 
starts with fully worked examples, moves to partial completion tasks (where more challenging 
aspects – such as the goodwill calculation - are initially presented as worked out, but the remainder 
of the task is required for completion by students) and ends with a conventional problem to be 
solved in  full. Explanatory ReView videos (procedural information) available for each attempt apart 
from the final task, requiring students to submit key aspects of their answer via Blackboard to 
confirm completion and receive feedback (via Blackboard’s .  

Supportive information: hypermedia, microworlds, and social media 

7 Prior-knowledge principle: The 
activation of prior knowledge through 
individual or collaborative 
brainstorming or discussion has 
positive effects on elaborative 
learning and transfer  

Prior knowledge activation is promoted through the opening quizzes in the PreView videos that 
question students’ knowledge of previous PreViews, preparing them for construction of new 
Schemas (section 3.3.4). 
 
TurningPoint (polling software) in lectures can be used to question individually or in small groups 
using multiple choice questions, followed by self-explanation prompts (via word cloud messages and 
short answers). Blackboard’s online discussion board and quizzes can also question students’ prior 
knowledge on Consolidated financial statements (Group Accounts) and Earnings Per share (EPS): 
▪ types of shares issued by companies and their differences (relevant to Group accounts and EPS): 

ordinary and preference shares 
▪ types of share issue and why they exist: full market value, bonus issue and rights issue (EPS) 
▪ the application of substance in financial reporting (Group accounts) 
▪ methods by which a company may have control over another (Group accounts): questions can 

include scenarios with varying proportions of shares held (basic and more complex group 
structures, such as sub-subsidiaries), level of representation in the board of directors, 
agreements with other investors.  

▪ the uses and limitations of earnings per share by investors (EPS) for investment decision making 
▪ how earnings per share (EPS) might be impacted by an issue of shares (at full market value) at 

various points of time (e.g. at start of the year, at end of the year and halfway through the year) 
to prompt thoughts on the need for a weighted average number of shares in the calculation. 
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8 Multimedia principle: Adding graphics to words 
or, inversely, adding words to graphics has a 
positive effect on elaborative learning and transfer 
because students learn better from words and 
pictures than from words/pictures alone. 

All PreView (supportive information) and ReView (procedural information) videos 
incorporate graphics to which narration is provided, so that both audio and visual 
modes are utilised by learners, easing cognitive load. Additional worked examples 
from the lecture captures (based on Khan academy-style screencast presentations 
using words and visual workings) also provided via Blackboard (Rana, Besche and 
Cockrill, 2017). Such presentations were found to be the most engaging worked 
example videos in a study of video engagement of some 6.9 million videos viewed 
on the edX MOOC platform (Guo, Kim and Rubin, 2014) 

9 Dynamic visualizations principle: Dynamic 
visualizations (e.g., animations, video) of 
processes and mechanisms that change over time 
can have a positive effect on elaborative learning 
and transfer, especially when they are designed in 
accordance with other multimedia principles 
and/or deal with human movement. 

Dynamic features are heavily used in both supportive (PreView) and procedural 
(ReView) information videos. For example, in the first illustration of basic 
consolidation of a group statement of financial position (SOFP), the elements from 
individual company SOFPs are highlighted using spreading colour cues (which 
expand across animation denoting the method of consolidation) to aid 
comprehension (Boucheix and Lowe, 2010) (section 2.8.5 – signalling principle). 

10 Redundancy principle: Replacing multiple sources 
of information that are self-contained (i.e., they 
can be understood on their own) with one source 
of information has a positive effect on elaborative 
learning and transfer  

Using the same individual financial statements (Statements of Financial Position, and 
Income statements) for holding and subsidiary companies in a series of worked 
examples that become more complex removes extraneous cognitive load by 
removing the need to calculate consolidation aspects previously undertaken in less-
complex tasks. The “line-by-line” addition of each component of asset and liability 
already performed need not be repeated in more complex tasks, leaving more 
working memory for elaborative learning and transfer of new aspects of the 
consolidation. The same applies to the information used in the series of partial 
completion tasks. A similar approach of using the same income statement extracts 
and preference dividends is used in the series of worked examples and partial 
completion tasks that become progressively more complex (preparing EPS under full 
market value, bonus and rights issues). 
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11 Coherence principle: Excluding all irrelevant but 
sometimes seductive details (e.g., music, 
embellishments) that are extraneous to learning has 
a positive effect on elaborative learning and transfer 

No irrelevant and distracting music or illustrations are provided in any of the supportive 
(PreView) and procedural (ReView) information videos for Group Accounts in 
accordance with the coherence principle (Mayer, 2009e), although minimalistic “top 
and tailing” of edited lecture captures is provided in the form of a 5-second text display 
to provide the context of the video and refer to the worked example being answered.  

12 Self-explanation principle: Prompting learners to 
self-explain new information by asking them, for 
instance, to identify underlying principles has a 
positive effect on elaborative learning and transfer. 

In-video quizzes in the supportive information PreView videos encourage students to 
self-explain aspects of the consolidation process and receive immediate explanatory 
feedback to facilitate corrections to schemas. Self-explanation exercises apply to 
alternative tasks outlined in section 4 (variability principle), where students are 
required to explain in a report the reasons for consolidation or explain how to correct 
consolidation errors.  
Self-explanation prompts will be added to the peer instruction lecture sessions using 
Turning Point’s word cloud function to display a summary of the cohort’s self-
explanations after each conceptests question (Brooks et al., 2014). 

13 Self-pacing principle: Giving learners control over 
the pace of instruction, which may have the form of 
transient information (e.g., animation, video), has a 
positive effect on elaborative learning and transfer. 

