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Project overview 

Feedback plays an essential role in the student learning process. It helps to improve 
students’ understandings of their subject, and has also been shown to increase 
students’ motivation, interest, and self-awareness, which encourage improvement 
(Fugill, 2005; Hattie and Timperley, 2007; Mattheos, Nattestad, Falk-Nilsson, and 
Attstrom, 2004). Students, however, often report that the feedback they receive on 
their clinical work is sparse, and non-useful or even demeaning (Anderson, Rich and 
Seymour, 2011; Fugill, 2005). Student evaluation surveys indicate similar issues with 
feedback at the University of Otago School of Dentistry. In this research project, staff 
and students of the school were interviewed for their perspectives on current feedback 
practices in the clinical teaching and learning environment. Results show that staff 
and students similarly believe feedback should be an immediate, individual, realistic 
and respectful dialogue, designed to encourage students’ self-reflection, problem-
solving, confidence and learning. Results of this project have been written up as 
guidelines for staff and for students, and prepared for publication. 
 
	  
Introduction	  
In dental and oral health care education, students report that the clinical setting is 
where much of their learning takes place (Victoroff and Hogan, 2006). Consequently, 
effective clinical teaching is considered crucial for student learning in the dental 
education setting (Schonwetter, Lavigne and Mazurat, 2006). However, teaching in 
dental education has specific challenges. In the clinical dental environment, students 
are required to carry out difficult and irreversible procedures while still relatively 
inexperienced (Anderson, Rich and Seymour, 2011; Fugill, 2005). The environment is 
therefore both a place of professional health care, and a teaching and learning space, 
placing the clinical teacher in the dual role of supervisor and teacher. In order to 
ensure the clinical setting is a safe and effective environment for both students and 
patients, a high level of supervision and teacher-student interaction is required 
(Anderson et al., 2011). 
 
Research into effective clinical teaching practices in the dental setting highlights 
teacher feedback as a crucial factor in teacher-student interactions (Fugill, 2005). 
However studies show that students report receiving little or no feedback, or that the 
feedback they receive is non-useful or even ‘demeaning’ (Anderson et al, 2012; 
Fugill, 2005). Consistent with this, results of a 2014 student survey undertaken in the 
University of Otago Faculty of Dentistry (Rountree and Adam, 2014) revealed that, of 
the five most unsatisfactory aspects of the clinical learning environment, three 
pertained specifically to feedback from clinical teachers. Students reported that poor 
feedback limited their learning and that they wanted more specific feedback in order 
to apply and increase their confidence and learning outcomes. Thus, there is a clear 
need to improve feedback processes in the clinical dental learning environment. 
	  
	  



Project	  objectives	  
• To enhance student learning through improving the way teachers approach 

feedback in the clinical setting. This will be done through identifying what is 
good feedback in the clinical dental setting, and reporting strategies for good 
feedback back to staff and students 

• Produce a resource for clinical staff on approaching feedback effectively 
• To develop workshops and training on effective feedback in the clinical 

setting 
• To encourage clinical teaching excellence in the Faculty of Dentistry  

	  
Approach	  and	  methods	  
Following ethical approval, all teaching staff at the Faculty of Dentistry were invited 
to participate in an individual interview regarding their experiences of feedback 
processes in the undergraduate clinical teaching environment. A total of 12 teaching 
staff participated. Interviews were semi-structured, and based  around the critical 
incident method (Victoroff and Hogan, 2005). Staff were asked to recount incidences 
of both effective and ineffective feedback with students. Interviewees were prompted 
to expand on their explanations, and to reflect on the factors that make feedback 
processes both easier, and more difficult, in the clinical teaching environment. They 
were also asked what they thought were the main components of good or effective 
feedback processes. 
 
In addition to the staff interviews, all undergraduate students at the School of 
Dentistry were invited to attend a focus group regarding how tutors and students 
engage in feedback in the clinical learning environment. A total of 19 students 
attended one of six focus groups, and a further two students provided email comments 
regarding their experiences, with particular reference to feedback. In the focus groups, 
students were asked to discuss what kinds of feedback they found most useful and 
least useful, kinds of feedback they would like to receive, to describe the kind of 
feedback they believed was most helpful to their learning, factors that make feedback 
processes more difficult or easy in the clinical learning environment, and what they 
perceived their role to be when engaging in feedback with tutors. 
 
All of the focus groups and interviews were audio recorded and transcribed. Data 
were analysed using a general inductive approach (Thomas, 2006). The data were 
organised into broad themes from which guidelines could be developed. 
	  
Key	  findings	  
Both the students and the staff reported similar difficulties and opportunities in 
engaging in feedback in the clinical learning environment, as well as similar views 
regarding what are ideal feedback processes.   
 
The data on effective feedback from both the staff interviews and the student focus 
groups were organised into the following main themes, which in turn formed the basis 
of the developed guidelines. 
 
Feedback should be: 

• As immediate as possible/practicable 
• Tailored to the individual 



• Realistic (directed at guiding the student towards the level at which s/he can 
be expected to be performing at the time) 

• Respectful 
• A dialogue (not given or received, but engaged in with active participation) 

 
Feedback should be aimed at: 

• Encouraging students to self-reflect 
• Encouraging students to problem-solve 
• Building students’ confidence 
• Increasing or enhancing students’ learning experiences 

 
The guidelines for staff and for students developed in this project are currently being 
prepared as an online print resource which, when completed, will be available on the 
Faculty of Dentistry website. 
 
Discussion	  and	  implications	  
One of the most interesting findings of this research was that staff and students had 
similar views regarding feedback. Both students’ and staff descriptions of effective 
feedback practices and processes focussed on a relationship of mutual respect. 
Students and staff also had similar views regarding effective learning in dental 
education. In particular, staff saw their role as challenging, guiding and encouraging 
students to reflect on their practice. Similarly, the students’ data highlighted their 
desire to be challenged, guided, and encouraged to reflect on their own learning and 
the gaps in their knowledge, rather than be told what to do. Both staff and students 
indicated that they saw mutually respectful feedback processes as an important way to 
achieve this. 
 
Both the staff and the students’ reports highlighted some barriers to students’ learning 
in the clinical environment. Most of these barriers related to processes within the 
clinics. Subsequently, changes have been made in the environment to begin 
addressing some of these barriers. 
 
Outputs	  

• Guidelines for staff for engaging in feedback in the clinical learning 
environment have been drafted (currently in the graphic design stage) 

• Guidelines for students for making the most of their clinical learning have 
been drafted (currently in the graphic design stage) 

• The project findings and implications were formally presented to teaching 
staff at the Faculty of Dentistry Teaching Excellence Day, February 2016 

• A paper provisionally titled “Barriers to students’ learning in the clinical 
learning environment”, which reports on the students’ focus group data, has 
been prepared (undergoing final editing) and is planned for submission to the 
European Journal of Dental Education 

• A further paper describing this study and the results and implications is 
currently being drafted and planned for submission to a dental education 
journal 
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Evaluation of Paediatric Outpatient Teaching Clinics. 
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Pinnock, Andrew Gray, Zina Vandervis & Jordan Gibbs. 

 

Snapshot: 

Paediatric outpatient, or ambulatory paediatrics, is somewhat of a challenge to 

provide to undergraduate medical students.  There are pressures such as busy 

clinician time, service delivery and the variability of clinics that impact on 

medical students’ abilities to optimally see children & their families in this 

environment.  This project aimed to evaluate students’, families’ & children’s 

and tutors' experiences of taking part in a dedicated paediatric outpatient 

teaching clinic for undergraduate medical students.  All students, families, 

children over 8 years of age and tutors participating in teaching clinics were 

asked to complete a survey about their experiences.  All participants reported 

a positive experience in taking part in the clinics.  The results of this study are 

currently being prepared for publication.  Our findings support the ongoing 

provision of these clinics for medical students & demonstrate a positive working 

relationship between the DHB and the University in providing such clinics. 

 

Introduction: 



 

 

 

Outpatient, or ambulatory, paediatrics is a growing focus and area of 

paediatrics.  With a move towards more community based health provision, an 

emphasis on preventative medicine and the growing burden of chronic disease 

there is a need to improve exposure and learning for undergraduate medical 

students to this area of paediatrics.  Indeed many of them will ultimately be 

working in medicine outside of the acute hospital based medical realm.  It is a 

challenge however, to provide medical students a high quality opportunity to 

experience outpatient paediatrics.  The pressures of busy clinics, variable 

attendance, variety of conditions and service provision make it a challenge to 

meet students’ learning needs.   

 

As a result of these challenges paediatric outpatient student teaching clinics 

have been developed to improve students’ experiences of these clinics.  

However, the experience of the students, parents & children and tutors has not 

been explored or evaluated.  Overseas literature has revealed that there are 

many different methods of providing outpatient or ambulatory paediatric 

teaching to undergraduate medical students.  This project aimed to evaluate 

the experience of all participants in attending these clinics. 

 

Methods: 

 

Paediatric Outpatient Teaching Clinics are conducted in the paediatric 

outpatient service of the Southerndhb on a weekly basis during the University 

of Otago academic year.  All 5th year undergraduate medical students are 



 

 

allocated to attend this clinic once during their attachment in paediatrics.  If a 

student does not perform to the expected standard they are offered an 

additional opportunity to attend a further clinic as part of a remedial process to 

strengthen their performance.  No assessment outcomes are attached to this 

clinic.  Clinics are supervised by a senior paediatric trainee post fellowship 

examinations.  They meet students with the families and children and also 

provide direct feedback to the students and discuss the cases with students 

before and after clinics.   

 

Patients are selected from triage letters of referral to the Southerndhb.  This is 

a joint clinic between the University of Otago and the Southerndhb.  Eligibility 

for these clinics include that the family must be local (so as to not incur 

additional costs), be willing to participate (they are all informed of the nature of 

the clinic prior to attendance) and have a relatively low triage category so that 

their referral issues are not complex or multi-factorial.  

 

All participants of the clinics (students, tutors, caregivers and children over 8 

years of age) were offered the opportunity to take part in the evaluation of the 

clinic.  Written and informed consent was obtained at the time of clinic.  

Evaluation was taken out by completing a survey of their experiences including 

demographic information, referral information, and impression of the clinic 

experience (via questionnaire) and outcomes of the clinic visit.   Analysis & 

questionnaire development was completed by a biostatistician (AG). 

 



 

 

Ethics approval was obtained by the University of Otago Human Ethics 

Committee (H15/012) and locality approval by the Health Research South 

(Project ID 01112). 

 

Findings: 

 

A total of 76 students participated in the paediatric outpatient teaching clinic.  

One student was excluded due to needing remedial work & requirement to 

repeat the clinic.  Of the 76, 74 returned their questionnaires ((97%).  Of the 77 

families who attended clinic, 2 were excluded (due to being seen by the 

remedial student & short notice attendance due to a family withdrawing at short 

notice).  Of these families 67/75 completed a questionnaire (89%). Children 

over the age of 8 years were offered questionnaires (n=12) of which 10 

completed a questionnaire (83%).  All 3 tutors completed a questionnaire. 

 

The majority of children attending the clinics were under 5 years of age (72%).  

Of the medical students the most common age bracket was 20-25 years (88%).   

Differences in the ethnic make-up between patients and students were noted.  

Patient ethnicity was in the majority European descent (85%) compared to 

students who had two common ethic groups – Asian (41%) and European 

(39%).  Referral reasons were diverse with the most common being behavioural 

or developmental concerns (22%) and cardiovascular such as murmurs (21%). 

