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Overview 


 This research used Q Methodology to explore how medical teachers 


understand the processes whereby their students learn. We sought to make the 


teachers’ assumptions about students’ learning explicit as a prologue to professional 


development. Preliminary findings from this research indicate there are two 


predominant viewpoints among our sample of medical teachers. Group 1 represented 


60% of the sample and Group 2 represented 3% of the sample. We conclude that there 


appears to be high degree of consensus about the optimal ways that students learn 


among teachers in our sample. We are currently analysing the subtle differences 


between the two groups and preparing a paper for publication. Other outputs include a 


workshop presented at the Australian & New Zealand Association for Health 


Professionals Educators (ANZAPHE) Conference in Newcastle, Australia on 31st 


March on the development of our research instrument. As a result of this presentation 


and other discussions that colleagues at University of Melbourne and University of 


Bristol have indicated an interest in replicating this study. Findings from this study 


will also be presented to the Otago School of Medicine. 


 


Introduction and methods 


 Q Methodology provides a means to explore the subjective viewpoints of 


participants about a contested topic (Brown, 1996). The research process identifies 


common patterns in the way participants sort a set of statements that together build 


into viewpoints. 


 In Phase one of the research we developed the research instrument, a set of 


statements (i.e. Q-set) that provided possible answers to the research question: How 


do medical teachers understand the processes whereby their students learn? 


Statements were drawn from the literature, our experienced research team, and 20 


semi-structured interviews with a wide range of medical teaching staff intentionally 


selected for their diversity of experience. The research team spent six months 
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developing a large set of over 100 statements. The statements were intended to 


represent the broadest possible opinions that could be held toward the research 


question. We then categorised the statements according to the seven curricular 


principles of the Faculty of Medicine, with one additional category added by the 


research team. This resulted in eight categories of statements (e.g. student centred 


learning; professional behaviours, experiential learning, etc). This set of statements 


was then reduced to a manageable number to facilitate 30-45 minute interviews. We 


were then piloted the statements with four academic staff to check for clarify of 


language in the statements. Following the pilot interviews, the Q-set was further 


reduced to 41 statements by eliminating cards that duplicated meaning or caused 


confusion. 


 Phase two of the research involved face-to-face interviews with a purposeful 


sample of 31 participants drawn from teaching staff who were from different 


disciplines and levels (i.e. Early Learning in Medicine and Advanced Learning in 


Medicine) and who had varying amounts of teaching experience. The sample included 


doctors, nurses and other clinicians as well as biomedical scientists with no clinical 


experience who teach medical students. Q Methodology attempts to reveal a range of 


viewpoints among a particular cohort of participants. The purposeful selection of 


participants was chosen to maximise the possibility of different points of view.  


 In the phase-two interviews, participants were asked to sort the statements 


rank the statements based on what they thought were the most optimal or least 


optimal ways that students learn and place them in a roughly equal distribution grid 


with an 11-point grid scale from -5 to +5. Following the sorting task, participants 


were asked their interpretation of the cards place to the far sides of the grid and why 


they placed the card in that position. The purpose of the post-sort interview is to allow 


participants to talk about the personal meaning they attached to the statements. In 


addition, participants were asked to provide demographic information about their 


discipline, years of teaching, what levels they teach, and what ways they thought the 


medical education curriculum could be improved.  


 The quantitative data collected in the interview process was analysed using  


PQ method (version 2.35). A centroid analysis followed by Varimax rotation resulted 


in a two factor solution or two groups. Group 1 represented 60% of variation in the 


sample and Group 2 represented 3% of variation. The viewpoint held by Group 1 


represented the majority of the participants in the sample and indicates a high degree 
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of consensus among the medical teachers regarding the processes by which students. 


We are in the process of analysing the findings together with the qualitative interview 


data and are preparing a paper for publication. 


 


Preliminary findings from PQMethod analysis: 


Group 1:  


 The majority of medical teachers who participated in the study have similar 


views about the optimal ways that students learn. They place a high value on creating 


a supportive learning environment (9/+4) and they thing it is important to allow 


students to make mistakes in a safe environment (23/+4). They also believe strongly 


that students need to learn to be patient centred (17/+5) and develop self-


awareness(14/+3). 


Group 2 


 A central focus for these teachers is providing a conceptual framework that 


students can ‘hang the facts’ on (8/+5) and they find that telling stories is a good way 


to get concepts across to students (24/+4). They place a high value on asking students 


questions (2/-4) and they reject the idea that the best way for students to learn is to 


have experts explaining the facts (7/-4). They also think its important that students 


learning to collaborate in teams (19/-5). 


 


Discussion and Implications  


 In light of the contemporary diversity and complexity of views and practice in 


medical education, it was surprising that to find only subtle differences and general 


unanimity in our data set.   This may be explained by the unintended consequences of 


wording in the instructions for the sorting task.  For the purposes of this brief report 


these implications are referred to as limitations of the study. 


 The one limitation of the study relates to how participants were instructed 


during the interview process. Participants were asked to sort the statements based on 


the ‘optimal ways’ that students learn. This may have inadvertently led the medical 


teachers to sort the cards based on their aspirations rather than what they actually do 


in their teaching practice. A second limitation of the study was the small sample size 


due to the difficulty we faced soliciting participation of clinical teaching staff as well 


as biomedical scientists who teach in medicine. These two groups represent a sizable 


number of medical teachers whose views are not represented in our findings, and who 
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we suspect may hold different views about students learning. Therefore we are not 


confident that we have obtained the diversity of opinions that may exist among the 


medical teaching staff.   In essence, there appears to be a self -selection at work, so 


those with an interest in student learning took time to engage in the Q sort and answer 


questions.   


