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Abstract
This research study explored beliefs about and conceptions of teaching and learning held by
computer science lecturers in a single school of computer science in a third level educational
institute in Ireland. The study first investigated how lecturers considered their practice to align
or diverge from their beliefs and conceptions and the adjustments they chose to make when
engaged in disciplined, reflective practice. A phenomenographical research approach was
adopted in this two-phase research study. The first phase conducted interviews with fifteen
participants and analysis of these interviews identified variation across the themes of personal
epistemology, epistemology of computer science, conception of teaching and learning and
practice of teaching and learning. During the second phase six participants actively reflected
on the alignment between their conceptions of teaching and learning and their practice, making
minor adjustments to, or refactoring, their practice as a result of this reflection. The major
outcome of this study is the development of three distinct personas each of which encapsulates
the variations found in participants beliefs about, conceptions and practice of teaching and
learning in the discipline of computer science.
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1. Introduction and Overview

1.1 Introduction
Computer science is a young academic discipline and the dominant influence on the evolution
of the discipline itself has been advancement in technology and on computer science education
(CSE) has been the subsequent need for practitioners with the knowledge and skills required
to develop computational solutions desired by a range of industries and broader society (Tedre
and Malmi, 2018). Computer science education research (CSER) has largely focused on issues
related to how best to assist students acquire domain specific knowledge and skills,
investigating how selected teaching practices and approaches could assist with teaching and
learning as well as issues such as student recruitment and retention considered to significantly
influence teaching and learning in computer science (Randolph et al., 2008; Lishinski et al.,
2016). This study sets out to investigate a more fundamental, philosophical concept, computer
science lecturers’ conceptions of teaching at tertiary level.

1.2 Background and Rationale
The approaches and practices a teacher adopts, regardless of the education level at which they
teach, are influenced by a range of factors including, but not limited to, the discipline in which
they teach, their knowledge of content related to that discipline, their pedagogical knowledge
and their pedagogical content knowledge as well as social and policy constraints (Cohen,
Manion and Morrison, 2010). However, a fundamental and overarching influence is their
conception of teaching (Martin et al., 2002) which Young defines as “a complex web of actions,
intentions and beliefs” and contends each element of this web “creates its own criteria for
judging or evaluating right and wrong, true and false, effective and ineffective.”(1998, p. 203).
A wide variety of conceptions of teaching exist in the literature derived from studies exploring
similar phenomena from slightly different perspectives and using slightly different terminology
to describe the conceptions derived (e.g. Prosser, Trigwell and Taylor, 1994; Pratt, 1998;
Kember and Kwan, 2000, 2002; Samuelowicz and Bain, 2001; Akerlind, 2003; Carnell, 2007;
González, 2011; Walter et al., 2016; Zou et al., 2020). Despite a recognition that intentions
guide actions and that beliefs underlie intentions and in turn guide actions (Martin et al., 2002),
research into teaching beliefs and conceptions has largely evolved separately. However, the
need to consider teachers’ beliefs about teaching, their personal epistemology and how these
influence teachers conceptions of and approaches to teaching in tandem is now well recognised
1

in mainstream education research (Ashton, 2015). No major research studies which address
both the teaching beliefs and conceptions held by computer science teachers at tertiary level
exist in CSER. Indeed, neither the beliefs nor conceptions held by teachers have attracted much
attention within CSER. Studies have primarily focused on these issues in the context of specific
subjects within the discipline (e.g. Lister, 2016); examined the core philosophical assumptions
of computer science as a discipline and how this impacts teaching and learning (e.g. da Rosa,
Chmiel and Gómez, 2015); or were conducted from the perspective of students and their beliefs
and conceptions and how these influence teaching and learning (e.g. McDermott et al., 2013).
Only a few studies considering conceptions of teaching in general exist (e.g. Lister et al., 2007;
Tutty, Sheard and Avram, 2008). Further, those CSER studies which exist in the literature
demonstrate the same typical problems that exist in the general CSER body of knowledge such
as being situated in particular subject areas (Almstrum et al., 2005; Randolph et al., 2008;
Kinnunen, Meisalo and Malmi, 2010; Crick, 2017), not pursued further after initial publication
(Franceschet, 2010; Wainer and Valle, 2013) and lacking a rigorous theoretical framework or
comparison with similar studies (Randolph et al., 2008; Franceschet, 2010).
This study aims to investigate both the beliefs about and conceptions of teaching held by
computer science lecturers and further, recognising that commonly disjunctions may exist
between beliefs, conceptions and teaching practice (Fives and Buehl, 2012; Skott, 2015), will
investigate where lecturers’ practice aligns with or differs from beliefs and conceptions held.
This study will fill a gap in the CSER body of knowledge by providing a synthesised analysis
of computer science lecturers’ beliefs about and conceptions of teaching computer science.
Further, while conducted in a single school, the study will be designed with rigour using a
theoretical framework informed by mainstream education research as well as CSER. As this
study is firmly situated in the context of CSE, CSE practitioners will be able to see themselves
in the presentation and discussion of its findings. However, computer science terminology will
not be used, making the findings accessible to an audience beyond CSE and CSER. Findings
will be presented and discussed with reference to mainstream educational theory and research
and therefore will provide an access point for both CSE and CSER practitioners to engage
more easily with the body of knowledge. This research is timely as the CSER community has
very recently started to reflect on a criticism frequently levelled at it, that does not sufficiently
engage with educational theory when designing research studies, prompting an interest in and
discussion of how to improve this perception of a lack of rigour in CSER (e.g. Malmi et al.,
2019; Papamitsiou et al., 2020).
2

1.3 Research Aims and Questions
The aim of this research study is to investigate, in the context of CSE, a teacher’s conception
of teaching (Martin et al., 2002) which Pratt (1998) contends constitutes an inter-relationship
between beliefs and intentions, shaping the lens through which a teacher views the process of
teaching and learning which subsequently shapes their actions as teachers as well as providing
meaning to and justification for these actions. This research study aims to address the following
research questions:
•

What beliefs about and conceptions of teaching and learning do computer science
lecturers hold?

•

How does the practice of computer science lecturers differ from their beliefs about and
conceptions of teaching and learning?

The study takes the form of a case study conducted in a single school of computer science
during a single academic year and will be designed with a theoretical framework informed not
only by relevant CSER but by mainstream education theory and research.

1.4 Researcher Motivation
Computer science can be considered a non-life science and an applied, hard discipline using
Biglan’s (1973) three-dimensional discipline classification. Such disciplines generally value
lecturers who have practiced as professionals, holding deep domain knowledge and skills
relevant to their discipline (Santoro and Snead, 2013). This is particularly true of the context
in which this study was conducted, a school of computer science in a third level educational
institute in Ireland which has traditionally focused on n producing industry-ready graduates for
the Information Communications and Technology (ICT) sector. Until relatively recently
industry experience was considered of central importance when recruiting lecturing staff and,
further, there was no requirement for lecturing staff to have any qualifications related to
teaching before starting to lecture or to gain any such qualifications during their tenure.
However, the educational institute has recently transitioned to become a university and while
a focus on industry remains important, issues more aligned with education in general such
making education accessible to a diverse range of learners, offering multiple pathways to
educational awards, and involving students as partners in the design, delivery, assurance, and
evaluation of educational programmes are now taking on more importance. This creates
challenges for lecturing staff involved in both designing educational programmes and
delivering modules as part of educational programmes. From a personal perspective this
3

researcher epitomises a lecturer in computer science in this educational institute at this
transitional junction. With over eighteen years’ experience of lecturing and fifteen years
professional experience prior to starting lecturing, before undertaking this Doctorate in
Education I had never enrolled in a programme of study related to education but had grappled
not only with trying to improve my practice but more fundamentally to articulate an underlying
philosophy for my practice. While trying to source research to help overcome this, I found the
CSER body knowledge to lack detail in terms of why approaches or tools could or should be
adopted from an educational standpoint and the mainstream education research so extensive
that it was intimidating to engage with and difficult therefore to locate relevant research.
Undertaking the taught element of the Doctorate in Education has helped me to navigate
mainstream educational research and use such research to inform my practice. This study will
allow both myself and my colleagues to gain insight into our own beliefs, conceptions and
practice and will provide a foundation for deeper conversations about teaching and learning in
the future. By reflecting on my beliefs, conceptions and practice in light of the findings from
this study, I will be able to reflect more holistically on my teaching practice and, when
identifying areas I would like to address, more specifically identify how my practice in general
or any changes or improvements introduced would impact students’ learning and be able to
make better informed choices with the objective of enhancing students’ learning. I hope to
become a more informed, reflective, and collaborative practitioner going forward as a result.

1.5 Research Context and Implications for the Study
This research study is situated in a school of computer science in a third-level educational
institute in Ireland. The study set out to identify participants’ beliefs about teaching and
learning computer science and how their beliefs differ from their practice. The institutional
context will have a significant impact on participants’ views and any changes they felt they
could introduce to their practice. Education programmes and modules in the institute are
outcomes-based, focusing on what students should know or be able to do on completion of
their education. Learning outcomes are designed to address the levels defined for each of the
three strands of knowledge, know-how and skill, and competence identified by the Irish
National Qualifications Framework (NQAI/QQI, 2003). Further, the academic quality
enhancement process of the institute requires that for each module, when designed or amended,
that for each learning outcome, the specific type of assessment which will be used to assess
that learning outcome summatively be specified (UniversityX, 2018). Any amendment of any
element of a module is managed as part of the annual monitoring process, adhering to the
4

formal procedure outlined in the handbook of academic quality enhancement. Participants
therefore were restricted in the level of change they could consider making to their practice as
part of this study. Changes such as altering the nature of assessment used or focusing on
learning outcomes and content beyond that specified for the module were not possible.
The institute dictates that academic staff listen and describe the student voice in teaching and
learning as part of what Young and Jerome (2020) term a “feedback loop”: students provide
feedback on their experiences as part of a formal process; the relevant institute stakeholders
review and summarise this feedback; and then these stakeholders decide how, or even if, to act
upon it, informing the students of any decisions made. The institute’s academic quality
enhancement process formally defines how and when students have opportunities to provide
feedback on their experiences (UniversityX, 2018, p. 173). Student feedback is collected using
formal, defined student evaluation questionnaires that address a narrow set of concerns. Student
feedback is one source of information used by academic staff when making decisions about
module and programme content, learning outcomes and assessment strategies. The process of
collecting student feedback is managed at a module level by the academic staff member who
delivers the module. At a module level, the academic staff member collects, collates, and filters
student feedback before summarising it in a manner suitable for the broader programmatic,
school, and institute level monitoring of academic enhancement. The institute’s academic
quality enhancement process sets out requirements for listening to and describing the student
voice. These requirements impact how participants in this research study engage with the
student voice in practice. The institutional policy and practice concerning the student voice will
impact any views expressed by participants.

1.6 Chapter Roadmap
In the remaining chapters the term teacher will be used interchangeably with the term lecturer
when discussing lecturing or teaching at tertiary level as this is the term used in the body of
mainstream educational knowledge.
Chapter one has presented an introduction and set the scene for this research study.
Chapter two presents a discussion of literature related to teaching beliefs, conceptions of
teaching, the relationship between teaching beliefs and conceptions and between conceptions
and learning paradigms, establishing the key concepts that the research study will draw on and
5

justify the approach taken as well as presenting relevant CSER to further contextualise and
situate the study.
Chapter three presents the theoretical framework underlying this study and discusses how this
informed the adoption of phenomenography as the research methodology before discussing the
research design, conduct and analysis and the ethical concerns considered and addressed. The
justification for using personas to frame the discussion of variation uncovered during the
analysis is also discussed.
Chapter four presents and discusses the findings from the phenomenographical analysis of
the first phase of the research study which focused on capturing lecturers’ beliefs about
knowledge, knowing and becoming knowledgeable in general and in computer science in
particular, their conceptions of teaching and learning in general and teaching and learning
computer science in particular and their practice of teaching and learning.
Chapter five presents and discusses the findings from the phenomenographical analysis of the
second phase of the research study where a small group of lecturers engaged in active
reflection, recording in a diary how and where they considered their practice to align with or
differ from their beliefs and conceptions and any attempts made to improve this alignment.
Chapter six presents and discusses the overall findings derived from the analysis presented in
Chapter 4 and Chapter 5 using personas, archetypal fictional characters, as a mechanism to
structure this discussion before discussing the limitations and potential extensions of this study.

6

2. Literature Review
A fundamental and overarching influence on the approaches and practices a teacher adopts,
regardless of the education level at which they teach, is their conception of teaching (Martin
et al., 2002). Pratt defines a conception of teaching as “a complex web of actions, intentions
and beliefs; each, in turn, creates its own criteria for judging or evaluating right and wrong,
true and false, effective and ineffective” (1998, p. 203). Conceptions held are intrinsically
influenced by a teacher’s philosophical beliefs about what knowledge is, what knowing is and
becoming knowledgeable is, their personal epistemology (Martin et al., 2002; Akerlind, 2004;
Lam and Kember, 2006). However, for many educators, their personal epistemology and
conception of teaching are largely tacit and unarticulated resulting in a lack of awareness of
how these influence their teaching behaviour (Patrick and Pintrich, 2001; Fives and Buehl,
2008).

Learning paradigms represent consensus views about what it means to learn, how

learning happens, approaches to teaching, the roles played by teachers and students during
learning and where control of the learning process lies (Schunk, 2013). Different philosophical
views, conceptions, educational theories and instructional strategies align with each paradigm.
Paradigms are coherent, holistic and accessible frameworks with which educators can engage
when trying to start to reflect on and improve their practice and access aligned educational
theory and research (Pritchard, 2017). This is particularly true in the area of computer science
education research where much of the research takes the form of experience reports of studies
conducted to apply principles and practices or tools and technologies associated with specific
learning paradigms or educational theories to address specific problems or address specific
issues (Joy et al., 2009; Szabo et al., 2019). This chapter, after presenting the literature search
strategy employed, discusses first research into teachers’ beliefs and their influence on teaching
conceptions before discussing the major learning paradigms which dominate adult education,
particularly at tertiary level. Research into teaching conceptions is then presented, discussing
the major sets of conceptions in the literature, organised through the lens of the learning
paradigm they can be considered to align with, and considering the intrinsic relationship
between epistemology and teaching conceptions and approaches which can be used to elicit or
measure teaching conceptions. Finally, relevant CSER is discussed to contextualise and situate
the study discussed in this dissertation before a summary of the chapter is presented.

7

2.1 Literature Search Strategy
The literature search was driven by the core research question to identify the conceptions and
beliefs about teaching and learning held by teachers in computer science and differences they
perceive in their practice. This required engagement with mainstream educational research to
ensure that foundational level research in the area was included as well as engaging with CSER
which does not use peer-reviewed journals as the main vehicle of publication but rather places
more scholarly value on peer-reviewed conferences (Franceschet, 2010; Freyne et al., 2010;
Vrettas and Sanderson, 2015). The primary electronic databases and scholarly resources used
to source mainstream education research were:
•

Taylor and Francis Online Journals;

•

Elsevier’s Scopus;

•

ProQuest;

•

SAGE Journals Online;

•

JStor Arts and Sciences;

•

Wiley Online Library;

•

ERIC (Education Resources Information Centre);

•

Academic Search Complete;

•

British Education Index;

•

The Directory of Open Access Journals (DOAJ);

•

The Arts and Humanities Citation Index;

•

and the World Higher Education Database Online.

Several additional electronic databases and scholarly resources were included to ensure that
CSER published as part of conference proceedings was found:
•

The ACM Digital Library;

•

Institute of Electrical and Electronics Engineers (IEEE) IEEEXplore;

•

DBLP computer science bibliography;

•

CiteSeerX and

•

ScienceDirect.

Papers from the following conferences which are highly ranked by the CSER community were
particularly targeted:
•

ACM Special Interest Group on Computer Science Education Conference (ACM
8

SIGCSE);
•

ITiCSE -Annual Conference on Innovation and Technology in Computer Science

Education;
•

Koli Calling;

•

ICER (International Computer Education Research);

•

And Frontiers in Education (FIE).

Several broad search categories were identified at the start of the literature search:
1. Teaching: teaching, teaching and learning, education, instructional design
2. Learning: learning theory, paradigm, framework
3. Teaching conceptions: conception, perspective, orientation, approach, relationship
between conceptions and learning
4. Teaching beliefs: belief, personal epistemology, philosophy, assumptions, relationship
between beliefs and conceptions
5. Computer science education: computer science education, computing education,
computer science education research, computing education research.
Searches were focused on research related to tertiary education. Boolean search strings were
devised and tuned dependent on the resource being used. References cited in relevant papers
found were manually examined to identify additional research and while Google Scholar was
not used as main research resource, it was used to locate copies of specific papers if needed.
Terms searched for evolved and were refined as literature was found. A particular issue that
emerged during the literature search was that while CSER papers had titles that implied a focus
on computer science education in general on reading the paper they dealt with specific subjects
in the discipline, this led to additional searching for all of the search categories identified
previously for these specific subjects.

9

2.2 Teaching Beliefs
Nespor (1987, p. 323) contends that “to understand teaching from teachers’ perspective we
need to understand the beliefs with which they define their work”. Research into teachers’
beliefs exhibits a confusion in terminology, e.g. attitudes, values, ideology, epistemology, and
has emerged from a range of different perspectives e.g. philosophy, psychology, practice,
sociology, anthropology (Fives and Buehl, 2012). A fundamental issue to be addressed as part
of defining what constitutes a teacher’s belief is the role of epistemology which . can be seen
as concerned with what type of knowledge claim can be made (Usher, 1996) or what is
considered acceptable knowledge within the discipline and thus strongly related to the
ontological view held (Bryman, 2012). Fives and Buehl (2012) in an extremely comprehensive
review examining over six-hundred peer-reviewed articles covering multiple perspectives and
disciplines organise the body of knowledge into five categories: a teacher’s beliefs about
themselves and their role as a teacher; the context or environment in which they practice and
the influence this has on both belief and practice; the content or knowledge they are required
to or wish to teach; pedagogical and pedagogical content knowledge, in particular relating to
teaching practices or approaches and the students that they teach. Over time a consensus has
emerged that teaching beliefs are personal, consist of both emotional and cognitive elements,
are formed by personal experience of teaching, as both a student and teacher, in advance of
entering teaching practice and that while beliefs tend to shape a teacher’s conception of
teaching and their practice, a disjunction may exist between beliefs, conception and practice
(e.g. Nespor, 1987; Fang, 1996; Richardson, 1996; Luft and Roehrig, 2007; Fives and Buehl,
2012; Skott, 2015). This serves as a starting point for exploring the relationship between
teaching conceptions and teaching beliefs.
Ashton (2015) in her review of the evolution of the research area identifies the complex nature
of beliefs and the need to adopt an holistic perspective when considering teaching beliefs
acknowledging the influence of context and how beliefs in turn influence teaching approach,
student outcomes and both teacher and student experiences. Hofer and Pintrich (2012) define
personal epistemology as the views an individual holds about the nature of knowledge and
knowing. Schommer-Aikins extends this definition to include the nature of learning
(Schommer, 1994b; Schommer-Aikins, 2004). Schommer-Aikens proposes that a personal
epistemology has five independent dimensions: knowledge structure, certainty of knowledge,
source of knowledge and control and speed of knowledge acquisition, and further she contends
that beliefs can be placed on a continuum from naïve to sophisticated for each (Schommer,
10

1994b; Schommer-Aikins, 2004). At the naïve end, a teacher views knowledge as simple and
specific, certain and stable, residing in authority and considers learning to occur quickly or
otherwise not to occur at all and that a person’s ability to learn is decided at birth and does not
change whereas at the sophisticated end a teacher views knowledge as complex, broad and
tentative, and considers learning to occur as a gradual process and constructed by the learner
whose ability to learn evolves (Howard et al., 2000; Brownlee, 2001).
Epistemological beliefs have an effect on conceptions of teaching (Brownlee, 2001) and can
be considered to influence how teachers will acquire and interpret skills and information
serving the function of filtering (Fang, 1996; Kane, Sandretto and Heath, 2002) while also
serving the function of framing, helping teachers shape tasks and problems and subsequently
their engagement with these, and guiding teachers’ intention and actions, acting as both
precursors and predictors of teacher behaviour and practice (Buehl and Beck, 2015). These
three functions of teaching beliefs are summarised in Figure 2-1 and together illustrate a
relationship between teaching beliefs, conceptions, and practices.

Figure 2-1: Three functions of teaching beliefs (Fives and Buehl, 2012)
The synthesis offered by Pajares (1992) represents the best definition of teacher beliefs for the
purposes of this thesis: teacher beliefs are a system, acquired in a context which acts to help an
individual define and understand the world and themselves; are intrinsically linked with
knowledge, which influences how phenomena are interpreted which influences future thinking;
and personal epistemology, formed well in advance of teaching practice, is at the core of both
organisation and interpretation of knowledge, perception and behaviour, in particular decision
making and selection of approach when teaching.
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2.3 Learning Paradigms
Learning paradigms represent consensus views about what it means to learn, how learning
happens, approaches to teaching and other factors that can influence learning, in particular the
roles played by teachers and students during learning and who controls the process with
different philosophical views, conceptions and instructional strategies aligning with different
paradigms (Schunk, 2013). Thus using the understanding of the functions of beliefs in teaching
as proposed in Fives and Buehl (2012) as filtering, framing and guiding learning paradigms
can be considered to serve as frameworks to support exploration of all aspects of the teaching
process offering a useful conceptualisation of the relationship between teaching conceptions,
beliefs and practice.
The section discusses behaviourism, cognitivism and constructivism, the three major learning
paradigms, considering their historical development, underlying philosophical assumptions,
broad conception of processes of both teaching and learning and associated learning theories.

2.3.1 Behaviourism
Behaviourist learning theories emerged in the late 19th century from the work of Pavlov and
Watson and Thorndike in the early 20th century. Learning is equated with behavioural change,
with the desired observable behaviour encouraged through a ‘stimulus-response’ cycle (Ertmer
and Newby, 1993). No understanding of the mental processes involved in learning is required,
it is only necessary to decide what behaviour is desired and identify which stimuli will result
in inducing that behaviour. Learning can therefore be considered as acquiring behaviours which
can be observed and measured (Schunk, 2013). Aligning with positivism, ontologically
behaviourism considers a single, objective reality, which is external to learners, to exist which
be known while epistemologically knowledge is considered to be objective and empiricist,
something that can be clearly defined and which learners can directly observe or experience
through practicing behaviour (Scuh and Barab, 2008).
Skinner’s classical operand conditioning, the learning theory most associated with
behaviourism, introduced the idea of reinforcement, that behaviours that result in positive
consequences will tend to continue and become intrinsic, while those that lead to negative
consequences, including withdrawal of positive reinforcement, will tend to end (Skinner, 1990,
2014). Bandura’s social learning theory (1976) extended other behaviourist theories
introducing the concept of observational learning, identifying that humans learn behaviour
from each other through observation, imitation and modelling but considers learners to be
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active in this process deciding what behaviours to pay attention to and retain, whether or not to
reproduce the behaviour in response to stimuli and considers that learners must have motivation
to acquire, retain and reproduce behaviour (Bandura, 1976).

2.3.2 Cognitivism
Cognitivism emerged with Tolman (1948) challenging behaviourist thinking with his belief
that humans are not simply reactive beings but rather endeavour to reach goals and that their
behaviour is influenced by their beliefs and attitudes as well as interaction with the environment
and developed the concept of latent learning whereby learning is not manifest immediately at
the time of learning but may manifest when needed if circumstances or need motivates its use.
Aligning with post-positivism, ontologically cognitivism considers a single, objective reality,
which is external to learners, to exist which can be known while epistemologically knowledge
is an individual’s interpretation of experience (Scuh and Barab, 2008).
Piaget’s 1955 cognitive development theory is one of the first learning theories in this paradigm
describing how a child constructs a mental model of reality, identifying stages of cognitive
development and contending that instruction should be adapted to suit a child’s stage of
development (Piaget, 1955). While Piaget’s theory does not focus specifically on learning,
concepts introduced such as schemas, internalised representations of the real world, acting as
building blocks when acquiring knowledge, the concept of adaptation of these schemas through
assimilation and accommodation in response to new information or experience and
equilibration to balance this have been important to the development of other cognitivist
learning theories (Schunk, 2013). Bruner (2009) fundamentally disagreed with Piaget’s belief
of adapting instruction to a stage contending rather that this discourages autonomous learning
and that adopting a spiral curriculum would allow structuring of instruction so that information
could be introduced in a simplified manner and then revisited at increasingly more complex
levels later which would lead to children learning to solve problems themselves, or become
autonomous learners. Gagné’s conditions of learning (1965), is a framework that identifies
different types of learning: verbal information, intellectual skills, cognitive strategies, motor
skills and attitudes, and a hierarchy is proposed to facilitate evolution of learning allowing
prerequisite skills to be identified to address increasing complexity. Focusing on adult
learning, Gagné differentiates instruction to facilitate learning each type of skill: stimulus
recognition, response generation, procedure following, use of terminology, discriminations,
concept formation, rule application, and problem solving. Nine instructional events: gaining
attention, informing learnings of learning objective, presenting the stimulus, providing
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guidance for learning, eliciting performance, providing feedback, assessing performance and
enhancing retention and transfer, which are linked to cognitive processes: reception,
expectancy, retrieval, selective perception, semantic encoding, responding, reinforcement,
retrieval and generalisation (Gagné, Briggs and Wager, 1992).
A second perspective of cognitivism shifts from putting the focus very much on the individual
to an extended view that the situation in which learning happens and the learner’s social and
cultural interaction with that situation are important to learning (Ertmer and Newby, 1993).
This perspective is fundamentally aligned with the work of Vygotsky in the 1930s and his
social development theory (1980) which argues that social interaction is key to learning and
indeed that learning or cognitive development cannot occur without this social interaction. In
addition, Vygotsky introduced the idea of a zone of proximal development where learning
happens representing the distance between a student’s ability to perform a task with support
and their ability to solve problems independently. Lave’s situated learning theory (1988) argues
that learning is intrinsically embedded in the activities used to facilitate learning as well as the
environment and culture in which these activities take place. These ideas have been further
developed by Brown, Collins and Duguid (1989) emphasising that it is through the sharing of
knowledge, skills and experience that occurs during the social interaction between an expert
and a student, termed a novice or apprentice, that learning is facilitated.

2.3.3 Constructivism
Constructivism builds on cognitivism putting forward the view that learning is both an active
and constructive process where the locus of control lies with the learner who subjectively
constructs their own representations of reality, linking new knowledge to prior learning to
create and extend these representations (Ertmer and Newby, 1993). While there are many
variations of constructivism, the two most commonly recognised types are: cognitive
constructivism, which, emerging from Piaget’s work on cognitive development, focuses on a
need to understand how human cognition works and how individuals construct knowledge
when learning, and social constructivism which, emerging from Vygotsky’s work on cognitive
development, emphasises the need for collaboration to facilitate successful learning and how
knowledge is constructed communally (Kalina and Powell, 2009). Both cognitive and social
constructivism align with interpretivism,

ontologically a world exists which can be

experienced but not directly known while epistemologically cognitive constructivism considers
knowledge to be subjective and relative, constructed through personal interpretation of
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experience and social constructivism considers knowledge to be communally constructed from
collective experience (Scuh and Barab, 2008).
Many thought leaders in cognitivism are also considered to be thought leaders in the
constructivist paradigm. While the work of Vygotsky, Lave, Brown, Collins and Duguid
emerged as part of the cognitivist paradigm, certainly some extensions of their theories fall into
the social constructivist paradigm. The learning theory developed by Bruner (1961) from his
work on children’s cognitive development, which is also considered to apply to adult learning,
proposed that effective learning of new knowledge occurs when knowledge representation
progresses through three stages: action (enaction), imagery (iconic) and then language
(symbolic) and aligns with cognitive constructivism. While Bruner’s later work with Wood
and Ross proposing a framework for instruction which considers that active construction of
knowledge requires support or scaffolding from a teacher which can be reduced and eventually
removed as learning progresses, aligns with social constructivism, (Wood, Bruner and Ross,
1976). Motivation is recognised as playing a key role in both cognitive and social
constructivism and theories such as Keller’s ARCS Model of Motivational Design (2009)
identify steps which both promote and sustain motivation during learning.
More recent theories of learning relevant to adult learning are student-centred and align
philosophically with constructivism but focus more on the totality of the human experience of
learning and learning in the modern world considering how learning impacts, changes or
transforms a person when learning. The primary role of the teacher or educator is to facilitate
learning which may differ from individual to individual resulting in differentiated instruction
to support the exploration of subjects considered necessary to help students transform or build
new interpretations of experience (Johnson, 2014).
Humanistic learning theories emerged from the foundation set by Rogers and Maslow in the
1960s who introduced the concept that self-actualisation, the motivation each individual to be
to fulfil their potential, is central to the human experience and that education which provided
learners with opportunities which align with this instinct would result in an improved learning
experience (Johnson, 2014). Malcom Knowles (1973) adult learning theory or andragogy
extended this, developing a set of principles to facilitate a greater involvement of adult learners
in creating the content and form of the teaching and learning process recognising that adults’
defined sense of self, motivation and readiness to learn, as well as prior experience of learning,
enabled them participate more fully in shaping their learning experiences which should include
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opportunities for practical application of knowledge and understanding to allow learners to
build on their experience. While Mezirow’s (1991) transformational learning theory considers
adult learning to be a constructive process through which learners, reflecting on prior
interpretations of experience, construct or revise the meaning of an experience leading to
profound changes of perspectives or frames of reference guiding future behaviour (Mezirow,
2000). Merizow’s transformational learning considers learning to be both instrumental,
occurring by undertaking problem-solving tasks and then examining cause and effect, and
communicative, with an emphasis on

understanding the meaning of what is being

communicated with cognisance of the beliefs, intention, motivation and background of the
person communicating which contributes to shaping their perspective (Mezirow, 2003).
Evolved from Piaget’s work in constructivism, constructionism is a learning theory developed
by Papert (Papert and Harel, 1991) which asserts that learning the development of knowledge
structures and that requiring learners to construct physical artifacts or link their learning to the
construction of physical objects encourages them to actively construct their own personal
knowledge structures providing them with tangible experience and examples. Thus
constructionism contends that learning is not solely a cognitive process but requires the
construction of physical or tangible things and that by interacting which these “objects to think
with” (Papert, 1980, p. 12), learners engage in an active process of building and refining their
personal knowledge structures. The maker movement, a learner-centred education process
strongly associated with constructionism, strongly advocates the design and building of
artifacts and has gained interest and momentum worldwide (Sang and Simpson, 2019).
Tinkering can be considered a subset of making focusing on learning through problem solving
and discovery involving making activities (Matrinez and Stager, 2013). In STEAM education
computing techniques are frequently used in problem-based making activities in a range of
disciplines and have been common in computational thinking education where students are
encouraged to actively design, redesign, build and rebuild artifacts as part of a constructive
learning process (Timotheou and Ioannou, 2019).

2.3.4 Summary
This section has discussed three major learning paradigms differentiating based on their
philosophical assumptions, conceptions of teaching and learning and related learning theories.
It is not intended to be an exhaustive discussion but rather to provide context for later discussion
of teaching conceptions which will be presented with reference to the learning paradigms with
which they can be considered to most align.
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2.4 Conceptions of Teaching
Sets of conceptions of teaching for tertiary education which underly subsequent research in the
area largely emerged from qualitative research studies conducted during the 1990s and early
2000s (Zou et al., 2020), most notably those which developed self-report instruments for
teachers which have been and still are widely used by research studies today: Pratt (1992) from
which the Teaching Perspectives Inventory (TPI) was derived; Samuelowicz and Bain (1992)
whose semi-structured interview has been reused in many other studies; Trigwell and Prosser
(1993) and later Prosser, Trigwell and Taylor (1994) from which the Approaches to Teaching
Inventory (ATI) and Approaches to Teaching Inventory- Revised (ATI-R) were derived
(Trigwell, Prosser and Ginns, 2005). Such was the body of work developed in the 1990s that
Kember (1997), in his review and meta-analysis of thirteen major studies, found significant
agreement between the conceptions identified and contended that there was little benefit in
conducting further exploratory studies as a result. However, while later studies validated
existing sets of conceptions, (e.g. Prosser, Trigwell and Taylor, 1994; Pratt, 1998; Kember and
Kwan, 2000, 2002; Samuelowicz and Bain, 2001; Prosser and Trigwell, 2006; Collins and
Pratt, 2011; Pratt and Associates, 2016), others refined the definition of some conceptions
included in these sets and identified new conceptions by investigating using different lenses:
Akerlind (2003, 2004) explored the experience of being a teacher in a university or teaching
constructivistically; Carnell (2007) explored the conception of successful or award-wining
teaching; Gonzales (2011) focused on the conception of good teaching; Walter, Henderson,
Beach and Williams (2016) focused on conceptions of teaching practice; and more recently
Zou, Harfitt, Carless and Chiu (2020) focused on deriving conceptions of teaching excellence.
The studies from which the major sets of conceptions of teaching were derived not only use
different terminology but also considered different aspects of teaching when expressing
categorization of conceptions found. Pratt (1992) focused on a teacher’s purpose or intention
together with the main strategy or actions adopted by a teacher to guide the teaching and
learning process identifying five distinct perspectives. While Prosser, Trigwell and Taylor
(1994) also addressing teacher intention and strategy broadly divided their five conceptions
into either an information transmission/teacher-focused (ITTF) orientation, where teaching is
focused on the transfer of information or understanding from teacher to students who are
considered passive consumers with an expectation that they will be able to replicate or
reproduce the information or understanding transferred or conceptual change/student-focused
(CCSF) orientation, focused on understanding and monitoring students learning and factors
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which influence this, with the aim of changing students thinking about concepts covered,
considering students to be active participants in this process. Kember (1997), in his metaanalysis of thirteen studies, also used the term orientation to describe his proposed categories
of teacher-focused conceptions which emphasise knowledge transmission viewing students as
passive consumers of content, which may be information, knowledge or understanding,
presented by the teacher who may also be responsible for the defining, structuring the content
as well as determining whether students have been successful in learning; or student-focused
conceptions which emphasise learning facilitation, viewing students as active participants
interacting with the teacher who is focused on helping students construct or change their own
knowledge either within a framework determined by the teacher, by students collectively with
the teacher or with other students. Kember (1997) contended that some conceptions overlapped
the binary categorisations and identified and proposed an intermediate bridging conception
labelled student-teacher interaction, which, while still largely teacher-focused, does consider
that teaching requires some active interaction between students and teachers if students are to
successfully acquire the necessary knowledge.
Kember and Kwan (2000, 2002) removing specific references to knowledge and information
proposed that conceptions could be categorised as either content-oriented or learning-oriented.
Postareff and Lindlom-Ylänne (2008) identified conceptually similar categories of contentfocused conceptions where a teacher is focused on creating and delivering material to cover
required content and learning-focused conceptions where a teacher is more focused on
understanding how students learn and how to ensure that appropriate learning is facilitated; and
content/learning-focused category, a hybrid of both content and learning focused categories.
More recently Walter et al. (2016) developed the Post-Secondary Instruction Practices Survey
(PIPS) which includes twenty-four questions related to actions an instructor takes when
interacting with students, engaging students with course content, manage student to student
interaction and assess learning. From their analysis of data collected from eight hundred and
twenty-seven instructors from four US universities they identified two broad conceptually
different categories of teaching practice, instructor-centred and student-centred practice with
a number of sub-categories considered to exist for each. In instructor-centred practice the
instructor is considered to be the key actor, determining how teaching and learning is conducted
with a focus on presenting information (content delivery) and assessing student learning
summatively (summative assessment). In student-centred practice students are considered to
be the key actors and more focus is given to interactions between students (student-to-student)
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during instruction sessions, facilitating students constructive and active learning (student-tocontent) and formative assessment of this learning (formative assessment). Walter et. al. (2016,
p. 5) however designed PIPS as an instrument to provide a quantitative measure for each
category and sub-category to indicate to respondents their broad orientation and focus solely
on teachers actions without considering the instructor intent and belief, providing only high
level descriptions of each category.
Jacobs, van Luijk, Galindo-Garre, Muijtjens, van der Vleuten, Croiset and Scheele (2014)
developed five profiles of teachers based on data collected using the COLT (Conceptions on
Learning and Teaching) questionnaire developed by Jacobs, Van Luijk, Van Berkel, Van der
Vleuten, Croiset and Scheele (2012). The COLT questionnaire consists of eighteen Likert style
questions that address three distinct aspects, termed scales, of teaching practice:
•

teacher centredness: the degree to which a teacher believes that learning requires
guidance from an expert who has the necessary level of subject knowledge and
capability to transmitting this to students and that instruction alone is sufficient for
students to learn;

•

appreciation of active learning: the degree to which a teacher believes that peer-to-peer
interaction between students motivates student learning and that developing students’
analytic and critical abilities is more important than their ability to memorise and recall
information;

•

and orientation to professional practice: the degree to which a teacher believes that
assessments should be designed to reflect the real world in which students will
ultimately practise to better prepare students.