 

Several statistically significant interactions were found between several 

variables.  Those families with increased deprivation were more likely to have 



 

 

reported that they would have liked to have seen the tutors without students 

present (p=0.02).  In addition to this, students who saw those families with 

increased deprivation were more likely to report that they would have liked to 

have more time to discuss these families with the tutor (p=0.04).  Both the 

patient gender & age of the patient influenced the reported student’s confidence 

with communication.  The older the age of the patient (p=0.04) and being male 

(p=0.04) resulted in the student being less likely to report being confident in 

their communication during the consultation.  While tutors were highly rated, 

there was significant differences between tutor rating for being learner friendly 

(p=0.001) and providing time for discussion (p=0.08). Student age was also 

found to have an interaction with those students who were younger reporting a 

lower level of satisfaction with tutor feedback (p=0.04). 

 

Of the patients seen 55% were discharged back to primary health for ongoing 

care and 21% required referral to another service such as developmental 

services. Family questions about the experience of attending a teaching clinic 

were overwhelmingly positive with all children reporting that they enjoyed 

meeting the students and would take part again.  Students also reported a 

positive experience and enhanced learning. 

 

 

 

 

Discussion/implications 

 



 

 

This project has provided an evaluation of both students’, tutors’ and also 

caregivers’ experiences of an undergraduate medical student outpatient 

teaching clinic.  This is the first report of a wide range of experiences both for 

the students but also the children involved.  The feedback is overwhelmingly 

positive and supports the use of such clinics to provide students with consistent 

high quality learning experiences.  It also provides support that this is a positive 

experience for the patients attending as well.  It is interesting to see that the 

statistically significant findings highlight that for different communities, such as 

those with increased deprivation, reported experience is different to other 

patient groups & that students experience this as well.  Perhaps this group 

presents a more complex and challenging dimension to health presentations or 

perhaps is less health literate.  It is difficult from our study to tease this out 

completely and would be of interest to be explored in the future.   

 

Strengths of our study include a high response rate.  This allows us to be more 

confident in our findings but with only a small number of students and older 

children responders it limits our ability to generalise these findings.  Perhaps 

going forward gathering a larger number of children who can give feedback to 

these clinics may allow us to strengthen the clinics and provide feedback both 

to the tutors but also the students themselves.   

 

Communication was also highlighted within this cohort.  Having an older patient 

and also male patients appeared to have an interaction in how students 

perceived their ability to communicate with families.  This is part of the 

challenge in paediatrics with younger patients being less able to communicate 



 

 

verbally & parents taking a lead role.  However, when the patient is an older 

child, they become part of the communication triad, and the complexity of 

communication increases.  Communication between student and tutor was also 

acknowledged in the student’s reports, with feedback highlighted as an 

important feature of high quality learning experiences.    

Going forward these paediatric outpatient teaching clinics are an integral part 

of our provision for undergraduate medical education within the Paediatric 

Department of the Dunedin School of Medicine.  This project confirms that it is 

a positive experience for both the students, tutors and families who have taken 

part.  An example of this is a quote from one family “Very organised. Students 

were polite and considerate. Appreciated being able to talk thoroughly with the 

Doctor. Thanks :)”.  Another is from a student “Thank you for organising this 

opportunity for us. I found it a safe environment for me to learn in, and very 

beneficial for me becoming comfortable with interacting with parents and their 

children”. 

 

This CALT grant has provided us with the support to evaluate these clinics and 

to be confident in this method of teaching.  It is an example of the benefits of a 

joint project between the University of Otago and the Southerndhb.  Going 

forward it highlights future needs such as tutor support and development.  

 

Acknowledgments: 

 

The project team need to acknowledge the support of the Committee for the 

Advancement of Learning and Teaching (CALT) for supporting this project.  



 

 

Without their support it would have been a challenge to complete this project.  

We also need to acknowledge the families and children who attended these 

clinics to assist with teaching.  Without them these clinics would cease to exist.  

Their good will and generosity need to be acknowledged.  The staff of the 

paediatric outpatient department of the Southerndhb also need 

acknowledgment for their patience and accommodation of these clinics in a 

busy outpatient department.  We would also like to acknowledge Dr Anne 

Thornton who provided the follow up & high response rate by chasing 

questionnaires from families.   

 

Other Outputs: 

Paediatric Outpatient Teaching Clinics are continuing this year and ongoing.  

By completing this project it has provided support for the ongoing benefit of the 

clinics for undergraduate teaching.  In addition, this project is currently being 

prepared for submission to a peer review journal for publication.  It would be 

expected that it will also be presented at a peer-reviewed conference in the 

future. 
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STUDIES. 

 

Title of Project:  

"DEVELOPING MARAE-BASED LEARNING IN THEA 253/353 THROUGH 

WĀNANGA" 

 

Aims and Approach of Project:  

This project's aim was to analyse and consolidate the Kaupapa Māori-based, 

practice-led and experiential elements of THEA 253/353 in 2015 by 

investigating the incorporation of a marae-based wānanga module into the 
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course.  The research question upon which the study was focused is: how can 

Māori pedagogical methods form the foundation for the practice-led study of 

bicultural theatre?   As the project developed, we hypothesised that the teaching 

of disciplinary knowledge may be achieved through wānanga-based pedagogies 

in a broader context than that of Theatre Studies. 

 

Introduction, Context and Rationale: 

This research was aimed at providing us with information from which we can 

draw conclusions about the use and value of wānanga as a pedagogical tool in 

teaching not only in Theatre Studies but in other areas of the performing arts – 

and possibly more broadly across the university.  The aim of the 2015 wānanga 

was to research and analyse the most effective means of delivering marae-based 

learning, using both wānanga and the tū taha ke ai pedagogical method– an 

experiential learning principle where an “an exchange of knowledge” takes place 

(Halba & McCallum, 2011, p. 73). 

 

The project was designed to investigate the teaching of disciplinary knowledge 

in Theatre Studies through wānanga-based pedagogies, in this case study in 

THEA 253/353 Bicultural Theatre.  This paper examines ways in which theatre 

has investigated and represented bicultural culture and identity in 

Aotearoa/New Zealand.  It also examines and critiques ways in which bicultural 

theatre has been created and analysed in this country, and is an excellent 

example of research-informed teaching.  The paper is delivered through a mix of 

lectures, seminars and practical theatre workshops.  Students write analytically 

and reflectively, present performative seminars that focus on Kaupapa Māori-
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based research methods, and create a devised performance piece in which they 

are all involved at the end of the semester.   

 

The study for which we received the UTDG was focused on examining how 

wānanga-based Kaupapa Māori-led teaching and learning principles may be 

incorporated and developed in the curriculum of THEA 253/353 in a marae-

based, rather than a classroom-based, context. 

 

Approach: 

The THEA 253/353 class attended a wānanga on the weekend of August 1st & 

2nd 2015 at Arai-te-Uru Marae in Dunedin.  Rua McCallum, the project's kaitiaki 

and Research Assistant – and the class’ tutor – also attended the wānanga with 

me.   Guest teachers – some of the most experienced in New Zealand theatre, 

music and dance (Mr. Rangimoana Taylor, Ms. Louise Potiki-Bryant and Mr. Rob 

Thorne) – taught units on theatre marae.  Some of these units focused on Māori 

or intercultural performance, and others centred on more generic disciplinary 

knowledge in practice-led Theatre Studies and performance making.  

 

With the participants’ permission, we filmed aspects of the wānanga, and Rua 

and I subsequently viewed the film to analyse ways in which students 

approached their learning in the wānanga setting.  Rua and I also collected data 

during the wānanga through participant observation and from verbal feedback 

from students, including at the poroporoaki.  After the wānanga, we collated 

written feedback from the students, and conducted participant interviews. We 

also talked to tutors. 
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Key Findings: 

One of pedagogical methods Rua and I investigated at the wānanga was tū taha 

kē ai which is a southern Māori learning device, which can be used 

correspondingly with, and in, the wānanga.  In the tū taha kē ai  pedagogy, while 

travelling the land, creation stories, whakapapa whenua and knowledge are 

imparted as the student accompanies their tohunga and or kaumatua.  On each 

consecutive journey, traversing the footsteps of the tīpuna, more information 

would be disclosed, absorbed, remembered and understood.  Knowledge 

transmission and understanding became a way of life between teacher and 

student, student and teacher.  This concept was aplpplied at the wānanga.  

Although a number of ideas explored at the wānanga had been initially 

introduced in the classroom, it was at the wānanga where the ideas were 

experienced in context and hence the students learned more deeply.  One 

student we interviewed after the wānanga said, “The mihimihi [statement of 

introduction] was taken more seriously on the marae. We did it in class but we 

didn’t do it so seriously. On the marae, it was as if we were introducing ourselves 

for the first time. We ‘understood’ the concepts from class but they came more 

naturally into context on the marae.” 

Teaching and learning were facilitated in a more holistic way on the marae. 

Another student we interviewed remarked that, “On the marae we learned from 

our peers as well as from the teachers. We embraced the need to make our own 

decisions. There was a different hierarchy from the classroom. Passing or failing 

was taken away. We had the choice to participate on our own terms.” 
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Although most were in an unfamiliar situation (more than half – including 

several international students – had never been to a marae before), one 

interviewee noted that she felt less intimidated on the marae than she did in a 

more traditional university classroom, saying “I never felt like ‘damn, I should 

have known that’.” Another said, “I’m worried that questions in the classroom 

might be met with derision. On the marae, people were ok to ask and others 

were interested in the answer. People wanted to share information and give 

things.” 

 

Subsequently, we found that the students’ approach to the post-wānanga process 

of devising a piece of theatre was duly informed by the principles they had 

absorbed at the wānanga. One interviewee remarked, “The devising process 

revolved around relationships, and that stemmed out of the wānanga.” 

Another said, “Something about it [the wānanga] was to do with connection. We 

wanted to keep telling stories.” Yet another said, “I would have loved to create 

the whole play on the marae.” 

 

I conclude that the wānanga process provided the students with deep and life-

long learning.  One student whom we interviewed remarked, “At uni, knowledge 

is piled on you and you have to sift through it. At the wānanga, you follow the 

crumbs. There is respect. You acknowledge where you are going and what you 

want out of it.…It changed my course of study for the future.”  Another 

interviewee said, “The wānanga carved into status gaps. The teachers still had 

status, but a fluid status. At the wānanga we were guided rather than being 
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pulled along.” That student later remarked, “You can ask for help at the wānanga; 

you can’t ask for help in the same way when you get back to uni.” 

 

Very significantly, as far as life-long learning goes, one interviewee noted, 

“Words contain knowledge but practical knowledge empowers you even more. It 

creates more meaning for the knowledge – how to share it, how to use it.  

Experiencing immerses you in knowledge so deeply.”  That student further 

stated, “It encouraged me to question, ’Why can’t it be like this when we go back 

to university?’ I look for more, even now; I look for more experience.” 

 

Discussion and Implications: 

We believe our initial findings have far-reaching implications that go beyond 

Theatre Studies.  The holistic learning environment of the wānanga could be 

used for not only teaching elements of Te Ao Māori, but also for teaching 

disciplinary knowledge in a range of subject areas. The wānanga setting provides 

a fruitful environment for facilitating deep and life-long learning, and for 

developing self-motivation and resilience in the students. 