 The data from PQ method suggests there may be two or three additional 


groups or viewpoints. However, these groups did not reach an eigenvalue of 1 and 


therefore are not considered statistically significant. We have qualitative interview 


data for individuals in these groups and intend to explore the points of view expressed 


as we suspect that these individuals hold strong views that diverge from those of 


Group 1 and 2.   


 In conclusion, we do not think that our sample captures the diversity of 


viewpoint, especially when we consider the number of individuals and the diversity of 


disciplines as well as the different levels in medical education at the University of 


Otago.  In addition, we believe the results indicate the aspirations of the medical 


teachers—what they think are the best ways that students learn, but not necessarily 


what happens in practice. 
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Snapshot 
In order to develop medical students’ ability to peer assess the process of clinical decision-making within 
a realistic situation without risk to patients a virtual hospital was created. Incorporation of this task into 
the medical curriculum depends on a robust and scalable platform, such that there is little requirement for 
involvement by teaching staff in the running of each scenario or patient care episode.  
A ‘holodeck’ mechanism has been built which rezzes (creates) a new hospital ward for each group of 
students who partake in the scenario. A log of actions performed by the virtual doctors is automatically 
generated. At the conclusion of the scenario, the participants debrief ‘in-world’ providing peer 
assessment, using this log and a ‘discussion prompt’ template. 
Detailed documentation of software coding will allow ongoing maintenance and development of further 
scenarios. 
There have been expressions of interest by other institutions for use within their curriculi.  
 


Introduction 
Peer review is an obligatory competency within the medical profession, yet it does not feature 
prominently within existing medical curricula. Aiming towards peer review of clinical aspects of 
decision-making, the Otago Virtual Hospital was created. This thee dimensional virtual hospital provides 
an authentic role-playing environment in which medical students are responsible for evaluating and 
making clinical decisions in the acute care of virtual patients. Currently two patient scenarios have been 
developed. The first scenario involves students role-playing either the patient or the doctor in a medical 
presentation. The consultation involves text chatting with the patient to take a history, clicking to examine 
the patient, and ordering investigations or treatments via a virtual computer terminal. The second scenario 
involves the students working as a team on a multiply injured trauma patient. At the conclusion of the 
patient care episode, participants debrief in a separate part of the virtual world to allow reflection and 
peer-review. 
This aim of this grant was to enable large numbers of students to use the virtual hospital at any time, 
without requiring teaching staff to be involved in the running of each instance. This involved both 
software improvements in the virtual world, as well as adaptions to the forms for promoting appropriate 
discussion on peer feedback.  


Method 


Booking System 
Initially the concept of creating a web site to allow students to ‘sign-up’ for a session was investigated. 
However on further exploration it was felt that the complexity of matching real-world users with virtual 
world users, scheduling timeslots, and creating usernames was not a worthwhile use of funding resources. 
Students already have established means of communication (such as their Learning Management System, 
Facebook or other social networking sites), and different medical schools have different user management 
systems. 
The booking system would have been required if there were a limited number of wards in which students 
could partake in the scenario. However the concept of the Holodeck provides a more flexible solution. 


Holodeck System 
The Holodeck system provides a near limitless number of ward instances. When two students meet in the 
foyer of the virtual hospital, they touch an object, which creates (rezzes) a new entire ward, complete with 







all the objects required for the scenario, including ‘body shapes’ and surgical scrubs or patient clothes as 
appropriate. The students are then teleported to this world to commence their scenario. At the conclusion 
of the scenario, the summary action sheet is saved for their debrief, they are teleported back to the debrief 
area, and the ward is deleted.  
With this system it is possible to have as many instances of the same scenario running as the server can 
cope with. An important part of the project was ensuring both objects and the scripts which make them 
function were as efficient and robust as possible. 
In this manner the virtual hospital can be scaled to groups of tens or hundreds of students (with more 
servers added as required). 


Action Summary Sheet 
Each action that a student takes, such as examining a part of the body, ordering investigations, prescribing 
medications or fluids is recorded along with its timestamp. In addition a transcript of the chatlog is saved. 
At the conclusion of the scenario these are provided to participants to help facilitate their reflection and 
feedback.  


Feedback Form 
To encourage effective peer feedback, the instructional design of the feedback forms was adapted to align 
with the following pedagogical principles; Validity, with the help of the action summary sheet, formative 
with a focus on how to improve decision making, iterative, by allowing multiple attempts as required, a 
dialogue at the conclusion of the scenario taking place ‘in-world’, and with criteria which are 
transparent, by having part of the form available before the scenario. Part of the feedback containing 
some of the clinical diagnostic aspects is only available at the end of the scenario. This feedback 
deliberately does not include a ‘model answer’ to facilitate iterative participation. 
The summary sheet, webform and debrief chatlog are recorded and made available to teaching staff. 


Key Outputs 
The framework described above including the holodeck system with action summary sheet has been 
completed, though unfortunately was not available in time for testing by senior medical students in 2014. 
Papers on the use of the virtual hospital for peer feedback and for assessment of clinical competence and 
clinical reasoning were accepted for publication. Presentations and discussions at seminars and 
conferences have sparked interest by members of faculty from schools in other parts of the University of 
Otago and overseas institutions. 