All of the supportive (PreView) and procedural (ReView) information videos are created 
using Camtasia which offers a range of controls to the viewer, including options to 
pause, replay sections prior to self-explanation prompts, and alter the speed of 
presentation (from 0.25x to 2.0x) – which can cater for differences in prior knowledge 
(and students for which English is a second language). A table of contents allows 
navigation to a section that students may want to re-watch or reflect upon in more 
detail.  

Procedural information: mobile Apps, augmented reality, online help systems, and pedagogical agents 

14 Modality principle: Replacing a written explanatory 
text and another source of visual information such 
as a diagram (unimodal) with a spoken explanatory 
text and a visual source of information (multimodal) 
has a positive effect on knowledge compilation and 
transfer. 

Explanations in Group Accounts and EPS are provided using narrated text instead of 
visual (on-screen) text in all supportive and procedural videos. No explanatory text is 
provided apart from in rare occasions of highlighting key terms as they are introduced. 
Emphasising key concepts using both narrated text and presenting on-screen, whilst 
seemingly presenting redundant material, was shown by Mayer and Johnson (2008) to 
an exception where the signalling principle outweighed the redundancy/modality  
effect. 
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15 Temporal split-attention principle: Presenting 
multiple sources of information (e.g., mutually 
referring pictures and text) at the same time, 
instead of one by one, has a positive effect on 
knowledge compilation and transfer . 

In terms of supportive (PreView) and procedural (ReView) information videos, 
screen display is designed to place the relevant information from the 
activity/question onscreen at the time that this information is used in the worked 
examples or feedback answer. The information is also highlighted as announced 
and used in the answer in accordance with the signalling principle (see 17) 

16 Spatial split-attention principle: Replacing multiple 
sources of information (frequently pictures and 
accompanying text) with a single, integrated source 
of information has a positive effect on knowledge 
compilation and transfer. 

7. Guidance provided for students on how they can independently integrate multiple 
sources of information from texts (see Sithole (2017) p290 for an example on 
financial statement analysis). 
Supportive (PreView) and procedural (ReView) information videos incorporate 
relevant information onscreen as it is used in the feedback answer. Information 
from separate company accounts is presented next to each other in columns to 
minimise spatial split attention. 

17 Signalling principle: Focusing learners’ attention on 
the critical aspects of learning tasks or presented 
information reduces visual search and has a positive 
effect on knowledge compilation and transfer . 

In both supportive (PreView) and procedural (ReView) information videos, relevant 
information from the activity/question is placed on the left of the screen at the 
time that this information is used in the worked example and is highlighted when 
referred to in the narration and applied in the answer. Cues used include colour-
coded highlights, zooming in to remove extraneous information, shading, 
spotlighting and blurring. All ensure that attention is focussed on critical aspects of 
the task at the right time, reduces visual search of the learner, and in the case of 
colour coded highlights, can prompt knowledge compilation and transfer by linking 
elements within the question. 

18 Segmentation principle: Splitting up an explanatory 
dynamic visualization (animation, video 
demonstration, etc.) into meaningful parts or 
segments has a positive effect on knowledge 
compilation and transfer. 

Learning the consolidation process is well-suited to segmentation. PreView videos 
containing supportive information were broken down into sections into which 
quizzes were added, generally near the start and end, outlining questions for self-
explanation (section 3.3.4).  
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Part-task practice: drill-and-practice computer-based / app-based training and part-task trainers 

19 Component-fluency principle: Training in routine 
aspects or consistent components of a task up to a 
very high level of automaticity, in addition to 
training in the whole task, has a positive effect on 
learning (strengthening) and transfer of the whole 
task. 

There is less need for automaticity in financial reporting than in other learning 
domains, such as the medical profession or air traffic control, where a muscle-
memory response is vital.  In air traffic control training, additional and extensive 
part-task practice should be provided to train for immediate recognition of 
potentially dangerous air traffic situations from the radar screen. 

Instructional control: adaptive systems and electronic development portfolios. The following three principles  

20 Individualization principle: Adapting the contents, 
difficulty, and amount of available support of 
learning tasks to the level of expertise of individual 
learners has a positive effect on inductive learning 
and transfer. 

 
Continuous assessment of students in the techniques of group accounting can help 
identify difficulties that individuals face and can be used to select new learning tasks 
that provide opportunities to correct any misconceptions (adaptation). 

21 Second-order-scaffolding principle: A gradual shift 
from system control to learner control (i.e., through 
shared control), where the learner gradually 
receives greater responsibility for the assessment of 
learning and the selection of new tasks, has a 
positive effect on the development of self-directed 
learning skills. 

Students of consolidated accounts are presented first with system-controlled 
learning tasks: tasks that tie in with the completion strategy (principle 6) and then 
finally presented with a complete task database to choose their own tasks from 
(learner control).  
In between the system-controlled content and learner controlled full tasks, a subset 
of suitable learning tasks can be provided from which students can select the tasks 
they feel would benefit them best to practice (shared control).  

22 Development portfolio principle: An electronic 
development portfolio helps learners and their 
coaches to keep track of progress and select 
suitable learning tasks; it has a positive effect on the 
development of both domain-specific and self-
directed learning skills. 

Students can log information on their progress in an electronic development 
portfolio. The portfolio can be used by the student to assess their progress and 
future learning trajectory (self-regulation) and by the instructor to provide advice 
and encouragement. Blackboard offers a review status button that can be used by 
students to tick off items as they view and complete them. This can easily be 
adopted to the current system. 
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