 

This project certainly changed the way in which we approach teaching in THEA 

253/353.  I propose the inclusion of a wānanga each time the course is taught, if 

resources allow. I also intend to research the inclusion of wānanga-style teaching 

in other Theatre Studies papers.  However, we need to better understand the 

interface between the classroom and the wānanga.  Understanding this interface 

will be the next phase of my research in this area.  Rua and I found that when the 

group got back to the classroom, familiar signifiers and behaviours returned. 
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Whereas on the marae, a self-determining agenda prevailed (students saw a job 

that needed doing and did it – be it taking notes, helping a peer, or working 

alongside Rua and I, and other staff present at the wānanga, in a range of spheres 

to do with daily life on the marae), upon returning to the classroom they sat in 

rows, waiting to be told what to do.  Moreover, they waited for Rua and I to 

return to our roles as lecturer and tutor in a more traditional western academic 

sense. When Rua and I enquired about this behaviour when we interviewed 

students for this project, the interviewees acknowledged this practice had 

happened. One of the students we interviewed said, “The further we get from the 

wānanga some threads of connection start to untwine. The complexities of uni 

life take over.” Another said, “Coming back disconnects you from that 

environment.” 

 

Summary of Spending: 

See attached spreadsheet. 

 

Outputs: 

Rua and I presented the project’s interim findings at the International Applied 

Theatre Symposium, “Performance of Hope” on November 9th, 2015 at the 

University of Auckland  

(https://cdn.auckland.ac.nz/assets/education/about/news-and-

events/docs/2015/Performance%20OF%20Hope%202015%20Visual-

Proof.pdf). 

 

https://cdn.auckland.ac.nz/assets/education/about/news-and-events/docs/2015/Performance%20OF%20Hope%202015%20Visual-Proof.pdf
https://cdn.auckland.ac.nz/assets/education/about/news-and-events/docs/2015/Performance%20OF%20Hope%202015%20Visual-Proof.pdf
https://cdn.auckland.ac.nz/assets/education/about/news-and-events/docs/2015/Performance%20OF%20Hope%202015%20Visual-Proof.pdf
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I will also present a paper detailing further findings from the study at the 

Australasian Drama Theatre and Performance Studies conference “Resilience: 

Revive, Restore, Reconnect” at the University of Southern Queensland, 22  24 

June 2016. From this paper, a journal article will be drafted, which may be 

offered to the Australasian Drama Studies journal, or to another suitable journal. 
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Monitoring the social and environmental responsibility of Otago students 

Developing a research instrument that draws on the Revised New Ecological Paradigm 

Scale with other validated instruments that measures students’ ethical reasoning skills 

and moral intentions, so as to validate and instrument that departments may use to 

evaluate the extent to which their students acquire aspects of social and environmental 

responsibility and incorporate into future longitudinal models of change to answer the 

question “How does the social and environmental responsibility of  our students change 

as they experience higher education with us?” 

 

Project Leader: Damien Mather (Marketing) Email: damien.mather@otago.ac.nz 

 

Participating staff members: Professor Kerry Shephard, Ms Lynley Deaker, John Harraway, 

Dr Sheila Skeaff, Dr Brent Lovelock, Dr Liz Slooten, Dr Mick Strack, Dr Miranda Mirosa, 

Tim Jowett, Dr. Leah Watkins, Dr Hilary Phipps 

 
 
Introduction 

The University’s Community-engaged Learning and Teaching Special Interest Group, with particular 

interests in researching the impact of community-engagement on the social responsibility of our 

students, and staff. It is widely recognised that community-engagement has significant impacts on 

student learning . Members of the Commerce Division have significant interests in the social 

responsibility and ethical practices of their students and graduates, particularly in business 

situations. The University’s Education for Sustainability Research Group has longstanding interests in 

evaluating the attainment of sustainability attributes by students and the use of research 

instruments and statistical approaches to model how these attributes change as students experience 

higher education with us. The university’s graduate attributes include: “Ethics: knowledge of ethics 

and ethical standards and an ability to apply these with a sense of responsibility within the 

workplace and community” and “Environmental Literacy: basic understanding of the principles that 

govern natural systems, the effects of human activity on these systems, and the cultures and 

economies that interact with those systems”. Graduate profiles in some parts of the University 

emphasise these qualities more than others. All of our Business School programmes, including those 

accredited by the AACSB, anticipate that an Otago education will graduate socially and 

environmentally responsible business people. Otago education aspires to a great Otago profile, but 

we find it difficult to make judgments on the extent to which our graduates apply their knowledge of 

ethics and ethical standards with a sense of responsibility within the workplace and the community.  

Thus we are motivated to develop and validate, using linkage strength to relevant behavioural 

outcomes, a refined set of question items to measure ethical reasoning, moral foundations and 

environmental paradigm. 

Method 

Thus we researched, refined and further developed a student questionnaire based on 3 scholarly 

sets of instrumental questions developed from 3 main literature sources for (1) Moral Foundations 

(Graham et al., 2011), (2) the second version of the Defining Issues Test (DIT2) for Ethical reasoning 

(Rest, Narvaez, Thoma, & Bebeau, 1999), (3)  The New Environmental Paradigm (NEP) (Dunlap, Van 
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Liere, Mertig, & Jones, 2000) and a recently published set of eco-social behaviour frequency 

questions developed by some of the participating research team (Watkins, Aitken, & Mather, 2015) 

that measured eco-social consumption and linked strongly with Moral foundations (Graham et al., 

2011) traits. 

These scales were refined in several important ways over several development rounds prior to 

inclusion in the final questionnaire as participating team members critiqued, challenged, augmented 

and refined the items and their associated question framing so as to enhance the relevance to the 

underlying student traits they were intended to measure and to improve relevance, clarity and ease 

of response by the participating students. 

Specifically, the eco-social responsible consumption items  (Watkins et al., 2015) were enriched by 

the addition of eco-social responsible non-consumption items, such as frequency of volunteering for 

socially worthy causes,   and the fundamental question framework for the DIT2 (Rest et al., 1999) 

was re-designed to avoid scenario relevance, cognitive load and cognitive dissonance bias problems 

as perceived by the research team. DIT2 (and its predecessor, DIT1) instruments were designed 

around participants rating and ranking 6 or 7 alternative response behaviours to ethical problem 

scenarios. Our new question framework for the DIT, which we now refer to as DIT3, was developed 

around a Best-worst scaling approach (Finn & Louviere, 1992; Levin et al., 1986) using the same 6 

types alternative response behaviours, breaking the original difficult ranking task into a series of 

smaller, easier and more reliable subtasks via a balanced incomplete block design, thus eliminating 

significant cognitive load and dissonance bias, and framing the ethical problem scenario so as to be 

much more relevant to a typical Otago student. 

After several pre-tests and minor refinements, the survey was delivered to 8 different classes across 

the Dunedin campus, including classes in food science, human nutrition, human development, 

marketing and tourism.  See Appendices 1 and 2 for more details on the question items used. F1 – F5 

refer to moral foundation traits (F1 and F2), New Environmental Paradigm traits (F3 and F4) and Eco-

social responsible behaviour construct (F5) respectively. All are measured by multiple items, as 

documented in Appendix 1. A single DIT3 score was derived from the Pearsons correlation of each  

individual student’s 1-6 rankings of the 6 possible DIT2 reasonings obtained from the responses to 

the best-worst scaling design in Appendix 2 to the ideal ranking corresponding to the highest  ethical 

reasoning ability score, of the 6 reasonings as originally published .  281 questionnaires were 

returned.  

The instruments were refined and validated using a 2-step structural equation model refinement 

framework as recommended by Anderson and Gerbing  (Anderson & Gerbing, 1988). 17 of the 

original items listed in the table in Appendix 1 were sequentially removed from the fully correlated 

measurement model during the measurement model refinement step (step 1 in the recommended 

2-step process) owing to either a lack of item discriminant ability or strength of original trait 

measurement, leaving 14 items including the manifest (single trait measurement) DIT3 score. The 

two-way correlation relationships between traits and DIT3 in the Measurement  Model were then 

modified to directed causal paths as informed by the relevant literature the so as to form the initial 

Theoretical Model. The second step of the 2-step process, refining the Theoretical Model,  was 

performed. A further 9 sequential modifications to measurement items or structural paths was then 

required to produce a final theoretical model, below: 
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Results: 

 

Standardised causal path loading shown are significant at the 95% confidence level. An overall model 

fit statistic GFI of 0.90 is considered indicative of an acceptable final Theoretical Model  (Anderson & 

Gerbing, 1988) 

Note the binding moral foundation trait was finally measured by only one (manifest) item (V5 in the 

table in Appendix 1). 

Thus we find that our new DIT3, evolved from the existing DIT2 demonstrates a significant direct 

predictive validity on our refined measure of eco-social responsible student behaviour. Recall this 

measure is based on 4 tasks, where each task comprises selecting two, the best and the worst, 

alternative ethical reasoning out of 3 possible choices, and then deriving an individual DIT3 score via 

correlation with an ideal ranking. 

Furthermore, we find that a refined subset of the eco-centric component trait of the NEP has an 

indirect significant positive, predictive relationship with our refined eco-social behaviour construct. 

Less usefully, we find a significant negative predictive relationship between the single manifest item 

from the binding moral foundation scale and our refined eco-social responsible behaviour construct. 

  

Final theoretical path model

<.0001Pr > Chi-sq

68DF

263.77Chi-sq

0.10RMSEA

0.06SRMR

0.90GFI

0.86CFI

278N Obs
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Conclusions: 

This gives us clear support for using our newly evolved DIT3 as an instrument for measuring and 

monitoring Otago students’ ethical reasoning and moral foundation development. 

We also have the flexibility of choosing to continue to employ the NEP scale, or our refined subset, 

for the same purpose. 

 

Future directions: 

The team anticipates several peer-reviewed journal articles arising from this work, with one focussed 

on the newly evolved and validated DIT3 construct method, and at least one other on measuring 

student ethical reasoning ability. We expect to deploy one or both of the above validated constructs 

in future longitudinal studies on student ethical development. 

For more information or queries please contact the author: damien.mather@otago.ac.nz 
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Appendix 1 List of measurement items, sources, derivation and role in initial 

measurement model 

Role NAME LABEL 
F1 individualising moral foundation A1 a1 V1 Whether or not someone suffered emotionally 

F1 individualising moral foundation A2 a2 V2 Whether or not some people were treated differently than others 

F1 individualising moral foundation A3 a3 V3 Whether or not someone cared for someone weak or vulnerable 

F1 individualising moral foundation A4 a4 V4 Whether or not someone was denied his or her rights 

F2 binding moral foundation B1 b1 V5 People should be loyal to their family members, even when they have done 
something wrong 

F2 binding moral foundation B2 b2 V6 Men and women each have different roles to play in society 

F2 binding moral foundation B3 b3 V7 I would call some acts wrong on the grounds that they are unnatural 

F4 New Environmental Paradigm eco-
orientation 

NEP_1 nep1 V9 We are approaching the limit of the number of people the earth can support 

F4 New Environmental Paradigm eco-
orientation 

NEP_11 nep_11 V19 The earth is like a spaceship with very limited room and resources 

F4 New Environmental Paradigm eco-
orientation 

NEP_13 nep_13 V21 The balance of nature is very delicate and easily upset 

F4 New Environmental Paradigm eco-
orientation 

NEP_15 nep_15 V23 If things continue on their present course we will soon experience a major 
ecological catastrophe 

F4 New Environmental Paradigm eco-
orientation 

NEP_3 nep_3 V11 When humans interfere with nature it often produces disastrous 
consequences 

F4 New Environmental Paradigm eco-
orientation 

NEP_5 nep_5 V13 Humans are severely abusing the environment 

F4 New Environmental Paradigm eco-
orientation 

NEP_7 nep_7 V15 Plants and animals have as much right as humans to exist 

F4 New Environmental Paradigm eco-
orientation 

NEP_9 nep_9 V17 Despite their special abilities humans are still subject to the laws of nature 

F3 New Environmental Paradigm 
human-oriented 

NEP_10 nep_10 V18 The so called ecological crisis facing humankind has been greatly 
exaggerated 

F3 New Environmental Paradigm 
human-oriented 

NEP_12 nep_12 V20 Humans were meant to rule over the rest of nature 

F3 New Environmental Paradigm 
human-oriented 

NEP_14 nep_14 V22 Humans will eventually learn enough about how nature works to be able to 
control it 

F3 New Environmental Paradigm 
human-oriented 

NEP_2 nep_2 V10 Humans have the right to modify the natural environment to suit their needs 

F3 New Environmental Paradigm 
human-oriented 

NEP_4 nep_4 V12 Human ingenuity will ensure that we do NOT make the earth unliveable 

F3 New Environmental Paradigm 
human-oriented 

NEP_6 nep_6 V14 The earth has plenty of natural resources if we just learn how to develop 
them 

F3 New Environmental Paradigm 
human-oriented 

NEP_8 nep_8 V16 The balance of nature is strong enough to cope with the impacts of modern 
industrial nations 

F5 eco-socially responsible behaviour C1 c1 V24 Contributed money or time to charity 

F5 eco-socially responsible behaviour C2 c2 V25 Attended a debate or lecture on a current political or social issue 



D Mather Monitoring the social and environmental responsibility of Otago students, Otago University Teaching 
Development Grant final Report, April 2016. 