Discussion and Implications 
The development of software often takes longer than anticipated. Finding the correct balance between 
‘nice to have’ features and having a robust deliverable product is always a challenge. This funding has 
taken us a long way forward, with the development of the frameworks which will allow further 
development of other cases, and allow the system to progress from being a research type project into one 
which is usable within challenges presented by delivering the opportunity of peer feedback in an 
authentic clinical decision making environment for large numbers of students. 
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Blyth, P., & Loke, S.-K. (2014). Designing virtual worlds for effective peer feedback: The case of Otago 
Virtual Hospital. In B. Hegarty, J. McDonald, & S.-K. Loke (Eds.), Rhetoric and Reality: Critical 
perspectives on educational technology. Proceedings ascilite Dunedin 2014 (pp. 466-469).  
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Overview 
The principal aim of this curriculum development project was to develop a 
participatory action-research-based practicum to be utilised in a proposed full-time 
course to be taught out of Te Tumu as part of the Major in Indigenous Development 
(BA, BHons) programme. The practicum pilot carried out in 2014 took students out 
of a passive learning environment (the classroom) into engagement with a Iwi and 
Community groups based in Karitane: Kati Huirapa Runaka ki Puketeraki; Rivercare 
Estuary Group; and the Hawkesbury Lagoon Restoration project.  The pilot project 
allowed the students to learn and apply knowledge though participatory action-
research techniques; and be immersed in a situation where theory and practice 
coincide, bringing the University and Community together to accomplish work of 
lasting value.   As Maori/Indigenous development is based on tribal organisations’ 
needs and aspirations, the students worked within projects under Kati Huirapa 
guidance.  The participatory action-based research practicum provided a safe 
environment for students in which to practice relevant generic skills and attributes 
acquired through class-room activities.   The practicum engagement allowed theory 
and practice to coincide, which brought the students, University and the 
Iwi/Community together.  This curriculum development research carried out through 
this project has provided opportunities for teaching methods that provide more 
grounded students – with enhanced learning and work/life skills. 
 
 
 
 
 
Methodology  
 
The guiding principles of Maori/Indigenous development focus on the community 
and/or tribal organisations’ needs and aspirations.  As such the governance and 
management of development projects are informed by cultural values, knowledge and 
practices. The theory of critical analysis that underpins Kaupapa Maori research 
philosophy, and Indigenous research will be evident in a practicum situation – 
recognition of a problem, intervention, development, leading to transformative 
positive change (Friere, P., Smith, G.H., Kovach, M.).  
 
The curriculum development project meets several of the objectives of the 
University’s Teaching and Learning Plan.  Specifically, Objective 1 (Mastery of 
Knowledge) specifies that students should develop the ability to practice the 
appropriate methods and practical techniques associates with the subject being 
studied.  Objective 6 (ethical and social awareness) asks that students be able to 
evaluate and debate the ethical, social and community implications of the knowledge 
skills and attitudes they have acquired and the practicum will highlight how these can 
be applied in relevant situations.  Part of the course will involve the study of 
development ethics and values and how these are relevant within development 
planning and processes (Goulet, D., Sen, A.,).  As the course is focussed on Maori 
and other indigenous peoples it has an international indigenous focus (Objective 7) 
and provides opportunity for student engagement with development in the United 







States (Native American), Pacific (Fiji) and Australia (Aborigine groups).  The 
students will gain an understanding and recognition of common and contrasting 
elements in Maori and other international Indigenous development situations that will 
provide them with development models that can help inform their research and 
problem solving. And finally, the participatory action based research practicum will 
meet Objective 8: to develop student skills, attributes and knowledge which enhances 
their employment prospects and their capacity to make a positive contribution to 
society within their chosen employment field. 
 
To ensure that students gain a thorough understanding of how Maori/Indigenous 
communities and organisations operate, and from which knowledge and values 
framework; they need to move beyond passive learning environments and become 
engaged within the communities/organisations involved.  The Practicum places 
students within a community-driven development project that addresses the needs and 
aspirations of the community. This will allow them to develop action research skills 
critical analysis, conceptualisation, evaluation, planning, problem identification and 
problem solving, creativity and communication.  Future practicum projects will be 
selected by the communities/organisations to ensure it is relevant, current and of 
value to them and could be for example, an Iwi-only project; or one where Iwi are 
engaged in a governance and management relationships with other groups within the 
community. 
 
Methods 
To achieve the objectives for the research a Research Assistant was employed to 
conduct a web-based review into a range of practicum programmes already operating 
both nationally and internationally.   Projects reviewed were the First Nations House 
of Learning, University of British Colombia, Canada; research the Atelier-style 
practicum at Massey University, Palmerston North; and investigate how other 
indigenous studies departments are incorporating community engagement within their 
courses.  For example in Australia at Western Australia, Perth; University of South 
Pacific; and the Indigenous Development Programme at Durham University, 
England.   Several of the International programmes were found to be too complex and 
resource-intensive to be effective for the proposed course at Otago.  However, they 
provided useful ideas that could be adapted to a smaller, less resource-intensive 
practicum that could fit best with the local Iwi and Community groups  (refer to 
Project interim report). 
 
Following the review the Research Assistant and myself aimed to visit two 
nationally-located project team leaders:  Victoria University and Massey University, 
Auckland.  We were able to attend the Victoria University meeting in Wellington, but 
unfortunately we were unable to confirm meetings during our trip to Auckland. The 
Massey course is taught over summer school and our visit was timed during first and 
second semesters – consequently the team leaders were not always available.  We 
relied on the information contained on the website and compared this to the 
information obtained from the International internships and field-work activities.  
From the Massey site we were able to pin-point areas that would be useful.  The 
Massey summer school programme is heavily economic-based and although the 
structure of the project work was useful, it did not have the indigenous focus we were 
wanting.  Some of the aspects, which were similar to that of the Victoria University 
course were added to the proposal for our practicum course.   