Jacobs et al. (2014) identified five profiles based on data collected from three hundred and
nineteen respondents in two universities. Transmitters are described as more traditional
teachers scoring high for teacher-centredness and low for appreciation of active learning and
orientation to professional practice. Organisers are similarly described as more traditional
teachers, scoring high for teacher-centredness and statistically significantly lower for
appreciation of active learning, but score higher on orientation to professional practice than
transmitters. Intermediates score similarly on teacher-centredness, appreciation of active
learning and orientation to professional practice. Facilitators score lower on teacher
centredness and orientation to professional practice than on appreciation of active learning.
Conceptual Change Agents score extremely low on teacher centredness and extremely high in
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comparison to all other profiles on both appreciation of active learning and orientation to
professional practice. More recently Jacobs, Wilschut, van der Vleuten, Scheele, Croiset and
Kusurkar (2020), as part of a study involving seven hundred participants drawn from a large
number of different geographic locations, identified an additional profile, called NeoTransmitter which has a high-score on teacher-centredness, an average score on appreciation
of active learning and low score on orientation to professional development. The qualitative
profiles of these profiles is limited including only the quantitative scores for each of the three
scales and a comparison of these across the profiles with teacher centredness considered the
major differentiating factor when discussing them.
Despite the variation in terminology and categorisation in the literature there is a degree of
overlap in meaning epitomised by Young’s definition of a conception of teaching as
“idiosyncratic … largely unarticulated composites of individual teachers’ assumptions,
knowledge and beliefs about teaching and learning … amassed through personal experiences
of teaching and learning, assimilated through interactions within changing contexts” (2008,
p. 41) and it is this definition which forms a basis for the conceptual framework of this thesis
as it is sufficiently broad to encompass all meanings ascribed to the studies which will
considered in this research study. As, more broadly, the criteria used to derive, differentiate,
and categorise conceptions in the literature align strongly with the key aspects of learning
paradigms, in particular an underlying philosophical view on what knowledge is, how it can be
acquired, who controls the process of acquisition as well as the role of the teacher and student
within the teaching and learning process. Therefore, rather than discussing each major set of
conceptions separately, the discussion of teaching conceptions in this section will be organised
through the lens of the learning paradigm they can be considered to align most closely with
thereby making more explicit the intrinsic relationship between teaching beliefs, epistemology,
and teaching conceptions. The section will discuss for each of the paradigms of behaviourism,
cognitivism and constructivism the conceptions from major studies on teaching conceptions
which can be considered to align with that paradigm.
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2.4.1 Behaviourist Conceptions
Conceptions in this category are transmission-centric with a focus on transmitting content to
students, considered passive consumers of the transmission. Behaviourist conceptions can be
considered to be both teacher-centred, as defined by Kember (1997) and content-focused, as
defined by Postareff and Lindlom-Ylänne (2008). Teaching and learning as a process is very
structured and controlled by the teacher. Instruction strategies and schedules are planned in
advance of delivery and are generally inflexible. A positivist ontological and positivist or postpositivist epistemological stance towards knowledge is evident. Reality is singular and it is
possible to observe or directly experience this reality. Knowledge is something that can be
defined, directly measured, or measured through establishing evidence. Consideration of
students and how they learn or construct knowledge is not considered important. If students
are considered in instructional design, it is solely to maximise the possibility of students
successfully receiving content transmitted with successful learning demonstrated by recall or
reproduction. Teaching strategies are predominantly those Ertmer and Newby (2013) associate
with the behaviourist learning paradigm: presenting, explaining and illustrating concepts,
illustrating how to perform specific tasks, requiring students to reproduce conceptual
knowledge or skills through application in a very defined manner using reinforcement, as
Pritchard (2017) describes, to shape students to develop more complex responses over time.
Some studies consider the formulation and delivery of content to be conceptually different from
designing and structuring content with cognisance of students who receive it (Kember, 1997)
and some identify a conceptual difference between the transmission of information and the
transmission practical skills (Pratt, 1998; Samuelowicz and Bain, 2001). Others consider
transmission of information or knowledge defined in a syllabus to be conceptually different to
transmitting the teachers’ knowledge and understanding, which includes practical skills, of a
specific discipline whether defined externally or by the teacher (González, 2011; Kember and
Kwan, 2000, 2002; Samuelowicz and Bain, 2001; Trigwell and Prosser, 1997). While yet
others identify only a single, more rounded transmission conception encompassing
information, knowledge, understanding and skills (e.g. Akerlind, 2003). Conceptions in this
category

are perhaps best encapsulated by Carnell’s (2007) conception of didactic

transmission, considering the teacher to be the expert source and authority of knowledge
controlling the teaching and learning process, deciding what content is covered and how,
transmitting their knowledge and understanding to students, with the intention of increasing
students’ knowledge but considering students to be passive consumers in the process. A list of
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conceptions from all studies considered in this literature review that can be considered
behaviourist are shown in Table 1.
Behaviourist conceptions align with Fox’s (1983) transfer theory of teaching, a simple theory
of teaching which views knowledge as “commodity” (p. 152), transferred from teacher to
student through instruction. Fox identifies two variants of the transfer theory: manufacturing
which involves a teacher breaking material up into smaller pieces which can be more easily
digested by students; and broadcasting where a teacher simply delivers material with no
consideration of whether this material can be understood by anyone other than the teacher
themselves, rather the teacher is concerned with ensuring their view of what constitutes the
correct material has been distributed. Fox describes advocates of the transfer theory, which he
terms “conscientious transferrers” (p. 152), dedicating their time and effort to preparing the
material to be transferred and the design of the methods and aids used in the transfer to ensure
that the material is accurately represented and distributed considering the accuracy and
currency material broadcast

to be of prime importance. However, some behaviourist

conceptions align with Fox’s shaping theory, in particular the production variant, where
teachers see their role as moulding or shaping students to have pre-determined knowledge or
practical competence by illustrating and demonstrating concepts and skills and designing
practical exercises where students can acquire the necessary practical experience.
Akerlind (2003) contends that teachers holding teacher and transmission focused conceptions
are so focused on the content they are transmitting that they consider the only professional gain
through teaching is the possible expansion of their own knowledge and understanding of the
specific discipline area. While Postareff and Lindblom-Ylanne (2008) contend that the majority
of teachers holding content-focused conceptions choose the teaching method most comfortable
for them as teachers rather than considering how the method impacts students’ learning,
attributing this to either teachers’ greater familiarity with traditional instruction methods or a
fear of trying to adopt methods that require greater student involvement.
Behaviourist conceptions strongly align with Walter et. al.’s instructor-centred practice
category, focusing on content delivery and summative assessment (2016). It is also likely that
teachers holding these conceptions would score strongly on Jacobs et al.’s teacher-centredness
scale and low on their appreciation of active learning and orientation to professional practice
scales (2014) and would therefore align strongly with the transmitter profile.
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Kember (1997)

•
•

Trigwell
and •
Prosser (1997)
•
•
Pratt (1998)
•
•
Kember
and •
Kwan
(2000,
2002)
•
Samuelowicz
and Bain (2001)

•
•

Akerlind (2003)

•

Carnell (2007)

•

Gonzalez (2011) •
•
Zou et al. (2020) •

imparting information: the teacher simply presents pre-determined content to students;
transmitting structured knowledge: the teacher structures content so that students can receive it but only considers the
student as a passive vessel.
transmitting concepts of a syllabus: the teacher transmits concepts of the discipline to students;
transmitting teacher’s knowledge: the teacher transmits their understanding of concepts of the discipline to students;
knowledge acquisition: the teacher helps students acquire the teacher’s understanding of concepts of a syllabus.
transmission: the teacher transmits a defined set of knowledge;
apprenticeship: the teacher trains students to achieve and demonstrate a defined level of competence.
passing information: the teacher transmits the information defined in a syllabus or needed to meet an assessment
requirement to students;
making it easier for students to understand: the teacher structures and organises content to make it easier for students to
receive it and reproduce it.
imparting information, simple delivery of information to students who should then be able to recall it;
transmitting structured knowledge: the teacher transmits both knowledge and skills to students who should then be able
to reproduce these to a defined level.
teaching transmission focused: the objective of the teacher is to cover required material, imparting information to students
who passively consume this information and while this may require the teacher to decide how best to structure this
material for transmission does not require consideration of the student and how they prefer to learn.
didactic: the teacher decides what knowledge and understanding will be transmitted to students and how this will be
done.
transmitting information about the discipline: transmit the basics of the discipline to students but the information to be
covered, driven by external needs, is decided and defined in a curriculum document;
transmitting the teacher’s understanding: the teacher determines what is transmitted, synthesises the required information
and then transmits it to students.
teaching effectively and confidently: focus is on teaching in the classroom, organising and presenting learning materials
to students.
Table 1: Behaviourist Teaching Conceptions
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2.4.2 Cognitivist Conceptions
Conceptions in this category view knowledge as a structure which must be built by the
knowledge holder and conceive of teaching as process of helping students build their
knowledge. However, the structure and content of this knowledge can be determined in
advance and can be acquired exactly. The teacher, with cognisance of what students know in
advance of this knowledge acquisition and how they acquire knowledge, helps students make
connections necessary to build, and demonstrate that they have built, knowledge to match this
pre-determined structure. A positivist ontological and post-positivist epistemological stance
towards knowledge is evident. Reality is singular and it is possible to observe or directly
experience this reality.

Knowledge is something that can be defined and acquired but

interaction between student and teacher is required in order for students to build this
knowledge. Ertmer and Newby (2013) contend that while instructional strategies adopted may
not differ significantly from those used in behaviourist conceptions, key differences exist in
the design of these strategies which require analysis of the learners and the learning tasks used,
in particular considering how to engage the student to participate during instruction. This
engagement involves interaction between the teacher and student with an emphasis on
providing feedback to students to help them build the required connections. Cognitivist
conceptions can be considered to be hybrids aligning with the student-teacher interaction as
defined by Kember

(1997)

and content/learning-focused, as defined by Postareff and

Lindlom-Ylänne (2008).
Cognitivist conceptions focus on improving student engagement through motivation,
developing a relationship between teacher and student to provide opportunities for students to
gain experience of applying what they are learning or relating theory to practice of their
discipline in the real world. Akerlind’s (2003) teacher-student relations focused category,
where a good working relationship between students and teacher is considered important,
motivating students and helping students develop their practical skills and apply acquired
knowledge in problem solving, best encapsulates cognitivist conceptions. As with behaviourist
conceptions, the teacher is considered the authority of knowledge, in control of what is taught
and how it is taught but positive engagement from students, gauged based on students’ direct
interaction with the teacher, is valued and considered necessary in order for students to acquire
the knowledge the teacher considers necessary. Conceptions in this category may use terms
such as conceptual understanding or expertise which may at first appear more aligned with
constructivism, however, the choice of verbs used in these conceptions are more aligned with
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cognitivism with a focus on the teacher as the authority of knowledge and in control of the
teaching and learning process. A list of conceptions from all studies considered in this literature
review that can be considered cognitivist are shown in Table 2.
Cognitivist conceptions align with Fox’s (1983) shaping theory of teaching, in particular the
production variant discussed previously as part of the behaviourist conceptions section,
moulding or shaping students to have pre-determined knowledge or practical competence.
Cognitivist conceptions also strongly align with Walter et. al.’s instructor-centred practice
category, focusing on content delivery and summative assessment (2016). It is also likely that
teachers holding these conceptions would align most with Jacobs et al.’s

transmitter

profile(2014), scoring poorly on appreciation of active learning and orientation to professional
practice scales. However, given that there is a stronger focus on a need for teacher-student
interaction, for some conceptions scores could be more aligned with the intermediate profile.
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student-teacher interaction: through interaction with the teacher the student is shaped to achieve a defined level of
knowledge and/or expertise.
concept acquisition: the teacher helps students acquire concepts of a syllabus.
developmental: informed by an understanding of how students learn, the teacher focuses on helping learners develop
understanding of required content using questioning and meaningful examples to help students progress from simple to
more complex understanding.
preventing misunderstanding: the teacher tries to prevent students making common mistakes;
providing and facilitating understanding: the teacher transmits a specific understanding of knowledge, decided in advance,
to students, demonstrating how this knowledge, with the expectation that students will be able to reproduce and
demonstrate this understanding during the teaching and learning process and in the future, some teacher-student interaction
is considered necessary to help ensure students are achieving the required understanding and clarify any
misunderstandings.
teacher-student relations focused: the teacher is in control of the teaching and learning process and is the authority of
knowledge but considers good interaction between student and teacher to be necessary for students to achieve the desired
learning.
guiding students: the teacher controls the teaching and learning process and guides students so that they can achieve defined
learning outcomes with successful learning; interaction with the student is considered necessary to ensure learning is
achieved.
Table 2: Cognitivist Teaching Conceptions
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2.4.3 Constructivist Conceptions
Conceptions in this category are learning-centric, focused not only on facilitating students
learning but also on helping students develop as learners. Constructivist conceptions can be
considered to be both student-centred, as defined by Kember (1997) and learning-focused,
as defined by Postareff and Lindlom-Ylänne (2008).

An interpretivist ontological and

interpretivist or constructivist epistemological stance towards knowledge is evident. Multiple
realities are considered to exist and reality and knowledge about that reality are considered to
be interlinked. Knowledge is considered subjective and contextual and cannot be considered
separately from the knowledge holder who construct knowledge from their interpretations and
meanings either individually or socially through participation with other knowledge holders in
a specific context. An understanding of the knowledge holder and how they acquire knowledge,
is critically important in constructivist conceptions as is an emphasis on making students active
participants in the process. The teacher considers their role to be facilitation or support of
students helping them develop, change or evolve their individual conceptual understanding of
their area of study, and perhaps contributing new understanding to the area.
Some studies aligning with cognitive constructivism consider helping students develop their
own conceptual understanding to be conceptually different to helping students change their
conceptual understanding (Kember, 1997; Trigwell and Prosser, 1997; Samuelowicz and Bain,
2001; González, 2011). Kember and Kwan’s (2000, 2002) conceptions best encapsulate this
through their conceptions of meeting students’ learning needs, recognising that all students
learn differently and that part of a teacher’s role is to adapt their teaching not only to
accommodate different students’ needs but also to help students recognise these needs and
facilitating students to become independent learners, which considers the teacher’s role to be
not only helping students develop their ability to learn a particular subject but also generating
interest in the subject and encouraging the student to take responsibility for their own learning.
Constructivism features strongly in studies investigating conceptions of effective or ‘good’
teaching. Virtanen and Lindblom-Ylänne (2010) identify the need to help students engage in
critical reflection to be an important aspect of teaching. This finding was echoed by Duarte
(2013) in their analysis of case studies of good teaching which emphasises the need to provide
opportunities for students to engage in problem solving and critical reflection in order to engage
in deep learning and reflective practice, informed not only by an understanding of their current
but also future learning needs and highlighting the importance of collaboration between teacher
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and students and between students themselves. Carnell’s (2007) study identifies three
conceptions which can be considered constructivist ranging from empowering student learning
by providing opportunities for students to actively gain experience needed to develop their
individual understanding to more social constructivist conceptions of co-operative examination
of existing knowledge, requiring teachers to design tasks to enable students to examine and
challenge existing knowledge working in groups and collective knowledge construction where,
taking equal responsibility for learning, teachers and students work together to construct
knowledge through dialog.
Akerlind’s (2003) student engagement focused and student learning focused categories best
encapsulate constructivist conceptions. The student engagement focused conceptions
emphasise the need to understand students and to use this understanding to help students
engage with the subject being taught or instruction by motivating the student or generating
interest in the subject using real world examples and designing opportunities for active
learning. While student learning focused conceptions emphasise helping students to become
independent learners, develop their understanding of their discipline in broader society,
encouraging critical and original thinking to build and change their own discipline knowledge,
challenge existing knowledge and contribute to evolving existing knowledge and develop new
knowledge within their discipline and to the benefit of society. In constructivist conceptions of
teaching the teacher not only extends their own understanding of the discipline but expands
their knowledge, understanding and enjoyment of teaching and gain all the benefits of learning
that they try to help student gain such as understanding their discipline and the possibilities
their discipline offers to broader society. A list of conceptions from all studies considered in
this literature review that can be considered constructivist are shown in Table 3 and Table 4.
Constructivist conceptions align with what Fox (1983) considers more developed theories of
teaching in particular the travelling theory which conceives of student learning as a journey of
exploring terrain which requires overcoming challenges with the teacher acting as a guide to
explorers who have different motivations, abilities and expectations but all of whom need help
from the guide who is open to learning new things by travelling through the terrain and from
the students on their journey, and the growing theory which uses a metaphor of gardening to
emphasise that while the teacher may have general, broad objectives for the teaching and
learning process, the outcomes of the process, and the process itself, can and should be adjusted
as determined by the students based on their needs as they grow through the process.
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Constructivist conceptions also strongly align with Walter et. al.’s student-centred practice
category, focusing on student-to-student interaction, student-to-content interaction, and
formative assessment (2016). Teachers holding these conceptions could align with either the
facilitator or conceptual change agent profiles identified by Jacobs et al.’s (2014). They should
expect to score highly on the appreciation of active learning and orientation to professional
practice scales and lower on the teacher-centredness scale.
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Kember
(1997)

•

•
Trigwell and •
Prosser
(1997)
•
Pratt (1998)

•
•

Kember and •
Kwan (2000,
2002)
•
Samuelowicz •
and
Bain
(2001)
•
•
Akerlind
•
(2003)
•

meeting students’ learning needs: the intention is facilitating learning, recognising differences in the learning needs of each
students and assisting all students to learn what is needed;
facilitating independent learning: the intention is helping each student grow both in learning and ability to learn
concept development: the intention is to help students construct and develop their own conceptions and students must be
actively engaged in the teaching and learning process;
concept change: the intention is to help students change or construct new conceptions and students must be actively engaged
in the teaching and learning process which should challenge their current conceptual understand to encourage change.
nurturing: the teacher, believing that students learn through their own effort and ability with the support of their peers rather
than through direction, focuses on trying to motivate and support students in this effort;
social reform: the teacher works with students to inform them of existing values and ideologies and encourage them to
challenge these.
meeting students learning needs: the teacher needs to understand the differing, specific learning needs of students and that
the responsibility for meeting these needs lies with the teacher;
facilitating students to become independent learners: the teacher needs to understand the differing, specific needs of students
and help them not only develop their knowledge and skills but to develop as learners and more broadly as individuals.
helping students develop expertise: the teacher is focused on helping students gain an understanding of content and an ability
to apply this understanding to problems both within the context of the course and beyond.
negotiating understanding: the teacher works with student to helping students to move away from inadequate interpretations
encouraging knowledge creation: the teacher focuses on helping student create original knowledge.
student engagement focused: the teacher aims to motivate students to learn by generating enthusiasm and encouraging selfmotivation with an emphasis on students actively focusing on learning through activities using real world examples;
student learning focused: the teacher aims to help students become independent learners who understand their discipline
and its role in broader society and can challenge, evolve and contribute new knowledge in the discipline.
Table 3: Constructivist Teaching Conceptions
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Carnell
(2007)

•
•
•

Gonzalez
(2011)

Zou et
(2020)

•

al. •
•

empowering: the teacher works as a facilitator providing opportunities for students to actively gain experience which will
help students develop their individual understanding.
co-operative examination of existing knowledge: working in groups students undertake tasks designed by the teacher to
examine existing knowledge;
collective knowledge construction: working together, taking equal responsibility for learning, teachers and students construct
knowledge through dialog.
changing students’ understanding – developing critical thinking: teachers share the learning with students seeing themselves
as a facilitator who, with cognisance of students’ prior experience in both the discipline and learning, helps students to
critically reflect on the real world, questioning the role of the discipline in this context and ultimately share the views
developed through interaction and dialogue.
empowering students: the teacher works to facilitate the development of student knowledge and skills as well as helping
them shape attitudes and beliefs towards the discipline;
helping students develop to be independent, lifelong learners: the teacher helps students to take responsibility for their own
learning and develop as independent learners and connect with their discipline and the broader community.
Table 4: Constructivist Teaching Conceptions (Continued)
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2.4.4 Summary
This section has discussed the sets of conceptions related to teaching at a tertiary level
categorised by their alignment with three major learning paradigms based on their
epistemological viewpoint, the role of the teacher and the student in the learning process and
considered the teaching approaches which could be considered to align with conceptions in
each category.
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2.5 Related Computer Science Education Research
Booth (2001) claimed that CSER has largely exhibited a culture of ‘folk pedagogy’ as defined
by Bruner (1996) informed primarily by the issues and theories used or considered important
to the computer science education community. This continues to be evidenced in the body of
literature which rather than driving from strong theoretical foundations of education, largely
focuses on issues such as methods of teaching, use of technology for teaching, approaches to
instilling professional practice as well as how to teach the emerging subjects, how to define the
discipline by examining what subjects are considered to be core or peripheral and how to
design curricula for the discipline (Randolph et al., 2008). CSER demonstrates a preference to
inform the theoretical framework of research studies by research situated in the context of
CSER rather than mainstream education (Lishinski et al., 2016). Further CSER studies are
generally small in scale, episodic in nature, conducted in isolation by researchers in a single
educational institute, situated in specific subjects rather than the discipline as a whole
(Almstrum et al., 2005; Randolph et al., 2008; Kinnunen, Meisalo and Malmi, 2010; Crick,
2017), is generally not pursued further after initial publication (Franceschet, 2010; Wainer and
Valle, 2013) and more often published at peer-reviewed conferences which typically require a
much shorter word count than journals most of which is used to describe the key focus and
outcomes of the study being presented with limited attention given to the theoretical
underpinnings of the study or in depth comparison with similar studies (Randolph et al., 2008;
Franceschet, 2010; Vrettas and Sanderson, 2015). A characteristic of CSER noticed during the
literature search for this dissertation is that the majority of CSER studies focusing on teaching
computer science set out to solve what teachers perceive to be problems in how students learn
computer science and studies into beliefs, paradigms and conceptions of teaching and learning
largely ignore the beliefs and conceptions of teachers and focus rather on students and their
beliefs, conceptions, and preferences for both learning teaching. While some studies focus on
the students’ perspective most consider the teacher’s perspective considering how students’
beliefs and conceptions impact students’ ability and actual experience of learning of computer
science. In the following sections relevant CSER on teacher’s beliefs, learning paradigms and
teaching conceptions will be discussed. This discussion is not intended to be exhaustive but
rather to discuss studies which offer insights which help contextualise and situate the study
discussed in this thesis.
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2.5.1 Teaching Beliefs
Lewis (2007) examined the attitudes towards and beliefs about computer science held by both
students and teachers investigating whether differences existed and persisted after students had
progressed to the final stage of an education programme. The study used a survey tuned very
specifically towards computer science referring to discipline specific concepts and practices,
e.g. programming, but addressed issues which align with Schommer’s five dimensions of
knowledge (Schommer, 1994b; Schommer-Aikins, 2004) however these dimensions are not
explicitly discussed in either the design of the survey or in the analysis of the results. Thirteen
teachers, one hundred and nineteen students enrolled in years 1 and 2 and forty-one students
enrolled in the final year of a programme completed the survey. Survey analysis focused more
on whether differences which existed between early-stage students and persisted in final stage
students’ responses. However, some interesting insights emerge when the analysis is
considered from each of Schommer’s five dimensions. Final stage students and teachers agreed
that computer science knowledge was complex rather than simple and that learning evolves
over time however there was disagreement about whether learning computer science requires
innate ability with teachers expressing a view that it is necessary but students, both early and
final stage, considering persistence and effort to be more important (Lewis, 2007, p. 38). There
was no clear agreement among either teachers or students as to whether knowledge can be
considered to be embedded in authority, such as text books or a teacher, or whether a student
while learning sees themselves in control (p. 39).
Perenett (2009) conducted a similar study using a survey with four sections: view of the
discipline and study, view of the professional, ethical issues and the relation with society and
learning and working style. Some questions were taken from the survey designed by Lewis
(2007) and others from suggestions from their institutional educational management. The
survey was completed by twenty-four teachers and forty-six students in year 1, forty-four in
year 2 and forty in year 3 of an undergraduate programme. The analysis compared the mean
and standard deviation scores for each of these groups for each section of the survey. The
survey and analysis address issues aligned with Schommer’s five dimensions of knowledge
(Schommer, 1994b; Schommer-Aikins, 2004) and while these are not explicitly discussed
some interesting insights emerge when the analysis is considered from each of Schommer’s
five dimensions. Students and teachers appear to perceive knowledge as complex rather than
simple but consider an innate ability for computer science important while also considering
that learning evolves over time (Perrenet, 2009, p. 133).
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Lewis, Jackson and Waite (2010) surveyed thirteen academic staff and one hundred and sixty
undergraduates about their beliefs and attitudes about computer science in order to identify
whether students and academic staff differed in their views of computer science as a discipline
and what accomplishment in computer science means. Results showed alignment in some
areas, but differences in others. While findings from this study aligned with those of Lewis’s
earlier study (2007), a particularly interesting difference found was that final stage students
were more likely than academic staff agree with statements which identify the need for skills
related to an ability to recall or reproduce information and behaviour as central to learning
computer science, a belief not shared by academic staff. Valstar, Sih, Krause-Lev, Porter and
Griswold (2020) contend that this dissonance may be a result of how teaching and learning in
computer science education is designed and practised rather than evidence that in practice
computer science educators evidence this belief about the goal of computer science education.
Bender, Schaper, Caspersen, Margaritis and Hubweiser (2016) conducted a study which
investigated the beliefs and motivations of teachers of computer science at secondary level and
those involved in teaching these teachers at tertiary level. A key issue with this paper is their
theoretical framework which while discussed as if it covers computer science directly actually
draws from research related to teaching mathematics not computer science. However, the study
itself does involve participants all of whom have a degree in computer science and are involved
in teaching computer science and therefore offers some insights useful to the research
undertaken in this thesis. Interviews were conducted with seventeen participants treated as
experts, eight teachers of computer science at secondary level and nine university teachers
involved in computer science teaching education. Analysis of the interviews found that
teacher’s epistemological beliefs about computer science were strongly related to their beliefs
about teaching and learning in the discipline. Participants viewed computer science knowledge
as complex and evolving but having foundational principles and structures which should be
used to shape the teaching and process which in turn, recognising the complex nature of
knowledge, should adopt a constructivist view of learning (p. 1967). Participants considered
competence to practice in computer science and an enthusiasm for the discipline itself
important when teaching computer science in particular identifying the need for teachers to
constantly update their knowledge and skills to keep pace with the evolution of computer
science as a discipline and ensure that what is being taught is relevant (p. 1968).
McCartney, Boustedt, Eckerdal, Sanders and Zander (2017) explored the idea that some
students have an innate ability to succeed in computer science programmes, and others simply
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do not have what they term, the “geek gene”. Surveying one hundred and forty-one computer
science academics, in varied geographical locations and years of experience they found that
almost unanimously the respondents rejected this idea but that many did state their belief that
they had colleagues who did subscribe to this idea. McCartney et al. associate this dichotomy
of views on the “geek gene” with Dweck’s (2008) conception of a Fixed Mindset where
intelligence and ability is innate, fixed and possible to measure against a predetermined, fixed
standard and Dweck’s conception of a Growth Mindset which considers that intelligence and
ability can improve over time with effort and persistence. While McCartney et al. (2017)
identified that many computer science instructors report experiences of students who struggled
to learn despite support and encouragement, they concluded that if the belief that an innate
ability was necessary to be successful in learning computer science persisted this could be
detrimental to helping students succeed. Rather they contend that instructors should view
students as on what they term a “continuum of ability” (p. 410) and that further investigation
is required into factors that determine whether a student can succeed with effort. Patitsas,
Berlin, Craig, and Easterbrook (2019) exploring whether when considering computer science
grades, that is that two distinct student populations exist: students with innate in computer
science who achieve higher marks than students considered not to have an innate ability. From
a statistical analysis of grades from a range of computer science programme at the University
of British Columbia (UBC from 1996 to 2013 results, Patitsas et al. found that there is no real
evidence of grades being bimodal, but did find evidence the academics will tend to see bimodal
distributions on random datasets if they adhere to the notion of an innate ability for the
discipline or “geek gene” as necessary for students to succeed.
Jocius, et al. (2020) in a study examining the use of the 3C (Code, Connect, Create)
Professional Development Model, which advocates broadening computational thinking
learning experiences to embed computational thinking activities into their disciplinary
curricula in high school age students, offers some useful insights into the beliefs of those who
teach computational thinking. The study engaged with one hundred and fifteen teachers to see
how they were using the 3C model to teach computational thinking. Findings indicated that
using the 3C model supported changes in teachers’ self-efficacy, with more than 90% of
respondents stating that they had increased confidence in the classroom when conducting
activities (p. 974). Findings also indicated that working with the 3C model shifted participants’
beliefs about that teaching computational thinking should focus solely on building technical
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skills, coding in particular, to expanded, developing a broader view that learning computational
thinking was best achieved by developing activities situated within their discipline, (p. 975).
Valstar, Kraus-Levy, Macedo, Griswold and Porter (2020) set out to elicit the views of
academic staff on the gap between the knowledge and skills obtained by students in computer
science degree programmes and the expectations that industry has of graduates but in reality
identified the views academic staff held about the goal of undergraduate computer science
education and the role this education plays in preparing students for careers in industry. From
a phenomenographic analysis of interviews conducted with fourteen staff from a variety of
backgrounds, across three academic institutions, they identified that academic staff believed
that programmes should address multiple goals including: addressing fundamental technical,
personal and collaborative skills; providing students with opportunities to a develop the strong,
broad knowledge base needed to apply problem solving skills in a wide range of situations as
well as opportunities to develop deep knowledge in some specialist areas; gain relevant
experience by working as part of project teams undertaking activities through which they can
gain understanding of the real world; and ultimately develop students who will be capable of
competent problem solving, collaboration, ready to work in industry. However, they identified
a number of potential challenges to achieving these goals including the growing number of
student enrolments resulting in large class sizes, the challenge of creating authentic activities
without increasing workload and a lack of necessary industry experience for some staff making
it difficult to ensure that students are provided with the opportunities to practise necessary to
develop their real-world problem-solving skills.