7 
 

Role NAME LABEL 
F5 eco-socially responsible behaviour C3 c3 V26 Purchased from organisations because of their social responsibility and/or 

environmental commitment 

F5 eco-socially responsible behaviour C4 c4 V27 Discontinued purchase of water in plastic bottles 

F5 eco-socially responsible behaviour C5 c5 V28 Taken fewer aeroplane flights 

F5 eco-socially responsible behaviour C6 c6 V29 Welcomed someone of a different ethnic group to yourself into your home 

 

F1 moral foundation items framed as 'When you decide something is right or wrong, to what extent is this 

relevant to your thinking?' 

F2 moral foundation, F3 and F4 NEP items framed as 'How much do you agree with this statement?' 

F5 items framed as 'How often have you made this behavioural change for reasons of environmental 

and/or social responsibility?' 
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Appendix 2: Balanced incomplete block design for DIT3 instrument used in survey. 

Each task comprises 3 of the possible 6 alternative ethical reasonings, and students choose 2, the 

best  and the worst reasoning, respectively, from the 3. Taken over the whole design, the responses 

facilitate a complete unique ranking of the 6 if there are no ties. 

   

 

task alt Alternative choices for best and worst ethical reason within each best/worst task 

1 1 People have to make social inequalities known if society is to change for the better 

1 2 
Lucy and her flatmates could treat themselves to some chocolate this week if they don’t 
have to buy food 

1 3 It  is  Lucy’s duty to report her friend and not eat the food herself 

2 1 
Lucy wouldn’t be able to tell her mum that she had taken food from the Food-bank as 
she knows that she wouldn’t approve 

2 2 People have to make social inequalities known if society is to change for the better 

2 3 Lucy may go to court if she is caught deceiving the Food-bank 

3 1 It  is  Lucy’s duty to report her friend and not eat the food herself 

3 2 Lucy may go to court if she is caught deceiving the Food-bank 

3 3 It is the right of all citizens to have adequate food, water, clean air, clothing and housing 

4 1 It is the right of all citizens to have adequate food, water, clean air, clothing and housing 

4 2 
Lucy wouldn’t be able to tell her mum that she had taken food from the Food-bank as 
she knows that she wouldn’t approve 

4 3 
Lucy and her flatmates could treat themselves to some chocolate this week if they don’t 
have to buy food 
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Project Snapshot 
In 2014 we introduced a mastery learning model in our introductory programming paper, 
COMP150: Practical Programming. The aim of this project was to fully evaluate the effects 
of the mastery learning model, to introduce and evaluate the introduction of an explicit self-
paced learning model, and to develop software to allow better tracking and feedback of 
student performance on mastery tests. We have:  

• demonstrated that the mastery learning model has had a significant impact on student 
learning especially for the weaker students;  

• discovered that students appreciate some indication of appropriate speed of progress 
and that fully self-paced learning is not ideal. They need and appreciate some 
extrinsic motivation to do the work; 

• developed appropriate software for tracking student performance on mastery tests; 
• developed appropriate content and software for delivering problem based exercises 

with solution hints that are exposed to students on demand; 
• submitted a paper to the ACM International Computing Education Research (ICER) 

Conference. One of the top conferences in the field and fully peer-reviewed. 
 
  



Background 
 
Introductory programming courses are infamous for high failure rates, often paired with a 
bimodal distribution of grades (many A’s and many failures). Prof Anthony Robins, from our 
department, has proposed a promising theory (Learning Edge Momentum) for why 
introductory programming courses exhibit this bimodal distribution; because programming 
concepts build on top of each other, failing to understand one concept will hamper 
subsequent learning. He also proposed mastery learning as a potential solution to this 
problem. 
 
Our introductory programming paper, COMP150, focuses on practical programming skills. 
Students are required to attend labs and submit their work at the end of each lab. Prior to 
2014, only informal feedback was given regarding work quality. The structure of the paper 
encouraged students to attempt later labs even if they had not mastered earlier ones. In 2014 
a mastery learning model was introduced. In this model, students could not progress to 
subsequent tests (or labs) until the prior test was passed. There were 7 mastery tests and 
students could resit (randomised) tests any number of times.  
Student evaluations showed that students valued the mastery test model because they knew 
“where they are” in the course and on what topics improvement was needed. However the 
assessment of the impact on students’ actual learning outcomes is rather difficult as 
comparison with former years is not appropriate due to the change in assessment. Further, 
despite our attempt to emphasise self-paced learning, some students still felt they were 
getting behind. 
 
We proposed to more accurately measure the effect of the mastery model and further develop 
the model to address student perception of “getting behind”. In particular: 

• To investigate the impact of the 2014 changes by tracking students through follow-on 
programming papers, COMP160 and COSC241. 

• To evaluate the introduction of an explicit self-paced learning model in 2015. 
• To develop software to allow better tracking, and subsequently better feedback, of 

student performance on mastery tests. 
The self-paced learning model structure involved: paper content delivered via screen-casts 
and course book; labs were problem based (no change); 7 mastery tests as in 2014; lectures 
were informal and focused on problem areas identified from developed software, student 
feedback, and demonstrator feedback. 
 
Approach 
 
COMP160 is our compulsory first year programming paper offered in semester 2. It has not 
changed significantly in several years. COMP150 is an optional first-semester programming 
paper. Therefore, the student cohort in COMP160 consists of two groups: those who have 
done COMP150 and those who haven’t. This allowed us to evaluate the effect of introducing 
the mastery learning model by comparing the relative performance of the two groups of 
students in COMP160 both before and after the introduction of mastery learning in 
COMP150.  
 
We also developed software (and content) to deliver practice questions. The web-based 
software produces hints for solving the problem on demand (if the student is stuck), and the 
whole solution if they cannot solve it at all. 



 
Key Findings and Outputs 
 

1. Mastery learning has a positive effect on student performance in subsequent courses, 
and hence understanding and skill retention. This effect is much stronger in weaker 
students. 

2. Most students believe the mastery learning model is a positive influence on their 
learning, although the model is not universally loved.  

3. There is a tension between self-paced learning and the requirement to complete a 
course in a fixed amount of time (one semester), and a fixed lecture schedule. Self-
paced learning is inconsistent with content delivery in lectures, but organizing 
lectures based on the progress of most students is viewed as being disorganized (no 
fixed schedule). Students still want some extrinsic motivation to get their work done 
in a timely fashion. 

4. There appears to be some tension between course evaluation and student learning. 
Course evaluation of COMP150 under the mastery model has been less positive than 
in previous years. Yet we have shown that students have learned more! 

5. One research article has been submitted to a good fully peer-reviewed conference on 
education in computer science (ICER 2016). 

 
Discussion and Implications 
 
For skills-based course, mastery learning produces better learning outcomes for students, 
especially for weaker students. However, the self-paced nature of mastery learning sits 
uncomfortably within a rigid university semester schedule. Nevertheless, we believe mastery 
learning is an appropriate learning mode for skills-based knowledge that can work in a 
university context. It is also apparent that student evaluations do not necessarily correlate 
with student learning in a course and this has implications for how we evaluate our teaching. 
 
Other Outputs 
 

1. Practice questions with hints and the software to deliver them. All available at: 
http://www.cs.otago.ac.nz/comp150/resources.php 

2. A paper submitted to ICER2016 (attached). 
 
Attachments 

1. Summary of spending 
2. Submitted research paper. 
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ABSTRACT
In our first year computer science program we offer an op-
tional first semester Python course to prepare our students
for a compulsory second semester Java course. In 2014, we
adopted mastery learning as the primary teaching mode for
the Python course. We show how the introduction of a mas-
tery learning model in the first semester has had a positive
impact on student learning especially for weaker students.
This is shown by the effect the mastery learning model has
on the results in the second semester course. The structure
of our first year allows us to ascribe the differences to the
mastery learning model, rather than other confounding fac-
tors. We also report on the perception of students to the
mastery learning model.

Categories and Subject Descriptors
K.3.2 [Computer and Information Science Education]:
Computer Science Education

Keywords
Introductory Programming, CS1, Mastery Learning, Python

1. INTRODUCTION
In order to more gently introduce programming for begin-

ner programmers, an elective first semester Python course
was introduced in 2009 at the University of blinded. The
course was structured in a traditional format consisting of
two weekly lectures and two accompanying laboratory ses-
sions covering the concepts presented in the lecture. The
introduction of the Python course resulted in an interest-
ing structure at blinded with two introductory programming
courses: a Python elective in semester one (COMP-Py), and
a compulsory (for CS majors) Java course in semester two
(COMP-Java). This structure results in two cohorts in the
Java course: those who have taken Python in semester one
(group PJ), and those who haven’t (group J). It is impor-
tant to emphasize that the Java course is intended as an in-
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troductory course (CS1) and not a follow-on course (CS2).
The essential content of the Python course has not changed
significantly since 2011, but in 2014 we changed to a mas-
tery learning teaching method. This change was prompted
by two facts: from 2011-2013, students in group PJ were
conferred no statistically significant advantage in the Java
course than students in group J; and the theory of Learning
Edge Momentum [11].

Robins [11] published the theory of the Learning Edge
Momentum, which explains the typically observed bi-modal
grade distribution in introductory programming courses. It
identifies the integrative nature of programming concepts
that leads to a spiralling effect. Once students fall behind
it gets more and more difficult for them to catch up with
the course material. However, if basic concepts are mas-
tered students will find it increasingly easier to connect new,
higher-level concepts to those solid edges of knowledge. Even
though not suggested by Robins, the idea of mastery learn-
ing addresses exactly those problems by structuring a course
into units of increasing difficulty where students are allowed
to proceed to the next unit only if they master the cur-
rent one. Typically the tests, which need to be passed to
demonstrate mastery, can be repeated without penalty. We
introduced this structure because we hypothesize that:

Hypothesis 1. Mastery learning leads to improved knowl-
edge, retention and mastery of important programming skills.

and that:

Hypothesis 2. The mastery learning model is more ad-
vantageous to lower achieving students than higher achieving
students.