 
Dr Ocean Mercier leads the Victoria University course –Cultural mapping.  It is a 
concentrated one-day field trip that allows students to engage with specific cultural 
sites around the Wellington region.   The field trip is not a practicum in the sense of 
the one proposed for the Te Tumu course.  However, several aspects of the Victoria 
course were useful:  pre-field-trip research and archival research of the chosen sites; 
the scope of the research; the value of the sites historically and currently to Iwi; the 
governance and management plans and strategies for the chosen sites. 
 
Following the research I implemented a model relevant to the Otago regiot for the S2 
2014 MAOR310 (Special Topic) students.  The students participated in three 
collaborative development projects between Kati Huirapa Rūnaka ki Puketeraki and 
Karitane/Waikouaiti community groups.  
Drawing on the Victoria University model, the students were asked to conduct 
archival research for one of the three projects: The East Otago Taiapure; the 
Rivercare Estuary projects; the Hawkesbury Lagoon Restoration.  The assignment 
was designed to provide a historical overview of the site; the pre-European value and 
use for Kati Huirapa; the immediate post-contact challenges and changes; the on-
going changes to governance, management and use up to the Ngai Tahu Treaty 
settlement Act, 1998; the post-treaty settlement challenges for Iwi-community 
collaboration in implementing positive changes to the environment surrounding and 
within the sites.  The students were to use an indigenous knowledge framework for 
their projects that expressed the quadruple bottom line for development – cultural, 
social, economic and environmental.  The aim of the project was to provide students 
with a solid background into the challenges and changes to the environment 
surrounding and within the chosen project. 
 
Prior to the practicum itself, the three, project team leaders were invited to the class to 
talk about the programmes and the community-Iwi engagement and collaborations.  
This allowed the students to meet with the project leaders and discuss the projects.   
They also discussed the aims of the University course: to translate theory and class-
room learning into an applied situation.  The students explained what they would be 
applying theory to practice and observing how this translated into real-world 
situations (or not).  This gave the Team Leaders a good idea of the purpose for the 
practicum and also how they could best work with the students for them to achieve 
this.  During the evaluation process, all the students stated that the visit and 
discussion with team leaders should have happened early on in the course.  They 
would have had a better grasp on the projects and therefore be more focussed on the 
archival research work.  The final practicum model took heed of this request and the 
lecture schedule now has the team leaders coming during the second week of class; 
prior to the Hocken Archives visit. 
 
The Research Assistant was responsible for overseeing the practical aspects of the 
three-day practicum.  In conjunction with the Lecturer, the Research Assistant  
liaised with the project team leaders, and the Office Manager for Te Tumu who 
helped organise the transport, food and other resources needed.   She also attended the 
practicum to ensure continuity with the project, and the relationship established 
between her and the project teams leaders.    
 







The three-day practicum was timed to coincide with, and took advantage of, the 
Iwi/Community Volunteer Week programme.  These days are set aside each year so 
that members of the community can work on the projects and therefore gain a better 
understanding of the history, use and future sustainability of the ecology and 
environment of their coastline, Waikouaiti River, and Hawkesbury Lagoon. The 
students were housed at Kati Huirapa marae.  The accommodation is free in exchange 
for the work the students carried out on the Kati Huirapa East Otago Taiapure 
programme.  The students spent one full day on each of the three projects: East Otago 
Taiapure; Hawkesbury Lagoon; Rivercare Estuary Group.  In exchange for the work 
carried out the community groups provided morning and afternoon teas and lunch.  
The students organised dinner and breakfast each day at the marae.  The students 
were asked to keep a daily diary to record their observations.  We also had a group 
discussion each night following dinner in which students evaluated the day and how 
they had observed the class-room learning being implemented – for example projects 
driven by Kati Huirapa kaitiakitanga values; how long-standing relationships between 
Kati Huirapa and the wider Community shaped the structure and work plans for each 
project; reflective practice; the community acceptance and practice of Kati Huirapa 
knowledge in shaping restoration strategies.  The work also allowed them to see the 
changes and impacts from occupation and resource use that they had already written 
about in the archival assignments.   Other evening activities included weaving classes 
conducted by Kati Huirapa weavers, film evening with the community, and engaging 
with the community members over dinner.  During the afternoon of one day the 
students relaxed with waka ama and stand-up-paddle board in the estuary and also 
gathered kai moana (shellfish) to add to dinner.  Students’ commented that this was 
an added bonus for all their hard work and of course demonstrated the positive impact 
the Iwi/Community projects were having on the relationship with the river, estuary 
and environment – clean water for recreation and abundant shellfish. 
 
The practicum was fully evaluated and the results were useful for designing the final 
practicum component of the full-time course. (Evaluations are available on request).  
The comments and thoughts of the students were taken into account (such as the 
comments re the timing of the Team Leader visit to class).  
 
The practicum is a valuable way of allowing students to move beyond passive 
learning environments and become engaged within the Iwi/Communities and 
organisations involved in development.  It places students within an Iwi/ Community-
driven development project that addresses the needs and aspirations of the Iwi/ and 
community. The practicum allowed them to develop action research skills critical 
analysis, conceptualisation, evaluation, planning, problem identification and problem 
solving, creativity and communication.   It also allowed them to observe and take part 
in projects that are underpinned by the Kati Huirapa values, knowledge and ethics and 
how these shape and integrate across all aspects of the three projects – Kati Huirapa-
tanga (ways of knowing and doing).  The community involvement and acceptance of 
Kati Huirapa-tanga was an important part of the theoretical methodology that the 
students used to frame their research assignments and practice. 
 
I have included two work-place diaries of participating students that outline the way 
the practicum worked and the outcomes.  The work-place diaries are one of the 
graded assignments in the course.  I have also included a supporting letter from the 







Team Leader for Rivercare Estuary Group; the River care News Letter, and a piece 
from the Kati Huirapa e-panui about the visit. 
 