2.5.2 Learning Paradigms
A significant amount of CSER has focused on student-centred education, associated learning
theories and instructional strategies and how pervasive the adoption of a student-centred
approach is in computer science education (Malmi et al., 2010; Grissom et al., 2017; Grissom,
McCauley and Murphy, 2017; Taylor et al., 2018; Hovey, Barker and Luebs, 2019). Ben-Ari
(2001) is one of the most early advocates of adopting constructivism in computer science
education and offers some guidance for practitioners such as clearly identifying the cognitive
change they wish to achieve, articulating the prior knowledge needed to achieve this and
ensuring students actually have this knowledge as well providing opportunities for reflection
and discussion. While Ben-Ari includes a clear description of constructivism and how it can
help in the guidelines provided, he does not encourage the practitioner to engage with
educational theory or mainstream educational research to inform their teaching practice but
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rather presents a short accessible set of heuristics which can be quickly applied in practice.
Hadjerrouit (2005) again focuses very much on identifying how the principles of
constructivism apply to the domain of software engineering, a sub-discipline of computer
science, providing guidance on how to implement these by discussing the experience of
applying them to a fifteen week course in the subject. This approach is repeated throughout
CSER research reports (Wulf, 2005; e.g. Connolly and Begg, 2006; Wang et al., 2012).
Similarly, CSER studies concerned with the use of different teaching approaches to teach
different subjects, explain the teaching method and then expose the implementation within a
specific course (Overmars, 2004; Nuutila, Törmä and Malmi, 2005; Papastergiou, 2009; Xu,
Wang and Wang, 2010) without developing a strong theoretical framework or conducting a
comparative analysis with similar studies.
Throughout CSER there is significant evidence that constructionism is being widely adopted
in computer science education. The influence of the maker movement on approaches to
teaching and learning computer science is evident. The Logo programming language was
developed by Wally Feurzeig, Seymour Papert, and Cynthia Solomon in 1967 (Feurzeig and
Lukas, 1972). The goals of the language included creating an easy-to-learn language that would
help teach basic programming concepts, using commands that would draw line graphics on a
screen. This language was extended to control the movements of a small robot (called a
“turtle”) which included a pen mechanism that could draw these line graphics on a piece of
paper. The robot in conjunction with the programming language were designed to enable the
learners to easily visualize and predict what shapes the line graphics would draw based on the
commands supplied to the system. This would eventually lead to what Papert termed “bodysyntonic reasoning”, where the learner would begin to imagine themselves as the turtle robot
and predict its motion based on the commands (Solomon and Papert, 1976; Horn and Bers,
2019). Papert, working with Mitchel Resnick and Stephen Ocko, extended this work in
conjunction with The Lego Group beginning in 1985 to create a construction kit that could
create computer animations and simultaneously control a configurable robot to draw in the real
world (Resnick, Ocko and Papert, 1988). To create a robot that was configurable (and
reconfigurable), Papert decided to partner with the Lego Group, who helping develop the
notion of a programmable brick (the “Mindstorm”) that would serve as the “brains” of the
robots’ designs, giving the students a great deal of flexibility and ownership in the development
of the robots as well as their programming (Resnick, Ocko and Papert, 1988; Zygouris et al.,
2017).
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Resnick considers computational thinking to be comprised of three dimensions (Brennan and
Resnick, 2012):
•

Computational Concepts: These are the basic elements of programming, for example
Condition, Iteration, and Parallelism.

•

Computational Practices: These are the ways people program, for example, how they
debug a program, or incorporate other people’s programs into their own work.

•

Computational Perspectives: These are the views that the programmers develop about
the world and themselves.

Resnick, instrumental in developing the original Mindstorms brick, began in 2003 to develop
a visual programming language, that would be easy to learn for children. Working with Yasmin
Kafai and John Maeda he created a language based on statements contained in virtual bricks
that could be joined together (like Lego bricks) to form a program. They called the language
Scratch, taking its name from the way that music DJ scratch records to produce unique sound
effects (Maloney et al., 2010). Scratch has become one of the tools most commonly used to
teach computational thinking at all stages of education (Zhang and Nouri, 2019).
Pedagogically, Mindstorms kits allow the students to engage in active learning, where the
students can learn both individually and in groups learn in a constructivistic manner, and every
beyond that conceptualisation allowing students to create real-world artefacts that they can
share, discuss and examine in groups. In other words, these kits can help concretise what could
be very abstract concepts (Savage et al., 2003).
Computer science university lecturers were quick to identify the enormous potential of the
Mindstorms kits as they provided a cheap way to bring robotics into the classroom, and not
only added programming features to the bricks, including replacing the in-built programming
language with others including C, Ada, Scheme and Java to help teach basic programming
concepts (Souza et al., 2018), but also to illustrate concepts related to algorithmic complexity,
concurrency, operating systems, artificial intelligence, and distributed algorithms (Afari and
Khine, 2017).
Constructionism has been adopted in computer science education not only in its pedagogy but
also in efforts to address areas of particular concern to the disciplines such as recruitment in
general and recruitment of under-represented cohorts in particular. The use of computing
camps or clubs that adopt constructionism as an underlying philosophy has become common
in efforts to encourage wider participation in the computer science discipline. McInerney,
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Lamprecht and Margaria (2017), for example, detail the use of Mindstorms kits as part of a
computing camp for girls, which focused on developing the programming skills of girls of 14
years and older. The researchers surveyed the participants and found that not only did they find
the experience enjoyable but that their self-perception of themselves as being able to write
computer programs increased significantly over the duration of the camp, and that, as a result
of participating in camp, that participants were more positively disposed towards a career in
computing.
The CoderDojo movement is a volunteer-driven organisation that is focused on teaching
children, typically in the age range of seven to seventeen years old, how to write computer
programs in after-school clubs, which has spread globally, with workshops (or “Dojos”) in over
one hundred and ten countries (CoderDojo, 2021). McKelvey and Cowan (2017a) describe
CoderDojos as broadly underpinned with a philosophy of independent learning and contend
that they encourage creative thinking. McKelvey and Cowan (2017b) investigating the impact
of emotions in learning identified that the more open, positive and friendly environment in
which the Dojos take place, where conversation is encouraged and expected in contrast to a
typical classroom, tend to have a positive emotional valence. The CoderDojo movement does
not prescribe any specific pedagogy, and that its mentors from a non-teaching background who
are computing professionals do not bring specific learning theories to their practice, and
therefore tend for forge a different relationship with the learners without impacting levels of
educational achievement. Sheridan, Goggin and O’Sullivan (2016) explored the types and
levels of learning achieved by participants in CoderDojos, developing an assessment
instrument based on the European Qualification Framework (EQF) Levels 1 to 3, which they
circulated to participants in Dojos in four European countries (Ireland, Spain, Poland and the
United Kingdom),

found that all respondents acquired the skills of EQF Level 1, all

respondents over 13 years old acquired the skills of EQF Level 2, and respondents over 16
years old acquired the skills of EQF Level 3. Involving more non-educationalist in content
design and delivery McKelvey and Cowan (2017b) advocate should be considered in more
mainstream computer science education to explore the potential benefits offered.
The CSforALL movement (or Broadening Participation in Computing movement), a similar
initiative to CoderDojo, originated in the United States in 2016 and focuses on making high
quality computer science educational material available to all both individuals and
organisations to help K-12 students (ages 5-18 years old) develop their computer skills
(CSforALL, 2021). DeLyser (2018) examining the CSforALL analysing the growth of the
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movement showed that it can be considered a sustainable community-based model, growing in
terms of overall numbers, as well as gender balance, and that a key aspect of that growth was
the cooperation of teachers, and a growing interest from professional businesses (including
media corporations). Lim and Lewis (2020) examining the impact of the CSforALL initiatives
at a high-school level in the US, on a state-by-state basis, explored three key metrics: the level
of representation of minorities in each CSforALL class, the level of representation of minorities
in CSforALL classes compared to other initiatives, and the average change in the number of
minorities from year to year and ound that there is an underrepresentation of minorities
involved in the CSforALL initiatives. Santo, DeLyser, Ahn, Pellicone, Aguiar and WortelLondon (2019) however, exploring the notion of equity, and how different deliveries of
CSforALL content in different school districts interpreted the notion of “equity”, undertook a
survey of sixteen US school districts. They found that some districts felt the crucial
consideration in terms of equity was who was being taught these skills, whereas others felt
equity was in how the skills are being taught, and others still felt equity was in what was being
taught concluding that if the different dimensions of equity are better understood, it will be
possible to address them.
Jung, Molfese and Larsen (2011) utilized the CSforALL content in a college setting to
introduce computer science concepts and computational thinking to help prepare
undergraduates, who are not undertaking a computer science degree, for their digital life. They
found that as the sessions had no lectures, and were instead all practical sessions, the students
enjoyed the process and were highly motivated. The activities involved developing software in
the Scratch programming language (Maloney et al., 2010), a highly visual language, and some
activities included programming a real-world robot. Including these activities resulted in a high
level of student engagement generating a high volume of discussions between students on how
to succeed in completing the sessions.
Many approaches from the Agile movement in software development have also been adopted
in computer science education. The Agile movement places more value on the production of
working code than adherence to methodology or process (Campanelli and Parreiras, 2015).
Central to successful Agile practice is the adoption of an iterative thinking, action, reflection
cycle (Matharu et al., 2015). Techniques to support collaborative work, active knowledge
sharing and writing code exist to support this cycle which is closely aligned to Resnick’s (2007)
spiral cycle of Imagine, Create, Play, Share, Reflect, and back to Imagine, a cycle that Resnick
contends is suitable for all stages of education.
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While computer science educators have adopted a range of agile techniques in their practice,
pair programming is one approach that is frequently used. Umapathy and Ritzhaupt (2017)
undertook a meta-analysis of research using pair-programming in computer science education,
exploring eighteen key papers with twenty-eight independent effect sizes encompassing 3308
students who were either part of experimental groups (using pair-programming) or part of
control groups (using traditional, solo programming). Examining the impact of pairprogramming on students’ performance (assignment results, exam results, and overall pass
rate), their analysis showed that there is a positive effect size (Hedges' g = 0.642) for the use
of pair-programming in the results of programming assignment. They also found a smaller, but
nonetheless statistically significant effect size (Hedges' g = 0.414) in the results of
programming exams, and found the overall passing rates for students who engaged in pairprogramming had a positive effect size (Hedges' g = 0.083). They also explored the impact of
pair-programming on affective measures, or student attitudes, towards programming, and
found pair-programming to have a positive effect size (Hedges' g = 0.593).
Approaches to active learning in computer science education are not exclusively related to the
Agile movement. Yadav, Kussmaul, Mayfield and Hu (Yadav, 2017) explored the use of an
active learning approach called POGIL (Process Oriented Guided Inquiry Learning) in the firstyear of a computer science programme. POGIL, a technique is widely used in Chemistry
education, and in other STEM fields but less well-known in Computer Science, is a
constructive and interactive practice where students are divided into small groups (3-4 people)
and undertake a number of activities to help them gain an understanding of a particular topic,
as well as gaining key “soft skills”, such as communication and teamwork. In this study, twelve
staff who used POGIL in first-year computer science programmes were interviewed and a
thematic analysis of those interviews revealed that the majority of participants felt POGIL
helped to improve the student experience and outcomes but also identified a range of challenges
staff identified including: time to prepare, the impact on the time available to cover the core
specified curriculum, physical limitations of space available; and resistance for senior staff
members.
While this strong interest in constructivism and different teaching approaches does signal the
existence of student-oriented conceptions of teaching within computer science, the approach
to sharing knowledge with existing practitioners more aligns with teacher-oriented conceptions
which is perhaps an indicator of an underlying belief about teaching among computer science
educators.
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2.5.3 Teaching Conceptions
The most significant contributions to research on conceptions of teaching and learning
computer science at tertiary level resulted from a two-day workshop on phenomenography as
part of the 8th Australian Conference on Computing Education 2006, the design, conduct and
outcomes of which are reported in Lister et al. (2007). Fourteen workshop participants,
academics experienced in teaching computer science from six countries: Australia (twenty),
USA (one), Finland (two), New Zealand (one) and Ireland (one), conducted interviews with
colleagues in advance of the workshop producing twenty-five interview transcripts.
Participants collectively conducted a phenomenographic analysis of these on the first day of
the workshop identifying teachers’ conception of the role of practical lab classes, successful
teaching, student motivation and student focus as the main phenomena of interest. Separate
groups then conducted further phenomenographic analysis of the transcripts during the
remainder of the workshop with each group focusing on one of these phenomena. The groups
continued to work on their analysis after the workshop which resulted in additional publications
by Simon, de Raadt, Sutton and Venables (2006) focusing on lab classes, Carbone, Mannila
and Fitzgerald (2007) focusing on conceptions of successful and unsuccessful teaching in
computer science and Tutty, Sheard and Avram (2008) which, moving beyond the phenomena
identified at the workshop, focused on overall conceptions of teaching and learning in computer
science. Each of these studies will be discussed separately in this section before other relevant
research studies which offer additional insight into the area are discussed.
Simon, de Raadt, Sutton and Venables (2006) identified four categories of teachers’
understanding of the role practical labs play in teaching and learning computer science from
their phenomenographic analysis of the interviews collected for the workshop conducted by
Lister et al. (2007). These are differentiated based on the level of preparation expected of the
student, how integrated a lab should be with other types of instruction session such as lectures
and how much responsibility for learning is expected of a student:
•

Acquiring and practising skills: teachers see lectures as a forum where theory is taught
while labs, somewhat independent of theory, are where students are taught and
practice practical skills by working on exercises set by the teachers with teachers
providing very structured support and direction to students;

•

Practising skills: teachers determine which skills reinforce or support theory either
teaching both during lectures or assigning appropriate reading to achieve this, with
43

labs providing an opportunity for students to practise these skills by completing
exercises set by the teacher with the teacher providing troubleshooting support to
students;
•

Refining and troubleshooting: students are expected to undertake independent practise
in advance of labs to acquire the necessary skills with labs providing an opportunity
for teachers to correct misunderstanding and troubleshoot student problems while
working on exercises set by teachers;

•

Applying skills: students are expected to acquire understanding of practical skills
independently outside of the classroom and labs are where students apply the skills to
major assignments or projects designed by the teacher who provides troubleshooting
support and corrects misunderstandings.

These categories demonstrate different conceptions not only of the role of labs but of the
teaching and learning process in general. Simon, de Raadt, Sutton and Venables (2006, p. 58)
in their discussion claim that the first category aligns with Fox’s (1983) transfer theory of
teaching, the second with his shaping theory, the third with his travelling theory and the fourth
with his growing theory. Using the categorisation proposed in the previous section the first
category can be considered to be a behaviourist, the second cognitivist and the final two
constructivist.
Carbone, Mannila and Fitzgerald (2007) identified three conceptions of successful teaching
from their phenomenographic analysis of the interviews collected for the workshop conducted
by Lister et al. (2007):
•

Perception: the teacher feels content or satisfied with their own performance or they
have a perception of student satisfaction with the teacher’s performance;

•

Good Delivery: good structuring and organisation of content is an important component
of success and this includes demonstration or illustration of practical skills;

•

Developing student thinking: enabling students to build on understanding and
undertake independent thought or action with success gauged by student engagement,
enthusiasm and behaviour.

These conceptions are considered to be interlinked with good delivery linked to both a
perception of success and considered necessary to develop student thinking (p. 284). Five
conceptions of unsuccessful teaching were also identified (p. 286):
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•

Teacher lacking skills: teachers express dissatisfaction with their ability to organise and
present material, locate or derive appropriate examples, manage the classroom or pace
of instruction;

•

Teacher lacking support: teachers perceive factors in their environment to be inhibitors
to their success in particular a lack of time for preparation, a lack of funding, a lack of
skilled teaching assistants or dissatisfaction with institutional management of
programmes in particular scheduling;

•

Students not taking responsibility: teachers use students’ behavioural and emotional
engagement as indicators that they are not being successful in their teaching in
particular lack of attendance, preparation and interaction during instruction as well as
students appearing bored, tired, anxious or stressed during instruction;

•

Related to domain complexity: teachers struggle to teach complex knowledge,
perceiving students to lack the necessary prior knowledge, or abstract knowledge,
perceiving students as lacking an ability to extrapolate from concrete examples,
explanations and exercises and apply their knowledge, understanding and skills to
larger more real world problems;

•

Students not demonstrating understanding: teachers express dissatisfaction with student
ability to synthesise theoretical knowledge and understanding with practical skills and
work as independent, deep learners perceiving students as preferring to ask for
direction on encountering a problem rather than reflecting on the problem, using their
understanding to identify where they might locate a solution and then trying to apply
that solution.

These conceptions of successful and unsuccessful teaching offer real insight into teacher’s
practice of teaching computer science in particular their perception of their role and the
student’s role in practice revealing two conceptions of teaching. Firstly, aligning with
behaviourist conceptions,

the teacher is responsible for organising, structuring and

transmitting knowledge, including practical skills, to students, but thereafter, more aligning
with constructivist conceptions, students are expected to be able to use the knowledge and skills
acquired and apply them to new problems or situations behaving as independent learners when
doing so. It is important to note that these conceptions of success, and lack of success, align
with findings from other disciplines (e.g. Knight, 2004; Rossetti and Fox, 2009).
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Tutty, Sheard and Avram (2008) identified five conceptions of teaching computer science from
their phenomenographic analysis of the interviews collected for the workshop conducted by
Lister et al. (2007) differentiate primarily based on the role of the teacher:
•

Isolated authority delivering a subject: responsible for teaching specific content the
teacher has no awareness of other subjects students are being taught, has only limited
contact with other teachers and treats students as an homogenous group using the same
material year on year with the expectation that students will be able acquire the
knowledge and skills transmitted;

•

Authority delivering as part of a programme/course: the teacher is in control of the
subject they are delivering but may work with members of a programme/course team
to co-ordinate teaching to achieve the aim of providing students with knowledge and
practical skills to progress in their course/programme requiring updating of material
constantly to ensure that this is achieved while also recognising that students are
heterogenous in their level of knowledge and skill which requires some tuning of
instruction as a result;

•

Facilitator of student learning: the teacher recognises that students are heterogenous not
only in their level of knowledge and skill but in their approach to learning requiring the
teacher to adapt not only the material but method of instruction considering providing
opportunities to apply their knowledge, skills and understanding to problems and
considering interaction with students crucial to ensuring to support and encourage
student learning;

•

Facilitator of a learning-centred environment: welcoming feedback from colleagues
and students and adjusting their practice accordingly, the teacher focuses on helping
students to learn by designing appropriate learning activities, in partnership with the
students, to allow students to demonstrate knowledge and skills learned.

•

Member of a learning community: teachers consider themselves part of a community
involving other teachers, students and industry with students considered to be
responsible for their own learning. Teaching is considered to be a collaborative activity
with teachers sharing materials, discussing their experiences and working together to
decide how to address particular issues that arise. Teachers engage in meaningful
discussion with students to negotiate a common understanding of relevant knowledge
and the wider consideration of the discipline in industry and society.
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The first two conceptions are very behaviourist in nature with a focus on transmission of
knowledge and skills. The third is more cognitivist in nature recognising the role of application
of knowledge in learning as well as different learners having different needs, but the overall
goal remains that students acquire the knowledge and skill determined necessary by the
programme/course team. The last two conceptions are more constructivist engaging with
students’ learning needs and adapting practice to suit as well as considering how the knowledge
and skills being learned can be applied in the real world.
A more recent study by Rotidi, Collins, Karalis, and Lavidas (2017) aimed to identify whether
distinctions existed between disciplines classified as Pure/Applied, Hard/Soft or Life/non-Life
using Biglan’s (1973) three-dimensional discipline classification using the Teaching
Perspectives Inventory (TPI) designed to provide a measure of a teachers perspective of
teaching based on Pratt’s perspectives (1992, 1998) and developed by Pratt, Collins and
Selinger (2001). Data was collected from a sample of one hundred and fourteen academics in
Greece and compared with a sample of one hundred and twenty-seven academics from similar
disciplines taken from the TPI global database. Life disciplines had a higher representation of
the nurturing and social reform perspective than the non-life disciplines, which includes
computer science, where the transmission perspective seemed most dominant. While within
the Pure/Applied categorisation, which includes computer science,

the apprenticeship

perspective was more evident for applied disciplines than the pure disciplines. This is not an
unexpected finding as a particular expectation in higher education for non-life, applied
disciplines is that teachers hold deep domain knowledge and skills in specialism relevant to
their discipline with practical professional experience particularly valued and considered
important when teaching future practitioners (Santoro and Snead, 2013).
Walter et al. (2016) when developing their instrument (PIPS), designed to measure practices
of postsecondary teachers, collected data from eight hundred twenty seven postsecondary
teachers from four higher education institutes in the USA to test the validity and reliability of
the instrument. As part of their analysis, they identified that, to a statistically significant level,
STEM instructors were more likely to conceive of their practice as instructor-centred,
incorporating practices focusing on content delivery and summative assessment than nonSTEM instructors. However, an interesting finding is that when controlling for class size,
STEM instructors did not significantly differ from non-STEM instructors for the more
constructivist student-centred practice characterised by an emphasis on incorporating
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formative assessment practices and practices to encourage student–student interactions,
indicating that class size is a factor that instructors feel constrains their practice.
Grissom, McCauley and Murphy (2017) analysed data from six hundred and eight four
respondents to a survey using PIPS in a study which aimed to assess how pervasive studentcentred teaching strategies were in university classrooms in the US and Canada. Grissom et al.
(2017) found that their respondents, all computer science teachers, were equally likely to adopt
instructor-centred or a student-centred strategies than the STEM group reported by Walter et
al. (2016). However, they were more likely to adopt an instructor-centred approach compared
to the non-STEM group identified in Walter et al.’s study. Examining the finer grained PIPS
categories, Grissom et al. (2017) found that while content delivery appeared more frequently
for teachers teaching on computer science programmes in comparison to programmes where
computer science was taught as part of a programme in another discipline, that active learning
strategies requiring student-to-student interaction were also used more on computer science
programmes. Further, they found that respondents with more experience (> 30 years’
experience) were less likely to use active learning strategies and strategies designed to prompt
broader, more independent student engagement with content than those less experience (< 15
years’ experience). Examining respondents’ dominant practice, Grissom et. al. (2017, p. 16)
found that student–content interaction strategies were reported most frequently by 41% of
respondents, a finding they attribute to the high degree of focus on developing programming
skills in the type of programmes consider. Content delivery was close second, primarily in the
form of lectures, reported by 38% of respondents, indicating that this approach is used in than
one-third of all computer science classrooms.
As computer science can be considered an applied, hard discipline using Biglan’s (1973) threedimensional discipline classification it is worth considering studies investigating conceptions
in allied disciplines and STEM or science in general. Nantschev et al. (2020) in a study
involving twenty-nine mathematics lecturers in nine universities across Europe used a
combination of interviews and two quantitative instruments, the approaches to teaching
inventory (ATI) and TPACK (Technological Pedagogical Content Knowledge) to examine
lecturers’ teaching approaches and pedagogical knowledge related to incorporating technology
into teaching Nantschev et al. (2020) identified three distinct approaches to teaching: a
information transfer/teacher-focused(ITTF) conception, a conceptual-change/student-focused
conception (CCSF) and an intermediate, hybrid conception combining elements of both. This
findings align with studies investigating the ATI and ATI-Revised (ATI-R) which identified
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three distinct categorisations of categories (Chen and Brown, 2016; Harshman and Stains,
2017). From the analysis of ATI data, Nantschev et al. (2020) identified that the the ITTF
conception occurred most frequently with more than half of the participants providing evidence
of adopting this approach, with the CCSF conception was the second most frequently occurring
conception and the hybrid approach third. However, during interviews, most participants
described their approach as student-centred describing trying to motivate students to learn and
generate enthusiasm for maths. This reflects findings from research from which sets of
conceptions were derived that while lecturers can align with more than one conception of
teaching that one approach will be dominant when they consider teaching from an holistic
perspective (e.g. Prosser and Trigwell, 2006; Collins and Pratt, 2011).
Beagon and Bowe (2019) conducted a survey of two hundred and three academic staff drawn
from delivering engineering education in all higher education institutes in Ireland using the
ATI. They found in their analysis a higher proportion of respondents aligned with a conceptual
change/student-focused (CCSF) orientation than with an information transmission/teacherfocused (ITTF) orientation. However, they also found that an ITTF approach was more likely
to be used on programmes at levels 6 and 7 (certificate and ordinary degree) than programmes
at level 8 (honours degree and masters degree level) on the Irish National Qualifications
Framework (NQAI/QQI, 2003). This finding is particularly interesting as a level 8 outcomesbased education programmes outcomes for level 6 and 7 map to years 1, 2 and 3 (Navarre
Cleary and Breathnach, 2017).

2.5.4 Summary
This section has presented CSER related to beliefs about teaching and learning computer
science, approaches to teaching and learning computer science aligned with the leading
learning paradigms and conceptions of teaching computer science. The studies on teachers’
beliefs while identifying different epistemological perspectives on computer science illustrate
how teachers’ epistemological beliefs influence their beliefs about teaching and learning
computer science and therefore must be considered when investigating conceptions of teaching
and learning. The studies on approaches used to teach computer science aligned with the
leading learning paradigms illustrates the depth of studies addressing constructivism in the
discipline. These studies together with those studies into conceptions of teaching computer
science, and allied disciplines, will provide a useful benchmark when situating the findings of
this research study.
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2.6 Conclusion
This chapter has discussed research into teachers’ beliefs and their influence on teaching
conceptions, the major learning paradigms and how they could be used as frameworks to
encapsulate epistemological views, conceptions of teaching and associated practice and then
used them as a framework to categorise the major sets of teaching conceptions in the literature
making explicit relationships between epistemology and teaching conceptions. Relevant CSER
has been discussed to contextualise and situate the study discussed in this thesis. The
discussion of the literature offers a rationale and justification for conducting the research study
presented in this thesis. Firstly, to fully understand a teacher’s conception of teaching, whether
expressed as a conception or otherwise, requires an understanding of the beliefs that drive their
conception (Nespor, 1987). Secondly, while multiple sets of teaching conceptions exist, and
there is significant overlap between them, no one set has been shown to be sufficiently
comprehensive to ensure it could represent all possible conceptions of teaching held by
computer science teachers at this point in time. Thirdly, as there is a scarcity of CSER related
to conceptions held by teachers of computer science, using existing quantitative instruments to
measure a teacher’s conception might not facilitate capturing a full picture of teaching
conceptions held or provide sufficient insight into the relationship between a teacher’s belief
and their conception of teaching or the alignment between their conceptions and practice.
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3. Methodology
3.1 Introduction
This chapter presents the research methodology adopted in this research study. The chapter
starts by presenting the underlying theoretical framework and then discusses how this informed
the research methodology, design, and conduct. The chapter then moves to discuss the ethical
concerns considered during the research design and how these have been addressed and
concludes by presenting a short summary of the key issues addressed in this chapter.

3.2 Theoretical Framework
This research study set out to uncover the beliefs and conceptions of teaching held by lecturers
in computer science and how these aligned with or differed from their practice. The literature
review conducted reinforced that personal epistemology influences conceptions and is
concerned not only with the nature of knowledge but also learning. Subsequently any study
into conceptions of teaching must also consider conceptions of learning. The phenomena of
interest to this study were therefore the beliefs and conceptions of teaching and learning held
by lecturers in computer science at a tertiary level and how these conceptions align with or
differ from their practice. Conceptions of teaching, personal epistemology and how personal
epistemology influences conceptions of teaching and learning are research areas for which an
extensive body of knowledge exists but, as discussed in the literature review, computer science
education is not extensively represented. As the discipline of computer science, and teaching
and learning it at tertiary level, does not differ significantly from other STEM subjects, this
study did not set out with the intention of uncovering entirely new conceptions. Rather its focus
is on capturing and uncovering the variation in conceptions held by computer science lecturers,
how their beliefs influence these conceptions, and alignment between teacher’s beliefs,
conceptions, and their practice.

This study therefore aligns with the interpretivist research

paradigm. Ontologically multiple varied realities can be considered to exist which are
constructed by the meanings and understanding developed by participants (Waring, 2012).
Epistemologically a subjective stance needs to be adopted as the phenomena of interest cannot
be separated from the people who hold or form the knowledge and requires an understanding
of their backgrounds and experience (Punch, 2009).
The aims, objectives and philosophical assumptions of this study strongly align with those of
phenomenography. The main aim of phenomenography is “to identify the different ways in
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which a group of people experience, interpret, understand, perceive or conceptualize a certain
phenomenon or aspect of reality – and to do so from the perspectives of the members of the
group” (Orgill, 2012, p. 2608). Phenomenography can be considered ontologically non-dualist
and subjective, considering a world to exist that different people experience in different ways,
and epistemologically subjective, considering each person’s experiences and perceptions to be
as real as any others (Hallett, 2014) emphasising the second-order perspective, “how a
phenomenon is perceived”. The data to be collected is the participants’ experiences or ‘lifeworld’ addressing the context in which participants experience phenomena and how they
experience phenomena (Alsop and Tompsett, 2006). The dual objectives of phenomenography
are to explore the variations in the collective experience of the phenomena of interest and
characterise these using categories of descriptions, supported by illustrative statements from
participants, which are logically related and can be ordered into an outcome space. The
outcome space is an artefact that the researcher can use to understand and communicate the
groups’ conceptualisation of their experience of the phenomena of interest and the variation
therein (Akerlind, 2005). Phenomenography has therefore been adopted as the main research
methodology for this study.
The study has also been designed as a case study which Yin (2017, p. 18) defines as “an
empirical inquiry that investigates a contemporary phenomenon in depth and within its reallife context, especially when the boundaries between phenomenon and context are not clearly
evident”. Further Yin suggests that a case study approach is suitable for research where the
behaviour of research participants cannot be directly manipulated and the context is relevant to
the phenomena of interest but this contextual influence is not clear at the start of the research.
This study was conducted in a single school of computer science in Ireland offering a number
of programmes at undergraduate and postgraduate level designed to have a professional and
practical focus to fit the requirements of the ICT industry, nationally and internationally. It is
difficult to explicitly define computer science as a discipline as a variety of terms are applied
to it within both education and industry and this is reflected within the school in which this
study is situated which offers a number of general computer science programmes with a high
degree of commonality but different naming end emphasis. Further within the institute in which
this school is situated schools in other academic disciplines also offer what can be considered
general programmes in computer science with yet different labels which have strong
commonality with those offered by the school of computer science. This makes it difficult to
conduct a generalizable study making a case study approach more suitable. Further, there is no
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intent in this study to observe lecturers under specific conditions or force a specific type of
behavioral change. Rather the intent is to study the phenomena of interest in depth in a single
academic school. This study therefore meets the criteria to be considered a case study as set
out by Yin and was designed as a two-phase phenomenographic case study:
•

Phase one: focused on uncovering lecturers’ conceptions of teaching and learning, both
belief and practice, their underlying epistemology, both general and related to computer
science;

•

Phase two: required participants to actively reflect on their beliefs and practice while
practising, aimed to uncover more detail about participants’ conceptions and practice,
where and how participants perceived their practice to align with or differ from their
conceptions, and how they tried to improve this alignment.

Phase two aligns with the action research paradigm defined by Herr and Anderson (2005, p. 3)
as “inquiry that is done by or with insiders to an organization or community, but never to or
on them … oriented to some action or cycle of actions that organizational or community
members have taken, are taking, or wish to take” and involves, participants undertaking, as
Ellis and Kiely (2000, p. 83) describe, “a recurring action-reflection cycle predicated on the
relationship of improved knowledge through action, and new or revised action based on
imaginative reflective learning”. During action research, the researcher can be considered to
be either an insider, a direct participant as well as the researcher; an insider-outsider, a person
which is part of an organisation but not a direct participant in the action research activity; or an
outsider, someone from outside the organisation usually acting as a facilitator (Herr and
Anderson, 2005). The researcher in this study can be considered an insider-outsider, not
directly participating but acting as a facilitator when required.

3.3 Research Design and Procedure
The practical guidelines proposed by Ashworth and Lucas (2000) for conducting a
phenomenographic study were used to guide the design of this study as follows:
•

the broad objective of the study was identified with recognition that participants’
understanding of the phenomena of interest will vary;

•

participants were selected without assuming the types of conceptions held;

•

data collection was designed to facilitate participants’ explanation of their experience;
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•

the researcher endeavored to bracket the influence of their own conceptions of either
the phenomena or the participants on both the design and execution of the data
collection;

•

participants were provided with sufficient opportunities to reflect to ensure that they
articulated their own experience during the data collection;

•

the researcher reflected on their conduct of the research during collection and adjusted
their practice as needed.

In the following sub-sections, the process used to select participants is discussed before the
research design and procedure for each of the phases of this phenomenographic case study is
discussed in more detail.

3.3.1 Participant Selection
Participants for both phases were recruited from the full-time lecturing staff of a single school
of computer science in a third level educational institute in Ireland. Permission to conduct both
phases of the research in the school was sought from and granted by the Head of Research of
the school before the research started.
Phase one conducted semi-structured interviews with participants. Views on the optimal
number of interviews required in order to be able to capture significant variation in a
phenomenographic study differ, however between ten and twenty interviews is considered to a
sufficient sample size (Trigwell, 2000; Akerlind, 2005). The pool of potential participants for
phase one was limited to members of staff:
•

employed full-time;

•

with at least five years’ experience of teaching computer science at a tertiary level;

•

and for whom teaching represented a significant portion (more than half) of their
contract hours.

Requests to participate were emailed to a pool of twenty-five potential participants. Eighteen
people responded positively. Three were unavailable to be interviewed during the required
time-period due to constraints imposed by duties other than teaching. Fifteen participants were
therefore interviewed. In order to test the design a pilot interview was conducted with one
participant. Minimal changes were needed and this pilot has been included as one of the fifteen
interviews analysed.
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The pool of potential participants for phase two was limited to the participants of phase one.
At the end of their phase one interview, participants were asked if they were willing to consider
participating in phase two resulting in a pool of ten potential participants. Once interviews from
phase one were transcribed, requests to participate in phase two were emailed. Four felt that
they could not give enough time due other commitments, for example, involvement in EU
research projects, taking on school-wide administrative roles or being tasked with delivering
modules new to them. Phase two therefore involved six participants.
A list of the participants for phase one and phase two including details of their experience and
subjects taught are included in Appendix 1.

3.3.2 Phase One Design
Phase one aimed to address the following questions which align with the broad objectives of,
and the phenomena of interest to, the research study:
1. What are lecturers’ conceptions of knowledge and knowing?
2. What are lecturers’ conceptions of teaching and learning?
3. What are lecturers’ conceptions about knowledge and knowing in the context of
computer science?
4. What are lecturers’ conceptions of teaching and learning computer science?
5. What are lecturers’ conceptions of their teaching practice?
6. How do lecturers’ perceive the evolution of their teaching practice?
A range of self-reporting instruments exist which can be used to uncover and derive a measure
for teachers’ epistemological

beliefs.