One of the most comprehensive meta-analyses regarding
the impact of mastery learning interventions was carried out
by Kulik et al. [7] who investigated 108 controlled eval-
uations. They distinguish two types of mastery learning:
(1) Learning for Mastery (MFL) introduced by Benjamin S.
Bloom in 1968 and (2) Fred S. Keller’s Personalized System
of Instruction (PSI) which was published in the same year.
MFL acknowledges that students learn at different paces by
planning for correctives for those students unable to master
the unit tests the first time. Nevertheless, MFL is still reliant
on the teacher’s presence and a uniform teacher-controlled
pace teaching groups of students. In contrast PSI courses
are delivered mainly through written material (this trans-
lates nowadays to all kinds of digital media distantly avail-
able) facilitating individual, self-paced study. When failing
a mastery test students are required to review the mate-
rial and to take further tests until they can demonstrate



the level of mastery required [7]. Where in PSI the number
of test repetitions is theoretically unlimited, MFL recom-
mends only one repeated formative assessment covering the
same concepts and skills before a student can move to the
next unit. However rather than proposing a rigid model,
Bloom emphasizes flexibility and calls on teachers’ creativ-
ity to meet students’ individual needs [5].

In Kulik et al.’s [7] meta-review 72 of the 108 studies
used PSI at college level. The remaining 36 studies used
MFL at college as well as high school and primary school
level. From the 103 studies reporting aspects of examina-
tion performance, only 7 reported negative results. For 67
of the remaining 97 studies the positive results were consid-
ered statistically significant. The average effect size of all 103
studies was 0.52, a medium effect size given Hattie’s [6] def-
initions for interpreting effect size estimates in educational
settings by considering an effect size as small if d=0.20, as
medium if d=0.40 and as large if d=0.60. Kulik et al. [7,
p.292] conclude:

“Even though an improvement of 0.5 standard devia-
tions may fall far below expectations, it is nonetheless
a relatively strong one for an educational effect. ... Few
educational treatments of any sort were consistently as-
sociated with achievement effects as large as those pro-
duced by mastery teaching.”

Besides other result categories (e.g. instructional time or
course completion) the authors also report on effects on stu-
dents’ attitudes toward the instructional method and the
subject. In general students’ attitudes in the mastery class
were more positive when compared with the control group.
Sixteen of the 18 studies assessing students’ attitudes to-
wards the instructional method reported improved ratings
with an overall, average effect size of 0.63. Students’ atti-
tudes toward the subject matter were reported to be more
positive for the mastery class in 12 out of 14 studies (average
effect size 0.40).

Given the impressive positive effects of mastery learning,
it is somewhat surprising that relatively few studies have
attempted to apply mastery learning to computer science in
general and introductory programming in particular. Fur-
thermore those few studies do not report on performance
measurements and focus on students’ attitudes solely. LeJe-
une [8] as well as Macedo Morais et al. [10] report positive
student ratings towards the mastery model. In Marcedo
Morais et al.’s study, students were especially satisfied with
the feedback they got and the tutoring aspect of the mastery
learning course but least in favour of the unit mastery as-
pect. LeJeune [8] reports on the introduction of a mastery
learning model coupled with contract grading, where the
success criteria for each success level were explicitly defined.
Students moved gradually from the minimal assessment re-
quirement to higher success levels in cycles of feedback and
corrections towards the achievement level they choose. The
authors report [8, p.155]:

“Students indicated that the clear expectations coupled
with their opportunity to choose the grade (and corre-
sponding level of effort to achieve their grade choice)
was preferred over traditional grading schemes.”

A different approach was taken by Engle and Rollins [3]
where mastery learning was combined with expert code re-
views in a second year software development course. The
motivation for change was based on the authors’ realiza-
tion that students passing the course at the C-level had not

mastered the key principles and would often fail in follow-
on courses. To address this problem a series of projects
of increasing complexity was set out and mastery was de-
fined by 100% achievement per project which students could
reach by resubmitting their project work until a set cut-off
date. Expert code reviews by the instructor were arranged
to identify design problems and provide students with feed-
back. Instead of grading single projects the final grade was
proportional to the number of projects mastered. Complet-
ing the first three projects guaranteed students a C-level
project grade building up to A-level for all five projects.
Even though the students did not progress nearly as far with
the projects when compared with the traditional delivery of
the course the students’ mastery of code design and refac-
toring as well as the mastery of complex concepts such as
concurrency improved [3].

Although slightly different all mastery learning approaches
discussed above have the following aspects in common: (1)
learning outcomes need to be explicitly defined, (2) repeat-
ing tests or refining assignments is likely to have a positive
influence on the learning outcome, (3) as success levels ac-
crue students gain a sense of achievement, (4) students can
decide on the grade they want and feel more in control of
their learning and (5) the uncertainty in outcome and the
pressure to pass summative assessments can be removed.

2. COURSE DESCRIPTIONS

2.1 COMP-Py
Similar to the findings of Engle and Rollins [3], we found

that students’ knowledge and experience gained from the
first semester Python course from 2011-2013 (COMP-Py)
was not an advantage in the second semester Java course
(COMP-Java). In the labs, students were exposed to a wide
range of small, programming tasks of increasing complexity,
but they were not forced to master those because attendance
was sufficient to be allowed to sit the final exam. Two prac-
tical tests were set at fixed times (week 6 and 11) with one
possibility to repeat blinded. Passing the first test was not
a prerequisite for taking the second test. Test scores were
part of the grading which consisted of 20% practical test
results, 20% mid-term examination and 60% final examina-
tion. Both examinations were paper-based and composed of
a set of multiple choice questions (MCQ).

There are at least two possible reasons for no advantage:
Python programming skills are not transferable to Java in
general (unlikely); or students were acquiring programming
skills at a very superficial level only. We believed the lat-
ter reason to be more likely. Hence, in 2014 and 2015 we
changed the format of the course to a mastery learning
model, where 35% of the final mark could be gained by pass-
ing 7 mastery tests which we called progression levels. The
changes covered the PSI key features as described in [4]: (1)
unit mastery, (2) self-pacing, (3) tutoring, (4) emphasis on
written word and (5) lectures for motivational purposes.

In 2014 there were two lectures per week (each 50 minutes)
and two lab sessions (each two hours) where students learned
at their own pace assisted by tutors. In addition to the self-
developed textbook blinded, podcasts from the lectures were
made available for review. Each week a new programming
test became available regarding the concepts taught in the
lectures and similar to the accompanying lab tasks. During
their lab time students had the opportunity to take the test



which took 20 to 30 minutes in a controlled environment
(no textbook or online resources). Students passing the test
were allowed to move on to the next test whereas students
not passing the test were advised to review the lab tasks by
using the podcasts or the textbook and to ask for help if
needed. Those students could re-sit the test during one of
their next lab sessions as often as they liked until the end of
the semester. For each test there were variations available
which were randomly assigned to discourage rote learning.

With the change to mastery learning it became obvious
that the statically paced lectures were irrelevant for most
students and in 2015 lecture content was moved to the pod-
casts only. Students were advised to prepare and watch the
material before approaching the task. One lecture per week
was held as a lectorial where students had the opportunity
to ask questions and discuss concepts. However attendance
was low with approximately 40% attendance on average.

In 2015 there were 248 students officially registered in the
course. Another 14 students were initially active but with-
drew later from the course and hence did not show up in
official records. Of the 248 officially registered students 185
(74%) completed the course successfully. 35 (14%) students
failed the course because their final mark was under 50%
and another 24 (10%) students decided not to sit the final
exam. 5 students were enrolled but appeared to be inactive.

For each week of weeks 2 to 8 of the semester (13 weeks
in total) one progression level (PL) became available. Of
the 243 active, officially registered students 124 (51%) mas-
tered all 7 progression levels. Difficulty increased with PL 5
requiring the most attempts per success (Figure 1). 211 stu-
dents attempted PL 5 with an average of 2.9 attempts. 195
students mastered the progression level. About half (93) of
the successful students needed 2 or 3 attempts and only 43
(22%) students mastered this level during the first attempt.
Another 41 (21%) students attempted the progression level
four or five times and the remaining 18 students needed six
attempts or more to succeed. Of the 16 students who at-
tempted, but did not succeed on PL 5 only three had more
than three attempts and all but one had their last attempt
in week 13, the last week of the semester.
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Figure 1: Number of attempts for 243 students in
2015.

The main differences observed between the two offerings
of the mastery learning model in 2014 (weekly lectures pro-
vided) and 2015 (podcasts provided only) was that students

in 2015 were not as active in the first half of the semester. In
2014 62.7% of all 3243 attempts were completed before week
7. In contrast in 2015 only 50.5% of all 2849 attempts were
completed before week 7. Where in 2014 the highest weekly
number of attempts was recorded by week 5, in 2015 it was
the last week accounting for over 10% of all attempts. In
comparison in 2014 only 3.8% of all attempts were completed
in the last week of the semester. These observations and a
lower total number of attempts in 2015 indicate that stu-
dents were attempting the tests loo late, leaving not enough
time to complete as many progression levels compared to the
students in 2014. Even though the mean of students’ final
marks in 2015 (M=60.0, SD=20.80, N=243) was lower than
in 2014 (M=63.63, SD=21.78, N=242) this difference was
not statistically significant (p=0.06). Regardless we con-
cluded that the missing lectures led to a lack of structure,
which we need to compensate for by a clear course outline
stating our expectations for sitting the mastery tests in a
timely manner.

The change to the mastery learning model had no impact
on the completion rate of the course. In 2011 to 2013 88.3%
to 93.5% of all students being active initially (attended at
least one lab) completed the course by sitting the final exam.
In 2014 and 2015 the completion rate was very similar with
88.8% and 90.1%. Success rates as the proportion of stu-
dents achieving a final mark over 50% of all initially active
students were also similar (80.7% in 2011, 82.2% in 2012,
73.4% in 2013) in comparison to 81.0% in 2014 and 75.7%
in 2015.

2.2 COMP-Java
COMP-Java is offered in a traditional format of two lec-

tures and two labs a week and based on a standard text-
book [9]. There are no prerequisites for this course and stu-
dents can enter without any prior programming experience.
The course has three independent assessment components:
(1) mid-semester examination (15% of final grade), (2) final
examination (60% of final grade) and (3) the number of lab
tasks completed (25% of final grade, 1% for each completed
task). Both examinations are paper-based and consist of a
short answer part with small programming tasks (approx.
70% of exam score) and a MCQ part (approx. 30% of exam
score). Students are allowed to complete the lab task at their
own pace in tutor assisted lab sessions or at home. For task
submission students need to present their solution to a lab
tutor. If the lab tasks are not solved to the specification stu-
dents are advised on how to improve and can submit their
task again. There is no penalty for multiple attempts or
late completion. Students are strongly encouraged to solve
the tasks in the given order and not to skip tasks because
the concepts are interrelated and the complexity increases.
Given that each year we encounter cases of students present-
ing other students’ lab task solutions, the final exam must
be passed with a minimum of 50% to pass the course.

COMP-Java has been taught in the same way for the last
5 years. Each year approximately two thirds of students are
in group PJ and one third in group J. We have not investi-
gated which of the students, if any, have prior experience in
programming through means other than COMP-Py.

3. METHODOLOGY
To answer Hypothesis 1, groups PJ and J are compared on

all three COMP-Java assessments before and after the intro-



duction of mastery learning. Randomized controlled trials
are not practical in a university setting. However, because
of our particular first year structure, we are able to compare
group PJ with group J in a single year, rather than compar-
ing groups across years. This helps to mitigate (but does not
entirely eliminate) demographic changes across years. This
is as close to a natural experiment [2] as is likely in this con-
text. The selection variable is the year of study, which is not
random, but the size of the class should mitigate other causal
factors. We believe we can confidently attribute changes in
outcome in COMP-Java to course delivery in COMP-Py and
that changes in outcome in COMP-Java are a reasonable
proxy for the hypothesis.