 
The final practicum model has been included in the full-time paper INDV301 to be 
taught as a core 300-level paper in He Kura Matanui/ Indigenous Development, 
programme, Te Tumu (second semester 2016). 
 
 
Outcomes 
 


1. A full-time course with a practicum component has been developed and will 
be taught in second semester 2016 onwards.  The practicum component allows 
students to transfer class-room learning into a practical situation, thus 
developing skills in action research, critical analysis, conceptualisation, 
evaluation, planning, problem identification and problem solving, creativity 
and communication. 


2. A seminar as part of the Te Tumu seminar series (date and time TBC). 
3. A refereed Journal article will be developed during RSL later in 2015. 


 
 


 
 
East Otago Taiapure work: measuring the increase in species using the ‘Meter-
Squared’ method developed between Ngai Tahu and Otago Marine Science 
Department. 
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Snapshot of the case 


Aims 
This project aimed to evaluate if an interprofessional education programme focused on long-term 
conditions’ management changed students’ attitudes toward interprofessional teams and 
interprofessional learning, and self-perceived ability to participate in interprofessional teams or 
manage long-term conditions. It also aimed to explore student perceptions of the interprofessional 
education programme and radiation therapy students experience of joining an established programme. 


Methods 
A stratified quasi-randomised controlled trial evaluated changes in student attitudes and perceptions. 
Focus groups explored student perceptions of the programme 


Key findings 
There were positive changes in student attitudes toward interprofessional teams and interprofessional 
learning, as well as their self-perceived ability to participate in interprofessional teams and manage 
long-term conditions. Students perceived that the programme was a valuable learning experience and 
relevant to their future careers. Several suggestions were made to improve the programme in future, 
these included better introductions to each discipline so that each is understood and valued. 


  







Introduction 
Collaborative interprofessional practice is an important means of providing effective care to people 
with complex health problems. Interprofessional education (IPE) is assumed to enhance 
interprofessional practice, however, there is insufficient evidence to demonstrate its efficacy. 


Methods 
Eighty three pre-registration students from the disciplines of dietetics (n = 9), medicine (n = 36), 
physiotherapy (n = 12), and radiation therapy (n = 26) were allocated to either an intervention group 
(n = 41) who received the IPE program or a control group (n = 42) who continued with their usual 
discipline specific curriculum. Outcome measures were the Attitudes Toward Health Care Teams 
Scale (ATHCTS), Readiness for Interprofessional Learning Scale (RIPLS), the Team Skills Scale 
(TSS), and the Long-Term Condition Management Scale (LTCMS). Analysis of covariance compared 
mean post-intervention scale scores adjusted for baseline scores. 


Thirty-five (83%) of the 41 students who participated in the IPE programme attended one of the two 
interdisciplinary focus groups. All 13 students from radiation therapy also attended a unidisciplinary 
focus group. Recordings of these focus groups were transcribed and analysed by two researchers 
using the framework of Thematic Analysis.  


Key findings 
Mean post-intervention attitude scores (all on a five-point scale) were significantly higher in the 
intervention group than the control group for all scales. The mean difference for the ATHCTS was 
0.17 (95%CI 0.05 to 0.30; p = 0.006), for the RIPLS was 0.30 (95%CI 0.16 to 0.43; p < 0.001), for 
the TSS was 0.71 (95%CI 0.49 to 0.92; p < 0.001), and for the LTCMS was 0.75 (95%CI 0.56 to 
0.94; p < 0.001). The mean effect of the intervention was similar for students from the two larger 
disciplinary sub-groups of medicine and radiation therapy. 


Participants had positive perceptions of the programme which they considered was very relevant to 
their future professional careers. They were surprised to learn that they shared a lot of common 
ground, and felt that the programme would remove barriers to future collaboration and improve 
interdisciplinary communication. The use of a purpose-developed video resource in the introductory 
workshop, and patient home-visits followed by facilitated peer presentations were highly valued. 
Participants recommended that in future more time be spent introducing the disciplines to each other 
and preparing the students for their home visit to augment the value of these. They also suggested that 
other disciplines such as nursing be included in this programme and more interprofessional education 
be included in their training as a whole. 


Participants from radiation therapy were also generally positive towards the programme and their 
involvement. Notwithstanding this, these participants perceived lack of understanding and 
appreciation of their profession from the other disciplines. The radiation therapy students thought they 
were able to demonstrate their interpersonal but not their technical skills in the context of community 
based long-term condition management. 


Discussion and implications 
The changes in participant attitudes and perceptions suggest that the programme not only achieved its 
interprofessional objectives, but also its subject-based learning objectives related to long-term 
condition management. These findings indicate that a brief, modular, multifaceted interprofessional 
education intervention, using purpose-developed resources, can have immediate positive effects and 







contribute to the development of health professionals who are ready to collaborate with others to 
improve patient outcomes. 


The focus group evaluation indicated that the students see the programme as being valuable and 
career relevant. Findings from this evaluation will be used to improve future iterations of the 
programme, particularly with respect to ensuring that students have an opportunity to introduce their 
discipline to students from the other disciplines involved, and that all students understand the value 
which each discipline adds to the programme.  


This study found that additional disciplines can be feasibly added the existing programme. The 
addition of other disciplines will be actively pursued, particularly the discipline of nursing. 


 


SUMMARY OF SPENDING 
The $6900 awarded to the project was spent by 3rd October 2014. These funds were spent on 


researcher salaries and project running costs. Subsequent work has been funded by the Department of 


Radiation Therapy HOD C50 account. 