For

example,

Schommer’s

Epistemological

Questionnaire (EQ) (1994a) and the Epistemic Belief Inventory (EBI) developed by Schraw,
Bendixen, and Dunkle (2002). However, both instruments have been criticised as lacking
statistical validity and reliability (DeBacker et al., 2008).
Self-reporting instruments to derive measures of teaching conceptions held also exist but are
intrinsically linked with one particular set of conceptions. For example, the Teaching
Perspectives Inventory (TPI) (Pratt, Collins and Selinger, 2001) is linked to Pratt’s perspectives
(1992, 1998); while the Approaches to Teaching Inventory (ATI) (Trigwell and Prosser, 2004)
is linked to Trigwell and Prosser’s approaches to teaching (Trigwell and Prosser, 1993). These
instruments have proven to be reliable and valid as measures for the associated conceptions,
but they are not without critics. Meyer and Eley (2006) criticising the ATI, identified issues
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such as a lack of transparency and a lack of rigour in its design and validation as causes for
concern and further questioned the reliability of the factors which Prosser and Trigwell (2006)
contended could be derived using the ATI, and its subsequent revision ATI-Revised (ATI-R)
(Trigwell, Prosser and Ginns, 2005). These criticisms are echoed by Stes, De Maeyer and Van
Petegem (2010) who also found that it did not meet the requirements to be considered a good
fit statistically. Similarly, while the TPI is claimed to be valid and reliable by its creators
(Collins and Pratt, 2011), it has not been extensively used in studies by researchers other than
Pratt and his associates and therefore has not been rigorously tested in the research area
(Stevenson and Harris, 2014). Given these criticisms it was preferred not to employ any of
these instruments to collect data in this study but rather to use them to inform the design of the
instruments used.
A semi-structured interview was chosen as the data collection instrument for phase one,
recommended as the most appropriate instrument for use in a phenomenographic study
involving adults by Marton and Booth (1997), two thought leaders in phenomenography. The
semi-structured interview was designed to last between forty-five minutes and one hour.
Interview questions were informed by existing research instruments designed to uncover
teachers’ epistemological beliefs and conceptions of teaching and learning and these will be
identified later in this section. The interview schedule is detailed in Appendix 2 where the
specific instrument influencing the design of each question is identified. The interview was
conducted as a conversation between peers to make participants feel comfortable and allow
participants to feel comfortable asking for clarification if needed and included time for
participants to reflect on questions to facilitate a deeper exploration of aspects of participants’
beliefs and conceptions. The following sections discuss the focus of each section of the
interview outlining factors influencing the questions included and the design and conduct of
that section.
3.3.2.1 Section One –Knowledge
Questions in this section focused on participants’ epistemological beliefs related to the nature
of knowledge, what it means to be knowledgeable and how someone can become
knowledgeable both in general and within the domain of computer science. Questions were
designed to uncover participants views relating to Schommer’s five dimensions of
epistemological belief (1994a) specifically whether:
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•

knowledge is something dispensed by an authority or constructed by an individual
(omniscient authority/reason);

•

knowledge is something that is stable or can be considered to be constantly evolving
(certain/tentative knowledge);

•

knowledge is a simple single construct or a construct that is integrated (simple/complex
knowledge);

•

a person’s ability to learn is predetermined or can be acquired through experience
(innate ability/acquired);

•

and whether learning happens quickly or is a gradual process (speed of learning
quick/gradual).

Questions were influenced by those included on the Epistemic Belief Inventory (EBI) (Schraw,
Bendixen and Dunkle, 2002). Personal epistemology and how it influences participants’ beliefs
about, and practice of, teaching and learning is not something many, if any, participants in this
study would have been asked to consider prior to participating in this study. Thus, while EBI
questions could have been adopted, the concise, philosophical nature of the questions could
have been less accessible to participants which might have resulted in misleading results.
Consequently, it was decided it would be preferable to use reframe questions to uncover the
variation in relevant elements of participants’ epistemology.
3.3.2.2 Section Two – Teaching Beliefs and Learning
Questions in this section focused on uncovering aspects of participants’ conceptions of how
students learn from the perspective of a teaching practitioner, both generally and when
specifically considering computer science. Questions were influenced by the Teaching Beliefs
Interview (TBI) designed by Luft and Roehrig (2007) which has been widely used in evaluating
science teachers’ beliefs and has been shown to be reliable and valid when used at third level
(Addy and Blanchard, 2010). Questions addressed how participants:
•

perceive their role as a teacher;

•

decide what to teach and what not to teach;

•

decide to move on to new topics when teaching;

•

try to maximise student learning in their teaching environment;

•

consider how students learn best;

•

know when students have achieved understanding;
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•

and determine that learning is occurring in the classroom.

3.3.2.3 Section Three – Teaching Conceptions and Practice
To overcome potential challenges that participants might have found in articulating their
conceptions, an association projection technique was used in this section of the interview to
capture a snapshot view of participants’ conception of what teaching and learning should be,
what their practice is, and kick-start participant reflection. Association projection has proven
effective when used in qualitative interviews to facilitate the expression of perceptions and
attitudes that otherwise might be difficult for participants to fully articulate as an answer to an
open-ended question (Das, 2018). Participants were presented with a set of images developed
in the Children Learning in Science Project (CLIS, 1987), Figure 3-1, representing different
metaphors for teaching and learning science, and a set of statements representing different
teaching and learning paradigms, Figure 3-2. Participants were asked to consider these and
select one or more metaphors and statements which they felt best illustrated their conception
of what teaching and learning should be and their conception of their practice, articulating
reasons for their choice. Participants were free to choose none of the metaphors or statements,
if they felt none aligned, and articulate why or offer an alternative if they wished.
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Figure 3-1 Metaphors from Children Learning in Science Project (CLIS, 1987)
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Figure 3-2 Statements Representing Different Teaching and Learning Paradigms
This section of the interview also addressed participants’ perception of their development as
teachers to identify key factors which influenced the approaches they use when teaching,
exploring participants views on their:
•

motivation to become lecturers;

•

major objectives as teachers;

•

best and worst experiences as a teacher and how this has influenced their practice;

•

and the evolution of their practice over time.

Questions were influenced particularly by aspects of the Approaches to Teaching Inventory
(ATI-R) questionnaire developed by Trigwell and Prosser (Trigwell, Prosser and Ginns, 2005)
and the semi-structured interviews used in the work of Samuelowicz and Bain (2001) and
Kember and Kwan (2000), which have been widely used in a variety of research studies (Eley,
2006; Meyer and Eley, 2006).

3.3.3 Phase Two Design
The second phase required lecturers to actively reflect on their practice for a short period of
time. Phase two adopted an action research approach asking participants to adopt an actionreflection cycle reflecting on both their beliefs and practice and try to identify change which
could improve the alignment between their belief and their practice. The objective was to
facilitate a deeper exploration of the variation in lecturers’ conceptions of teaching and learning
and their practice and the differences or alignments between these noticed by lecturers when
practicing. Reflective diaries were chosen as the main data collection instrument as they
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provide an opportunity to collect data that reflects more clearly the participants’ personal values
and relationships with, and experiences of, the phenomena of interest which it is not always
possible to capture in a single or series of interviews (Hyers, 2017).
To support participants in the reflective process and to help reduce the variation in diary
formats, the Discipline of Noticing by John Mason (2002), Figure 3-3, a cyclical approach to
both research and professional development, was adopted to guide participants reflective
practice. The first step of this process is active intentional noticing, noticing in events a
possibility in the present moment or a possibility for the future; noticing is followed by
recording or marking, systematically describing and recording the event as objectively as
possible without evaluation in the form of brief, clear, concise, impartial descriptions; a process
of review, reflect and analyse is then conducted for these accounts to try to identify common
themes providing an opportunity to actively imagine acting as well creating as a foundation for
validating action in future reflections. Adopting a positive focus is important in the discipline
of noticing using phrases such as could have and could be rather than should have or should
be.

Figure 3-3 Cycle of Discipline of Noticing (Mason, 2002)
Participants were asked to keep a diary for a period of four to six weeks of teaching. To make
the process more accessible to the participants who are computer science lecturers and have a
background of practicing in industry the metaphor of refactoring was adopted to explain this
phase of the process. Refactoring is a technique commonly used in computer science practice
to improve the efficiency and effectiveness of software by changing its internal structure
through a series of small behavioural transformations (Fowler, 1999) and aligns strongly with
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the discipline of noticing. Participants were asked to record events noticed keeping in mind
their conceptions of teaching and learning, marking these events by writing short, concise,
objective accounts-of these in their diaries and to review and reflect on a weekly basis, writing
a short piece on their reflections. Participants were asked to try to reflect on whether events
marked indicated that their practice aligned with or diverged from their conceptions as part of
their weekly reflections. If as a result of their reflections participants wished to make a change,
they were asked to describe what they chose to do and how they would identify when to act
and feed this forward into future diary entries reflecting on any actions taken.
Participants were provided with a set of metaphors of conceptions of teaching to use to annotate
their diaries. As participants found the metaphors used in phase one difficult to engage with
and would be working at a more fine-grained levelwhen noticing and reflecting, a more detailed
set of metaphors was used in this phase. The set of metaphors, with associated pictograms,
derived from the body of knowledge on teaching conceptions by Ross (2017),

Figure 3-4,

were used. Participants were asked to use the pictograms to annotate those diary entries to
allow them to express their ideas and views as quickly and easily as possible, reducing the
workload involved in keeping a reflective diary.
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Figure 3-4 Pictograms for Teaching Conceptions Ross (2017)
Participants were provided with a short booklet outlining the discipline of noticing, a sample
diary entry to help them get started and the set of metaphors with short descriptions, see
Appendix 3. Participants were also provided with sheets of stickers of the pictograms of
conceptions of teaching which they could use in the physical diary provided to them and an
electronic version of these which they could use if they chose to keep an electronic diary.
After participants completed their diaries and these had been transcribed, a short semistructured exit interview was conducted with each participant. A very short interview guide
was developed with a small number of open-ended questions developed in advance to capture
participants’ experiences of the reflective process, the use of the pictograms, the main types of
issues noticed, the major changes to practice or outcomes from the process and how the
experience gained will influence the practitioner going forward, see Appendix 2.
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3.4 Data Analysis
The model proposed by Alsop and Tompsett (2006), based on the work of Marton and Booth
(1997) and Marton and Saljo (1984) ,was adopted to guide the data analysis:
•

structured reading was first conducted, reading the interview transcripts, considered to
be accounts, and then re-reading to identify the key aspects of the phenomena of
interest;

•

variation for each of the key aspects was then identified through re-reading the accounts
with the intent to consider and uncover differences between accounts;

•

finally, the outcome space was evolved by developing a structure to articulate the
variation in experiences uncovered.

Alsop and Tompsett’s (2006) model is both iterative and incremental: during any phase, a
previous phase could be reconsidered and reassessed and this approach was adopted.

3.4.1 Transcription and Coding
Qualitative analysis software has proven to speed up and enhance the rigor of the coding
process, allowing data to be considered easily from multiple perspectives by the researcher as
well as being useful in collating and displaying variation in the data (Oliveira et al., 2013).
MAXQDA (https://www.maxqda.com/) was used to store, organize, and conduct the coding of
data collected in this study.
Prior to conducting the analysis of the data collected, audio recordings of interviews, for both
phase one and exit for phase two, were transcribed. Diaries were scanned to electronic form,
before being reviewed for accuracy. While not directly a structured reading, this contributed
towards gaining an understanding of the accounts and allowed the researcher to become
familiar with the data. When transcribing, the objective was to develop accurate accounts of
participants’ answers to interview questions reflecting their emphases (Kvale, 2007). Any
difficulties with aspects of an account were noted and considered during subsequent reviews.
Each account was re-read and reviewed at least twice.
A process of open coding was conducted guided by the following themes:
•

conceptions of knowledge and knowing;

•

conceptions of knowledge and knowing in the context of computer science;

•

conceptions of teaching and learning;
64

•

conceptions of teaching and learning computer science;

•

alignment and differences between conceptions and teaching practice;

•

and perception of the evolution of practice.

When coding for phase one, each account was considered in its entirety for each theme. An
initial set of codes were developed during the first reading of accounts, coding relevant
segments of the data. During the second reading, codes were re-considered and refined, and
others evolved. Each account was then reviewed again considering the full code set to ensure
that the coding represented an accurate reflection of each account. Codes were then reviewed
and the distinct variations that emerged in accounts in phase one were captured by grouping
the relevant codes into the following major categories of description:
•

Personal Epistemology;

•

Epistemology of Computer Science;

•

Teaching and Learning Computer Science;

For phase two the types of events noticed and marked, and the types of changes identified to
try to improve alignment between conceptions and practice were considered using the codes
that emerged in phase one with additional codes added as they emerged. The variations that
emerged in accounts in phase two were captured by grouping the relevant codes into the
following major categories of description:
•

Conception of Teaching (start, during and end of diary);

•

Noticing and reflection (including indicators of issues noticed);

•

Refactoring.

The categories of description emerging from phase one and two together with the related coded
segments form the outcome space for this study.

3.4.2 Outcome Space Development
Personas have been adopted as the mechanism to discuss the outcome space emerging from
this study. Personas are fictional archetypes developed from data collected about real people
and have proved to be effective in a range of disciplines, including education, to help focus
ideas and frame communication (Matthews, Judge and Whittaker, 2012). Personas were not
part of the initial research design of this study. The outcome space emerging from a
phenomenographic analysis must communicate the variation uncovered in how participants
65

experienced the phenomena of interest in a systematic way, which is usually hierarchical
(Marton and Booth, 1997). After conducting the analysis of phase one data, while clear
variation between groups of participants was evident, it was also evident that this was not truly
hierarchical in nature. Thus, in addition to the usual tabular or matrix form favoured in
phenomenographic analysis, personas were adopted to frame the discussion of variation
uncovered to make this discussion more accessible, particularly to a computer science
education audience. This section presents a justification for the use of personas before
discussing how the personas, which constitute the outcome space for this study, were derived.
3.4.2.1 Justification for Personas
Cooper first introduced personas in the field of product design, defining personas as
“hypothetical archetypes of actual users” (1999, p. 124). Personas are commonly used as
design tools in a range of disciplines to “synthesize and contextualize product users’ goals,
needs, wants, and behaviors in memorable and empathic ways” (Minichiello, Hood and
Harkness, 2018). However, personas have also been used in wider research as communication
tools (Nielsen et al., 2015) and have been shown to facilitate empathetic discussion and
building a shared understanding of goals, needs, motivations, expectations and behaviours of
participants in a manner that is both easy to engage with and easily memorable for a range of
audiences (Zagallo et al., 2019).
The use of personas in educational research mirrors their use in other disciplines as a design
tool in the design and evaluation of software to address particular teaching challenges
(Chandler, 1994; e.g. Amory and Seagram, 2003; Dantin, 2005; Stojmenova, Lugmayr and
Dinevski, 2013). Personas have been also been widely used within education as a tool in
curricular and pedagogical design. For example, Yström, Peterson, Sydow and Malmqvist
(2010) investigated the usefulness of personas as a tool to help focus the redesign of two
engineering programmes on the knowledge and skills needed by engineering graduates to
practice in industry finding that personas highlighted the need to address particular nontechnical skills in a more in-depth manner; Welch et al. (2014) used personas to gain a better
understanding of the core competencies needed by computational biologists in practice, and of
the student experience when undertaking an undergraduate programme and found personas
useful not only in deciding the nature of content and types of skills to be addressed but also
where and how within particular modules and the programme overall these could be best
addressed; while Vorvoreanu and Connolly (2015) adopted a user experience (UX) design
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approach to creating a curriculum for a new undergraduate programme in UX design using
what they term a “vision persona” (2015, p. 26) to represent an idealised graduate to facilitate
discussion about the knowledge and skills needed and identify the type of content and
instructional strategy which would work best.
More recently personas have been used as a tool to support communication about participants
in education and their experiences. Avgerinou and Andersson (2007) were among the first to
adopt personas for this purpose using them to depict different types of instructor involved in
online teaching and their behaviours when providing assistance to learners in this context;
Matusovich, Streveler and Miller (2010) used personas as a vehicle to express the results of a
longitudinal qualitative research study investigating how student values contributed to student
persistence with an engineering degree resulting in the identification of different motivation
patterns for female students; Lilley, Pyper and Attwood (2012) used personas to model the
different learning experiences of distance learners which were then used to assist in designing
a learning framework for these diverse learners; Finelli, Daly and Richardson (2014) developed
personas of both teachers and students to better communicate to faculty administrative
management the views and perceived barriers to introducing new teaching practices for STEM,
resulting in the development of a more inclusive plan for change; Madsen et al. (2014) adopted
personas to represent the different types of participant involved in designing and delivering
physics teaching and assessment in a single university to identify the needs, goals and
motivations of these participants from the perspective of professional development; while
Huynh et al. (2020), extending Madsen et al.’s work, developed personas to represent different
types of undergraduate physics researchers and their goals, motivations and needs when
undertaking research. This use of personas aligns with the intent of this study. Personas allow
variations in participants’ experiences to be communicated in a more meaningful, empathetic
manner than would be possible using tables or hierarchical diagrams and were therefore
adopted to communicate the outcome space uncovered by this study.
3.4.2.2 Persona Development
Personas can be derived in many ways but are most powerful when they are data-driven,
grounded in data derived from research involving real people (Faily and Flechais, 2011). While
personas are most commonly derived from ethnographic research, they have also been used to
present the outcomes of phenomenographic research. Madsen et al (2014) were among the first
to adopt personas for this purpose deriving five personas from the phenomenographical
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analysis of twenty-four semi-structured interviews with staff involved in designing and
delivering undergraduate physics education. While Wilson, De Paoli, Forbes and Sach (2018)
constructed six personas from a phenomenographic analysis of thirteen interviews with users
in an effort to give more prominence to the moral values of users in design of non-commercial
websites to provide a more empathetic, realistic representation of a user population.
The data-driven personas in this study were initially derived from the phenomenographic
analysis of data collected during phase one. The coding and subsequent analysis of the fifteen
interviews conducted led to the identification of common patterns or clusters amongst
participants across the categories of description. These clusters, and variation between them,
are represented in the personas. The coding of the diaries created by participants in phase two,
and their exit interviews, were considered using the personas as a lens. No new personas
emerged; rather the variation uncovered provided additional insights into each of the personas.
The personas provide a structure to communicate the variation uncovered and constitute the
outcome space for this study. The personas developed in phase one, and variation expressed
therein, are discussed in Chapter 4. The additional insights uncovered in phase two are
discussed in Chapter 5.
Personas are usually assigned a person’s name, a demographic and psychographic profile to
make them feel more like real people (Pruitt and Adlin, 2006). While it is accepted a
participant’s gender, education, career progression and technical skillset may have influenced
their experiences, uncovering variation related to these characteristics was not a focus of this
research study.

3.5 Ethical Considerations
Hammersley and Traianou (2012) assert that an ethical research design requires consideration
of a range of issues such as how harm to participants will be minimised, what is required of
participants while participating, what incentives if any are being offered, how the right of
participants to make their own decisions will be respected, how equal, fair treatment of
participants will be ensured as well as how their privacy protected and the accuracy and
protection of data collected will be addressed. Consideration also needs to be given to the
nature of the data to be collected, the purpose for which it will be used and the perception of
this data by the participant, in particular whether they consider it to be personal or sensitive,
(Drew, Hardman and Hosp, 2007), negotiation around issues of protecting participant identity
during collection, analysis and dissemination (Christians, 2018) as well as how data will be
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collected, stored, analysed and disseminated (Gardenier, 2011).

All these issues were

considered in the research design for this study. Ethical approval from the Ethics Committee
of the School of Social Sciences, Education and Social Work, Queens University Belfast for
both phases of the research study was sought and granted in advance of conducting each phase.

3.5.1 Informed Consent
To allow an informed decision to be made by participants, a direct informed consent approach
was adopted to inform potential participants for both phases of the purposes of the research,
their roles and responsibilities as participants as well as those of the researcher, and how ethical
concerns would be addressed (McNamee, 2002). Permission to conduct the study within the
academic school was sought from and granted by the Head of Research of the school, this
included permission to use a secure, private room to conduct interviews and avail of secure
storage facilities as needed.
At the start of each phase, potential participants were sent an email outlining the purpose of the
study, the level of participation required and included consent forms, see Appendix 1 and
Appendix 3.

Participants were asked to sign the consent forms in advance of their

participation. By signing the consent form participants agreed that they were aware that they
could withdraw their consent up to the point where data had been anonymised and analysed
after which it would be difficult to decouple their specific contributions. Participants were
provided with a transcript of their interview to allow them to correct their answers if they so
wished. It would not have been valid to include any elaboration resulting from this in the
outcomes of this research study and participants were reminded of this when the transcript was
sent.

3.5.2 Protecting Anonymity, Privacy and Confidentiality
Each participant was assigned a unique identifier which is used when discussing the data
collection, analysis, and findings of this research study. The name of the school and the institute
in which the research was conducted will not be included in any publication. Any transcripts
made of participants’ diaries were edited so that their anonymity was protected. Physical diaries
were returned to participants once electronic copies were made. As it was expected that
participants would make reference to the specific subjects that they teach on specific degree
programmes in their interviews and diaries, in order to further protect indirect identification of
participants, reference is made only to the corresponding ACM CS2013 Knowledge Areas
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(Sahami et al., 2013) the subject aligns with and to the level of the degree programme on which
the subject is taught.
Each participant’s reflective diary was private to them and shared only with the researcher for
the purpose of this research. In order to further enhance participant privacy, and respect the
right of participants to make their own decisions, participants were free to choose to use the
hardback notebook provided to them by the researcher or to choose any other physical or
electronic form as long as it could be shared with the researcher.

3.5.3 Data Protection
Immediately following each interview, audio recordings were copied to online storage
provided by Queen’s University Belfast, and subsequently deleted from the recording device.
Synchronisation between the recording device and cloud services was switched off while the
recording. Any handwritten notes made by the researcher were converted to electronic form as
soon as possible after the interview and the original handwritten notes were destroyed. All
electronic data was stored as password protected files on a password protected, encrypted
laptop, and backed up to the online storage provided by Queen’s University Belfast. Signed
consent forms were stored securely in a locked cabinet, within a lockable room accessible only
the researcher and security staff, monitored 24/7 for security and fire. All data collected will
be retained after completion of this research study in accordance with the data handling and
security policy of the School of Social Sciences, Education & Social Work (SSESW) Queen’s
University Belfast.

3.5.4 Minimizing Harm to Participants
To facilitate conduct of interviews without interruption in a safe, secure environment,
participant interviews took place in a meeting room within the administrative offices of the
school in which the case study was conducted and were scheduled during school operational
hours.

Participants raised issues related to work practices, tools, and institutional quality

assurance guidelines and how these impacted their practice and mentioned names of
colleagues, managers, or students in this context. Any reference which would allow any person
mentioned to be identified were removed from or redacted in interview transcripts and scans
of diaries.
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3.5.4.1 Minimizing Deception
This research study can be considered an insider case study as the researcher is a member of
the lecturing staff of the school in which the study was conducted and has had a professional
relationship with the participants for some time which will continue after this research is
complete. However, the researcher does not have authority over any participant and no
participants have authority over the researcher. During both phases the researcher could be
considered an insider-outsider, a person which is part of an organisation but not a direct
participant in the research activity (Herr and Anderson, 2005). While many of the participants
were aware that researcher was completing a doctorate, to protect against any respondent bias
this research study was not discussed with any potential participants in advance of inviting
them to participate.
Within the school every lecturer operates independently, with reference to school and institute
policy, and is free to operate very differently to all other lecturers. It was therefore considered
unlikely when designing the research that participants would operate with a bias to deliver
answers that they thought the researcher wanted to hear. Due to the relationships that exist
between the participants and the researcher it was likely that participants would engage in
discussion of the issues covered after the interviews were completed. Such incidental data was
not used as part of the research.
It is important that in a phenomenographic interview that it is data about the participant’s “lifeworld” that is collected (Marton, 1981). During the interview the researcher must always try
to bracket their own experiences to ensure that their own interpretations or experiences of the
phenomena of concern do not influence participants’ answers to questions and ensure
precedence is given to the participant’s experience. This may not always be possible in all
aspects of the interview particularly when conducting research with participants with whom
the researcher has a pre-existing relationship (Ashworth and Lucas, 2000). Adopting a reflexive
approach is therefore important and it is important for the researcher to openly acknowledge
where and how their own experiences may have influenced the research (Sin, 2010). An issue
that emerged for this research was how to respond when asked to provide clarification on
questions by participants without influencing their answers. This occurred during the pilot
interview conducted for phase one. Rather than use examples from the researcher’s experience
or try to extrapolate to the participant’s experience, the researcher offered extended
descriptions of concepts referenced in questions and provided generic examples if asked. While
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a conscious effort was made by the researcher to bracket, it must be acknowledged that these
extended descriptions and generic examples used were influenced by the researcher’s
understanding of and the meanings they ascribe to the phenomena of interest. It is important to
note that as some of the phenomena of interest are not commonly discussed among lecturers in
school where the research is being conducted or even actively reflected upon, a significant
number of participants sought affirmation of their answers from the researcher asking for
example “is that the right answer?”, “is this what everyone else thinks?”, “is that what you are
looking for?”. The strategy adopted by the researcher in these circumstances was always to be
positive and reinforce that capturing the participants’ views rather than participants providing
a correct answer was the focus of this research study.

3.6 Conclusion
This chapter has outlined the underpinning theoretical framework which informed the research
design of this two-phase phenomenographic case study. The design of the research instruments
used to collect data and analyze this data has also been addressed. Particular attention was paid
to the rationale for choosing not to use existing quantitative instruments to explore personal
epistemology, teaching beliefs and conceptions but preferring instead to design qualitative
instruments tailored to this study, informed by relevant research. The chapter also discussed
the ethical concerns considered when designing the research study and how these were
addressed. The phenomenographic analysis conducted and the outcome space emerging from
this analysis will be discussed in Chapters 4 and 5.
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4. Interview Analysis
4.1 Introduction
This chapter presents the outcome space resulting from the phenomenographical analysis of
the fifteen interviews conducted in phase one of this research study. The chapter discusses the
variation uncovered for each of the following categories of description: general characteristics,
personal epistemology; epistemology of computer science; and teaching and learning, in
general and for computer science, using the set of personas derived during the analysis to frame
the discussion. The chapter concludes by summarising the outcome space and the key issues
addressed in this chapter.

4.2 Context and Conduct
Before discussing the analysis of participants’ interviews, it is important to outline aspects of
the environment in which participants practise which influenced their interview responses. As
discussed in Chapter 1 the institute in which this research study was conducted outlines the
requirements for academic staff to engage with the student voice and the mechanisms to use to
collect student feedback on their experience in the institutional academic quality enhancement
process. These are formal, focused on a narrow set of concerns, and documented as part of the
institutional annual monitoring process (UniversityX, 2018). Rodgers (2006) contends that
practices to listen and describe students’ voices in teaching and learning can be considered a
continuum with formal processes and research involving students at one end and more
constructivist practices to actively support and engage with learners while they are learning at
the other. Rodgers further contends that “descriptive feedback”, how students describe their
learning and learning experiences in conversations with their teachers, is situated between these
two ends and provides a powerful mechanism not only for students to describe their learning
experiences and teachers to listen to students but are a source of evidence which teachers can
then reflect upon and use to adjust their practice and build connections with students (2006, p.
214). Teacher accounts of such reflections therefore not only describe the student voice but
also how the teacher has listened to this voice and shaped the teaching and learning process as
a result. While participants this research study reference the institute’s formal academic quality
enhancement process in their answers to interview questions, in particular the student
evaluation forms used, the dominant source of evidence of the student voice and how
participants engage with it is the participants’ accounts of descriptive feedback.
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4.3 Categories of Description
This section starts by briefly describing each of the three personas derived during the analysis,
in terms of general characteristics before presenting the outcome space by discussing the
variation uncovered for each persona for the following categories of description: personal
epistemology; epistemology of computer science; and teaching and learning, in general and for
computer science.

4.3.1 General Characteristics
This section will briefly introduce the three personas emerging from the analysis in phase one:
the Project Manager; the Academic Guide; and the Professional Mentor, discussing for each
the background and types of subject taught by participants aligning with that persona as well
as how participants have learned to practice and their general approach to answering the
interview questions.
Each participant aligned most strongly with one of these personas which can be considered
their primary persona. However, some participants overlapped personas for some dimensions
of some categories of description, particularly related to teaching and learning computer
science. Table 5 identifies for each participant their primary persona and, where relevant, their
secondary persona. The project manager is the most dominant persona with seven participants
aligning with this persona; five aligned with the academic guide; and three with the
professional mentor.
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Table 5: Interview Participant Personas
4.3.1.1 Project Manager
Participants aligning with this persona share the following general characteristics:
•

Background:
o Moved into a full-time lecturing role directly from industry with no teaching
experience or with some teaching experience from a part-time teaching role.

•

Subjects taught:
o Early stage, undergraduate level subjects concerned with the theoretical
foundations of computer science or considered essential to the design and
construction of software and hardware.

•

Evolution of practice:
o Learned through experience, described as trial and error, informed by either
their own experience or that of others working in the same subject area.

•

Characteristics of answers:
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o Tried to provide general purpose statements articulating what can be

considered very traditional views of teaching and learning computer science
and computer science as a discipline.

4.3.1.2 Academic Guide
Participants aligning with this persona share the following general characteristics:
•

Background:
o Moved into a lecturing role soon after completing a postgraduate degree but
also had substantial industry experience.

•

Subjects taught:
o Subjects which emphasise the acquisition of practical skills at a range of
undergraduate stages, but not first year, and postgraduate level.

•

Evolution of practice:
o Had an enjoyable university experience and have been inspired in their practice
by lecturers they most enjoyed as students.
o Participants also actively seek feedback from students and use this feedback to
shape and evolve their practice.

o While not a consistent characteristic, participants in this category were more
likely to refer to educational research or undertake professional development

courses in the area of teaching and learning when trying to improve their
practice.
•

Characteristics of answers:
o Provided from the standpoint of their own academic experience, either as
learners or teachers. Often chose to illustrate their answers by offering specific
examples from this experience.
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4.3.1.3 Professional Mentor
Participants aligning with this persona share the following general characteristics:
•

Background:
o Moved into a lecturing role after gaining extensive experience in industry.

•

Subjects taught:
o Late-stage undergraduate and postgraduate subjects particularly relevant to
current industry needs.

•

Evolution of practice:
o Inspired initially in their practice by their own experience as a student but evolve

their practice by keeping in touch with industry to identify key knowledge, skills
and attitudes required of graduates and adapt their practice as a result.