Statistical tests are performed in three stages. First, a
multivariate ANOVA test is used to test for a difference
between group PJ and group J for each year. The depen-
dent variables are mid-semester results (MS), lab comple-
tions (Lab), and final examination results (FE). The inde-
pendent variable is the group label (PJ or J). For those years
where there is a difference, we then test if there is a differ-
ence in each of the dependent variables using a t-test. For
those dependent variables where there is a difference (in the
test and exam), we further test whether there are differences
in the multiple-choice answers and short-answer questions,
again using a t-test. The reason to split the test and exam
answers is that short-answer questions typically ask students
to generate a program or partial program and these are most
like actual programming tasks.

In all cases we use the Benjamini-Hochberg procedure to
control the false discovery rate (FDR) of multiple tests [1].
Such a procedure is more powerful than a Bonferroni cor-
rection, at the cost of potentially more false discoveries. We
set the FDR at 0.05. We also look at effect sizes, and based
on Hattie [6], adopt d=0.20 for small, d=0.40 for medium,
and d=0.60 for large effect sizes when judging educational
outcomes.

To answer Hypothesis 2, first the students are split into
an upper achieving group (top 50%) and a lower achieving
group (bottom 50%). These groups are then further split
into PJ and J groups resulting in four groups (PJU, JU,
PJL, JL). The same set of statistical tests are used to com-
pare within the upper or lower groups (PJU versus JU, and
PJL versus JL). In this case, only those years for which a
significant difference was found in the first set of tests is
included.

The cohort used in the analysis of Hypotheses 1 and 2,
included students who completed COMP-Java only. Com-
pletion was defined as those students who sat the final exam-
ination. Students who did not sit the exam were excluded
from the analysis. An alternative hypothesis that could ex-
plain the results observed is that the mastery learning model
might cause weaker students to drop out in COMP-Py and
hence act as a stronger filter under mastery learning than
previously. This is tested by looking at the dropout rates
in COMP-Py and COMP-Java. For these tests, the cohort
included all students who were initially active in COMP-
Java. Initially active means attended at least one lab ses-
sion. Dropout students are defined as those that did not
sit the final exam. Again the analysis proceeded in stages.
First it was tested if there was a difference in completion
rates between groups J and PJ for all years. Then further
tests were done to see if there was evidence of a change in
completion from before the introduction of mastery learning

to after in COMP-Java. We also tested if there was a dif-
ference in dropout rates in COMP-Py from before and after
the change.

To round out the analysis, we include student comments
taken from course evaluation surveys for COMP-Py. These
surveys were conducted in 2014 and 2015 only, were admin-
istered online, and were optional with a participation rate
of 42% (107 students) of the class in 2014 and 35% (91 stu-
dents) in 2015. The evaluations consisted of a questionnaire
of 9 Likert-like questions common to both years, and a fur-
ther 4 Likert-like questions in 2014. Furthermore there were
the following open-ended questions to comment on in both
years:

• For me the best aspects of the course were ...

• The changes I would most like to see in the course are
...

• Any other comments ...

4. RESULTS

4.1 Hypothesis 1
The results of the statistical tests are shown in Table 1.

As can be seen from the table, there is a significant differ-
ence only in 2014 and 2015 and subsequent tests are only
performed on the results for 2014 and 2015. There is no dif-
ference in lab submissions between the two groups and this
indicates approximately equal effort for each group. The
main difference is on the mid-semester test and in particu-
lar on the short-answer section of the test indicating that
students in group PJ have better internalized the concepts
of programming in Java at the mid-point of the semester.
Although there is also some difference in the final exam, it
is not strong enough to be considered statistically significant
indicating that students in group J catch up somewhat by
the end of the semester. The effect size for the short-answer
questions is medium in both 2014 and 2015.

4.2 Hypothesis 2
The results for testing Hypothesis 2 are shown in Table

2. As can be seen there is a significant difference between
the lower achieving students in 2014 and 2015, but not in
the upper achieving students. Again, the main difference
is in the short answer section of the mid-semester exam,
although there is also a significant difference in the final
exam for 2015 but not 2014. Given that there is only one
significant result for the final exam, we are not yet confident
that result is a true effect. For the short answer section,
effect sizes are in the large range (just) indicating that lower
achieving students are receiving an educationally significant
advantage from the mastery learning model.

4.3 Completion Rates
The results for comparison of completion rates is shown in

Table 3. An initial look at the completion rate for COMP-
Py indicates that more students are dropping out with the
mastery model, but this difference is not statistically signif-
icant, and therefore we do not have any evidence that this
is the case. We therefore have no evidence that the im-
proved performance in COMP-Java by group PJ is caused
by stronger filtering of the group prior to entering COMP-
Java. In fact, group PJ exhibits very similar completion



Statistic 2011 2012 2013 2014 2015

J Num 60 58 49 74 98
PJ Num 105 114 123 132 151
J Lab µ 21.6 22.5 22.1 21.8 22.0
J Lab σ 5.0 3.7 4.4 4.8 4.0
PJ Lab µ 22.9 23.4 22.3 22.1 22.5
PJ Lab σ 3.1 2.8 3.7 4.2 3.9
J MS µ 70.70 67.2 70.6 67.6 65.9
J MS σ 19.2 19.4 15.2 21.0 23.1
PJ MS µ 74.3 71.2 70.7 74.5 73.7
PJ MS σ 19.1 15.8 18.6 14.9 18.2
J MS MCQ µ 73.4 69.5 77.6 74.3 71.8
J MS MCQ σ 16.6 17.0 15.1 18.5 20.2
PJ MS MCQ µ 77.0 71.4 77.1 77.8 75.5
PJ MS MCQ σ 15.5 14.7 14.6 15.4 17.1
J MS SA µ 69.5 66.2 67.7 64.7 63.3
J MS SA σ 21.5 21.7 17.5 23.5 25.6
PJ MS SA µ 73.2 71.1 67.9 73.1 73.0
PJ MS SA σ 22.6 18.0 21.9 16.4 20.1
J FE µ 61.8 57.1 65.1 58.4 55.8
J FE σ 21.7 22.4 21.3 22.5 24.5
PJ FE µ 66.7 60.1 64.6 62.6 60.5
PJ FE σ 21.1 19.1 20.5 20.4 20.6
Manova 0.19 0.17 0.97 0.012 0.0069
t Lab NA NA NA 0.65 0.33
t MS NA NA NA 0.014 0.005
t FE NA NA NA 0.18 0.12
t MS MCQ NA NA NA 0.17 0.14
t MS SA NA NA NA 0.0075 0.0019
eff. sz. SA NA NA NA 0.43 0.42

Table 1: Statistical results for Hypothesis 1. First
block: summary statistics (number: Num, Mean:
µ, standard deviation: σ) for groups J and PJ, for
each year and for each assessment item. Second
block: multivariate ANOVA test for difference be-
tween groups. Third block: t-test for differences in
assessment types for 2014 and 2015. Fourth block:
t-test for differences in mid-semester test for 2014
and 2015 along with effect size. Significant differ-
ences are shown in bold.

rates across all years in COMP-Java and we would expect
that completion rates would be higher if the mastery model
acted as a stronger filter. The only statistically significant
difference in completion rates is that group PJ are better
completers than group J, but this is a result across all years
and not specific to the mastery learning model.

4.4 Students’ Perceptions
In both 2014 and 2015 a considerable proportion of stu-

dents mentioned the mastery test as “the best part of the
course”(18% of 71 responses in 2014 and 26% of 65 responses
in 2015). The following quotes (punctuation in some cases
adjusted) highlight which aspects students liked in particu-
lar:

• Self-paced learning style:

“The way the mastery tests were done, being given
multiple attempts and allowing us to work at our own
speed.”

“Being able to do the mastery test at my own pace was

Statistic 2014 L 2014 U 2015 L 2015 U

J Num 43 31 54 44
PJ Num 63 69 75 76
J Labs µ 19.8 24.5 20.1 24.4
J Labs σ 5.4 1.1 4.5 1.0
PJ Labs µ 19.8 24.1 20.4 24.6
PJ Labs σ 5.0 1.6 4.5 0.80
J MS µ 53.7 86.9 50.5 84.7
J MS σ 1.6 6.4 18.8 10.7
PJ MS µ 53.7 64.0 84.1 85.8
PJ MS σ 12.6 9.3 16.5 9.7
J MCQ µ 62.8 90.1 59.7 86.7
J MCQ σ 15.0 8.0 18.5 9.7
PJ MCQ µ 68.4 86.2 64.7 86.2
PJ MCQ σ 15.4 9.6 16.1 9.9
J SA µ 49.8 85.4 46.6 83.9
J SA σ 19.3 7.9 21.1 12.1
PJ SA µ 62.1 83.2 60.2 85.6
PJ SA σ 14.8 10.2 18.7 11.9
J FE µ 42.1 81.0 36.8 79.2
J FE σ 13.3 8.5 14.3 9.8
PJ FE µ 44.7 78.9 44.1 76.7
PJ FE σ 13.2 8.8 14.5 10.2
Manova 0.00089 0.49 0.0068 0.051
t Labs 0.97 NA 0.72 NA
t MS 0.00078 NA 0.00082 NA
t FE 0.31 NA 0.0057 NA
t MCQ 0.06 NA 0.11 NA
t SA 0.00070 NA 0.00025 NA
eff. sz. SA 0.69 NA 0.64 NA

Table 2: Statistical results for Hypothesis 2. First
block: summary statistics (number: Num, Mean: µ,
standard deviation: σ) for groups J and PJ, for each
of 2014 and 2015, for each assessment item, split
into lower achieving and higher achieving students.
Second block: multivariate ANOVA test for differ-
ence between groups JL and PJL, and JU and PJU
respectively. Third block: t-test for differences in
assessment types for 2014 and 2015. Fourth block:
t-test for differences in mid-semester test for 2014
and 2015 along with effect size. Significant differ-
ences are shown in bold.

nice so I was able to get them done and out of the way
pretty quickly.”

• Being challenged and the sense of achievement:

“Being challenged i.e. felt good completing the mas-
tery tests.”

“I was able to go into the mastery test not stressed out
about passing or not so I could relax and understand
fully what I was doing. The mastery tests also allowed
me challenge myself with more difficult questions so I
could understand the new concepts more.”

• Effect of staying focused:

“Mastery tests kept me engaged and focused from the
start.”

“I like that the mastery tests force you to know your
stuff beforehand - You are promoting good study habits.”



Statistic 2011 2012 2013 2014 2015

COMP-Py compls 88 88 93 89 90
COMP-Java compls 90 88 83 87 84
J compls 86 87 71 80 73
PJ compls 93 89 90 91 92

Statistic Years p value
J vs PJ 2011-2015 0.026
J vs PJ 2011-2013 0.21
J vs PJ 2014-2015 0.17
COMP-Py 2011-2013 vs 2014-2015 0.50

Table 3: Data and statistical results for completion
rates (as a percentage). The top table shows com-
pletion rates for the different courses and for groups
J and PJ. The bottom table shows t-test results for
different comparisons.

• Feedback aspect:

“The mastery tests, so I know where I am and what I
have to learn.”

“I like the idea of the 7 mastery tests throughout the
course, which help test you on the course material.”

A similar percentage (20%) commented negatively on the
mastery tests. Part of the criticism regarded the lack of
feedback when tests were failed and insufficient support in
general:

“I want to know what I did wrong on the mastery tests
when I don’t pass. I really struggle trying to pass those
tests when I don’t know what I did wrong.”

“We NEED more practise questions and other study
material that doesn’t come from the lab book.”

“More tutorials available for the people who are strug-
gling with the course.”

“Also links to some good self-help resources would be
nice. Some times the book and screen casts still don’t
cut it when your stuck trying to do some lab work out-
side of your lab times.”

However the main criticism in 2014 was connected to stu-
dents’ perception of falling behind given that there was a
fixed pace for the lectures:

“The lectures weren’t very helpful for me because the
purpose of this course is to learn your current mate-
rial before you progress. At one point the lectures were
about three weeks ahead of where I was at so although
not completely pointless, there wasn’t much to gain
from attending the lectures, as it was material I wasn’t
familiar with.”