 


OTHER OUTPUTS 


Publication 
One paper ‘The positive impact of interprofessional education: a controlled trial to evaluate a 
programme for health professional students’ is currently under review by the open access journal 
BMC Medical Education. 


Another paper ‘What an interprofessional education programme means to students and what makes it 
meaningful?’ is currently being prepared for the Journal of Interprofessional Care. 


A brief report ‘Does Interprofessional Education Make a Difference to Students’ Attitudes to 
Practice?’ has been accepted for publication in the Journal of Medical Imaging and Radiation 
Sciences (http://dx.doi.org/10.1016/j.jmir.2014.10.004)  


Conference 
The results of this research have been very well received when presented at conferences: 


1) Poster Presentation at Canadian Association of Medical Radiation Technology, (CAMRT) 
Edmonton, June 2014 


2) Paper and Poster at New Zealand Institute of Medical Radiation Technology (NZIMRT) 
conference, Invercargill, August 2014 


 Best Radiation Therapy paper award 


 Highly Commended poster award 
3) Paper Presentation at New Zealand Interprofessional Health Conference, Auckland, 8-9 


September 2014 


Abstracts currently under review for: 







1) The Australian and New Zealand Association for Health Professional Educators, Newcastle, 
Australia, 29-31 March 2015 


2) The World Confederation for Physical Therapy Congress, Singapore, 1-4 May 2015 
3) 2015 New Zealand Institute of Medical Radiation Technology – Australian Institute of 


Radiography (NZIMRT-AIR) Scientific Meeting, Wellington, 23-26 July 2015 
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Title: Development of an Interactive Online Pathology Tutoring System: Pictation 
 
Project team: 


 Swee-Kin Loke, Professional Practice Fellow, HEDC 


 Adon Moskal, Professional Practice Fellow, HEDC 


 Noelyn Anne Hung, Senior Lecturer, Department of Pathology, DSM 
 
Snapshot  
Medical professionals have the ability to make meaning of clinical images collaboratively 
with their colleagues. To develop this ability in our Health Sciences students, we designed a 
social constructivist learning activity where students jointly annotated clinical images via an 
in-house developed web application Pictation. A case study was conducted over 12 weeks 
during which 85 third-year students used Pictation in concert with lectures and tutorials. 
Course evaluation results revealed mixed success. Drawing on survey results, interviews, 
field observations, and log files, we identified three challenges in enacting a social 
constructivist learning environment related to: insufficient prior knowledge; perceived risk 
in exposing one’s incomplete understanding to peers; and discomfort with uncertainty. 
Recommendations to address these challenges are presented. At the final summative 
assessment, this class achieved statistically significant better results (p=0.001), with 
narrower standard deviation than the previous three years (same material, assessed with 
similar assessments, and tutored by the same tutors).   
 
Project Aims and Outcomes:  
This project aimed to develop students’ thinking processes of making clinicopathological 
judgments based on visual material. More broadly, we aimed to help students learn how 
to ‘see’ as a pathologist (Bleakley, Farrow, Gould, & Marshall, 2003), (although not 
become a pathologist) 
 


Aim 1) To enhance student learning of pathology (without increased resources for pathology 
teachers): Achieved- please see results 


Aim 2) To test prototypes of tutorials 1-3 and 4-6 to ensure appropriate software design for 
the students and tutors Achieved and further progressed 


Aim 3) Assessments of the completed tutoring system: Achieved- please see results 
Aim 4) To collate results and report/present: Achieved and further in progress 


 
Background:   
This was a Strategic Project that supported the goal of promoting student-centred learning 
at the university (Goal 2a in the University of Otago Teaching and Learning Action Plan). 
Specifically, we aimed to develop and examine students’ meaning-making processes as they 
study clinical images, exploiting the plurality of meanings they make (Jonassen, 1991) in the 
online activity that can serve to guide face-to-face discussions during tutorials.  Few medical 
intelligent tutoring systems are available. Our project was novel because it is an 
undergraduate pathology based system. Our design was also novel, focusing on a 
combination of case-based characteristics (SlideTutor®-like) but also incorporating 
pathology specialist knowledge-focused interfaces. This therefore brought the advantage of 
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both low and high information quantity, and, hierarchical and non- hierarchical structure to 
student (and non-specialist tutor) learning. 
 
One of the objectives of medical education is to develop and progress students’ 
understanding of normal structure and function of the human body, to an understanding of 
abnormal structure and function. Expertise in the latter is held by the medical pathologist, 
who is trained to recognise and interpret abnormal structure and function through, for 
example, laboratory testing of blood samples, microbiological specimens, tissue biopsies 
and post mortem examination. As financial and workload constraints on trained expert 
teachers increasingly limit the learning opportunities for students, intelligent medical 
training systems have emerged (2-4). In these systems students are given guidance and 
feedback, without the patient being harmed.  
 
To enhance the current case-based method of instruction using visual materials, we 
proposed to incorporate recently available interactive computer programmes combined 
with elements of knowledge-focused cognitive tutoring directed by a pathologist. Layers of 
information will annotated each image- from anatomy, to cellular matrix, to cellularity, to 
nuclear and cytoplasmic features. Students received immediate feedback when they were 
failing to recognize the required aspects. They were encouraged and reinforced when they 
were successful in appropriately recognizing aspects.  
 
An intelligent tutoring system in pathology has been proposed for American residents 
training in dermatopathology (5) and is being expanded to other disease systems. SlideTutor 
® is the commercial product of this system (4).While undergraduate teaching does not 
require the detail of these systems, they have been shown to significantly contribute to 
learning in this area and enhance the enjoyment of that learning (5). Non-pathology focused 
medical intelligent tutoring systems take a pedagogic approach that can be characterised 
along a spectrum from purely knowledge based to purely case-based. The most well known 
include the GUIDON, MYCIN, and NEOMYCN systems. This project was novel because it 
focused on pathology, or understanding disease, and was thus fundamental to medicine. 
 