•

Characteristics of answers:
o Provided from the standpoint of their own experience as practitioners in
industry or their perception of the industry expectations of graduates. Illustrated

by specific references to computer science as a professional discipline and
examples relating to preparing students to work in industry.
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4.3.2 Personal Epistemology
This section discusses the variations uncovered in participants’ personal epistemology and
considers their beliefs about what knowledge is, what it means to know something and how
someone becomes knowledgeable.
4.3.2.1 Project Manager
Participants aligning with this persona hold a post-positivist conception of knowledge.
Epistemologically the project manager considers knowledge to be domain-specific, emerging
over time through agreement on what is useful within that domain and ontologically considers
a coherent, objective, observable reality to exist. P6, for example, describes knowledge “as
something we all agreed on, it's [a] useful piece of information that somehow, as a society, we
have agreed to a use for a particular domain”. While P15 contends that knowledge is a “body
of work that has been established over millennia”. The project manager sees a clear separation
between declarative knowledge, knowledge about concepts, and procedural or practical
knowledge, knowledge about how to do something, for example by using, applying, or
explaining an understanding of declarative knowledge. This is best illustrated by P13 who
defines knowledge as “just very straightforwardly as the accumulation of facts … [its] about
knowing things, knowing facts, figures … what do we do with that knowledge … is a separate
thing…”.
For the project manager, knowledge, at its most basic, can be acquired simply by “studying”
(P6) or “memorizing” (P2). While recognising an additional aspect, “to kind of process and
distil that information”, P5 is clear that “the first step would be kind of just memorize, know the
facts…”. The project manager considers that it is possible to formally assess the level of
knowledge someone has acquired and, particularly in an academic context, to define in advance
how this can be assessed. The project manager values formal summative assessment which
they consider challenges students to demonstrate their level of knowledge against specific
criteria. P4, for example, considers that students will know they are knowledgeable or know
something through “accreditation” which is “evidence that they have knowledge in these areas
so that, when they go forward, they can say … I got this grade in this subject and this in this”.
This valuing of accreditation is evident in the project manager’s view on the source and
authority of knowledge. The project manager allows that it is possible for different opinions
and different answers to exist for many questions but considers that academic qualifications
and expertise in a domain imbues opinion and answers with authority and, thus, considers
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expert opinion and answers more valid and valuable. As P4 articulates “I think that goes back
to the experience and the knowledge… if someone knows … what they're talking about. You
know, first year opinion versus a doctoral [student]”. This is reflected in the project manager’s
view of becoming knowledgeable where, while accepting that the level of support needed
differs from context to context and student to student, the project manager considers a teacher
to be necessary. A teacher acts as the source and authority of the knowledge defining and
directing the path to becoming knowledgeable, needed, as P15 states, “to point [the student]
in the right direction, give them the first basic steps in the area”. A view supported by P9 who
considers that “a lot of people who feel that they can teach themselves are, even
subconsciously, making the wrong choices because they'll cherry pick”.
4.3.2.2 Academic Guide
The academic guide holds an interpretivist conception of knowledge. Ontologically reality is
subjective, socially constructed and continually changing while epistemologically knowledge
is relative and constructed by individuals through their interpretations of their experience. This
is exemplified by P10 who states, “I guess from my own perspective, [knowledge] is an
accumulation of experience and understanding of how something works, or how to describe
something, or explain how something is”. The academic guide considers declarative and
procedural knowledge to be integrated as P12 explains “knowledge … could be defined as
something which supports the practical ability to do something” and as P7 explains being
knowledgeable is “to know how to do things and to know why you're doing things”. Thus, for
the academic guide, becoming knowledgeable requires gaining experience through as P7
explains “Practice more than anything. The more they [students] do it [practice] in the different
situations … knowledge comes from doing more than anything”. Further the concept of
knowing for the academic guide requires everyone to interpret their own experience, for
example, as articulated by P10 who describes it as “when I can explain something back to
somebody else. When I'm comfortable explaining it in my own words and I’m not regurgitating
information”.
When considering the source and authority of knowledge, the academic guide accepts that in
general different people may hold different opinions of equal value and that multiple right
answers can exist to questions derived by individual interpretation of experience. However,
for the academic guide it is possible for an opinion or answer to hold more weight than others
with the nature of experience an important factor in deciding this, as P7 explains “I think expert
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opinion is important … I do think sometimes students have incredible insight into ideas and
topics that I wouldn't have thought of. But … I think you need specialism in the area”. While
the academic guide does not believe a teacher is needed by all, they consider some form of
guidance to be needed to become knowledgeable and see a difference between the role of a
teacher and that of a guide as P8 explains:
“You need someone to guide you. Maybe some students need a teacher more than
a mentor. … I suppose a teacher is much more, giving much more direction,
providing much more information. Whereas a mentor is managing, or you know,
providing resources. Or trying to open their [the students’] appetite or open their
interest.”.
4.3.2.3 Professional Mentor
The professional mentor places most emphasis and value on procedural or practical knowledge
and associated skills. P1, for example, defines knowledge as “the quality of enabling someone
with skills and know how in a particular area”. The professional mentor leans more towards a
radical constructivist conception of knowledge considering it to be unbounded. This influences
the mentor’s conception of what it means to know something. P11, for example, defines
knowledge to be “a set of building blocks that you start with … which then lead to the ability
to explore further” and considers that “you know you know something when you start to
understand what you don't know about it”. For the professional mentor, becoming
knowledgeable is an active, largely self-directed process which influences how knowing
something can be determined as P1 describes:
“You have to target what it is that you need to find out about and then you have to
get your sources and then you have to go through the experience of acquiring the
knowledge, either through self-teaching or through someone helping to facilitate
that. … Then you have to figure out did you actually get the knowledge, so you have
to sort of assess it too.”
When considering the source and authority of knowledge the professional mentor accepts that
in general different people may hold different opinions and that it is possible for multiple valid
answers to exist to questions. It is the nature of the argument and evidence offered in support
that needs to be considered with “more rigorous and … more evidence-based” (P11)
arguments lending more weight when making decisions. The professional mentor does not
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believe that every student needs a teacher but rather believes that as you progress there is a
need for someone to act as a both mentor and role model as P11 suggests to “guide a student
through examples, and just talk through the process of what they're doing … talking out loud
about why I'm doing this because this is the sort of thing I'm thinking about”.
The professional mentor’s view on knowledge, knowing and becoming knowledgeable is
perhaps best articulated by P14 who states:
“'Wasn't [it] Michelangelo who said, ‘you are always learning'. … when you start
thinking you know something is probably when you understand that you don't know
it. … Nobody is an expert or a thought leader or anything. … if you're going around
calling yourself an expert, my view on that is you're not an expert. … you might have
lots of experience in it. You should be able to know the good, bad, and ugly of it. But
you know there's always more to learn.”
4.3.2.4 Discussion
The section used the personas derived in this study to discuss the variation in participants’
philosophical perspectives and, at a more detailed level, their personal epistemology
considering their views on knowledge structure, certainty, source, and control of knowledge
acquisition.
The project manager’s post-positivist perspective is evident in their consideration of knowledge
as domain-specific and residing in authority which is strongly associated with expertise and
accreditation. Further, while they consider that domain knowledge requires consensus on what
is useful, once agreed this knowledge can be considered simple as evidenced by their view that
declarative and procedural knowledge can be separated and transmitted by, and acquired from
a teacher who is the authority, and that such acquisition can be measured.
In contrast, the academic guide’s interpretivist perspective is evident in their view of
knowledge as broad, complex, and ever-changing, considering declarative and procedural
knowledge intrinsically linked. Becoming knowledgeable requires building experience through
practice with help from an experienced guide. Experience lends authority to opinions and
answers and while an expert guide is considered useful it is not considered essential to become
knowledgeable. Being knowledgeable for the academic guide, is determined more by each
individual and their perception of their experience.
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The professional mentor shares the academic guide’s view of knowledge as complex and
everchanging and that becoming knowledgeable involves gaining experience through practice.
However, demonstrating their more radical constructivist perspective, they place more value
on practical knowledge and consider that becoming knowledgeable entails recognition by
individuals that knowledge is unbounded and therefore necessitates constant efforts to update
experience. This requires sharing and discussion of issues, challenges and experience but can
be achieved without direct guidance. It is through such discussion that evidence offered in
support of opinions and answers can be considered when making decisions.
It is important to note that while the interview included questions designed to uncover
participants’ views on ability to learn and speed of learning, many participants’ answers were
framed through their experience as parents and there was no consistent pattern of variation
across clusters of participants. Therefore, these aspects are not addressed in the personal
epistemology category of description but variation in participants views related to learning
computer science is addressed in later categories.
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4.3.3 Computer Science Epistemology
This section discusses the variations uncovered in participants’ epistemology of computer
science and considers participants’ beliefs about what knowledge is, what it means to know
something and how someone becomes knowledgeable in the context of computer science.
4.3.3.1 Project Manager
The project manager holds a post-positivistic conception of computer science knowledge and
considers it to be scientific in nature. While recognising that the discipline is constantly
evolving, the project manager considers a core set of stable declarative and procedural
knowledge to exist for computer science. Core declarative knowledge is defined in terms of
fundamental concepts, for example as P2 describes, “understanding how computers work, how
to write algorithms, anything really with gathering information, processing information,
storing it in digital format”. While core procedural knowledge encompasses the type of
knowledge and skills most typically associated with computer science, in particular
programming, which for the project manager forms a foundation to becoming knowledgeable
in computer science, as P4 states: “if you can get in a programming language and know it
completely, and know all that it can do, I think you kind of have the basics … and then
additional skills then go on top of that”.
The project manager does not consider it possible for multiple different answers to exist for
many questions in the context of core knowledge of the discipline. As P4 states “programming
is a very black or white module. Either the code does what it's supposed to correctly or it
doesn't”. However, for other subjects in the discipline the project manager is more open to the
concept of multiple answers and opinions but considers that one opinion or answer can be
identified as more authoritative than others and, different to their personal epistemological
view, considers the level of experience gained through professional practice a key factor in
determining authority in the context of computer science. This is best illustrated by P6’s view
which explains through an example:
“[It] depends, if the question was [to describe a foundational algorithm], there is
only one answer to that. If there was a discussion around trends … then we're going
to somewhat more philosophical ideas in there. Because you're asking someone to
evaluate, and their opinion on the usefulness of something. Then you draw on their
previous experience as well as their knowledge … and also maybe … if they've
worked with it or not, will have heavily influences as well”.
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The project manager holds a more interpretivist view of how someone becomes knowledgeable
in computer science that expressed in their personal epistemology, considering experience to
be gained incrementally, as described by P15, “taking a bit, applying it. Taking a bit more,
apply it. … integrate it … I think they gain proficiency by taking the theory in, and bits and
pieces, and then applying each of those in turn.”. However, the project manager is very clear
that the learning process is controlled by a teacher who is the source and authority of
knowledge. Determining whether someone is knowledgeable or knows something can be
evaluated and demonstrated for the discipline of computer science and requires, as P5 outlines,
“[giving students] a set of exercise questions to do … based on material … checking their
solutions and checking their approach” and ultimately some form of summative assessment
as P6 describes “Some piece of work that they have to submit. That could be a lab, a weekly
lab submission … Or a larger piece of work, and also be an exam”. A teacher is considered
necessary for someone to learn computer science, in particular to structure and focus the
learning pathway, because as P9 states “ there's so much complexity to the subject and there
needs to be a focus to be able to master certain sub-topics or aspects”.
4.3.3.2 Academic Guide
The academic guide holds an interpretivist conception of computer science knowledge. They
consider computer science to be primarily a scientific discipline, but applied and practical in
nature, focused on using technology to build solutions which may result in the discipline
bridging and including elements from other disciplines. For example, P3 defines computer
science as “the absorption or the understanding of technologies … how they can actually be
used to drive or to enable users in everyday life. It's solving a particular problem for
someone…”. Further the academic guide recognises that the discipline is constantly evolving
which makes it difficult to define exactly, as P8 states “computer science is a very broad
discipline that can be very practical … And I would say it's a discipline that... it's not a very
exact ... Because … it's very transient”. The academic guide acknowledges that there are some
core theoretical aspects of the discipline related to mathematical approaches to problem solving
which have been consistent over time and that “a basic core understanding” (P8) of these
underpinnings is needed in order to progress in the discipline but also recognises that “the
body of knowledge … is evolving quite quickly. … [and] it borrows different things from
mathematics at different points in time“ (P12). This is echoed in the academic guide’s view
that computer science is not a pure science discipline but rather as P3 describes “it's more
product based” and that students are “looking to us for us to give them this particular
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knowledge and these particular skills” rather than expecting them to explore or construct their
own knowledge independently.
For the academic guide, being knowledgeable in computer science is not about an ability to
recall specific facts or information or to use specific tools, such as programming languages or
design tools, but rather understanding how to approach problem solving in computer science
as P3 describes, “to analyse a particular problem, break it into its constituent categories, and
solve the problem iteratively. … if you have core skills … you can say, ‘I understand what's
going on here. Let me just evaluate it now and go with it [the problem solving]’”. This is
achieved by gaining experience by undertaking practical tasks, as P12 explains “you can't learn
practical skills by watching someone else do it. You need to become involved in it. … if core
learning activities can be created where you actively engage with something, I think that's
where you'll learn best“. However, this knowledge is something that can be both demonstrated
and assessed and about which feedback can be provided to both refine and enhance it, as P3
describes in their view of how students learn best “they submit something. You go through it.
You see whether they're reaching the desired learning or the desired expectations, and we can
gauge on that” and how they use assessment to “try and offer some feedback on how they're
actually doing and what they need to improve, but the assessment piece will actually see if
they're actually learning or achieving these particular skills”.
The academic guide is open to the existence of multiple valid opinions or answers within
computer science but, different to their personal epistemological view, considers the context in
which the opinion or answer is offered to be as important as experience in deciding its validity
as P3 describes “there can be different angles or different approaches to things, but I suppose
it'd have to be in context”. This holds in the context of teaching and learning computer science
as, P10 explains, “because they're [the students] still learning … If somebody puts forward a
solution to something, maybe it's not the most efficient solution, but it's [valid] ... I think these
things have to be looked at in context”. The academic guide does not believe a teacher is needed
but that some form of direct guidance from a person with experience is needed when learning,
as P3 explains:
“ having someone that's in a room … they're able to set scenarios, they're able to
answer questions, they're able to differentiate between this is how something works
… here's an example of something that's good, that's bad, that's indifferent, and that
has to be massively beneficial to learning. … if you have access to someone who is
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a domain expert in this particular area that may have industry experience or life
experience or research experience or whatever it is, that just has to benefit
someone's learning. “
4.3.3.3 Professional Mentor
Different to their personal epistemology, while still primarily viewing knowledge as
procedural, the professional mentor holds an interpretivist conception of computer science
knowledge. For the professional mentor the core practical focus of the discipline can be
considered stable, as P11, for example, describes “the rigorous practice of the construction,
design, analysis, development of software, hardware artefacts”. However, they do not consider
a core, stable set of knowledge to exist, rather they consider all computer science knowledge
to be continually evolving and that industry shapes this evolution, as P1 explains “There are
[industry] standards. There are bodies that do the work around us … that together formulate
strands of learning to bring you to being qualified in computer science”. However, the
professional mentor considers that there is a core attitude required to become knowledgeable
in computer science, which is more aligned with their personal constructivist epistemology, as
P14 explains, “to do with the problem solving and curiosity. … a willingness to constantly
learn and evolve, and you're not always right then that's a good set of skills that can last a long
time”. The professional mentor does not consider computer science to be a pure science
discipline but rather as P11 explains “it's variously described as a science and an engineering
discipline. And it's neither of these. To me, it seems more like a pseudo-science“.
When considering the source and authority of knowledge the professional mentor accepts that
different people may hold different opinions and that it is possible for multiple valid answers
to exist to questions and as P14 states “what we need to do is work out which one is most
appropriate for our given context and scenario”. This informs the professional mentor’s view
on whether a teacher is needed to learn computer science which they consider, as P1 states,
becomes “slightly less important in computer science once you've got to a certain threshold of
base knowledge and confidence”. Rather the professional mentor considers a teacher to be
necessary as P1 states “for guidance, for feedback, for motivation”.
4.3.3.4 Discussion
This section demonstrated the variation between participants’ epistemology of computer
science using the personas to frame that discussion. Variation between participants’ personal
epistemology and their epistemology of computer science uncovered during the analysis,
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particularly in relation to authority of knowledge and becoming knowledgeable in computer
science, was also discussed. The epistemology of computer science of all three personas were
largely consistent with the personal epistemology expressed for the personas. However
interesting differences exist between the epistemologies of computer science expressed by each
persona. These differences and any alignments and divergence from existing research will be
discussed in this section.
The project manager’s epistemology of computer science considers knowledge to be domainspecific and residing in authority. Further, the project manager revealed their view that
expertise gained through professional practice is the major deciding factor when determining
authority of knowledge but only for knowledge considered to have evolved from the core
foundation of the discipline. This belief in a need for teachers to have a sufficient level of up
to date knowledge and experience practice aligns strongly with the findings of Bender et al.
(2016) reflecting views expressed by both second and third level teachers of computer science.
An interesting finding from this research study is a dissonance between the project manager’s
view that for core knowledge in the discipline, particularly programming, it is not possible for
multiple answers to exist, a view very much in line with student views of learning computer
science reported in previous studies (e.g. Lewis, 2007; Perrenet, 2009; Lewis, Jackson and
Waite, 2010) but this is not the dominant view of teachers reported in these studies. This finding
supports the opinion expressed by Valstar et al. (2020) that the practice of teaching and learning
in computer science influences student views on the discipline since epistemology is a key
driver of conceptions of teaching and learning. While the academic guide is consistent in their
view that experience imbues opinions and answers with authority and the professional mentor
that evidence is the key factor, both extend their view to identify the context in which an
opinion or answer is provided to be important. This is more in line with the views of teachers
expressed in previous studies (e.g. Lewis, 2007; Perrenet, 2009; Lewis, Jackson and Waite,
2010).
The academic guide’s and professional mentor’s epistemology of computer science are not
dissimilar from each other. Both personas agree that knowledge in the discipline is evolving
but differ in that the professional mentor considers that it is industry that decides what
constitutes knowledge in the discipline while the academic guide considers a core, stable set of
knowledge to exist which provides a foundation for the evolution of the discipline. While both
consider problem solving and practice to be core to becoming knowledgeable, the academic
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guide considers this to be acquiring a set of skills or an approach while the professional mentor
considers it to be an attitude to learning, a willingness to learn and evolve. Both personas align
with views expressed by participants in Bender et al. (2016) that computer science is a complex,
evolving domain. Further their views align with views on the goals of computer science
education expressed by participants in the study conducted by Valstar et al. (2020) in particular
the need to developing students’ problem solving abilities and other abilities considered
necessary to work in industry.
The project manager considers that becoming knowledgeable is a process controlled by a
teacher and being knowledgeable can be demonstrated and assessed, aligning with the
instructor-centred approach of teaching and learning identified by Walter et. al. (2016).
However, the project manager demonstrated a more interpretivist view of becoming
knowledgeable in computer science than the view expressed about becoming knowledgeable
in their personal epistemology. The project manager considers becoming knowledge in
computer science to be an incremental process in which practice is important to integrate
declarative and procedural knowledge. This appears to demonstrates a leaning towards
Dweck’s (2008) growth mindset which considers that intelligence and ability can improve over
time with effort and persistence. The academic guide and professional mentor both also ascribe
to this view. Providing feedback, guidance and motivation are considered important by both
when considering how someone becomes knowledgeable but the academic guide places more
emphasis on guidance while the professional mentor emphasises motivation, in particular
building confidence.
All three personas demonstrate a degree of commonality in their epistemology related to
teaching and learning computer science but differ on the fundamental issue of who is the
authority and who controls the learning process with the project manager adopting an
instructor-centred stance. The academic guide and professional mentor personas while both
can be considered to hold the same broad student-centred approach as identified by Walter et
al. (2016), their views signal that they adopt different teaching and learning strategies.
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4.3.4 Teaching and Learning
This section discusses the variations uncovered in participants’ conceptions of teaching and
learning and of their practice. As most participants only have experience of teaching computer
science, participants’ view on teaching and learning in general and in computer science are
discussed together and where a relevant difference was found, it is highlighted.
4.3.4.1 Project Manager
4.3.4.1.1 Conception
The Building Site metaphor, Figure 4-1, was chosen by six participants to represent their
conception of teaching, four times as the sole representation. It has therefore been selected as
the metaphor to represent the project manager’s conception. The CLIS project (1987) in their
definition of the metaphor refers to many people working on a building site with each having
different responsibilities. However, it was the mention of planning and supervision, two roles
that the project manager considers central to their conception, that appealed to the project
manager, as P5 explains:
“The reason why that one hit me is because by having many people working on the
building site is that one or two of those people are going to be either project
manager, or people with extensive experience. And then the other builders are going
to be learning from them.”

Figure 4-1: Project Manager’s Conception of Teaching - Metaphor (CLIS, 1987)
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Other metaphors chosen were the Child and Pond, Guide and Traveller and the Potter, however
the Child and Pond metaphor was chosen either as an aspiration for their own practice or to
represent independent practise by students as part of assessment.
The statements chosen by participants to represent their conception also reflect a conception of
teaching and learning as a controlled process, Figure 4-2. While all four statements were
chosen at least once, statements one was chosen four times and statement three was chosen
three times with this combination chosen twice.

Figure 4-2 Project Manager’s Conception of Teaching - Statements
These identify the teacher as the source and authority of knowledge in the teaching and learning
process whose core responsibility is planning and managing the learning process which results
in students achieving a pre-determined level of knowledge and understanding. Students are
primarily considered passive consumers of knowledge in the teaching and learning process.
However, a secondary objective of the project manager is to generate “more interest about the
topic” (P2) in students and “encourage them in particular routes” (P13) through their
behaviour as a teacher.
The project manager reveals a behaviourist approach to teaching and learning and considers
the direct instruction model (Engelmann and Carnine, 1982) to be most effective.

Using

activities which are designed by the project manager to lead to specific outcomes as part of
teacher controlled and guided process, the project manager considers they can ensure that
students acquire knowledge and understanding to an expected level. While the project manager
considers that it is possible for most students to achieve some level of success learning
computer science, some are more suited to the way in which the project manager considers
computer science should be taught and learnt. This differs slight from the view expressed for
this persona when asked about the epistemology of computer science and leans more towards
Dweck’s (2008) fixed mindset that intelligence and ability is innate. However, it appears that
for the project manager students who have this innate ability can improve over time with effort
and persistence when taught by the project manager.
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This is reflected in their belief that students’ knowledge and understanding increases over time
and planning a pathway to achieve this in advance, introducing students to the necessary
knowledge and practice needed to “bring students from no understanding of a topic to an
informed understanding of a subject” (P9) is part of their role as a teacher. Independent
practice, in the form of take-home projects to be undertaken by students outside of an
instructional setting is the primary mechanism used to evaluate whether students have met the
expected level of learning.
The essence of good teaching for the project manager is, as P2 describes, “knowing the topic,
being passionate about the topic. … hopefully being good at explaining the topic. … a hard
thing to do“. Their main objective is, as P13 states, to “communicate [with] and facilitate the
students [sic] so that they can … foremostly meet the learning outcomes of any module I'm
trying to deliver”. This aligns with Akerlind’s (2003) cognitivist student engagement focused
conception of teaching, and partially with Zou et al.’s (2020) constructivist conception of
empowering students, helping shape student attitudes and beliefs towards the discipline.
Throughout, students are viewed as passive consumers of knowledge transmitted by the teacher
and these conceptions are therefore secondary to their dominant behaviourist conception which
aligns strongly with Carnell’s (2007) didactic, Akerlind’s (2003) teaching transmission focused
and Zou et al.’s (2020) teaching effectively and confidently conceptions. Thus, the project
manager emphasises the teacher as the source and authority of knowledge, in control of
designing and implementing the teaching and learning process, which occurs mainly in the
classroom, aiming to ensure that students achieve an expected level of learning and evaluating
whether students have achieved the necessary learning.
4.3.4.1.2 Practice
When discussing their practice, participants aligned with the project manager considered their
own personal enjoyment of interacting with students to be an important aspect of teaching, as
P15 explains, “you must enjoy people first of all, because you're engaging with people. … the
subject matter isn't as important as the engagement, and the love of … sharing knowledge”.
However, the project manager is still clear that their major objective is to ensure that students
achieve and demonstrate the required knowledge and that the project manager is in charge of
planning and supervising students’ learning as well as assessing whether they have a achieved
a pre-determined expected level. The metaphor chosen to reflect the project managers practice
was also the Building Site metaphor, Figure 4-1, chosen five times as a sole representation and
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twice in conjunction with the Guide and Traveller. The statements chosen to represent their
practice, Figure 4-3, represent the project manager’s view that in practice they need to help
students connect declarative and procedural knowledge through the learning activities they
design.

Figure 4-3 Project Manager's Practice - Statements
The project manager demonstrates strong alignment with their primary, behaviourist
conception of teaching when discussing their practice. Their secondary cognitivist conception
is not made explicit when they discuss their practice. In addition, when discussing their practice
the project manager is strongly influenced by the educational enviroment in which they teach.
The learning outcomes defined in the module descriptor together with the number of teaching
hours defined and the number of teaching weeks available are the key factors that influence the
project manager’s approach. As P13 explains what they teach is determined “completely by
the learning outcomes of the module. … the whole point of the learning outcomes in a module
is to specify what you want the students to get out of this”. Using this the project manager plans
instruction as a weekly schedule set at the start of the semester as P5 explains, “for each
semester … I have a timetable set out that each week … I cover … topic X, topic Y, etc“ from
which they do not vary significantly when delivering the module.
Despite their behaviourist practice, participants aligned with the project manager do consider
the student voice important in their practice. While the project manager largely relies on
summative assessment to formally determine whether students have achieved the required
learning, during instruction they rely on the student voice to determine in the moment if their
practice is successful. A P13 explains “you’ve got to break down the barriers between [you]
and them [the students] … then they will tell you what they want to learn and how they want to
learn”. However, for the project manager the student voice must be managed, as P9 states “it's
more about covering the large amounts of content with some interaction so that you're not
continually in discussion or you never get through the material, but you're also open to question
and interest and curiosity.“.
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4.3.4.2 Academic Guide
4.3.4.2.1 Conception
The essence of good teaching for the academic guide requires, as P8 describes, being “open to
different types of students, different types of teaching. Knowing that … different approaches
are needed to reach different types of students” and, as P12 states, “to ensure that the students
are given an opportunity to learn and the best opportunity that they can to learn”. This requires
not only a being knowledgeable about the subject being taught so that “students feel confident
that the lecturer is going to be able to answer their questions” (P7) but also a recognition that
“a large part of that [teaching] is about convincing them [students] that they have the ability
themselves to undertake this learning journey” (P12). Further being enthusiastic about both
the subject matter being taught and helping students to succeed is equally important, as P3
describes:
“I think you have to be interested in what you're teaching and that if you actually
want students to do well. … they can feel that. They can feel your enthusiasm. … I
really feel that if your genuine interest is making sure that students want to learn
and that they understand that too, I think that can be key. If they thought you didn't
… they just might not engage and might not be that interested in it, or they'll just
sail through a module, maybe pass it, but not learn something.”
Participants chose a variety of metaphors to represent their belief about teaching and learning
including the Potter, Child and Pond, Gardener, Building Site and Guide and Traveller.
However, participants’ reasons for their choice consistently referenced their main objective as
supporting and guiding students in the learning process differing only on the nature of support
and guidance provided to students at different times within the learning process. The Guide
and Traveller metaphor, Figure 4-4, has been therefore chosen as the metaphor to represent the
academic guide’s conception of teaching encapsulating the academic guides’ conception as P3
describes:
“the journey we're [teacher and students] going to take, and hopefully I'll be the
guide that brings someone along with me. … if they follow me, hopefully at the end
of it we'll arrive at the destination, which is the kind of knowledge or the threshold
learning or the concepts or whatever skills we need someone to have”.
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Figure 4-4 Academic Guide’s Conception of Teaching – Metaphor (CLIS, 1987)
The statements chosen by participants also reflect the academic guide’s focus on guiding and
supporting students, Figure 4-5. While all four statements were chosen by at least one
participant, statement two was chosen by three and statements three and four chosen by two
participants. The combination of statements two, three and four collectively therefore were
chosen to represent the academic guide’s belief about teaching and learning with statement
four reflecting the more constructivist view of teaching and learning held by some participants
aligning with the academic guide.

Figure 4-5 Academic Guide’s Conception of Teaching - Statements
The academic guide’s conception reflects a largely cognitive-constructivist approach with
mastery learning (Airasian, Bloom and Carroll, 1971) considered to be the most effective
approach to teaching. Aligning with Akerlind’s (2003) student engagement focused, Carnell’s
(2007) empowering, and Zou et al.’s (2020) empowering students conceptions of teaching, the
academic guide considers engagement in applied practice central to learning and to motivating
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students to learn. The academic guide believes that “learning by doing” (P10) is how students
learn best using “core learning activities … where [students] actively engage with something”
(P12). This belief aligns strongly with that underlying constructionism and the maker
movement (Schad and Jones, 2020). Again, aligning with constructionism, the academic guide
believes that practice should be supplemented by regular formative assessment to help students
develop their learning. However, they also believe that regular summative assessment is needed
to not only the evaluate the level of student learning achieved but also identify where students
need more support. As P3 explains “you will take either summative or formative assessments
back from students, try and grade their performance, and try and offer some feedback on how
they're actually doing and what they need to improve” and “You see whether they're reaching
the desired learning or the desired expectations ... So, if I did something [and] … they don't
seem to be getting it, well … I can restructure and make sure they actually get it”. Further the
academic guide believes that it is possible for any student to successfully learn computer
science if provided with the appropriate support and guidance while practising.
4.3.4.2.2 Practice
When discussing their practice participants aligned with the academic guide expressed a view
that they struggled to align their practice with their conception due to the constraints of working
in a modularised, semesterized education model with instruction separated into distinct lecture,
practical class, and tutorial sessions for each module. In particular they felt these constraints
impacted the support they felt they could provide to students but to varying degrees evident in
the variation of metaphor chosen to represent their practice. One participant choosing the Petrol
Pump Attendant metaphor, for example, felt constrained to implement a direct instruction
model to ensure that they adhered to the module descriptor while others felt they could
implement guidance in some forums, for example practical classes, but were limited in others,
in particular lecture sessions. Two of the five participants aligning with this persona chose the
Guide and Traveller metaphor and two others chose the Child and Pond. While the Child and
Pond metaphor as defined by the CLIS project (CLIS, 1987) portrays a student learning
independently of a teacher, participants interpreted this slightly differently in the context of
their practice considering it to represent, as P12 states, the provision by the academic guide of
“an opportunity for every student to have some practical realization of what it is that they're
doing in the class”. As the majority of participants referenced efforts to support and guide
students as they learn, the Guide and Traveller metaphor has been chosen to represent the
academic guides’ practice, Figure 4-4.
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Participants therefore felt they are adopting a cognitivist approach within these constraints to
focus more on facilitating student understanding as P10 and P3 articulate:
“I work within the confines of the [educational institute], so I have certain things to
teach. I have modules to teach, I have modules descriptors to stick to. So, my main
objectives then would be based on them, and how do I deliver this material in a way
that somebody understands it.” (P10)
“I can prepare something or deliver something that's structured over a number of
weeks that's going to meet that particular learning and that I'm able to assess it as
I go. And then equally when I move on … that I'm able to transmit the information,
hold the class together, be engaging and ask questions, welcome questions, answer
questions, and that's where that positivity kind of comes in, too. So, it's a front facade
into the kind of backend“. (P3)
The statements chosen by participants to represent their practice reflect the variation in how
participants felt the educational model constrained their practice and the choice of a
combination of all four statements to represent the academic guides’ practice, Figure 4-6,
reflects this.

Figure 4-6 Academic Guide's Conception of their Practice – Statement(s)
The academic guide’s practice of teaching does align with their conception even though there
is a subtle shift in focus to feeling that they must use behaviourist instruction practices at times
due to constraints of the educational environment in which they practice. However, it is evident
that the guide still attempts to remain aligned with their cognitive-constructivist conception of
teaching. The academic guide is clear about the need to understand the student experience as
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part of the teaching and learning process and proactively tries to engage students in a dialogue.
By promoting active dialogue with students during all instruction sessions, the academic guide
feels that students will eventually reveal key elements of their experience which both the
academic guide and student can then use to improve the teaching and learning process. This
however requires that the academic guide has created the right kind of environment. As P10
explains “they have to feel safe asking and answering questions … I always treat all student
opinions offered in class with respect, consider them and try to be positive towards them”.
This is something P3 also considers important, stating “you’ve got to engage with them [the
students] … you’ve got to create the right kinds of discussions … empathise with students’
opinions and try to understand what they need” only then P3 feels that “students feel confident
telling you ‘I don’t get it … can you explain it better’ … and then you can work to figure out
what to do”.
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4.3.4.3 Professional Mentor
4.3.4.3.1 Conception
Good teaching for the professional mentor requires understanding students as people which
necessitates, as P11 describes, “interpersonal skills and empathy with students. Trying to
understand their lives. … Those lives inform a lot of their ability to participate … And just
having some understanding of those situations” as well as a “genuine inbuilt desire to see …
students succeed. … to like communicating with their students and actually like their students”.
Using this a teacher should be able to achieve the professional mentor’s main objective, which
P14 states as being, “to help people understand the topic, not from a theoretical aspect but
from a practical aspect. … a practical perspective of what is happening in the industry” so that
students can “go out better prepared with a positive attitude into the workplace”.
While different metaphors were chosen by participants, they gave very similar reasons for their
choice. For example, P14 explains their choice of the Gardener metaphor:
“it [teaching] can be done in a variety of different ways and that's part of the
discussion in getting them to engage in discussing this. So that if we're gardening,
here I'm showing you how to do this. And it's like they have their own little bench
plot and it's like ‘Go practice it on your own and try it out’."
While P1 offers similar reasons for choosing the Child and Pond metaphor:
“because they're [students] trying something out and they're standing there
dedicated to watching it and seeing how it works. …. I like the students being able
to try stuff out themselves and observe what's gone right, what's gone wrong, how
do you fix it, and so on.”
The Child and Pond metaphor has been chosen to represent the professional mentor’s
conception of teaching, Figure 4-7, as it captures participants’ conception that students need
to undertake practice without direct guidance in order to build their own knowledge and
understanding and that each individual will have a different experience.
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Figure 4-7 Professional Mentors Conception of Teaching – Metaphor (CLIS, 1987)
This view is also reflected in the statements chosen by participants, Figure 4-8. Participants
chose statements two, three and four but statements two and three were each chosen by two
participants and once in combination.