“The mastery tests are a great way to ensure that the
necessary knowledge and skills are embedded first but I
found it very difficult to keep up with the lectures that
followed when I was working so hard to pass a mastery
test.”

“Although I have enjoyed trying to engage with the con-
tent in this paper, I have fallen victim to the spiral of
doom with the mastery tests. ... As mentioned in a pre-
vious question, at this point it is impossible to connect
to the lecture material because you are so far behind
in the understanding of the earlier content, there is no
point attending lectures as you cannot learn anything
because you have no prior knowledge upon which to

build on.”

Taking this critique into account we reduced the two weekly
lectures in 2015 to one lectorial. The lectorial consisted of
either: students requesting in advance a particular topic to
be covered; or the lecturer deciding on a topic based on
the progress of a significant portion of the class. In terms of
students requesting a particular topic, only two or three stu-
dents ever made a request, and one student requested topics
several times. However these sessions were not perceived as
particularly useful and the change left students under the
impression that there was a lack of organization or effort:

“The lecture was pretty much useless. There was no
organization to them, just answering queries if anyone
had any. How do you know what to query when you
don’t understand the material? The fact that the Mon-
day lecture was cancelled right from the start sort of
shows you how much effort the lecturer wanted to put
into this course.”

“The lectures were a bit unstructured and he [the lec-
turer] seemed to go week by week of where he thought
we were up to. I know it is a self-paced course but there
should be objectives and tasks we should complete so
we know where we have to be up to in the course.”

This lack of structure was a re-occurring topic in students’
suggestions on how to improve the course when commenting
on the topic “The changes I would most like to see in the
course”:

“More emphasis or feed back on where you should be
up to on a regular basis.”

“More structure around which lab we should be up to
or working on.”

“A clearer guideline of where I should be up to each
week.”

“More help provided and more idea of where in the book
you should be at certain times.”

These observations are backed up by students’ responses
to the questionnaire. Regarding the usefulness of the lec-
tures there was a significant drop from 56% finding the lec-
tures very useful or useful in 2014 to 23% in 2015. The
statement “The course seemed very well organized / very
disorganized” was rated positively by 78% of the students in
2015 with a drop to 59% in 2015. It seems that neither of
these lecture structures is ideal. If there is a well structured
lecture schedule then students get the feeling of falling be-
hind. If the lectures are less structured and more responsive,
then students believe the course is disorganized.

Interestingly and also consistent with our observations of
students’ comments, the perception of being behind was
more pronounced in 2014 than in 2015 given the fixed lecture
schedule in 2014. The question of “How well did you keep
up with the work in this course?” was positively answered
by 40% in 2014 and by 55% in 2015. This is particularly in-
teresting as students were actually completing the mastery
tests later in 2015 compared with 2014 (see Section 2.1).

Two questions in 2014 were directly targeted at the mas-
tery tests and indicated general support of the change. 80%
agreed or strongly agreed with the statement “The mastery
tests encouraged me to understand the earlier material be-
fore continuing on to later material.” and 74% with the
statement “On balance, I found the mastery tests to be a
positive influence on my learning.” Again these ratings re-
flect students’ positive feedback regarding the mastery test-



ing as shown at the beginning of this section.

5. DISCUSSION AND CONCLUSIONS
We have shown evidence that the introduction of mas-

tery learning in an introductory course on programming in
Python has a positive effect with moderate effect size on
the performance of students subsequently taking an intro-
ductory course in Java. This effect was not seen prior to
the introduction of mastery learning. The effect is more
pronounced earlier in the subsequent course and there is
only weak evidence that the effect persists long term. Such
a result is not surprising since a mastery model is likely
to produce stronger understanding of early concepts among
weaker students, but not of more advanced concepts - largely
because the self-paced nature of mastery learning means
weaker students will not progress to master advanced con-
cepts.

We have also shown evidence that the introduction of mas-
tery learning is more advantageous to lower performing stu-
dents than higher performing students; a particularly pleas-
ing result since there is strong evidence in the literature of
a bi-modal distribution of results among students [11] and
therefore anything that improves the performance of poorer
students without harming better students is a step in the
right direction. We have not shown that the effect would
carry over to a more advanced programming course, but
there is no reason we can think of why this wouldn’t be the
case. We have also shown that most students found the mas-
tery model to be a positive influence on their learning, al-
though the model is not universally loved. Of the comments
received in student surveys approximately equal numbers of
students were positive as were negative in regards to the
mastery model. The main tension appears to be between
the supposed self-paced nature of mastery models, and the
requirement to complete the course in a specific time frame
(one semester in this case).

There is also some tension between student learning and
course evaluation. Course evaluation in 2014 and 2015 of
COMP-Py has been less positive than in previous years,
despite evidence showing that students have learned more.
In particular, the reactive lectorial model introduced in 2015
was seen as an indication of disorganization and lack of effort
on the part of the lecturer. It is unclear how to resolve
this particular problem without doing away with lectures
altogether.

It is also worth considering possible alternative hypotheses
for the results observed. The most obvious alternative hy-
pothesis is that those taking COMP-Py will naturally have
an advantage over those that do not regardless of the for-
mat of COMP-Py. However, we have shown that there has
been no significant advantage for such students in 2011-2013,
but there was in 2014-2015 when the mastery model was in-
troduced. It is also possible that more motivated students
enrol in COMP-Py and this explains their advantage, but
again, such an advantage should have been clear in 2011-
2013. Furthermore, during course advising, weaker students,
and those who have not done any programming previously
are strongly advised to take COMP-Py whereas stronger stu-
dents are not. Finally, the mastery learning model may be
acting as a stronger filter than the non-mastery model, and
may be encouraging weaker students to seek other paths.
The raw numbers do indicate that there might be a higher
dropout rate in the mastery version of COMP-Py, but as

yet the evidence is not statistically significant; perhaps be-
cause of the paucity of longitudinal data. However, dropout
rates in COMP-Java for group PJ have not changed with the
introduction of the mastery model. More data is required
to answer this question with any confidence one way or the
other.

In summary, based on current evidence, we believe we
have shown that the introduction of mastery learning has a
positive effect on student outcomes in an introductory pro-
gramming course and that this effect is more pronounced in
weaker students.

6. FUTURE WORK
The course change presented in this paper describes a

carefully implemented first step in the direction of a fully-
fledged mastery model. In both 2014 and 2015 the 7 mastery
tests had a weight of 35% towards the final grade and were
accompanied by two other assessment components: a practi-
cal test and a final examination, contributing 65%. However
as we are now confident that the repeated mastery tests are
a fair assessment of our students’ programming abilities, in
2016 we have increased the credit for the mastery tests and
removed the final examination. In 2016, there are 8 differ-
ent mastery tests which account for 60% of the final grade.
However, we weren’t brave enough to remove all summative
assessment. There are still two summary/practical tests as
targets for students to work towards and to avoid rushed
learning at the end of the semester. Both summary tests
contribute 20% each towards the final grade and can only
be attended once at a fixed time. The first test will be run
as a mid-semester milestone testing basic concepts whereas
the second test is an incentive to progress through all pro-
gression levels and to earn a top grade.

This change is quite radical in the way that students can
disengage from the course after they accumulated enough
credits for a passing grade of 50%, which is possible by
mid-semester. In 2016 we will study how the patterns of
mastering the progression levels are influenced when there
is no final exam. We hope that most students will con-
tinue to study towards a B or A grade by mastering the
higher progression levels. Further adjustments of the as-
sessment schedule might be necessary to keep students en-
gaged and motivated. In the best case students will complete
the progression levels to a similar or higher degree and we
might thus consider a contract grading scheme as proposed
by LeJeune [8] where summative assessments are completely
obsolete and students can decide on their level of achieve-
ment. Such a change would promote self-regulated learning
where students work more and more independently in cy-
cles of setting their own goals, self-monitoring their actual
performance and adjusting strategies accordingly to reach
those goals [12].

In a mastery learning model students study specifically to-
wards mastering certain tasks and it is therefore important
that those tasks reflect the intended learning outcome. A lot
of work went into reviewing the progression levels and im-
proving the focus of the tasks regarding well-defined topics
for the 2016 course offering. The difficulty of single progres-
sion levels was adjusted and the hurdle of former progression
level 5 was lowered by splitting it into two.

Addressing students’ critical remarks about the lack of
feedback when tests were failed and insufficient support we
introduced online practice questions to assist students’ prepa-



ration for the progression levels and their learning when tests
were failed. Furthermore we plan for on-demand voluntary
tutorials where students struggling with particular parts of
the lab work are taught as a group in a room next to the
lab.

The critique of the lectorial style was taken on board and
has also been changed. They will now serve a dual purpose.
Early sessions are very much like traditional lectures and
cover the very basic topics (input, output, conditionals, it-
eration, functions). Later topics will be orthogonal to course
content and will instead focus on problem-solving in the con-
text of programming. Importantly, the lectorials are also a
point of contact, adding a motivational facet to the course
where interesting concepts are discussed by an enthusiastic
lecturer to spark students’ passion for computer program-
ming and the desire to continue their studies in computer
science. For a first year, first semester course the latter
should be one of the main goals: introducing students to
computer science and sparking a lifetime interest.
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Enhanced learning through virtual dissections 

PROJECT TEAM 
Dr Rob Wassa, Andrea Brownb, Sophie Fernb, Amanda Valoisb, Adon Moskala 
a Higher Education Development Centre, University of Otago;  
b Department of Zoology, University of Otago 

SNAPSHOT  
This grant allowed us to develop a web-based resource to complement the existing dissection 

activities carried out in the first year Animal Biology paper (BIOL112). It also provided an alternative 

exercise for the small number of students that do not take part in dissections for moral or personal 

reasons.  

The resource was developed using the enhanced teaching platform xOtago which supported the use 

of high-resolution images, video, and quizzes. No specific technical expertise was required to develop, 

build, or upload content to the resource. 

Post deployment the student survey results were very positive. In particular, the students found the 

online images and videos helped their understanding of the dissection (89% rated 1-2, where 1 = very 

helpful). The students also thought that the resource would be useful to view outside of the laboratory 

as a revision tool (67%, scoring a 1-2) and was easy to work on as a group (85%, scoring 1-2).  

Student objector focus groups led to some interesting discussions amongst staff about what should 

be considered a ‘core’ activity for a University paper. This led to the following presentation at a 

national conference:  

Wass, R., & Moskal, A. (2015). The ethics of teaching – where is the ‘bottom line’ in a negotiated 

curriculum? Proceedings of the Tertiary Education Research in New Zealand (TERNZ) Conference, 

Auckland. 

INTRODUCTION  
Dissections have traditionally been an integral part of a Zoology students’ experience. They are valued 

by both staff and students for being hands-on, exploratory, and promoting student inquiry (Lalley, 

Piotrowski, Battaglia, Brophy, & Chugh, 2010). We were interested in optimising this experience with 

a web-based, interactive resource. 

We were quite clear from the beginning that we were not looking for a virtual replacement of what 

the students currently did, but we were also aware that there was room for improvement. For 

instance, it is difficult for students to understand what is required with respect to performing the 

dissections. The laboratory manual goes some way; however, there is a large amount of text to read 

and the images are in black and white to reduce printing costs.  

Each year a small number of students (approximately 7 out of a class of 330) opt out of doing 

dissections for moral and other personal reasons. These students provide a written, reasoned 

application for why they choose to not take part in dissections and are often not present in the 

laboratory while the dissections are in progress. The teaching staff have ongoing concerns about the 

learning experience of these students and feel that all students should be provided with a quality 

practical learning experience regardless of their moral stand. It was hoped that the interactive nature 
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of the web application will provide an alternative activity for those that cannot, or will not, take part 

in the dissection activities.  