Methods: 
Project Plan (including timeline and evaluation of impact): 
The operational plan in conducting the project (summarised in figure 1) required 
collaboration between Dr Hung, Mr Loke, and Mr Moskal. Dr Hung annotated the images 
and constructed knowledge-based material to accompany the images. Mr Loke designed the 
instructional environment and educational research. Mr Moskal designed and developed 
the web application (with support from Mr Richard Zeng from HEDC’s Educational 
Technology team). A test of improved knowledge was applied with each of the tutorials. 


Our timeline allowed one month for each tutorial, and therefore twelve months in total for 
development (2014). The implementation of the material was carried out in semester 1 of 
2015 in parallel to the currently used material and therefore the students had access to 
both. Assessments occured during the implementation and at the conclusion of the 
semester. 
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A running evaluation of the impact 
was carried out by: 


1. Analysing student-annotated 
clinical images in terms of 
students’ thinking processes; 


2. Analysing peer comments in 
terms of the process of 
collaborative meaning-
making; and 


3. Conducting focus group 
interviews around the 
potential benefits of 
collaboratively annotating 
clinical images. 


4. Summative assessment and 
comparison to the previous 
three years 


 
 
 
 
Results: 
Descriptive data sources and 
analysis  
The course evaluation (prior to the final examination) revealed mixed success: e.g., only 50% 
found annotating images using Pictation helped them to understand the principles of 
pathology. In the description of data sources and analysis we identified three challenges:  


1. Insufficient prior knowledge: Many students expressed that they did not have the 
necessary prior knowledge to fully participate in the Pictation activity (e.g., “Didn’t 
understand material enough to use [Pictation]”). Insufficient prior knowledge is a 
known challenge for enacting social constructivist learning (Kirschner et al., 2006). 
We recommend future cases to be of specified levels of difficulty (e.g., easy-
intermediate-hard) so that every student can participant to some degree, and to 
group students with differing abilities so that the more capable peers can help the 
less capable ones. 


2. Perceived risk in exposing one’s incomplete understanding to peers: We designed 
the Pictation activity to be collaborative (groups of 5 students annotated on single 
image). However, only 21% found that working in a group on Pictation helped them 
understand the principles of pathology. Student views included: “Was often 
worried about labelling diagrams in case I was wrong and everyone could see”; 
“You basically publicly embarrass yourself”. We recommend that tutors further 
emphasise Pictation as a space for students to articulate their developing and 
incomplete understandings, and to reassure students that it is a safe learning 
environment where students are allowed to make mistakes. 


3. Discomfort with uncertainty (of being correct or incorrect): We designed the 
Pictation activity to emphasise the process of knowledge-building, which inherently 
involves a period of grappling with uncertainty. Many students expressed their 


Figure 1: Outline and Timeline Achieved 
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discomfort with this period of uncertainty: “There was uncertainty of being 
correct”; “Please give us some examples of fully-labelled, correct answers. 
Otherwise, it is the blind leading the blind”. This is supported by students desire for 
the correct answer: e.g., students clearly expressed that Pictation would be a very 
useful revision tool with correctly-annotated images put up, and that they 
preferred to use Pictation during tutorials when their tutors are showing the 
correct answers. Students’ discomfort with uncertainty reflected some academics’ 
view that the typical university classroom is a “fail-safe environment” (Wood & 
Reiners, 2015, p. 316). We recommend that tutors emphasise that Pictation is a 
space for students to articulate their incomplete understandings. To reassure 
students, we also recommend that tutors share correctly-annotated images after 
students have participated in the Pictation activity. 


 
Summative Results 
Compared to the previous three years, the group with the online tutoring system (2015) 
showed much more variation in results in the first few weeks, as measured by the mean and 
standard deviation (table 1). We attribute this to the unsettling nature of a very new 
teaching tool, as outlined in the comments above. However, by the final examination, the 
students were well ahead of other years (by at least 5% mean), and the standard deviation 
had narrowed significantly. By the final mark the pictation class equalled the 2013 class 
(which was outstanding in the prac exam for that year), and significantly surpassed the 
other two years. 
 
Table 1: Summative results for four years 


Year Tutorial 
Assessments 


Practical Exam MCQ final Overal FINAL 


Mean SD Mean SD Mean SD Mean SD 


2012 7.82 1.74 79.62 17.69 93.66 8.00 0.78 10.00 


2013 8.39 1.71 87.88 14.70 95.78 8.22 82.96 7.91 


2014 8.44 2.00 73.54 21.74 95.09 12.23 77.04 10.40 


2015* 7.61 3.33 78.81 16.83 99.31 6.32 80.61 6.88 
Comparison between years 


2012 vs 
2015 


P= 0.1325 P= 0.4968 #p= 0.0000 #p= 0.0000 


2013 vs 
2015 


#p= 0.0000 #p= 0.0000 #P= 0.0182 P= 0.0588 


2014 vs 
2015 


#p= 0.0000 #p= 0.0000 #P= 0.0039 #P= 0.0172 


*Pictation 
# Significant P<0.05 


 
Outputs to date 
Publications: 


 Hung, N., Moskal, A.C.M., & Loke, S. K. (2014). Do you see what I see? Learning to see like a 
pathologist via collaborative  annotating of clinical images. [Sharing practice session]. 
Rhetoric and Reality: Critical perspectives on educational technology. 31st annual ascilite 
conference 


 
Workshops: 
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 A HEDC workshop “Building knowledge by annotating images on Pictation” was conducted 
for Otago teaching staff in April 2015. Another workshop to train teachers in the pathology 
dept to use pictation is planned for November 2015. 