Figure 4-8 Professional Mentor's Conception of Teaching – Statements
The professional mentor has a constructivist conception of teaching aligning most with
Akerlind’s (2003) student engagement focused and student learning focused conception of
teaching and Zou et al.’s (2020) empowering students and helping students develop to be
independent, lifelong learners conceptions. The professional mentor’s conception also aligns
strongly with constructionism and the maker movement which advocate learning through
exploration with support (Schad and Jones, 2020). For the professional mentor, some guidance
should be provided to allow students to undertake activities which lead them to discover
knowledge, understanding and skills by undertaking activities designed by the professional
mentor but these should be situated in the context of how what is being taught applies to
industry. Guidance takes the form of discussion between students and teachers to help students
recognise gaps in their knowledge and understanding or misunderstandings may have occurred
and how to correct these. The professional mentor’s conception also aligns with Resnick’s
(2007) spiral cycle of Imagine, Create, Play, Share, Reflect, and back to Imagine. A guided
discovery strategy of instruction, a variant of the discovery learning model (Bruner, 1961), is
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therefore considered most effective. Despite their view that students learn best by undertaking
independent, largely unsupervised practice the professional mentor believes that a certain
innate ability is required if students are to succeed, as they feel computer science “does lend
itself to particular strands of intelligence” (P1) and “you have to have a certain mindset”
(P14). However, they believe that if students have this ability their learning and ability to learn
can evolve over time.
4.3.4.3.2 Practice
The professional mentor’s practice broadly aligns with their conception. Participants chose the
same metaphors to represent their practice and the Child and Pond, Figure 4-7, has been chosen
as the metaphor. Statement three was chosen by all three participants, twice in combination
with statement two and once as the sole representation of a participant’s practice, as a result
the same statements, two and three, were chosen to represent the professional mentor’s
practice, Figure 4-8.
However, in practice the professional mentor leans more towards Akerlind’s (2003) student
engagement focused conception of teaching guided by the learning outcomes specified in the
module descriptor but informing their teaching strategy by their “industry knowledge and from
constantly monitoring what is happening in it [industry]” (P14) while still aligning somewhat
with and Zou et al.’s (2020) empowering students and helping students develop to be
independent, lifelong learners conceptions. In practice the professional mentor leans more
towards adopting the cognitive apprentice model (Dennen, 2004) as a teaching strategy
modelling practice while explaining their reasoning during lectures, providing opportunities
for discussion and exploration during lectures and providing opportunities for students to
undertake practice in the practical classes supported by coaching from the professional mentor
with an expectation that students will continue this practice outside of instruction.
In their practice the professional mentor’s key focus is on the need for the student to undertake
practice in order to gain knowledge and skills but this inspired by the professional mentor and
their demonstration of practice and they provide more explicit support and guidance to students
than was evident in their conception of teaching.
For the professional mentor, students need to be active participants in the teaching and learning
process, practising, and then discussing issues as they arise. The professional mentor recognises
that each student will have a different experience and while they advocate independent practice,
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they actively monitor and maintain contact with students to ensure that students communicate
with them about their learning experience. As P14 states “you’ve got to keep an eye on them,
keep checking in on them … you don’t direct them but you need to be able to talk to them about
the work and their progress and encourage them to talk to each other … so the practice and
the discussion are equally important”. However, the professional mentor considers that for
some students this is difficult, as P11 states “some students will always ask directly for help
rather than guidance”.
4.3.4.4 Discussion
The section demonstrated the variation between participants’ conceptions of teaching and
learning computer science and their practice, and the alignment between their conceptions and
practice. Further insights into each persona’s epistemology of computer science emerged
related to whether an ability to learn computer science is fixed or can evolve and speed of
learning. All personas consider that both knowledge and ability to learn computer science
evolves over time and while the academic guide considers that anyone can learn computer
science with appropriate guidance, both the project manager and professional mentor consider
some innate ability necessary. For the professional mentor this is an attitude towards learning
rather than a propensity for learning specific types of knowledge and skills as the project
manager believes. While the project manager and professional mentor disagree on whether this
is what McCartney (2017) et al. term the “geek gene” , the fact that the majority of respondents
in this study consider some innate ability necessary to be able to successfully learn computer
science supports McCartney et al.’s claim that this “folk pedagogy” exists in the computer
science discipline supported by some computer science teachers.
Of the personas, the professional mentor most aligns with the student-centred view of teaching
identified by Walter et al. (2016) but only three participants can be considered to align with
this persona. The number of participants in this study aligning with an instructor-centred
approach is slightly higher than the number aligning with a student-centred approach found in
Grissom et al.’s (2017) study of computer science teachers. The project manager persona
demonstrates a very instructor-centred view of teaching while some participants aligned with
the academic guide demonstrate a reliance on instructor-centred strategies and their view of
teaching is mix of both instructor and student-centred approaches. This may to some degree
be due to the fact that the majority of participants in this study, except those aligning with the
professional mentor, teach early-stage undergraduate subjects that are considered to address
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core technical computer science knowledge and skills. However, it does reflect Beagon and
Bowe’s (2019) finding that those teaching on level 6 and level 7 undergraduate programmes
are more likely to adopt an information transmission approach.
Another interesting finding of this research is that those participants with more experience were
more likely to align with the project manager persona than the other two personas. Again
aligning with Grissom et al.’s (2017) finding that computer science teachers with more
experience are more likely to adopt an instructor-centred approach than those with less
experience.
Differences between the views of the academic guide and the professional mentor indicate that
they differ on the more fine-grained categories associated with Walter et. al’s (2016) studentcentred category with the academic guide more focused on student-to-content and summative
assessment than the professional mentor who is more focused on student-student-interaction
and formative assessment than the academic guide.
The selection of multiple statements and metaphors by participants supports the view that
identifying a single conception of teaching sufficient to describe an individual’s conception or
practice and that individuals align with multiple conceptions to some degree. However, while
this provides useful insight into an individual’s views on teaching and learning, there is usually
a dominant conception (Prosser and Trigwell, 2006; Collins and Pratt, 2011). Further it is clear
that in this research, focusing on different aspects of participants’ epistemology of teaching
and learning and their conception and practice of teaching and learning in different sections of
the interviews raised some differences in participants’ individual accounts. A situation
reflected in Nantschev et al. (2020) study into conceptions of teaching held by mathematics
lecturers.
The three personas also align with the profiles developed by Jacobs et al. (2014). The project
manager demonstrates a strong degree of teacher-centredness with less evidence of an
appreciation of active learning. However, as participants aligned with this persona do emphasis
the need for students to practise, they could be considered to demonstrate some degree of
orientation to professional practice. The project manager persona can therefore be considered
to align with the Transmitter or Organiser profiles identified by Jacobs et al., the degree to
which they are teacher-centred or oriented to professional practice deciding profile participants
most align with. The academic guide is much more focused on providing students with active
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opportunities to learn and more oriented to professional practice than the project manager. The
academic guide can still be considered quite teacher-centred. The academic guide persona can
therefore be considered to align with the Intermediate or Facilitator profiles identified by
Jacobs et al., the degree to which they appreciate active learning or oriented to professional
practice deciding profile participants most align with. Finally, the professional mentor
demonstrates the strongest orientations to professional practice and appreciation for active
learning and is much less teacher-centred that the other two personas. The professional mentor
most aligns with the Conceptual Change Agents profiles identified by Jacobs et al..
As with their epistemology of computer science, while variation exists there is significant
overlap between personas again perhaps demonstrating the influence of the discipline and the
culture of the school in which this study is situated. This is best illustrated by the metaphors
and statements chosen to best represent each persona’s conception of teaching and their
practice, see Table 6. While participants aim to align their practice with their conception, there
is evidence that participants consider the educational model in the school in which they practice
inhibits their ability to align their practice more completely with their conception. Differences
exist in participants’ choices of teaching strategy as a result.
From the discussion, it is also evident that participants’ conceptions of teaching do not differ
significantly from those captured in existing literature. However, it is those from more recent
studies which are most appropriate to articulate participants’ conceptions, in particular
Akerlind (2003), Carnell (2007) and Zou et. al. (2020) which were derived from experiences
of being a teacher at university level and conceptions of good teaching respectively.
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Table 6: Summary of Metaphors and Statements Chosen by Person
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4.4 Outcome Space
This study uncovered variation in participants’ experience for three categories of description:
personal epistemology, computer science, teaching and learning. The personas themselves and
variation across these categories represent the outcome space for the analysis of phase one of
this study. Table 7 to Table 10 summarise each category of description showing the variation
across the three personas. These do not represent a hierarchy with sharply distinct variation as
the personas overlap in places. Rather they are intended to communicate variation and overlap
uncovered and facilitate comparison across personas.
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Table 7: Variation in Personal Epistemology
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Table 8: Variation in Epistemology of Computer Science
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Dimension
Project Manager
Role
of • Domain expert;
Teacher
• Determines a pathway through which
knowledge and understanding required can
be acquired;
• Evaluates whether students have achieved
the necessary understanding;
• Generating enthusiasm for the subject in
students.

Academic Guide
• Determines a pathway through which
knowledge and understanding required
can be acquired;
• Designs opportunities for students to
learn through practice;
• Evaluates whether students have
achieved the necessary understanding;
• Provides support and guidance
adapted to suit student needs;
• Seeks feedback from students about
their learning needs.

Role
Student

Passive consumers who through cooperating with the planned instruction can
achieve the necessary level of knowledge
and understanding.
Behaviourist: teaching and learning is highly
structured, controlled by the teacher and
most likely to adopt a direct instruction
approach.

•

Akerlind’s (2003) teacher transmission
focused, Carnell’s (2007) didactic, and Zou
et al.’s (2020) teaching effectively and
confidently conceptions.

•

Teaching
Approach

of •

•

Conceptions •
aligned with

•

Active participants who learn through
engaging in the practical learning
activities provided and interacting with
the teacher.
Cognitivist-constructivist: teaching and
learning is highly structured, controlled
by the teacher informed by student
feedback and most likely to adopt a
mastery learning approach.
Akerlind’s (2003) student engagement
focused. Carnell’s (2007) and Zou et
al.’s (2020) empowering conceptions.

Professional Mentor
• Designs opportunities for students
to learn through independent
practice;
• Responsible for helping students
evaluate the knowledge and
understanding they have acquired;
• Through discussion helps students
evaluate the knowledge and
understanding they have acquired
and identify the support and
guidance needed to address
problems or issues.
• Active participants in control of their
individual learning process taking a
significant responsibility for seeking
guidance when needed.
• Constructivist: teaching and learning
is designed to support students
learning through individual practice
most likely to adopt a guided
discovery approach.
• Akerlind’s (2003) student
engagement focused, Akerlind’s
(2003) student learning focused
conceptions and Zou et al.’s (2020)
empowering students and helping
students develop to be independent,
lifelong learners.

Table 9: Variation in Conceptions of Teaching
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Dimension
Role
Teacher

Project Manager
of •
•
•

Academic Guide

Domain expert;
•
Determines a pathway through which
knowledge and understanding required
can be acquired;
•
Evaluates whether students have
achieved the necessary understanding. •
•
•

Role

of •

Student
Teaching

•

Approach

Conceptions
aligned with

•

Passive consumers who through cooperating with the planned instruction
can achieve the necessary level of
knowledge and understanding.
Behaviourist: teaching and learning is
highly structured, controlled by the
teacher and most likely to adopt a
direct instruction approach.

•

Carnell’s (2007) didactic conception,
Zou et al.’s (2020) teaching effectively
and confidently.

•

•

Determines a pathway through which
knowledge and understanding required
can be acquired;
Designs opportunities for students to
learn through practice;
Evaluates whether students have
achieved the necessary understanding;
Provides support and guidance adapted
to suit student needs;
Seeks feedback from students about
their learning needs.
Active participants who learn through
engaging in the practical learning
activities provided and interacting with
the teacher.
Cognitivist: teaching and learning is
highly structured, controlled by the
teacher informed by student feedback
and still most likely to adopt a mastery
learning approach overall but to adopt
direct instruction in some circumstances.
Akerlind’s (2003) student engagement
focused, Carnell’s (2007) empowering
and some of Zou et al.’s (2020)
empowering students conceptions.

Table 10: Variation in Conceptions of Teaching Practice

Professional Mentor
•
•
•

•

•

•

Designs opportunities for students to
learn through independent practice;
Provides guidance to students in
advance of students undertaking
practical activities;
Through discussion helps students
evaluate the knowledge and
understanding they have acquired and
identify the support and guidance
needed to address problems or issues.
Active participants in control of their
individual learning process taking a
significant responsibility for seeking
guidance when needed.
Constructivist: teaching and learning is
designed to support students learning
through individual practice most likely
to adopt a cognitive apprentice model.
Akerlind’s (2003) student engagement
focused and some of Zou et al.’s (2020)
empowering students and helping
students develop to be independent,
lifelong learners conceptions.
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4.5 Conclusion
This chapter has discussed the findings from the phenomenographical analysis of the
interviews conducted in phase one of this study and situated the research findings in the context
of the body of knowledge. Three major personas have been derived: the project manager, the
academic guide, and the professional mentor. These personas, and the variation and overlap
between them, represent the outcome space derived in phase one. Participants’ experiences
were discussed in the context of the persona with which they most aligned, their primary
persona. While variation was uncovered and discussed, it is interesting to note that the personas
significantly overlapped when considering computer science as a discipline and teaching and
learning within that discipline. Further there is evidence that the culture of the school in which
they teach impacts participants’ practice. When discussing their conceptions, participants made
more broad, general statements. However, when discussing their practice, they illustrated their
answers with reference to the subjects they teach and the physical and educational environment
in which they teach. This opens the possibility of discovering more detail on alignment and
disjunction between teachers’ conceptions and practice as they actively reflect on their practice
while teaching during phase two of this study.
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5. Reflective Diary Analysis
5.1 Introduction
This chapter presents additional aspects of outcome space derived in this study uncovered from
the phenomenographical analysis of the reflective diaries created by the six participants in
phase two of this study. Personas are again adopted as the mechanism to frame this discussion.
The chapter starts by briefly outlining how the participants constructed their diaries and the
educational environment of the academic school in which this study is situated. The chapter
then discusses the variation uncovered focusing on the noticing and reflections of participants
aligned with each persona and the refactoring of their practice noted as well as the impact on
participants’ conception of teaching. The chapter concludes by presenting the outcome space
resulting from the analysis of this phase of the research study.

5.2 Context and Conduct
Before discussing participants’ diaries, it is important to outline aspects of the environment in
which participants practise which influenced their diary entries:
•

The academic school in which this case study was conducted operates a semesterized,
modularized academic calendar:
o Each semester is 15 weeks in duration.
o For each module in a semester, students attend designated instruction sessions
for 13 weeks, with the remaining two weeks used for summative examinations.

•

Each module is allocated a rating compatible with the European Credit Transfer System
(ECTS):
o The institute’s academic quality enhancement process considers 20 learning
hours to be needed to achieve 1 ECTS credit (UniversityX, 2018);
o All modules considered by participants in this phase of this research study are
5 ECTS credit modules requiring 100 learning hours.

•

Within the school each 5 ECTS module:
o Is allocated 52 timetabled learning hours divided into lectures, practical sessions
(labs) and tutorials (4 hours per module per teaching week);
o All students attend the lecture sessions which are delivered by the module
lecturer;
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o All students attend lab classes at the same time but are separated in different
rooms due to space restrictions (max 25 students per room);


The lecturer responsible for delivering the module manages only one of
these lab rooms and a teaching assistant (TA) is allocated to each of the
others;



The lecturer of the module is responsible for determining the nature of
instruction and the content to be covered during these lab classes.

•

The institutional academic quality enhancement process (UniversityX, 2018) dictates
that for each module there is module specification which outlines content to be covered
and the summative assessment strategy for each module.

•

Module specifications are designed by academic staff in the school and approved by
programme committees which include a sole student representative for each year of a
programme.

•

Module specifications identify the nature of the summative assessment strategy to be
used for each module learning outcome.

•

The module lecturer designs summative assessment instruments as dictated by the
module specification and grades student submissions.

•

Amendment to any aspect of a module can only be requested annually as part of a
formal process outlined in the institute’s academic quality enhancement process.

•

Providing students with formative assessment and the mechanisms used for this are at
the discretion of the module lecturer.

The student voice is a complex concept. As discussed in Chapter 4 the institutional academic
quality enhancement process specifies a formal feedback loop which operates as a minimum
expected standard for engagement with the student voice in the institute and therefore
participants in this study. Participants do reference formal student evaluations in their diaries
and exit interviews but also include accounts of descriptive feedback. This descriptive feedback
which Rodgers (2006) considers to be a powerful mechanism for engaging with the student
voice. Canning (2017) contends that silence or an absence of audible feedback is also a valid
manifestation of the student voice. While Bao (2020) asserts that in a classroom situation both
talk and silence are interdependent and equally important when considering communication
with students. This interdependence is important when considering participants’ accounts of
descriptive feedback included in their diaries as in many cases participants’ reference an
absence of verbal communication with students but include their reflections on this silence and
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how they adjust their practice as a result. Bao (2020, p. 4) contends that it is important to
consider both the nature of and reasons for silence. Participants’ reflection on students’ silence
and the reasons for this are part of many participant diary entries and motivate their refactoring
choices.
Participants were asked to keep a diary for a period of at least four weeks as they engaged in
active reflection on their teaching practice and its alignment with their conception using
Mason’s Discipline of Noticing (2002) to structure this reflection. Participants were asked to
start their diaries with an entry reflecting on their conceptions of teaching and their practice.
Participants were otherwise free to decide what to include in their diary entries and how to
structure these. Participants wrote their entries from a perspective of tuning their practice and
did not always explicitly state where or how they saw their practice aligning, or not, with their
conception. Rather frequently they expressed intentions, desires, or aspirations to adopt
different approaches or achieve different outcomes. However, the alignment or disjunction
between their conception and practice are evident in their diary entries particularly in their use
of the pictograms provided to describe their current practice and what they desired or aspired
to achieve.
When constructing the outcome space, the variation and similarities in diaries were considered
through the lens of the personas emerging from the interview analysis presented in Chapter 4.
No new personas emerged; rather additional insights emerged which extended the three
existing personas. Before coding, participants were randomly assigned a unique identifier DP1
to DP6, and modules referenced anonymised with a module identifier. Table 11 lists the
participants and the persona they most aligned with at the start of their diary as well as
identifying their interview participant identifier.
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Table 11 : Diary Participant Personas

114

5.3 Categories of Description
This section starts by discussing the variations in the conceptions of teaching articulated by
participants at the start of their diaries before discussing the variation uncovered from
participants’ noticing, reflection and refactoring and insights into their conception that emerge
from this diary process. The section ends by discussing participants’ conceptions of teaching
after they had completed their diaries and variation both between personas but also between
each persona’s opening and closing conception.

5.3.1 Opening Conception of Teaching
This section discusses insights into each persona’s conception of teaching emerging from
analysis of the diary participants’ initial diary entries elaborating on variation between
personas.
5.3.1.1 Project Manager
In their opening diary entries, the project manager reinforces their primary behaviouristic,
teacher transmission focused conception uncovered in the interview analysis as well as their
post-positivistic epistemological view of computer science. They consider their main role to be
interpreting, packaging, and transmitting knowledge and understanding to students to meet predetermined learning needs stated in the module specification. Their secondary more cognitivist
goals such as generating enthusiasm for the subject and motivating students are also evident
both in their written descriptors and in the selection of pictograms chosen to illustrate their
conception, Figure 5-1. The project manager’s conception of teaching is best summarised by
the prioritised list included by DP1:
•

imparting subject knowledge to students;

•

guiding students to an understanding of this knowledge;

•

interpreting this knowledge for students by providing the teachers’ perspective;

•

influencing students to expand their thinking and

•

aiming to expand students’ interest in the subject.
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Figure 5-1 Project Manager’s Initial Conception
DP1 included the more constructivist pictogram of supporting transformation which
encapsulates a conception of contributing towards students’ growth as learners. However, their
diary entry shows that this relates to generating enthusiasm in students. Similarly, DP2 included
the pictogram of adult-to-adult interaction which describes teaching as facilitating students’
self-directed learning. However, their diary entry shows that in DP2’s conception this relates
to the need for students to undertake independent practice in order to demonstrate that they
have achieved the necessary learning.
Participants’ initial descriptions of their practice differ little from their conceptions. However,
the emphasis of teaching as a process which is managed and controlled by the project manager
is more pronounced, particularly in the pictograms chosen, Figure 5-2. All participants
included the managed process pictogram which reflects the project manager’s view that the
teacher needs to be in control, with DP2 describing how through experience, they have learned
that “common sense can’t be assumed … [and] every detail must be explained exactly”.
Participants’ descriptors of their practice also reveal a focus on getting students to produce
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artefacts which can be assessed to determine the degree to which students can be considered to
have successfully acquired the knowledge transmitted by the project manager.
None of the participants aligned with this persona referenced eliciting student views on their
learning experience in their initial diary entries. Rather their entries are very much outcomes
based, focusing on what they consider most important to help students achieve predefined
outcomes. While DP1 talks about guiding students, their detailed diary entry revealed that this
is really directing students to a particular outcome. All three participants identified generating
student enthusiasm for topics taught. However, from their diary entries, it is clear this is
strongly linked to their organisation of the teaching and learning process and their presentation
of material to students.
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Figure 5-2 Project Manager’s Initial Practice
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5.3.1.2 Academic Guide
In their opening diary entries, the academic guide reinforces their cognitivist-constructivist,
student-centred conception uncovered in the interview analysis and their interpretivist
epistemological view of computer science. They consider their main role to be helping students
to develop their own understanding of concepts and to develop as learners which requires
interaction between teacher and student. This, as DP3 describes, involves “a journey of selfimprovement …for both the lecturer and student ... [in which] it is essential that both parties
engage completely” and further the academic guide considers their key responsibility to be
helping students acquire “the knowledge and skills needed to work in the real world” (DP3).
However, in their diary entries, participants emphasise the need for the teacher to strongly
scaffold this journey and their responsibility as teachers to package and impart knowledge in a
suitable manner and create and direct learning opportunities to address students’ learning
needs. This is evident in their use of a mixture of behaviourist, cognitivist, and constructivist
pictograms, Figure 5-3 and Figure 5-4. Frequent review of work produced by students, about
which feedback can be provided to students, is considered important to improving student
competence and supporting student growth as learners.
For the academic guide, engaging with students and listening to their voice is central to their
conception and practice of teaching and learning. Participants aligned to this persona actively
try to create an environment in which students feel comfortable. They consider that
demonstrating their own interest in and enthusiasm for topics taught is an important part of this
as is encouraging student participation during instruction sessions, being accessible to students
beyond these sessions offering help and support to students both in the classroom and outside
the classroom.
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Figure 5-3 Academic Guide’s Initial Conception
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Figure 5-4 Academic Guide’s Initial Practice
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5.3.1.3 Professional Mentor
In their opening diary entry, DP5 reinforces their more interpretivist epistemological view of
computer science describing teaching as “an exercise in bringing/facilitating students along a
structured journey … where they achieve specific learning outcomes (theoretical and practical)
… [where] progress in their journey is monitored and assessed (as a requirement)”. While this
conception aligns more strongly with that of the academic guide’s, DP5 considers facilitating
students’ enjoyment of the journey by “giving them opportunities to succeed … [and] mix with
their peers in cooperative environments [encouraging] open questions and discussion” as
important, pushing their conception more towards their constructivist conception uncovered
during the interview analysis. This is reflected in DP5’s use of the pictograms to annotate their
conception and practice which they consider strongly aligned, Figure 5-5.

Figure 5-5 Professional Mentor’s Initial Conception and Practice
DP5’s choice to include the Adult-Adult interaction pictogram, which describes teaching as
facilitating students’ self-directed learning, as the first pictogram together with their expressed
desire to create a cooperative, open learning environment, is a strong indicator that they
actively seek to listen to the student voice and use their dialogue with students to shape the
teaching and learning experience.
5.3.1.4 Discussion
The project manager’s initial diary entries demonstrate a more explicit alignment with an
instructor-centred approach (Walter et al., 2016) and with the Transmitter profile identified by
Jacobs et al. (2014) or the Neo-transmitter profile identified by Jacobs et al.(2020), given their
strong teacher-centred focus and limited reference to professional practice.
The academic guide’s initial diary entries demonstrate a stronger constructivist, more studentcentred focus than in their interviews and their alignment with Zou et al.’s (2020) empowering
students conception guiding students to achieve learning and developing students attitudes and
beliefs towards the discipline is much more prominent. It is clear that the academic guide aligns
strongly with the Intermediate profile and demonstrates overlap with the Facilitator profile

122

identified by Jacobs et al. (2014). This potential alignment with the Facilitator did not emerge
as clearly form in the academic guide interviews.
The professional mentor perhaps demonstrates stronger alignment with Jacobs et al.’s
Facilitator profile than with the Conceptual Change Agent profile that characterised their
views in their interview. A strong focus on developing an environment that helps foster active
learning is clear but it is also clear that the professional mentor sees themselves as facilitating
the learning journey for students.

123

5.3.2 Noticing, Reflection and Refactoring
From the diary analysis it is clear that participants equate their conception of teaching with
successful teaching and any aspect of their practice they perceive as not aligning as being
unsuccessful. All participants judged the success of refactoring efforts from their own
satisfaction with their own performance or sense that they improved their structuring and
organising content or instruction, aligning with Carbone, Mannila and Fitzgerald’s (2007)
conceptions of successful teaching of computer science: perception and good delivery. No
participant aligned with Carbone, Mannila and Fitzgerald’s third conception of successful
teaching: developing student thinking. None of the participants directly consulted the students
after implementing refactoring to determine whether they felt the refactoring was useful to
them, relying on the processes outlined in the institutes academic quality enhancement process
to gather student feedback.
The types of issues noticed strongly aligned with the conceptions of unsuccessful teaching in
computer science identified by Carbone, Mannila and Fitzgerald (2007). These will therefore
be used to structure the discussion in this section. However, these have been renamed as follows
to better capture the essence of the issues noticed by participants:
•

Teaching approach (renaming teacher lacking skills);

•

Lack of support/constraints in the teaching environment (renaming teacher lacking
support);

•

Students not taking expected responsibility for learning (students not taking
responsibility);

•

Complexity of learning in the domain (related to domain complexity);

•

Students not demonstrating expected understanding (renaming students not
demonstrating understanding).

This section does not seek to present an in-depth analysis of each participant’s diary rather to
communicate variation between participants for key issues illustrated with extracts from
participants’ diary entries.
5.3.2.1 Teaching Approach
Carbone, Mannila and Fitzgerald (2007) when defining this conception describe teachers’
dissatisfaction with their structuring of content, pacing of instruction or their classroom
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management skills. These manifested in diaries of participants related to the project manager
and the academic guide.
5.3.2.1.1 Project Manager
Indicators: Sense of dissatisfaction with their own :
•

pacing of delivery of individual instruction sessions;

•

and classroom management.

Noticing and reflection: For all three participants the issues noticed related to student’s
behaviour, in particular students’ levels of attention and engagement, which is measured by
their level of verbal communication during instruction sessions. Illustrative examples include:
•

DP4’s description of students as “half asleep and not engaged”;

•

DP4’s description of students not participating when DP4 modelled examples for
students during lectures and asked students to actively participate;

•

DP2’s description of students who spent most of a lab “lost without seeking help”;

•

DP1’s perception of being met with “shy glances and silences” when asking questions
of the class during tutorials.

Reflecting, DP2 and DP4 considered their lecture notes to be a contributory factor identifying
issues such as including “too much terminology” (DP2) and “maybe not enough examples”
(DP4) or being too detailed and including “very much an uninspiring content” (DP2).
Reflecting further DP2 identified that they have a general “tendency to over inform” while
DP1 considered their classroom management style to have trained students over time to expect
that DP1 would supply the answers if students chose not to, changing tutorials to be “a minilecture i.e. I do all the talking”.
Participants’ reflections demonstrate their expectation that students communicate audibly
during instruction to provide feedback on their learning experience. Silence is interpreted by
these participants as either a lack of interest or a lack of understanding. While participants
prompt students to communicate, participants consider that these efforts to engage the student
voice are largely unsuccessful. Participants therefore consider their teaching approach to be
lacking and choose to amend the type of activities included in instruction sessions to prompt
more verbal feedback from student.
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Refactoring: The project manager tried to incorporate more cognitivist elements into their
practice to generate more interaction between teacher and students using more or different
examples and teacher-led exercises. For example:
•

DP4 recorded trying to include students in activities from the start of a lecture and
achieved some success describing such lectures as “more interactive than usual”
noting that students provided more direct, verbal feedback during the session;

•

DP2 adopted a more discursive style during lectures, amending presentations to include
less material and concentrating on more “talking rather than slides to hold their [the
students’] attention better” and felt that this helped students “attain >>> [greater]
knowledge”;

•

DP2 included “more worked exercises”, i.e. modelling practice to students, during
lectures to encourage greater interaction between teacher and student and make the
lectures closer to tutorials in nature but noted only a small group of students becoming
interactive and providing verbal feedback;

•

DP4 encouraged students to work on exercises in groups during tutorials, interacting
with each group separately to gauge progress and understanding. DP4 reported success
with improving interaction when adopting this approach with all students talking more
with DP4 about their progress and challenges. The approach also improved the number
of students who successfully completed tasks set. However, they noted that students
only worked in groups with strong encouragement or insistence from DP4.

DP2 and DP4 in their refactoring actively tried to amend their approach to encourage students
to verbally communicate during instruction sessions and encourage students to provide verbal
feedback on their experience. Some changes introduced managed to achieve this but both DP2
and DP4 noted that their approaches needed further refinement to prompt a larger number of
students to verbally communicate. However, as a result of the refactoring, both DP2 and DP4
interpreted silence from students as an indicator of understanding, linking it to physical student
behaviour such as nodding or taking notes. DP2 noted that some students highlighted on the
student evaluation forms distributed at the end of the module, their particular satisfaction with
the inclusion of examples and discussion into the relevant modules as an opportunity to ask
questions and ask for help.
DP1 chose not to refactor much of their practice considering that they already incorporate
interactive elements such as discussion and exercises requiring students to undertake
126

independent research but, based on both current and previous student cohort engagement, that
students expected or even preferred DP1 to manage and direct them through the process of
learning and that students were “compartmentalising ideas of scholarly process” based on a
desire to maximise marks.
5.3.2.1.2 Academic Guide
Indicators: Sense of dissatisfaction with:
•

pacing of delivery of individual instruction sessions;

•

schedule of delivery;

•

and classroom management.

Noticing and Reflection: The majority of DP6’s diary entries related to the conflict between
DP6’s awareness that “a constructive approach would be better for the students” and their
perception of their reliance on behaviouristic approaches. For example, identifying their desire
to “stun and impress” students with the breadth and depth of their knowledge and clearly
establish their authority in, and control of, the learning process, DP6 created a new pictogram
for teaching to depict this, “Shock and Awe”, Figure 5-6.

Figure 5-6 DP6s' New Conception of Teaching (Shock and Awe)
This DP6 considered resulted in a tendency to “go off on tangents and stay off on tangents TOO
LONG” causing DP6 to rush to cover content at the end of lectures. Deciding to actively track
their own tendency to divert off tangent through their noticing and reflecting DP6 identified
that when covering topics with which they were very familiar they felt “more relaxed”, able
to cover content without needing to divert off topic and also allow students to participate
without having to rush to complete.
Refactoring: DP6 tried to adopt the instruction style used for topics with which they were
comfortable in all of their instruction sessions, trying not to deviate from the topic and
encouraging students familiar with the topic covered to “offer their insights and perspectives”
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and reported a positive experience for both themselves, completing content on time, and
students who, in DP6’s view, benefited from being exposed to a range of examples from the
real world, helping to support their growth as “professionals”. Reflecting DP6 reports student
comments on their enjoyment not only of the topic covered but the teaching and learning
experience, noting that students continued to discuss topics with both DP6 and between
themselves after classes ended. Thus, by engaging with students more constructively, DP6
empowered students to offer not only feedback on a particular session but suggesting ideas for
future session and the assessment process. An illustrative quote from a student included in
DP6’s diary is “I really enjoyed that session … Can we do the same for [topic x] next week? I
have some ideas I’d like to share … is that ok?”.
5.3.2.2 Lack of Support/Constraints in The Teaching Environment
Carbone, Mannila and Fitzgerald (2007) in describing this conception focus on indicators of
teachers’ perceptions of being inhibited by the environment in which they teach. This
conception is evident throughout the diaries of participants aligned with all three personas.
5.3.2.2.1 Project Manager
Indicators: Dissatisfaction with:
•

time to prepare due to non-teaching duties;

•

timetabling and the physical teaching environment;

•

freedom to decide which forum to address theory and practice;

•

TA skills.

Noticing and Reflection: Some of the issues noticed are as follows:
•

DP1 and DP4 both expressed their dissatisfaction with issues related to non-teaching
roles they held and how associated tasks impacted their role as a teacher. The timing of
such tasks was a particular issue with participants reporting an impact on their ability
to prepare and deliver instruction as they wished to. DP4 cited “[a] lack of time – to
reflect and implement changes” while DP1 described how they “just slumped back into
the failed presentation methods and the content and everything” due to lack of time to
refactor their practice;

•

DP4 also noted issues with the physical teaching environment and academic scheduling
of instruction considering these to contribute to students’ lack of engagement. For
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example, their dissatisfaction with early morning scheduling of lectures and inadequate
equipment in classrooms;
•

DP2 noted their perception that a TA’s lack of knowledge and understanding
contributed to students not only failing to learn but to engage as DP2 would expect
during labs, particularly in actively trying to seek help;

•

Both DP4 and DP2 noted their preference to mix delivery of theory and guided student
practice in all instruction sessions to try to improve linkage between theory and practice
but their sense that this was not possible due to school policy of separating instruction
into lecture, tutorial and lab classes.

Refactoring: In all circumstances, participants’ chose to persist in their practice without trying
to overcome the perceived inhibition to their practice.
5.3.2.2.2 Academic Guide
Indicators: Dissatisfaction with lack of complete freedom to control the method of instruction
and assessment.
Noticing and Reflection: DP6 identified two issues which they felt were beyond their control
that impacted their practice:
•

the need to include guest lecturers feeling that some made it difficult for students to
engage with the material due to inconsistency in lecturer style;

•

the need for the module assessment to be group-based, specified in the module
specification.

Reflecting DP6 considered that these meant having the tailor the schedule of instruction to fit
guest lecturer availability and expertise rather than meet students’ perceived learning needs
and spending time addressing how best to get the assessment approach to work rather than
focusing on how best to help students achieve the required learning.
Refactoring: DP6 focused on trying to make all instruction sessions enjoyable for students by,
for example, interceding and asking questions to overcome issues with guest lecturers
presentation style and trying to respond to guest lecturer’s questions “with humour to ensure
that the students were enjoying the talk”. DP6 adopted a similar approach to overcoming
student resistance to group work reporting trying to “making it sound like fun” compensating
by being “extra jokey, fun/friendly” when discussing it.
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5.3.2.2.3 Professional Mentor
Indicators: Dissatisfaction with:
•

students’ level of knowledge, understanding and skill derived by assessing student
artefacts produced during labs supervised by a TA;

•

and TA’s attendance.

Noticing and Reflection: When grading the lab exercises DP5 recorded their noticing that
students supported by the TA did “particularly poorly”, something which could not be
attributed to lack of ability in the students concerned. DP5 also reported the non-attendance of
the TA, without informing DP5, for scheduled lab classes the TA was supposed to supervise.
Refactoring: DP5 assumed responsibility for supporting students affected even though this
increased their workload and impacted on the student experience as they had less time to spend
with each student during labs. Further DP5 noted that some students made a point of
commenting on how they appreciated this effort on the student evaluation forms completed at
the end of the module.
5.3.2.3 Students Not Taking Expected Responsibility for Learning
Carbone, Mannila and Fitzgerald (2007) when defining this conception consider both
behavioural and affective student engagement during instructional sessions to be key indicators
of students not taking responsibility for learning. This manifested in diaries of participants
aligned with the project manager and the professional mentor. For both, behavioural
engagement indicators as defined by Hospel, Galand and Janosz (2016) were considered
important, particularly being attentive during instruction sessions, participating in discussion
and asking questions, completing tasks as directed and seeking help when needed. The
professional mentor also considered indicators of affective engagement important reflecting on
their perception of students’ emotional engagement as defined by Maguire, Eagan, Hyland and
Maguire (2017) such as students’ sense of confidence, control and achievement but derived
these indicators from their interpretation of students’ behavioural engagement.
5.3.2.3.1 Project Manager
Indicators: A lack of student:
•

attendance, in particular at labs;

•

attention, asking and answering questions during labs, tutorials and lectures;
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•

participation in teacher-led exercises during lectures and tutorials;

•

asking for help during labs.

Noticing and reflection: All three participants noticed and reflected on student behaviour
during classes, in particular their lack of attention and engagement. The issues reflected upon
for this conception are the same as those discussed in the teaching approach conception.
However, DP1 also included an account of presenting an assessment task to a group of students
that required independent learning by those students. DP1 noted that one student speaking on
behalf of the group considered this to be “unreasonable … and an impediment to their
progress” and stated that the group wanted to complete the module with a smaller workload
expecting DP1 to guide them to the required outcomes.
Refactoring: Participants reflected that the refactoring undertaken as part of the teaching
approach conception helped to significantly address issues related to this conception also. In
response to student feedback indicating their resistance to engage with DP1’s proposed
assessment practice, DP1 did refactor the assessment describing how they “immediately
capitulated” making more material available and providing more guidance to students. DP1
notes that the designated class student representative informed them that this was now
acceptable to the wider student group. DP1 concludes their account with the comment “That
was me tellt!”.
5.3.2.3.2 Professional Mentor
Indicators: Students:
•

choice of seating during lectures;

•

not answering questions during lectures;

•

and not seeking help during labs.