Project objectives 
The objective is to develop a web-based interactive application which is easily updated by teaching 
staff. The application will be used as a complement to the existing dissection activities (possum and 
dogfish), and can also be used by students that are looking for alternative exercises to dissections.  

METHODS 
The project began with focus group interviews (Berg & Lune, 2004) with six students to get a better 

understanding of how a web-based resource could support the learning of students that opt out of 

dissections.  A research assistant then worked with the project leaders and Educational Technology 

staff (HEDC) to create a storyboard detailing what the requirements of this project were. We decided 

to use an existing research-led technology enhanced teaching platform - xOtago. This decision was 

based on our requirements and the availability of expertise from staff within Educational Technology. 

The use of video and colour, high-resolution, labelled pictures seemed an ideal solution. We also 

wished to strengthen the group co-operation element by incorporating questions into the application 

which the students would complete together. Immediate feedback would be provided to the students 

to check their understanding.  

The research assistant then pulled all of the existing resources together and begin to build content 
(see Figure 1. below) assisted by HEDC Educational Technology staff, and with consultation with the 
project leaders. 
 

 
 
 Figure 1. A screen grab of the content being developed in xOtago. 
 
Once a framework had been developed we performed preliminary testing on a small group of 
volunteer students in the laboratory.  The framework was refined based on this preliminary testing 
and we continued to build content as required. The team met at least monthly to report on 
progress; more regular meetings were required at different stages of the build.  
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Our research questions were: 
Pre-launch and development research questions 

1. What features of online resources are important for all students as an aide for their learning? 

2. What are the current learning experiences for students who choose not to partake in 

laboratory activities that involve dissection of animals?  

Post-launch research questions 

1. How effective has the online resource been? (Effectiveness will be measured against the 

results from question 1 above) 

2. What were the learning experiences for students who chose not to partake in laboratory 

activities?  

Evaluation of impact 
As mentioned, the project leader conducted a baseline focus group interview with eight of the 2014 

objectors to find out about their learning experience in the course as it is currently run. Sample 

questions included background information about their prior knowledge of the use of animals in the 

course, but also how it felt to be a conscientious objector and how they felt about the current level of 

support. Another focus group of students who objected to undertaking dissections were asked similar 

questions for comparative purposes in October 2015.  

A paper-based questionnaire using Otago InForm was used with all students to evaluate the resource 

in terms of how easy the resource was to navigate and the usefulness of the diagrams, videos and the 

online questions. Further questions were asked to gather information about how well the resource 

encouraged collaboration, whether the students were likely to use the resource out of class, and 

whether they thought the resource was a suitable replacement to dissection activities.  The survey 

also allowed for free text comments which were collated and summarised.  

KEY FINDINGS AND IMPLICATIONS 

Survey results 
The survey results (n=159) suggest that the students found the resource easy to navigate with 82% 

scoring a 1 -2, where 1 is very easy and 5 is very hard (see Figure 2). The online images and videos 

were helpful for understanding the dissection (89%, scoring a 1-2). The students did not, however, 

find the online questions as helpful, with only 66% scoring a 1-2. Some of the free text comments 

suggest that perhaps the reason for this is that they found the questions too challenging (see Table 1). 

However, the vast majority of the free text comments were very positive with the images and videos 

being singled out as being particularly helpful.  
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Figure 2. Summary of responses to the virtual dissection survey (questions 1-4) 

 

Table 1. Free text comments from the virtual dissection survey categorised by themes.  

Comment No. of respondents  

Positive – good, great, found it helpful 76 

Found the pictures helpful 45 

Found the videos helpful 51 

Found it difficult to navigate 13 

Confusing 1 

Wanted more labelled pictures 5 

Wanted more videos 11 

Wanted less text 10 

Questions too hard 8 

Wanted more questions 3 

Did not use the module  2 
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The project team was initially concerned with the logistics of getting a team of four people to perform 

the dissection while simultaneously working their way through an online resource. This concern did 

not seem to be a problem. When asked how easy it was to work on the resource as a group, 85% of 

the students scored this question a 1-2, with 1 being very easy (see Figure 3). 

We were also interested to see if students would use this resource to review material outside of the 

scheduled laboratory times and 67% of the students responded that they would.  

Despite dissections receiving favourable ratings in course evaluations, the project team was interested 

in whether students thought that the resource was a suitable substitute for dissections. Although the 

resource did receive favourable ratings, it was a fairly even split with 43% thinking that the resource 

alone could replace the physical dissections and 39% did not see it as a suitable stand-alone substitute. 

A large number of students entered a nil response to this question (19%).  

 

 

Figure 3. Summary of responses to the virtual dissection survey (questions 4-7) 

 

Focus group interviews results 
Focus group interviews took place with eight students that had self-identified as not wanting to take 

part in dissections. Three of these students were majoring in zoology, while the other students had 

plant biotechnology, health science, genetics, psychology and neuroscience as their subject major.  

The questions were structured around two main themes. In the first we were interested in students’ 

expectations regarding dissections in the course (see Table 2) and the second part explored their 

experiences of using the online resource.  
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Table 2 – Focus group data from students that do not do dissections 

Questions Notes 

Can you tell me a little bit about why you took BIOL112? Required for Zoology degree. 
Fit timetable. 
Course looked interesting. 
Heard good things about course. 

What had you heard in terms of requirements to do 
dissections? 

Did not know there would be dissections until the labs 
started. 
Did not think seriously about dissections until the labs 
were underway. 
Knew there were dissections but hoped to be able to 
opt—out. 

How did you feel about the level of support? Happy that we were allowed to opt-out. 
Would have liked a follow up after lab to ensure we 
understood the material. 
As I was happy to watch but not participate in the 
dissection, would have liked a demonstrator to facilitate 
discussion with group members about everyone’s most 
comfortable role in the dissection. 

What was your approach to make sure that you 
understood the material that you would have otherwise 
missed? 

Used the lab book and online resource. 
Chose not to use the resource due to the videos and 
instead worked through the lab manual and used Google. 

  
Online Resource   

How did you find watching videos of the dissections? Enjoyed having videos and found them to be as useful as 
being there for the dissection. 
Liked that only one animal would be sacrificed for learning 
rather than many. 
Two participants did not feel comfortable watching 
videos. 
Would have been keen to have more interactive videos, 
i.e., demonstrator talking or showing various organs. 
Wanted sound with videos. 

How did you find looking at the still images of the 
dissected animals? 

Would have liked more labelled images. 
Would have liked to see multiple pictures of organs from 
different angles. 
Would have liked to see functions of organs on labels or 
close by images. 

Did you find the assessment useful? Yes, forced me to read through the lab book. 
Found it a bit hard. 
Would have liked more questions throughout instead of 
mostly at the end. 

Any other comments? Would have liked to have a discussion a week before the 
lab about where the animals came from and how they 
were killed to make a more informed decision. 
Found it difficult to jump back and forth between lab book 
and online resource. Not enough information on online 
resource as answers to questions required looking back 
through book. 
More videos 
Would have liked the chance to ask questions based on 
the online resource. 
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Discussion and implications 

The teaching staff were very pleased with the project outcomes – the xOtago platform was 

significantly feature-rich, but also able to be easily used by the teaching staff. The students seemed to 

find the resource helpful for learning the dissection material and it easily integrated into the 

laboratory without changing the group dynamics of the dissection itself. The project also revealed 

some interesting data about a small but significant group of students – those that do not do dissections 

because of their moral or personal stand. Some of these students were not comfortable watching a 

video of an animal that had been dissected and requested diagrams instead. This raised questions 

around a negotiable curriculum, tradition, and perhaps more importantly, how knowledge is valued 

by staff and students.  

While some students were only taking part in activities that they were comfortable with, they were 

clearly getting a different learning experience from the main cohort. These students also questioned 

the relevance of dissections to a zoology degree and this sparked debate amongst teachers about 

what they valued in a zoology curriculum and how they wished to be viewed by the wider community. 

Our study raised questions about what is the negotiable in the curriculum and what is considered the 

‘bottom line’. For instance, should a student that is anxious about public speaking be excused from a 

classroom activity requiring an oral presentation? What about students that do not attend lectures 

because of an approved timetable clash? If the learning experience is inferior to the main cohort of 

students, is it even fair to suggest an alternative arrangement? Our experience suggests these issues 

are often not discussed, are personal, and value-laden.  
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The research 
This session reports on a research project which investigated the learning experiences 
of students who chose not to take part in core curriculum activities - animal 
dissections. The study raised questions around a negotiable curriculum, tradition, and 
perhaps more importantly how knowledge is valued by staff and students.  

Animal dissections are a core part of a zoology curriculum. They are generally seen 
by students as a valuable learning exercise and rate favourably in annual course 
evaluations. Some students, however, for a variety of reasons, choose not to take part 
in dissections. These students are required to provide written documentation outlining 
what they are prepared to do, and they negotiate with teaching staff on how they will 
catch up on material missed. 

As part of a larger research project, we interviewed a cohort of students to find out 
what it was like to abstain from dissections. Students appreciated that they did not 
have to do dissections, but they also felt that they were ‘missing out’ and this 
contributed to a lack of motivation with the course in general.  

While these students were only taking part in activities that they were comfortable 
with, they were clearly getting a different learning experience from the main cohort. 
These students also questioned the relevance of dissections to a zoology degree and 
this sparked debate amongst teachers about what they valued in a zoology curriculum 
and how they wished to be viewed by the wider community.  

Why the topic is important 
Curriculum flexibility is a desirable feature. For instance, students appreciate being 
able to go to laboratory sessions different to that timetabled in order to meet work or 
childcare obligations. When ill, they also appreciate alternative ways to 'catch-up' on 
lectures that they might have otherwise missed. However, some things in the 
curriculum are not flexible or able to be negotiated; such as the mark needed in order 
to pass a paper, or the grade-point average in order to obtain a scholarship.  



Our study raised questions about what is the negotiable in the curriculum and what is 
considered the ‘bottom line’. For instance, should a student that is anxious about 
public speaking be excused from a classroom activity requiring an oral presentation? 
What about students that do not attend lectures because of an approved timetable 
clash? If the learning experience is inferior to the main cohort of students, is it even 
fair to suggest an alternative arrangement? Our experience suggests these issues are 
often not discussed, are personal, and value laden. This presentation gives participants 
an opportunity to explore their position and that of their colleagues.  

How the session will be run  
In the spirit of the TERNZ conference, this session will encourage attendants to 
reflect and share their experiences of what is negotiable in their teaching practice, 
what they consider the bottom line, and the implications of this.  

1.  The session will begin by outlining our current situation – the content of the 
course and the role of dissections. Some example justifications from 
conscientious objectors will be read to the group to set the scene. We will also 
talk briefly about the recently implemented xOtago online dissection resource 
to give an example of an ‘alternative’ learning experience (10 mins) 

2. Spectrum activity –given different scenarios, participants will physically 
situate themselves along a spectrum. For instance, from a fully negotiated 
curriculum to completely prescribed curriculum (5 mins) 

3. Participants will reflect and discuss the results of that activity (10 mins) 
4. Participants will then be assigned to spectrum extremes (and in between) and 

asked to imagine the scenarios that would result in those extremes. What 
pressures might lead to these situations? What are the outcomes and 
implications for Higher Education to be at the extremes? (5 mins) 

5. Participants will reflect and discuss the results of that activity (10 mins) 
6. Group discussion, reflection, and report back on the results of the session. 

What was learned? What will you take away? (10 mins) 
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