Noticing and Reflection: DP5 characterises students as either weak, having “written off their
technical skills”; or strong, having good technical skills and confidence in these. DP5’s
noticing mirrored this noting their perceptions that:
•

Strong students positioned themselves at the front of the lecture room, happy to
participate by answering questions posed and asking questions of their own and were
more willing to ask for assistance during labs “as they are not embarrassed about what
they don’t know”;
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•

Weak students positioned themselves at the back thinking they are “’invisible’ and
immune from needing to answer” and were “too afraid/ uninclined to get help”.

Reflecting DP5 identified a need to get to know these weaker students before directly inviting
them to answer during lectures to ensure they did not “frighten them off”. DP5 hoped to make
these students feel more comfortable asking for help during labs by creating a more personal
connection with them.
Refactoring: DP5 focused on building personal connections with students by learning and
then using students’ names when interacting with them during lectures and labs. DP5 reported
a noticeable improvement in the number of students asking for help during labs noting that
“they [the students] completely respond when you ask them how they are doing, by name, as
you go around the lab ... [and] their [the students’] trust has built up enough to ask questions”.
DP5 noted that students were more likely to approach them directly to ask questions during a
lab and offer a thank you on leaving the classroom after introducing this approach into their
practice.
DP5 adopted a more constructivistic approach during lectures, covering a topic for a short
period of time before getting students to work in pairs researching answers to questions rather
than asking questions of the entire class. Implementing this strategy, DP5 reported feeling able
to encourage all students to participate by asking each pair for their answers rather than directly
targeting less confident students. Further DP5 noted that some students made a point of
commenting on their experience of this approach on the student evaluation forms completed at
the end of the module. A number of students included comments indicating that they preferred
this approach to the more common practice they encountered of questions being posed to the
whole class group and answered by the same few students each time.
5.3.2.4 Complexity of Learning in the Domain
Carbone, Mannila and Fitzgerald (2007) when defining this conception identify issues such as
teachers’ perceptions of students lacking necessary prior or abstract knowledge, or being
unable to apply knowledge, understanding and skills demonstrated to them through teacher
explanation supported by examples and teacher-led exercises. All three personas consider
learning to evolve over time and in their diaries articulated an expectation that students should
be able to build on prior knowledge and understanding previously acquired and also that
students should be able to engage in the type of problem solving typical of computer science
which is generally considered to involve ability for abstraction (Dijkstra, 1982).
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5.3.2.4.1 Project Manager
Indicators: Lack of:
•

participation during lectures, tutorials and particularly labs, in particular answering
questions posed to the class by the teacher;

•

knowledge, understanding, and skill derived by assessing student artefacts produced
during labs or in take-home assignments.

Noticing and Reflection: The project manager primarily noticed their perception of a lack of
students’ prior knowledge from previous years of study:
•

DP4 frequently recorded their disappointment when students appeared to demonstrate
a lack of prior knowledge by failing to answer questions posed to them during lectures
and tutorials;

•

DP2 recorded instances of their perception that students lacked skills needed to engage
fully with technical tasks.

Reflecting, both DP2 and DP4 felt that this constrained their practice, particularly impacting
their preferred pace of instruction and the types of practical exercises they could set, preventing
them from providing opportunities for students to tackle larger more complex, real-world
problem-solving.
Refactoring: DP4 reported some success adopting a more cognitivist approach to working
with students during tutorials tuning examples and exercises to students’ actual level of
knowledge and as result found that students “asked quite [a] few relevant questions” appearing
to DP4 to understand the concepts covered quickly despite a lack of prior knowledge. DP4
also recorded refactoring their practice to require students to work on challenging exercises
related to interesting topics currently receiving attention in the media. While students found
such exercises challenging DP4 reported positive feedback from students, “they loved it even
if it was a bit more challenging”. DP4 chose only to implement this approach once deferring
refactoring of other content to future deliveries of the module due to the issues with regard to
lacking support which are discussed in a later section. DP4 noted that in the student evaluation
forms submitted at the end of the module that some students mentioned that they would have
enjoyed the module more if this of approach had been adopted more often.
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DP2 reported amending resources, and creating additional resources, to make the content more
accessible to students and improve student engagement and noted some small success.
However, they felt constrained in how much adjustment they could make to exercises and tasks
they set for students as students were required to complete tasks defined by an external
professional body to gain an associated professional accreditation. DP2 noted that much of the
feedback from students recorded on the student evaluation forms were related to their
experiences of working with the material provide by this professional body and their difficulties
in completing some of the exercises.
5.3.2.4.2 Academic Guide
Indicators: Evidence collected from:
•

nature of questions asked by students during lectures and labs;

•

students’ level of knowledge, understanding and skill derived by assessing student
artefacts produced during labs;

•

students’ views of their learning experience.

Noticing and Reflection: DP3 noticed and recorded their surprise when the current cohort of
students did not engage with instruction sessions and resources that have worked well with
previous cohorts, exposing a general expectation that students are homogeneous across student
cohorts. For example, noting when students found some concepts challenging that “there had
been no issues with the delivery of this content for the last 2 deliveries of this module”.
Refactoring: DP3 changed how and where within the schedule of instruction, particular
content was addressed, an approach DP3 regularly identified when reflecting on other issues,
and frequently identified a need to change their practice for future deliveries of the module
with an expectation that the changes would be equally beneficial to future student cohorts.
5.3.2.4.3 Professional Mentor
Indicators: Lack of students:
•

asking for help during labs;

•

asking questions during lectures;

•

knowledge, understanding, and skill derived by assessing student artefacts produced
during labs.
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Noticing and Reflection: DP5 noticed their expectation that all students should be able to
engage with the learning journey they design. However, they acknowledged that in practice
students have mixed levels of technical ability which impacted students’ capability to engage
with the learning journey. Reflecting on this DP5 noted their feeling that this contributed to
students’ non-completion of lab exercises as “they don’t know how to get started” leading to
what DP5 describes as a feeling of dejection in these students impacting their confidence
further.
Refactoring: DP5 tried to tune their practice in lectures to target all students rather than just
the stronger students. Refactoring DP5 focused on being more comprehensive in what they
covered when answering questions or modelling practice, “going through points that may be
simple but which I am aware are important for some of the students” to try to ensure that all
students could understand. Despite reporting little change in students’ choice of seating and
asking or answering questions, DP5 did note an improvement in attendance levels in later
weeks in comparison to previous years and in the numbers of students they considered able to
keep pace with instruction.
DP5 also focused on trying to build a sense of achievement in students to improve their
confidence, iteratively refining the nature of lab exercises and guidance provided, to “make the
lab realistically doable for full marks”. Further having identified the need to provide more
formative feedback to students, DP5 chose to provide fully worked solutions for lab exercises
and to work through these with students during lectures. As a result of adopting these changes,
in tandem with building personal connections with students, DP5 reported that most students
were able to successfully complete lab exercises and felt a sense of improved confidence which
DP5 attributed to building students’ trust in their teaching. DP5 noted that some students made
a point of commenting on how they appreciated this approach on the student evaluation forms
completed at the end of the module including comments that mentioned that they “felt
supported” and that the approach “helped build their confidence in their technical skills”.
5.3.2.5 Students Not Demonstrating Expected Understanding
Carbone, Mannila and Fitzgerald (2007) in describing this conception note that teachers
perceive students as preferring to ask for direction from a teacher rather than trying to
independently investigate and identify solutions themselves. However, for the project manager
and the professional mentor it is the absence of students seeking direction that is viewed as
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students not demonstrating understanding, made visible to the teacher through products
generated by students during instruction.
5.3.2.5.1 Project Manager
Indicators: Lack of:
•

asking for help during labs;

•

asking questions during lectures;

•

knowledge, understanding, and skill derived by assessing student artefacts produced
during labs.

Noticing and Reflection: For the project manager, student understanding should be visible to
the teacher either through students actively seeking support or answering questions during
instruction sessions or through products created by students, during lab classes in particular.
Attendance, in particular lab classes, is therefore considered very important by the project
manager. While DP1 and DP2 already adopt a compulsory attendance approach as they feel
this provides a structure to student learning, DP4 frequently recorded issues with nonattendance, noting their uncertainty of why this is happening, unsure if it is because “students
are not interested, find it too easy or too hard, or just prefer to work in their own time”.
Refactoring: DP4 decided the best approach to address this issue was to include bi-weekly
marking of lab work into the assessment strategy for future deliveries of the module, a change
they felt they could not introduce for the current delivery due to institute policy which does not
allow adjustment of assessment strategies once published to students.
5.3.2.5.2 Academic Guide
Indicators: Evidence collected from:
•

observation of student behaviour during labs;

•

students’ level of knowledge, understanding and skill derived by assessing student
artefacts produced during labs;

•

students’ own view of their learning experience.

Noticing and Reflection: DP3 uses grading of weekly lab exercises and their reviews of the
learning blogs they ask students to maintain to identify which concepts students find difficult.
For example, DP3 noticed during lectures that students had difficulty understanding some
concepts. This was reinforced by students’ blog entries and grading of the associated lab
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exercise by DP3. From blog entries over a number of weeks DP3 noticed that a significant
number of students were reporting a sense of disappointment with their progress and a lack of
confidence in their technical ability in comparison to their peers, feeling that “some of their
fellow students seemed to ‘know it all’”.
Reflecting, DP3 identified the need to address some topics again and repeatedly identified a
need to include improved or additional examples and exercises to develop students’
understanding. This aligns strongly with DP3’s conception of teaching which considers
modelling of practice and contextualisation of concepts for students by including “’real-world’
descriptive examples” and exercises situated in a real-world context extremely important.
Refactoring: To address the issue of students not reaching the expected understanding of
selected topics DP3 adjusted their instruction schedule and provided additional video content
of examples to support students with more limited experience.
To address the feeling of falling behind others reported by some students in their blogs, DP3
allocated a week for review specifically targeted at these students and signalled this to students
over a number of weeks encouraging students to identify specific topics they wanted to be
addressed. This resulted in large number of students attending and actively participating and
DP3 noted that students “challenged how and why we were solving something in a particular
way” and “really wanted to get something from the session”. DP3 noted that a significant
number of students commented on their appreciation and enjoyment of this particular session
in their blog entries including a summary of one student blog entry which noted that the student
now felt that they understood what they were doing and why. DP3 also noted that students
included similar comments to indicate their appreciation of this particular session on the student
evaluation forms distributed at the end of the module.
DP3 however often chose to defer refactoring of examples and exercises to future deliveries of
the module.
5.3.2.5.3 Professional Mentor
Indicators: Lack of:
•

necessary prior knowledge in particular technical skill;

•

confidence in prior knowledge.
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For DP5 the conception of students not demonstrating understanding is intrinsically linked with
their perception of students lacking necessary prior knowledge and skill and lacking
confidence. The noticing and reflection included in the previous section also addressed this
conception of unsuccessful teaching and the notes that DP5 included based on their interaction
with the student voice indicate that their refactoring successfully help address and improve
students’ skills and confidence in their skills.
5.3.2.6 Discussion
The discussion in this section highlighted not only variation but also overlap between the three
personas.
Although noticing, reflection and refactoring for each of Carbone, Manila and Fitzgerald’s
(2007) conceptions of unsuccessful teaching are discussed in separate sections, it is clear for
the personas these conceptions are interlinked. For the project manager students not taking
expected responsibility for learning is intrinsically linked with the project manager’s teaching
approach and how well this is implemented as well as the complexity of learning in the domain.
To try to encourage students to take greater responsibility for their learning and to address the
challenges of the complexity of learning in the domain, participants aligned with the project
manager included more constructionist practice incorporating more examples and exercises
into lectures as well as trying to engage the students in more real world problem solving and
did achieve some success in generating more feedback and participation from students as a
result, a finding in line with many constructionist initiatives in the research (Schad and Jones,
2020). However, these students struggled to get audible feedback from their students during
classroom sessions, relying on their own interpretations of students’ silence in most of their
diary entries. While Bao (2020) contends that silence is a valuable aspect of the student voice,
participants’ aligned with the project manager did not really consider it be valuable and would
have preferred to get a higher volume of audible feedback from students.
For the professional mentor and the academic guide complexity of learning in the domain is a
key factor in students not taking expected responsibility for learning and in students not
demonstrating expected understanding. The academic guide focused on improving the
constructionist elements of their practice to further scaffold student learning but also actively
listened to the student voice altering their instruction practice to suit the needs of the students.
The academic guide adopted changes such as allowing students to contribute material during
instruction sessions by sharing their expertise and found that this generated not only greater
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enthusiasm among students but also that the students were more willing to provide feedback to
the academic guide on their learning experience. This aligns with findings in other research
studies which demonstrate that inviting them to involved as peers of the instructor encourages
more engagement and feedback (Sidelinger and Booth-Butterfield, 2010; Knekta and
McCartney, 2021).
The professional mentor successfully adopted a pair-programming approach to overcome the
challenges of trying to generate audible feedback from the more reticent students and achieved
success with this. The professional mentor considered that this improved their ability to engage
with the student voice but also generated additional benefits by encouraging collaboration
between student and between students and the professional mentor during labs, and improved
their affect towards the subject matter with students report an increased sense of confidence
and belief in their technical abilities, a finding that is reported in many studies adopting pairprogramming in computer science education (Umapathy and Ritzhaupt, 2017). The
professional mentor also focused on building connections with each individual student to
encourage a greater level of interaction between themselves and students and found that by
using students’ names, a much more relaxed environment in which students felt they could ask
for help resulted. This practice aligns somewhat with the informal, relaxed approaches used in
coding camps such as CoderDojo’s where conversation is encouraged (McKelvey and Cowan,
2017b).
Additionally, all personas perceive that the educational environment in which they teach
inhibits their ability to practice in a manner more aligned with their conception. As found in
the interview analysis, the influence of the culture of the school in which this study is situated,
in particular the educational model which divides instruction into separate lecture, tutorial and
lab classes, is evident. Practice is considered key to teaching and learning computer science for
all personas and that lab classes as the most useful forum for students to learn to practice. Both
the project manager and the academic guide’s conception of the role of labs broadly aligns with
Simon, de Raadt, Sutton and Venables’ (2006) conception of practical labs as an opportunity
for students to both acquire and practice skills with the teacher providing feedback and support
but different to Simon, de Raadt, Sutton and Venables conception the project manager also see
labs as a forum in which to help students synthesise theory and practice. The professional
mentor’s conception is similar but considers discussing with students’ problems encountered
and how to solve these to be important in helping them learn and, through their reflection and
refactoring, identified that providing a scaffold to support and guide student practice is helpful
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to build student confidence without compromising the professional mentor’s desire for students
to be able to practice independently.
The type of evidence cited by participants varies for each persona. The project manager relies
on evidence they have observed, predominantly related to students’ behaviour, or rather a lack
of evidence of expected student behaviour, during instruction sessions. The academic guide
also uses this type of evidence but collects evidence of affective engagement directly from
students and actively seeks such evidence. While the professional mentor extrapolates their
perception of issues related to students’ affective engagement from evidence of behavioural
engagement. Although all participants felt constrained to some degree by the institutional
culture, that some participants always went beyond the basic standard for engaging the student
voice outlined in the institutes’ handbook for quality enhancement. Participants aligned with
the academic guide and the professional mentor had a clearer sense of the student voice and
how to engage with it from the start of the process. During their refactoring efforts, they used
clearly used practices they were familiar with to engage with the student voice to improve the
elements of their practice identified which they felt needed attention. For these participants, it
is clear that the noticing, reflecting, and refactoring process enhanced their level of engagement
with the student voice and this helped them align their practice with their espoused conceptions.

5.3.3 Conception of Teaching and Practice During Diarying
This section discusses insights into each persona’s conception of teaching emerging from
analysis of diary participants’ diary entries elaborating on variation between personas.
5.3.3.1 The Project Manger
Diary entries of participants aligned with the project manager demonstrate their strongly
behaviouristic, teacher transmission centred conception and a reliance on a direct instruction
approach. Students are viewed as homogeneous with an expectation that current students
exhibit the same behaviours as each other, but also previous cohorts, in response to the material
created by the project manager and their instruction approach. Pratt’s (1998) perspectives of
transmission and apprenticeship which consider teaching to require the transmission of a
defined set of knowledge to students and training students to achieve and demonstrate a
defined level of practical competence represent a good fit for the project manager’s practice.
These perspectives encompass the need to structure content to make it easier for students to
understand and an association between attaining learning and an ability to recall information
or reproduce behaviour to an acceptable standard encompassed by the other behaviourist
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conceptions in the literature (e.g. Kember, 1997; Trigwell and Prosser, 1997; Kember and
Kwan, 2000; Samuelowicz and Bain, 2001). In practice, lectures are the forum where an
understanding of concepts is transmitted to and practice is modelled for students, tutorials allow
reinforcement of this through modelling of additional illustrative examples and students
undertaking structured exercises with guidance and that labs are where students undertake
practice under careful supervision so that corrective feedback can be provided to ensure that
students achieve the competence required.
The pictograms used by participants captured their efforts and aspirations to include more
cognitivist and constructivist elements in their practice, see Figure 5-7, Figure 5-8 and Figure
5-9 which note also the frequency of use of each pictogram. As mentioned previously, DP1
did not refactor their practice but did identify some pictograms to depict the type of practice
they aspired to which indicated a desire to incorporate constructivism into their practice but to
remain in control of the teaching and learning process throughout. While both DP2 and DP4
used pictograms to highlight aspects of their practice where they encountered issues and to
identify refactoring they intended to implement. Both used primarily behaviourist pictograms
to annotate their current practice during lectures but included cognitivist pictograms to depict
their practice during tutorials and labs. They continued to use behaviourist pictograms when
annotating their refactoring highlighting an overall alignment with their primary behaviourist
conception of teaching but chose more cognitivist and constructivist pictograms to depict their
desire to better tailor their teaching practice to meet students’ needs, encourage student
engagement and enjoyment and help support students’ growth as learners.
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(a) Current Practice

(b) Refactoring
Figure 5-7 Pictograms used by DPI
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(a) Current Practice

(b) Refactoring
Figure 5-8 Pictograms used by DP2
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(a) Current Practice

(b) Refactoring
Figure 5-9 Pictograms used by DP4
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5.3.3.2 Academic Guide
Diary entries of participants aligned with the academic guide demonstrate a strongly cognitiveconstructivist focus overall throughout but that they adopt behaviourist, cognitivist, and
constructivist approaches as part of their practice. Pratt’s (1998) apprenticeship and
developmental perspectives represent a good fit for the academic guide’s more fine-grained
view of their practice. These consider that teaching should be informed by an understanding of
how students learn, focused on helping students to develop their understanding of concepts
through interaction with the teacher, primarily in the form of questions, but also modelling
practice by providing meaningful examples as well as opportunities for students to practise to
help them build their understanding incrementally and grow as individual learners. These
encompass some behaviourist and sone cognitivist conceptions in the literature such as
transmission and facilitation of understanding, concept acquisition and providing corrective
feedback (e.g. Kember, 1997; Trigwell and Prosser, 1997; Kember and Kwan, 2000;
Samuelowicz and Bain, 2001). Lectures, labs, and tutorials are all considered appropriate
forums for all types of these but labs are considered particularly important in helping students
develop their own expertise and helping students develop as learners through practice.
DP3 used the pictograms only to illustrate the refactoring of their practice choosing mainly
cognitivist pictograms to depict the types of refactoring needed, reflecting their focus on
helping students improve their understanding, see Figure 5-10 which shows the frequency of
use of each pictogram. However, they also included several behaviourist pictograms
recognising their view that achieving their cognitivist goals relied on practices more commonly
aligned with behaviourism particularly to ensure students were able to develop knowledge,
know-how and skills.

Figure 5-10 Pictograms Used by DP3 - Refactoring
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DP6 used the pictograms to describe their both their current practice and refactoring
considered. DP6’s use of pictograms does not depict a major shift from their initial conception
but does reinforce their espoused desire to adopt a cognitivist and constructivist approach, see
Figure 5-11 and Figure 5-12 which also shows the frequency of use of each pictogram.

Figure 5-11 Pictograms used by DP6 - Current Practice
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Figure 5-12 Pictograms used by DP6 - Refactoring
5.3.3.3 Professional Mentor
DP5’s diary entries demonstrate a cognitive-constructivist focus in their practice. Carnell’s
(2007) empowering conception focusing on meeting students’ learning needs, providing
opportunities for students to gain experience and encouraging students to become independent
learners represents the best fit. DP5 scaffolds the learning journey for students aligning lecture
content and lab exercises but for DP5 labs are most important forum for student learning. This
is where they consider students learn best and they can help students to develop not only their
learning but confidence in their ability to learn. DP5 uses weekly summative assessment to
gauge students’ understanding and provide students with summative feedback on their progress
which they feel contributes to a sense of achievement and progress for students.
DP5 chose not to use the pictograms provided to illustrate their diary entries stating in their
post-diary interview that they found the descriptors difficult to understand and for them “the
words were enough”.

5.3.4 Closing Conception of Teaching
This section discusses insights into each persona’s conception of teaching emerging from
analysis of participants’ closing diary entries and the post-diary or exit interviews conducted
with participants.

147

5.3.4.1 Project Manager
Participants aligned with the project manager echoed the desire to include more cognitivist and
constructivist elements in their practice that emerged from their noticing and reflection. DP2,
for example, found that through keeping the diary they “started to see it [learning] from the
whole students' perspective” and identified a need to “tailor content better for students” to
help students to improve their understanding through practice. DP4 articulated their desire to
make small changes to their practice, “more examples, basically talk less, get the students to
do more stuff”, to make the module “more fun for everybody”. While DP1, feeling that they
already include constructivist elements in their practice, recognised that they struggle to get
students to engage with these, noting that they find it easier to fall back on their established
practice and use existing resources than trying to enact change. DP1 asked two questions of
themselves in their final diary entry: “Should I change my teaching style?” answering “Yes I
should” noting as evidence the regular decrease in student attendance and engagement noted
in their diary; and “Will I change my teaching style?” answering “No” noting that, based on
their experience over time, they cannot see a better way of doing things.
In the post-diary interview participants were asked to consider again the CLIS metaphors
(1987) and statements about learning paradigms used in phase one and to identify one or more
they felt best fit their practice. The metaphors and statements chosen by the project manager
demonstrate their persistent preference for behaviourism despite their expressed desire to be
more cognitivist or constructivist, Figure 5-13. DP4 chose the Potter metaphor to represent the
approach they consider works, “you kind of show them stuff and you guide them” while DP2
again chose the Building Site metaphor as they consider themselves to be building the required
knowledge in students but noted that they would prefer to be able to choose the guide and
traveller, guiding rather than directing students. DP2 again chose the statement which
represents teaching as a process of guiding students on a journey but noted that “now, the
destination is clear to me, and I will bring them on the journey”. DP2 also chose the third
statement which considers the teacher to be inspiring students to engage in innovative practice
as they felt this represented their focus on bringing the real world into the classroom through
examples and exercises used. DP1 again chose the Guide and Traveller, and the statement
reflecting this, as they felt this best represented their intention but again recognised their
tendency to revert to behaviouristic practice when encountering challenges.
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Figure 5-13 Closing Metaphors and Statements Chosen -Project Manager
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5.3.4.2 Academic Guide
In their diaries the participants aligned with the academic guide demonstrated their reliance on
the use of behaviourist elements of their practice to help achieve their cognitivist and
constructivist goals. Much of the academic guide’s refactoring focused on improving the
scaffold they provided to students to help them learn. This was recognised in their post-diary
interview DP6 who stated:
“I've always considered myself as somebody who's strongly behaviouristic, who
knows that constructivism is the right way to go, whereas part of the observing
[noticing] process was that I realized I'm a lot more constructivistic, and indeed
cognitivistic [sic], than I had realized”.
In the post-diary interview both participants aligned with the academic guide chose metaphors
and statements which demonstrated their preference to be cognitivist or constructivist in their
teaching, see Figure 5-14. DP3 chose the same metaphor as they did in phase one, the Guide
and Traveller, but also chose the Gardener metaphor which for them related to the variety of
technology that students and lecturers now need to use in the modules that they teach. DP6 in
their phase one interview chose the Potter and Gardener metaphors and statement three,
considering themselves to inspire students to practice. In their exit interview they chose the
Guide and Traveller metaphor and statements two and three. This for DP6 represents their
transition from their need to fully control the teaching process expressed at the start of the diary
to their recognition at the end that they are “actually teaching in a manner that allowed people
to interpret things in their own ways but now I'm happier to allow people to do it”.
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Figure 5-14 Closing Metaphors and Statements -Academic Guide
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5.3.4.3 Professional Mentor
As DP5’s diary progressed they recognised the need to ensure that they supported all students
in particular those students who were struggling. In their post-diary interview DP5 recognised
a shift from their conception in phase one to be more aligned with the academic guide in
practice changing their tendency at the start of the diary “to teach to the best in the group” to
becoming “really conscious of trying to bring along the medium and weaker ones as well”.
DP5 identified three major changes in practice as core to achieving this:
•

trying to ensure that all students understood both questions and answers during lectures;

•

building personal connections with students to encourage them to ask for help when
needed;

•

tuning lab exercises to build a sense of confidence and achievement in all students,
stating the need to “give them wins, they need wins” as most important.

As a result of the small changes introduced, DP5 considered that they have improved the
retention rate for the module and improved students’ level of achievement in comparison to
previous cohorts.
In their post-diary interview DP5 chose the Guide and Traveller metaphor to represent their
practice, see Figure 5-15, a difference to the interview in phase one where they chose the Child
and Pond metaphor. DP5 again chose statement three to represent their teaching practice
considering themselves to inspire students but also chose statement two representing
recognising that providing guidance for all students was the major focus of their noticing,
reflection and refactoring.

Figure 5-15 Closing Metaphor and Statement – Professional Mentor
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5.3.4.4 Discussion
It is clear from the project manager’s closing diary entries and their exit interview that most
participants shifted their practice slightly. While remaining instructor-centred approach
(Walter et al., 2016) they successfully added student-centred strategies into their approach
focused primarily on enhancing student-to-content engagement, an approach common among
computer science teachers (Grissom, McCauley and Murphy, 2017). As a result of the change,
the project manager can be considered most aligned with the Organiser profile identified by
Jacobs et al. (2014) given their strong teacher-centred focus and stronger focus on professional
practice than was evident in their conception at the start of this process.
The academic guide’s closing conception of teaching is student-centred and, as the project
manager did, they successfully added to or enhanced their existing strategies to improve
student-to-content interaction, an approach common among computer science teachers
(Grissom, McCauley and Murphy, 2017). In addition, the academic guide tried to improve
their practice generate more enthusiasm and interaction with their students in order to enhance
the development of positive attitudes towards the discipline among students, a practice aligned
with Zou et al.’s (2020) empowering students conception. It is clear that on completion of the
diary process, the academic guide remains strongly aligned with the Intermediate profile but
also demonstrates overlap with the Facilitator profile identified by Jacobs et al. (2014). This
potential alignment with the Facilitator aiming to create an environment that fosters active
learning.
The professional mentor’s closing conception shifted closer

to the academic guide’s

conception. Remaining student-centred it is strongly alignment with Jacobs et al.’s Facilitator
profile with a focus on enhancing their active learning approaches in order to facilitate students’
learning.

5.4 Outcome Space
The noticing, reflection and refactoring can be considered a category of description from the
perspective of phenomenography. The personas themselves and variation across the categories
of description of opening conceptions of teaching; noticing, reflection and refactoring; and
closing conceptions of teaching, represent the outcome space for the analysis of phase two of
the research study, see Table 12. Again, as with the interview analysis, this is not presented as
a hierarchy with sharply distinct categories as the personas overlap in places. Rather they
communicate participants’ experiences and facilitate comparison between personas.
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It is evident from the diaries that all participants really care about student learning and are
trying to help students to learn. The project manager adopts a conservative approach to
teaching, planning their schedule of instruction, compiling content, defining instruction
methods, and creating assessment in advance of delivery informed by the module specification
and their expectations of students’ ability and engagement. This aligns strongly with their
espoused epistemology. When issues occurred, the project manager noted their frustration and
a sense that they had limited opportunity to implement change particularly due to a lack of time
to prepare or other factors in the environment. The project manager’s dominant refactoring
choice was to persist with their plan and potentially introduce change to future deliveries. In
contrast, both the academic guide and the professional mentor in their epistemology consider
that interaction between teacher and student is needed to help students learn. When issues
occurred, both personas reflected on their responsibility in fostering or enhancing this
interaction by changing elements of their practice to build connections and improve their
communication with students and improve student motivation and confidence to increase
opportunities for students to learn.
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Table 12: Variation in Noticing, Reflection and Refactoring
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5.5 Conclusion
This chapter has provided additional insights into the personas derived from the phase one
interview analysis. This represents an expansion of the outcome space derived in this study.
More detail about each persona’s conception of teaching and learning and their practice have
been discussed. While variation was uncovered and discussed, there is significant overlap
between personas noticing, reflecting, and refactoring of their practice and the influence of the
culture of the school in which this study is situated on participants’ practice also emerged.
Diary entries revealed more fine-grained views of participants’ conceptions of teaching with
Pratt’s perspectives (1998) representing a good fit for the project manager and academic guide
and Carnell’s (2007) empowering conception a good fit for the professional mentor,
highlighting the similarities between the professional mentor and academic guide found in
phase one.
The noticing, reflection and refactoring undertaken by participants could be considered an
exploration of effective teaching in computer science. Devlin and Samarawickrema (2010)
contend that effective teaching has two components: using appropriate teaching skills and
practices e.g. the level of subject knowledge expected of a teacher, their communication and
motivational skills, instructional design and classroom management; and fulfilling the
requirements of the context in which teaching takes place e.g. nature of the subject being taught,
students’ ability and expected instruction and assessment practice. It is evident from
participants’ diaries that these two components are strongly interdependent and difficulties in
aspects of one impact aspects of the other. However, the aspects considered most important
vary across the personas as does the approach adopted when participants tried to resolve issues
arising.
Summary personas developed from the analysis conducted in phase one and two of this study
will be presented in Chapter 6.
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6. Conclusion

6.1 Introduction
This final chapter presents the conclusions of the current study. The chapter starts by revisiting
the research aim and research questions of the study and methodology used. The main findings
from the study and the implications of these will then be discussed before the limitations and
possible extensions to the study are outlined.

6.2 Overview of Study
This study set out to investigate a fundamental, philosophical concept in education, the beliefs
about and conception of teaching held by teachers, in the context of computer science at a
tertiary level. Computer science as an academic discipline is difficult to explicitly define. No
agreed definition of what constitutes the discipline exists. There is debate in the literature about
its intrinsic nature, in particular whether it is a science or not, and whether a core set of
knowledge for the discipline exists or if all knowledge in the discipline is constantly evolving
as technology and society advance (Denning, 2000, 2005; Clark, 2003; Tedre, 2011; Denning,
Tedre and Yongpradit, 2017). Further, the academic discipline is strongly linked with, and
influenced by, the demands of the ICT industry and in particular two professional bodies: the
Association of Computing Machinery (ACM) and the Institute of Electrical and Electronic
Engineers (IEEE). These bodies not only sponsor the publication of mainstream research in the
discipline and computer science education research, but also strongly influence the
development of computer science curricula at tertiary level through their Joint Task Force on
Computing Curricula which regularly publishes new recommendations on what knowledge,
understanding and skills should be addressed (Task Force, 2021).
This study was conducted in a school of computer science in a third level educational institute
in Ireland, which has traditionally had a strong engagement with industry and required all
lecturers to have industry experience before starting to teach but did not require lecturing staff
to have, or to acquire, any qualifications related to teaching and learning. The educational
institute has been transitioning to become a university, adopting a broader, societal focus and
now requires new lecturing staff to either have a postgraduate qualification in education or to
acquire one within their first five years of teaching. However, there remains a significant
proportion of lecturing staff in the school who do not have any formal qualification in
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education. This is not unusual for teachers of computer science at a tertiary level (Goode and
Margolis, 2011; Qian et al., 2018). As a result, awareness of foundational, philosophical issues
related to education and their impact on teaching and learning has not been a focus in the school
or in the wider CSER area where only a small number of studies have been conducted. Further,
as the literature review presented in Chapter 2 illustrates, those that do exist generally lack a
theoretical framework informed by the extensive body of work in mainstream education, are
small in scale and did not generate many, if any, follow-up studies by other researchers. This
study therefore originally set out to add to the body of knowledge by investigating the following
research questions:
•

What beliefs about and conceptions of teaching do computer science lecturers hold?

•

How does the practice of computer science lecturers differ from their beliefs about and
conceptions of teaching?

Through conducting the literature review, the influence of personal epistemology on
conceptions of teaching and that personal epistemology is not only concerned with the nature
of knowledge but also learning became evident. It became clear therefore that this study needed
to also consider beliefs about and conceptions of learning held by lecturers as well as their
beliefs and conceptions of teaching. This study therefore investigated the following research
questions:
•

What beliefs about and conceptions of teaching and learning do computer science
lecturers hold?

•

How does the practice of computer science lecturers differ from their beliefs about and
conceptions of teaching and learning?

The study adopted phenomenography as its main research methodology and was conducted in
two phases. Phase one used semi-structured interviews to uncover lecturers’ conceptions of
teaching and learning and their practice, their underlying epistemological beliefs, both general
and related to computer science. Phase two required lecturers to actively reflect on their
conceptions of teaching and learning and their practice while practicing and adopted the
discipline of noticing (Mason, 2002), to uncover more detail about lecturers’ conceptions,
where and how they perceived their practice to differ, and the types of change participants
made to their practice as a result of their noticing and reflection. Refactoring, a technique
commonly used in computer science to try to improve the efficiency and effectiveness of
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software by changing its internal structure (Fowler, 1999), was used as an analogy for
participants’ efforts to improve alignment between their conceptions and practice by
introducing small transformations.
Personas, fictional archetypes developed from data collected about real people, were adopted
as the mechanism to discuss the outcome space emerging from this study as they provide an
effective mechanism to communicate the variation and overlap between participants’
experiences of the phenomena of interest. As with refactoring, personas are a familiar tool in
computer science, frequently used in the design of user experiences when designing software.
The use of these familiar tools makes the findings of this study more immediately accessible
to computer science educators.

6.3 Summary of Findings
Variation in personal epistemology, epistemology of computer science and conceptions of
teaching and learning was found among computer science lecturers in this study. Further
variation was found from participants’ active reflections on their practice. However, these
variations were not sharply hierarchical and overlap existed in participants’ experiences across
the categories of description, particularly in their practice of teaching computer science. This
variation and overlap have been expressed in the outcome space developed from the interview
and diary analysis conducted in this study. Three personas were derived to communicate the
variation and overlap uncovered: the Project Manager, the Academic Guide, and the
Professional Mentor. These personas were then used to structure the discussion of the
categories of description presented in Chapter 4 and Chapter 5. Summary versions of these
personas illustrating key findings have been created and these are shown in Figure 6-1, Figure
6-2 and Figure 6-3.
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Bea
“I’ve learned through experience that in teaching
nothing can be assumed everything must be
explained”

Personal Epistemology (Post-Positivist)
Knowledge is domain specific, emerging over time through agreement
about what is useful within that domain.
Declarative knowledge and procedural knowledge can be separated.
Knowledge can be defined, articulated and acquired.
Domain experts are considered the source and authority.

•
•
•
•

Background
Over five years’ experience working professionally in the ICT industry prior to
starting to teach;
Over five years’ experience working as a lecturer;
No formal qualification in teaching and learning;
Majority of teaching is core foundational subjects at years 1 and 2.
Computer Science Epistemology (Post-Positivist)

A science;
Foundational knowledge is fixed and stable and can be defined, articulated and
•
acquired;
•
• Evolving subject knowledge is built on foundational knowledge;
•
• Domain experts are considered the source and authority;
• An innate ability is required to learn computer science;
• Learning happens and knowledge is accumulated over time.
Learning
Accumulating or memorizing knowledge, defined and directed by a domain expert, demonstrated through reproduction and recall.
Teaching Goal(s)
Primary: packaging and transmitting knowledge and understanding to students to meet pre-determined learning needs as defined in a module specification.
Secondary: generating enthusiasm for the subject and motivating students to engage with their teaching.
Conceptions of Teaching (from the literature)
Primary: Carnell’s (2007) didactic; Akerlind’s (2003) teacher transmission focused; Zou et al.’s (2020) teaching effectively and confidently. Jacobs et al. ‘s (2014)
Transmitter profile moving towards the Organiser profile.
Secondary: Akerlind’s (2003) teacher-student relations focused. Pratt’s (1998) transmission and apprenticeship.
Expectations for Successful Teaching and Learning
The educational environment should fully support my teaching approach.
Current students should be able to successfully engage with both content and strategies I have used for previous cohorts.
Refactoring
I focus on trying to improve elements of content I create or use and my classroom management to address my perceptions of students not taking responsibility for
learning as I expect and not demonstrating the understanding I expect.
•

•
•

Figure 6-1: Project Manager Persona
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Alexa
“Teaching and learning is a journey of selfimprovement for both the lecturer and student and
both parties must engage with the journey
completely”

•
•

Background
Over five years’ experience working professionally in the ICT industry;
Over five years’ experience working as a lecturer;
Started working as a lecturer shortly after completing a postgraduate qualification in
computer science;
A strong interest in teaching and learning;
Teaching is spread across a mixture of academic years.

Computer Science Epistemology (Interpretivist)
Primarily a science but bridges and borrows from other disciplines;
Applied and practical in nature;
•
Some foundational knowledge is fixed, stable and can be designed, articulated, and
acquired;
•
• Knowledge, including some previously considered foundational, is constantly evolving
•
depending on wider needs;
• Multiple opinions and answers can exist but the quality and level of experience of the source
determines authority;
• An innate ability is not required to learn computer science;
• Learning happens and knowledge is built incrementally over time.
Learning
Possible without a teacher but practice supported by an experienced guide is the best way to learn.
Teaching Goal(s)
Primary: helping students to develop their own understanding of concepts and develop as learners of computer science which requires interaction between teacher and
student.
Conceptions of Teaching (from the literature)
Primary: Akerlind’s (2003) student engagement focused. Carnell’s (2007) and Zou et al.’s (2020) empowering conceptions. Jacob et al.’s (2014) Intermediate profile
moving towards the Facilitator profile.
Expectations for Successful Teaching and Learning
That I have the freedom to design the journey with cognisance of students’ needs.
Refactoring
I try to link my teaching to the real world and provide students with opportunities to work on real world problems.
•

Personal Epistemology (Interpretivist)
Reality is subjective, socially constructed and continually
changing;
Knowledge is relative and constructed through an individual’s
interpretation of their experience;
Declarative and procedural knowledge are intrinsically linked;
Multiple opinions and answers can exist but the quality and
level of experience of the source determines authority.

•
•
•

•
•
•

Figure 6-2: Academic Guide Persona
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Alexa
“Teaching and learning is a journey of selfimprovement for both the lecturer and student and
both parties must engage with the journey
completely”

•
•

Background
Over five years’ experience working professionally in the ICT industry;
Over five years’ experience working as a lecturer;
Started working as a lecturer shortly after completing a postgraduate qualification in
computer science;
A strong interest in teaching and learning;
Teaching is spread across a mixture of academic years.

Computer Science Epistemology (Interpretivist)
Primarily a science but bridges and borrows from other disciplines;
Applied and practical in nature;
•
Some foundational knowledge is fixed, stable and can be designed, articulated, and
acquired;
•
• Knowledge, including some previously considered foundational, is constantly evolving
•
depending on wider needs;
• Multiple opinions and answers can exist but the quality and level of experience of the source
determines authority;
• An innate ability is not required to learn computer science;
• Learning happens and knowledge is built incrementally over time.
Learning
Possible without a teacher but practice supported by an experienced guide is the best way to learn.
Teaching Goal(s)
Primary: helping students to develop their own understanding of concepts and develop as learners of computer science which requires interaction between teacher and
student.
Conceptions of Teaching (from the literature)
Primary: Akerlind’s (2003) student engagement focused. Carnell’s (2007) and Zou et al.’s (2020) empowering conceptions. Jacob et. al.’s (2014) Intermediate profile
moving towards the Facilitator profile moving towards the Conceptual Change Agent profile.
Expectations for Successful Teaching and Learning
That I have the freedom to design the journey with cognisance of students’ needs.
Refactoring
I try to link my teaching to the real world and provide students with opportunities to work on real world problems.
•

Personal Epistemology (Interpretivist)
Reality is subjective, socially constructed and continually
changing;
Knowledge is relative and constructed through an individual’s
interpretation of their experience;
Declarative and procedural knowledge are intrinsically linked;
Multiple opinions and answers can exist but the quality and
level of experience of the source determines authority.

•
•
•

•
•
•

Figure 6-3: Professional Mentor Persona
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The project manager demonstrated a post-positivist personal epistemology and epistemology
of computer science while the academic guide and professional mentor demonstrated a more
interpretivist epistemology and epistemology of computer science with the professional mentor
leaning towards constructivism. A strong alignment between participants’ epistemology and
their conceptions of teaching and learning was found in this study, aligning with studies
exploring the impact of epistemology on conceptions of teaching (Tsai, 2002; e.g. Lam and
Kember, 2006). Some subtle differences emerged when participants actively reflected on the
alignment between their conception of teaching and their practice. Overall participants’ goals
in practice were consistent with the goals of their conception, but all participants’ practice
incorporated behaviourist, cognitivist, and constructivist elements. The degree to which these
were evident was dependent on both the participants’ epistemology and their conception. The
project manager when refactoring tried to incorporate more cognitivist elements to improve
both their transmission of knowledge and the demonstration by students of the acquisition of
this knowledge. Both the academic guide and professional mentor tried to improve on
cognitivist elements and introduce more constructivist elements but with slightly different
intentions. The academic guide sought to improve the opportunities they provided to students
to learn, make the learning experience more enjoyable and motivate students. The professional
mentor focused on ensuring they met the learning needs of all students focusing on building
personal connections with students and introducing both cognitivist and constructivist elements
to their practice to help develop student confidence and students’ interaction with each other
and the professional mentor.
The professional mentor is the persona with which the smallest number of participants aligned.
This is interesting as this persona considers that knowledge in the discipline is determined by
industry and that industry should inform teaching practice, a philosophy that epitomises the
school in which this study was situated which has a tradition of being strongly industry focused
and engaging with industry in the design, delivery and evaluation of its educational
programmes. However, there was evidence in all personas of the need to expose students to the
real-world by providing examples and exercises informed by the ICT industry. As participants
aligned with the professional mentor generally taught subjects at the later stages of
undergraduate programmes and postgraduate programmes which are more likely to be related
to emergent technology or approaches used in industry, it is not unexpected that they would be
more aware of the need to engage with industry in their practice.
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The analysis of both participant interviews and diaries reinforced the dominant view of CSE
that students learn computer science best through practice and that practical lab classes are the
most useful forum of instruction. While personas’ views broadly aligned with Simon, de Raadt,
Sutton and Venables’ (2006) conception of lab classes as a mechanism for students to acquire
and practice practical skills, all personas extended this to include providing an opportunity for
students to practice skills reinforcing theory with the teacher providing feedback and support.
Further a significant proportion of participants’ noticing, reflection and refactoring was related
to the support students needed to synthesise theory and practice with a focus on how best to
demonstrate and model to students the use of relevant knowledge and skills in the real-world,
which for computer science is the ICT industry, and design opportunities for students to acquire
and practice skills relevant in the real-world. This is particularly relevant to the ongoing debate
in the CSER literature about how best to bridge the gap between students’ experience in
academia and their preparation for entering the ICT industry (Valstar, Krause-Levy, et al.,
2020).
As expected, no new conceptions of teaching and learning emerged from this study.. However,
this research study has generated findings that extend the understanding of beliefs and
conceptions held by practitioners in the domain and demonstrated alignment with related
research studies in CSER (e.g. Grissom, McCauley and Murphy, 2017; Valstar, Krause-Levy,
et al., 2020). The findings from this research study are also comparable to the allied disciplines
of mathematics, engineering and medicine (Jacobs et al., 2014, 2020; Beagon and Bowe, 2019;
Nantschev et al., 2020).
Recent studies have emerged in the literature examining how the theoretical underpinnings of
the body of CSER knowledge while not necessarily using the same terminology and
emphasising the computer science context, does align with mainstream education theory and
research (Malmi et al., 2019; Papamitsiou et al., 2020). This mapping from CSER to
mainstream educational theory and research is important and necessary if CSER is to mature
as a discipline. This study makes a significant contribution to this. The findings expressed as
personas do not refer to specific computer science subjects or teaching contexts making them
accessible to mainstream educational researchers while they also provide a route through which
computer science educators and researchers can engage with related educational theory and
research.
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Minichiello, Hood and Harkness (2018) contend that user experience (UX) design, which
places the user, their needs and expectations at the centre of product and software design
efforts, offers potential in designing effective educational experiences. This study has adopted
a key tool of UX, personas, to communicate its findings. The personas developed in this study
represent what Minichello et al. term a contextualised model of experience from the perspective
of teachers of computer science. Personas are commonly used in UX with scenarios to describe
how a given persona would undertake tasks in particular contexts and consider impacts beyond
the particular user. The personas derived in this study open up the possibility of exploring other
educational issues of concern in computer science in an accessible manner. However, while a
common characteristic of the noticing and reflection of all personas was the identification of
the needs of the actual students they were teaching and their learning and the majority of
participants did try to adjust their practice to improve students’ experience, none of them sought
to ask students directly about the issues they noticed. Therefore, participants could benefit from
adopting a more defined UX approach to refactoring their practice to improve the experience
of their end user, the student.

6.4 Limitations
This study was conducted as a case study in a single academic school. The generalizability of
findings to other lecturers, in computer science and other disciplines, could therefore be called
into question. Nevertheless, as the educational model implemented in the school where the case
study is situated is very similar to the vast majority of schools of computer science at a tertiary
level in Europe, the findings from this study should resonate with computer science lecturers
beyond this context and the decision not to reference computer science subjects or terminology
within the personas make them accessible to educators beyond the discipline. Further, every
effort was made in this study to adopt a process rooted in good educational practice and present
and discuss findings that were accessible to as wide an audience as possible.
While six participants completed phase two, and the personas were represented to the same
proportions as phase one, it was unfortunate that more participants who indicated their interest
in participating in phase two were unable to do so. The number of participants limited the
amount of data that could be collected. In particular, it is a limitation that only one participant
in phase two aligned with the professional mentor. With more participants a richer exploration
of variation not only between personas, but also between participants aligning with each
persona, would have been possible.
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The metaphors and pictograms used in phase two provided participants with a useful shorthand
allowing them to annotate situations aligned with their views and experience. While
participants did not always use pictograms in ways that fit the associated definitions, the
imagery allowed them to tap into their own educational vocabulary and structure the expression
of their philosophical views of education.
A major impact on the study was the window of time available to complete phase two. All
participants spent at least four weeks reflecting on their practice with some spending more.
While four to six weeks could be considered a small amount of time, it represents a third or a
half an academic semester, respectively in the school where this study was situated. The timing
of phase two was restricted by the semesterized nature of the academic calendar operated in
school. The researcher felt it was important that participants undertaking the reflective diary
exercise did so in the same academic year as they participated in the phase one. Analysis of
phase one needed to be complete before participants started their diaries as they were provided
with insight into their epistemology and conception of teaching and learning derived from their
interview when they started their diary. Further, to try to encourage as many interview
participants as possible to participate in phase two, this phase of the study was designed so that
it should not appear to involve a large of time and effort on behalf of participants while
facilitating participants to spend more time if they so desired. Reflecting over a longer period
of time would have provided more data about participants’ experiences of issues noticed and
allowed them to reflect more deeply not only on the issues noticed by the impact of the
refactoring they chose to undertake.
Mason’s discipline of noticing (2002) advocates meeting and sharing with a group of peers
also engaged in active reflection using this approach. As participants did not have experience
in articulating their teaching and learning practice, their underlying educational limited, if any,
experience of engaging in an active reflection process, the researcher felt that adding the
additional time and effort commitment of participating in group meetings would further reduce
the numbers willing to participate in the study. Other studies adopting the discipline of noticing
identified the group element as particularly useful in ensuring participants both persisted in
their efforts and that it impacted on the nature of their noticing and reflections (Breen et al.,
2014) and the inclusion of group discussions in this study would have further validated the
views ascribed to each persona as well as perhaps extending both the length of time participants
spent actively reflecting and the nature of refactoring undertaken. Despite this limitation and
the small window of time allocated to phase two, the participants found the process of active
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reflection very beneficial, reporting in their exit interviews that it helped them gain a better
understanding of why they practice as they do and that the process encouraged them to try to
enact change while practicing, rather than deferring change to future deliveries.
A significant limiting factor to this research study was the need to not force participants to
change their practice as part of the study as the aim was to identify what they chose to change.
As a result, the student voice is not as evident as it might otherwise be. The institute does not
make student feedback collect as part of its academic quality enhancement process publicly
available. It was also not possible given institutional policy and practice to engage with students
independently to elicit their views on the participants’ actions, this would have been considered
an ethical issue for the institute, violating working agreements designed to protect both staff
and students, and would most likely would have impacted on the number of participants in the
study. Throughout this thesis every effort has been made to highlight the context in which this
is study is situated and how the institutional context in particular impacted participants’ access
to the student voice. It is interesting to note that since the completion of this study that the
institute as part of its transition to becoming a university has started to address how to better
engage with the student voice. The institute now offers resources to both staff and students to
support improved engagement by both parties in a co-create model of education (UniversityX,
2020).

6.5 Possible Areas of Future Research
The approach used in this study could easily be applied again in the same academic school, and
others, to investigate the epistemology and conceptions of teaching and learning held by
computer science lecturers and the influence and alignment between these and lecturers’
practice. This could be used to explore computer science education in general and for specific
streams of subjects in computer science which would align with the dominant trend in CSER
to look at educational issues in the context of a discipline specific subject (Randolph et al.,
2008; Lishinski et al., 2016; Crick, 2017).
It would also be beneficial to conduct a similar study investigating the epistemology and
conceptions of teaching and learning held by lecturers in disciplines other than computer
science that offer computer science programmes or incorporate a strong focus on computer
science within their programmes and explore the variation between these and mainstream
computer science lecturers. This could add to the debate about defining computer science as an
academic discipline and facilitate an investigation into whether the discipline in which a subject
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is taught influences this definition. Further, as it is generally accepted that different domains
have domain-specific epistemologies (Hofer, 2006) and that epistemology influences
conception of teaching (Martin et al., 2002; Akerlind, 2003; Lam and Kember, 2006), it would
be interesting to investigate whether conceptions of how computer science should be taught
vary significantly in different disciplines.
Both the findings and the approach used in this study could be used to inform the development
of professional development models in CSE. The process of actively reflecting on their practice
provided an opportunity for participants to engage with their students and their needs, while
the metaphor of refactoring empowered participants to enact small changes during teaching.
All participants in their exit interviews found the process extremely valuable and stated their
intention to use the experiences captured in their diaries to make larger changes to their practice
going forward. The model of active reflection employing the discipline of noticing used in this
study therefore could be used in a range of models of professional development, including a
cascade, coaching/mentoring, action research or transformative model, and help lecturers not
only improve their practice but also equip them to inform, critique and shape reforms of
educational practice in the discipline, which Kennedy (2005) identifies as dual objectives of
any continuing professional development model.
Other STEM and allied disciplines have developed, amended existing instruments or are in the
process of developing instruments to measure teaching and learning in their domains (e.g.
Jacobs et al., 2012; Naukkarinen and Niiranen, 2020). It would be interesting to explore with
the CSER community whether a specific instrument to measure beliefs and conceptions for
CSE would be useful and if so which aspects of epistemology, conceptions and practice such
an instrument should address. Alternatively, a large study utilising the major existing
instruments or a meta-analysis of a series of smaller studies would be helpful to set a baseline
comparator for the discipline.

6.6 Overall Conclusions
This research study investigated the following two research questions:
•

What beliefs about and conceptions of teaching and learning do computer science
lecturers hold?

•

How does the practice of computer science lecturers differ from their beliefs about and
conceptions of teaching and learning?
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The study has through both phase one and phase two successfully provided answers to these
questions for lecturers in a single school of computer science and these findings, while not
generalizable, are of interest and use to the broader CSE and CSER communities.
The title of this study is “A Case Study in Refactoring Computer Science Education”.
Successful refactoring involves making a series of small changes over time to improve the
overall efficiency and effectiveness of software without impacting the outward behaviour of
that software, this requires an understanding of what the software is intended to achieve and
what efficiency and effectiveness means in this context (Fowler 1999). Participants in this case
study have achieved exactly this for their teaching practice. Moving forward, refactoring also
advocates adopting fundamental good design principles, this not something participants in this
study were equipped to do when starting but using the findings of this study will able to
investigate in the future in order to more fundamentally refactor their practice over time.
The theoretical framework of this study was informed by mainstream educational theory and
research. This study has provided a comprehensive categorisation of conceptions of teaching
from the literature aligned with the dominant learning paradigms which provides a route to
access instructional practices and research related to these paradigms. This is particularly
important for computer science where while CSER has not always explicitly aligned studies
with the different paradigms, studies have been aligned with approaches associated with these
paradigms. Although CSER has not extensively used the theory and terminology of the learning
paradigms, these has been incorporated elsewhere in computer science as a discipline, in
particular subject areas related to helping develop intelligent solutions or mimicking human
learning using technology. Computer science lecturers are therefore not unfamiliar with the
utility of educational theory, there is simply not a tradition of applying such theory to their own
practice as educators. This study connects the two disciplines and makes visible key ideas of
educational theory and research in a manner accessible to computer science educators. Further,
this association between the concept that learning can be defined to such a level that it can be
reproduced in computing solutions perhaps offers an insight into the dominant preference for
behaviourism found among participants in this study.
A particular contribution of this study is the approach used which drew on tools familiar to
computer science practitioners and educators both to conduct the study and present the
findings. The use of refactoring and UX, in particular personas, not only make the findings of
this study accessible, it also demonstrates that principles and practices designed to enhance the
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quality of software can be applied effectively to education research in general. The personas
developed in this study provide a powerful bridge between CSER and mainstream education
research. They provide a starting point of access to mainstream education literature and, while
using educational terminology, present a holistic view of teaching and learning in computer
science, independent of computer science terminology, in which computer science lecturers
can see their own views and experiences expressed.
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Appendix 1 – Interview and Diary Participants

Table 13: Interview Participants: Experience and Subject Areas Taught

i

Table 14: Diary Participants: Experience and Subject Areas Taught
For further details on the ACM knowledge areas refer to ACM CS2013 Knowledge Areas
(Sahami et al., 2013).

ii

Appendix 2 – Interview Schedule and Participant Consent Forms
OPENING SECTION
(Establish Rapport) - [Greet participant. Offer refreshments and ask them to take a seat when
ready.]
(Confirm Understanding and Consent) – [Review the aim phase, confirm that they have read
the information sheet, have signed the consent form, are happy to participate in the interview
and understand how they can withdraw from the project.]
(Explain purpose of the interview) – [Explain that the interview is about exploring some of
their experience of being a lecturer to provide insights into their beliefs about teaching and
learning and how this influences their pedagogical practice. Remind them that their identity
will be protected and that their name will not be used in the interview.]
1. How long have you been a lecturer in computer science? Within DIT?
2. What subjects do you teach?

Questions in the remaining sections were influenced by the following:
•

Teaching Beliefs Interview (Luft and Roehrig, 2007) (TBI)

•

Epistemic Belief Inventory (Schraw, Bendixen and Dunkle, 2002) (EBI)

•

Approaches to Teaching Inventory (Trigwell, Prosser and Ginns, 2005) (ATIR)

•

Interview questions used in Conceptions of teaching held by academic teachers
(Samuelowicz and Bain, 1992, 2002) (SBI)

•

Interview questions used in Lecturers' approaches to teaching and their
relationship to conceptions of good teaching (Kember and Kwan, 2002) (KKI)

i

SECTION A: NATURE OF KNOWLEDGE (GENERAL + COMPUTER SCIENCE)
Question

Dimension/Belief

Influence

1.

What is knowledge?

Simple/Complex

EBI

2.

How does someone become knowledgeable?

Speed of learning

3.

When do you know you actually know Innate Ability/Acquired
something?

4.

Is scientific knowledge different from other Simple/Complex
knowledge?

5.

What is computer science?

Simple/Complex

6.

Do you think computer science is a science?

Simple/Complex

7.

Are all subjects taught within a computer Simple/Complex
science programme science subjects? Why are
they needed?

8.

Is there a fundamental set of knowledge that Certain/Tentative
constitutes computer science? [If yes] Is this
stable/will this always be stable? [If no] will it
become stable?

9.

Do all the different label degrees share the same Certain/Tentative
core set of knowledge?

10.

Simple/Complex

Do you agree when someone says that there are Omniscient
multiple right answers?

Authority/Reason

For computer science? For the subjects you
teach?
11.

Is anyone’s opinion as good as anybody else’s? Omniscient
In all circumstances?

Authority/Reason

For computer science? For the subjects you
teach?
12.

Is being able to remember facts and information Simple/Complex
related to core computer science concepts very
important for computer science students?

13.

Is being able to apply knowledge more Simple/Complex
important for computer science students? Why?

ii

14.

Is it important for students to acquire skills and Simple/Complex
understand processes through which they can Certain/Tentative
access facts/information related to computer
science concepts?

15.

What is the most important thing about Simple/Complex
computer science that students need to learn?

16.

Do you think anyone can be a successful Innate Ability/Acquired
computer science student?

17.

Does a successful student learn quickly?

Speed

of

learning

(Quick/Gradual)
18.

Can a student become more successful in Speed
learning over time? How?

19.

of

learning

(Quick/Gradual)

Do you think someone’s ability to learn is Innate Ability/Acquired
broadly fixed at birth or does it evolve?

SECTION B: BELIEFS ABOUT TEACHING AND LEARNING
Question
20.

Dimension/Belief

Do you think students learn how to learn Learning

Influence
TBI

computer science? How?
21.

Do you need a teacher to acquire knowledge? Omniscient
In general? In computer science

Authority/Reason
Knowledge

22.

How do you think computer science students Learning
learn best? Is this evident in your students?

23.

How do you know when your students are Learning
learning? In the classroom? Lab room?

24.

How do you usually evaluate student learning?

Learning

25.

How do you decide what to teach and what not Knowledge
to teach within your module?

26.

How do you decide to move onto another topic Knowledge
within your module?

iii

27.

At the end of the semester, how do you know Learning
students have achieved what you hoped they
would achieve?

SECTION C: TEACHING CONCEPTIONS AND PRACTICE
Using CLIS teaching metaphors (CLIS, 1987) to prompt reflection and discussion and
paradigm statements.
Question
28.

Dimension/Belief

Influence

Which metaphor most aligns with your own Role of Teacher

ATI-R

belief about effective teaching and learning? (is Role of Student

TBI

it different within lecture/lab/assessment)

Learning

Prompt: You can choose more than one and if Approach to Teaching
none applies that is fine.
29.

Which metaphor most aligns with your practice Knowledge (Role of
of teaching and learning as a lecturer? (is it Teacher)
different within lecture/lab/assessment)

Learning
Approach to teaching

30.

What made you want to become a lecturer?

Role of Teacher

31.

What makes a good lecturer? In general? In Role of Teacher

SBI

computer science?

KKI

Learning
Concept

of

good

teaching
32.

What are your main objectives as a lecturer? Role of Teacher
Why?

Role of Student
Learning
Concept

of

good

teaching
33.

How do you go about achieving your objectives Role of Teacher

SBI

in your practice?

KKI

Role of Student
Concept

of

good ATI-R

teaching
Approach to Teaching
iv

34.

What teaching strategies or approaches do you Role of Teacher
use?

Role of Student

[In lectures? In practical classes? In tutorials? In Concept
assessment?]

of

good

teaching
Approach to Teaching

PARADIGM STATEMENTS
•

I see my role primarily as delivering information in a manner suitable for the students
from which they can learn and providing appropriate learning activities through which
they can demonstrate knowledge and understanding to an expected level.

•

I see myself as guiding the students through the necessary content and providing support
for them by designing appropriate learning activities so that they can learn how to apply
theories, concepts and skills in practice.

•

I see myself as inspiring students to engage with the material and figure out how they can
apply it and demonstrate it in creative and innovative way.

•

I consider that students and I are collaborating in creating a learning experience which we
all share but recognise that all students are on individual learning journeys which I aim to
facilitate.
Question

Dimension/Belief

Influence

35. If you had to choose one of the following statements, Role of Teacher

TBI

or offer another of your own, which best describes Role of Student

SBI

your belief about teaching and learning? In general, Learning

KKI

in the classroom, lab room, assessment, supervision? Approaches

to ATI-R

36. Does your practice differ? In the classroom, lab Teaching
room, assessment, supervision?

37. Where and how do you think you have learnt to
practice as a lecturer?
38. Can you describe the best teaching experiences you
have had as a lecturer?
39. What about it was special? Has this influenced your
practice? How?
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40. Can you describe the worst teaching experiences you
have had as a lecturer?
41. What made them a bad experience? Has this
influenced your practice? How?
42. What do you most focus on when trying to improve
in your practice?
43. What kind of changes have you observed in your
objectives and your practices over your experience of
lecturing?
44. What has influenced this?
45. Where and how do you think you have learnt to
practice as a lecturer?

CLOSING
What do you hope that your students will remember about you and your practice long after
the final assessment?
Is there anything else that you think might be helpful for me to know before we finish?
Have you got any questions for me or issues you would like to discuss?
(Finishing statement) – [Identify that the interview is finished. Nothing after this point will be
recorded. Thank the participant. Remind them that they will be provided with a transcript and
a copy of the audio and video recording and that they can withdraw their consent within two
weeks of receiving this.]
Would you be interested in participating in phase two of the project?
[Outline what would be involved and discuss how consent would be sought]
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Consent to take part in research
Participant
RESEARCHER: Deirdre Lawless
RESEARCH: Conducted as part of Doctorate in Education, School of Social Sciences,
Education and Social Work, Queen’s University Belfast.
Title: A Case Study in Refactoring Computer Science Education
I............................................................................ voluntarily agree to participate in phase one
of this research study.
I have had the purpose and nature of the study explained to me in writing and I have had the
opportunity to ask questions about the study.
I understand that even if I agree to participate now, I can refuse to answer any question during
the interview without any consequences of any kind.
I understand that I can withdraw permission to use data from my interview either during the
interview or before the data has become anonymised and analysed. If I withdraw permission
any material collected will be deleted.
I understand that participation involves a 45-60 minute interview with the researcher and that
this will be audio-recorded.
I understand that as part of the interview I will be asked to undertake a card sort and triadic
elicitation using images relating to teaching and learning theories and that this element will be
video-recorded.
I agree to my interview being audio-recorded and the relevant section being video-recorded.
I understand that all information I provide for this study will be treated confidentially.
I understand that in any report on the results of this research my identity will remain anonymous.
This will be done by changing my name and disguising any details of my interview which may
reveal my identity.
I understand that in some circumstances the researcher may need to break participant
anonymity, for example if a risk of harm to my health and wellbeing or that of another individual
is identified, in which case I understand that researcher will be obliged to adhere to the policies
and procedures of the Dublin Institute of Technology and my contribution will not be included
in this research.
I understand that disguised extracts from my interview may be quoted in a research dissertation
and potentially in published papers and academic conferences.
I understand that signed consent forms, interview transcripts and original audio/video
recordings will be retained.
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I understand that any audio/electronic records that are generated will be stored as password
protected files on the researcher’s encrypted personal computer and backed up to a secure
network server as outlined by School of Social Sciences, Education and Social Work, Queen’s
University Belfast guidelines on data handling and security and that only myself, the researcher
and their research supervisor will have access to this data.
I understand that signed consent forms will be stored in a locked personal filing cabinet in a
lockable room as outlined by School of Social Sciences, Education and Social Work, Queen’s
University Belfast guidelines on data handling and security.
I understand that all data collected in this project will be kept for a period of 5 years after which
it will be destroyed in accordance with the by School of Social Sciences, Education and Social
Work, Queen’s University Belfast guidelines on data handling and security.
I understand that under freedom of information legislation I am entitled to access the information
I have provided at any time while it is in storage as specified above.
I understand that the data collected will be used for the purpose of this research project only
and will not be shared with other researchers.
I understand that I am free to contact any of the people involved in the research to seek further
clarification and information.
Contact details
Researcher: Deirdre Lawless, Email: dlawless04@qub.ac.uk Phone: 086 868 0801
Research Supervisor: Dr. William McClune, Email: W.McClune@qub.ac.uk Phone: +44 (0)28 9097
5938
Signature of research participant
-----------------------------------------------------Signature of research participant

--------------------Date

I believe the participant is giving informed consent to participate in this study

------------------------------------------------------Signature of researcher

---------------------Date
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Consent to facilitate the research
Head of Research, School of Computing

RESEARCHER: Deirdre Lawless
RESEARCH: Conducted as part of Doctorate in Education, School of Social Sciences,
Education and Social Work, Queen’s University Belfast.
Title: A Case Study in Refactoring Computer Science Education
I............................................. agree to help facilitate this research study.
I have had the purpose and nature of the study explained to me in writing and I have had the
opportunity to ask questions about the study.
I give permission to the researcher to contact members of the lecturing staff of the School of
Computing to request their participation in this study.
I give permission to the researcher to use the School of Computing meeting room to conduct
the data collection for this project.
I give permission to the researcher to store written material related to the project in a locked
cabinet in their office within the DIT Science and Health buildings in accordance with the School
of Social Sciences, Education and Social Work, Queen’s University Belfast guidelines on data
handling and security.
I understand that the name of the school and the institute (DIT) will not be mentioned in any
dissemination of this research.
I understand that all data collected from members of staff in the School of Computing in this
study will be treated as confidential and will be anonymised and that only the participant
concerned, the researcher and their research supervisor will have access to electronic data
collected.
I understand that in some circumstances the researcher may need to break participant
anonymity, for example if a risk of harm to a participant’s health and wellbeing or that of another
individual is identified based, in which case I understand that researcher will be obliged to
adhere to the policies and procedures of the Dublin Institute of Technology and that participant’s
contribution will not be included in this research.
I understand that all electronic data collected as part of this study will be password protected,
stored on an encrypted laptop, backed up to a secure network server in accordance with the
School of Social Sciences, Education and Social Work, Queen’s University Belfast guidelines
on data handling and security.
I understand that the data collected in this project will be kept for a period of 5 years after which
it which be destroyed in accordance with the School of Social Sciences, Education and Social
Work, Queen’s University Belfast guidelines on data handling and security.
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I understand that I am free to contact any of the people involved in the research to seek further
clarification and information.

Contact details
Researcher: Deirdre Lawless, Email: dlawless04@qub.ac.uk Phone: 086 868 0801
Research Supervisor: Dr. William McClune, Email: W.McClune@qub.ac.uk Phone: +44 (0)28 9097
5938

Signature of Head of Research
------------------------------------------------------

---------------------

Signature of Head of Research, School of Computing

Date

I believe the Head of Research, School of Computing is giving informed consent to participate in this
study
------------------------------------------------------Signature of researcher

---------------------Date
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Exit Interview Schedule
1. What was the major thing you noticed?
What did you do about this? What happened as a result?

2. How did you find that process the process in general, the actual process of noticing, and
marking, and reflecting?
Did you feel it to be an extra burden? doing it while you're teaching, was it something
extra, or did it feel part of it?
3. Metaphors: Can you choose one or more you think represent your conception of
teaching?
If there isn't any then that's absolutely fine too.

4. Statements: Can you have a look at the four statements and see which one, or ones, fit
your conception of teaching.
Again, it can be none, and you can say which ones are definitely not.

5. Is there anything you gained from this process that you're going to carry forward?
6. Is there anything else that, during the process, you thought, "I must remember that," or,
"I'd like to say that"?
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