 
Discussion and Implications  
This project has completed the stated aims, and has further work in progress. Although the 
students felt that there were issues with insufficient prior knowledge, perceived risk in 
exposing one’s incomplete understanding to peers, and the discomfort with uncertainty (of 
being correct or incorrect), their final results speak to the best performance in four years, 
and a narrower standard deviation of these results in the same time period. 
 
Improvements in satisfaction from the students using Pictation in the following year will be 
strived for by allowing student choice of work mates, tutor counselling concerning risk-
taking, and the provision of model answers.  
 
A further publication is planned and in draft mode.  
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Title of Project 
Understand our digital teachers: Using mobile technologies to connect formal and informal 
learning 
 
Project team 
Professor Kwok‐Wing Lai (Principal Investigator), Dr Lee Smith (Assistant Research Fellow) 
 
Snapshot of the case 
This project aimed at investigating how Otago teachers conceptualised the connection between 
formal and informal learning and how they used mobile technologies to support such a connection. 
A total of 308 teaching staff completed an online questionnaire, and 30 participated in a follow‐up 
interview in the second semester of 2014. A preliminary analysis of the questionnaire shows that 
Otago teachers recognised the importance of informal learning in augmenting students’ formal 
studies. The majority also felt that they and the University played a significant role in supporting 
this connection. However, Otago teachers failed to use mobile technologies to bridge students’ 
formal and informal learning and there was also a lack of understanding of how these new 
technologies could be used to connect the two forms of learning. 
 
Introduction 
There is a growing recognition that a semiotic relationship exists between formal and informal 
learning. This learning ecology perspective (Barron, 2006) suggests that while students learn 
differently in formal and informal settings, learning can take place across boundaries. On other 
words, what has been learned informally can help shape what is learned formally and 
conversely, what is learned in formal institutions can motivate students to learn in informal 
settings, such as community centres and at home (Greenhow & Robelia, 2009). To develop 
strategies to support teaching and learning across contexts and settings, it is important to 
understand how tertiary teachers conceptualise the connection between formal and informal 
learning and how new learning opportunities can be created, which relate informal learning to 
formal learning. With the advent of mobile technologies, there are also opportunities to use 
these new technologies to connect formal and informal learning. Educators need to understand 
how these new technologies can best be utilised. This project addressed the following research 
questions: 
 
1. How do higher education teachers understand informal learning and its role in supporting 


formal learning? 
 


2. How do higher education teachers use mobile devices and applications in teaching and how 
do they facilitate their students in using them in informal learning to augment their formal 
learning undertaken in coursework?  


 
Approach 
This project involved researching the practice of Otago teachers, It also aimed to capture an 
overall picture on how Otago teaching staff were using technology. This information would have 
implications on how technologies should be supported at Otago for course design, assessment, 
and ultimately improve the quality of teaching and learning.  
 
 







 
Key findings 


 The majority of questionnaire respondents considered informal learning as important as 
formal learning. 


 Almost all respondents believed that informal learning could enhance formal learning, 
and all encouraged their students to engage in informal learning in general, while 88% of 
the respondents also encouraged their students to engage in informal learning to 
augment their formal learning. 


 90% of respondents felt that the university should encourage students to engage in 
informal learning to augment their formal course work.  


 Two‐thirds of the respondents believed that students’ learning was enhanced by digital 
technologies and these technologies would enable students to become knowledge 
producers, and over half of the respondents disagreed with the common belief that 
using mobile technologies to access information would make them less critical learners. 


 While almost all of the respondents believed that mobile technologies could help create 
informal learning opportunities, and two‐thirds believed that all students should have 
access to mobile technologies to support their formal and informal learning, only just 
over one‐third had used mobile technologies to create learning opportunities for their 
students outside formal class time. However, 80% of the respondents were willing to 
learning how to incorporate mobile technologies in their teaching to support students to 
engage in informal learning to augment formal learning. 


 Three‐quarters of the respondents believed that by using mobile technologies in 
teaching the teaching programmes at the University of Otago could be improved. 
However, over one‐third of respondents preferred students not using mobile 
technologies in their class, and over half of the respondents believed that using 
technologies in their teaching would increase their workload.  


 80% of Otago teachers perceived a change in the learning characteristics or preferences 
of their students over the last ten years, due to their students’ usage of mobile devices. 


 The majority of teaching staff considered their students highly computer literate but, 
only in regard to their ability to access online information. They also stated that their 
students also wanted access to fast information and demand immediate feedback. There 
was some evidence to suggest that students engaged in multitasking, but little to 
indicate that students preferred images to text. There was some, although not strong 
evidence that students preferred collaborative group learning and little evidence to 
support the notion that students prefer active learning. It is clear however, that teachers 
considered the current generation of students as preferring to access small chunks of 
information on their mobile devices, which the participants considered a factor in 
making students surface, uncritical learners and thinkers.  


 In terms of using mobile technologies (i.e., smart phone and tablets) and applications 
(e.g., social networking, podcast, blogging), very few Otago teachers used them for their 
own learning, and even fewer of them used these technologies for teaching. Just over 
half of respondents never used any mobile devices or applications in their own learning, 
and three‐quarters did not use them in their teaching, The digital technology that 
teachers most frequently used were podcasts. 


 
Implications  
The higher education community is currently grappling with how best to utilise mobile 
technologies to support and connect teaching and learning in formal and informal contexts (Lai, 







 
Khaddage, & Knezek, 2013a: 2013b). Our preliminary analysis shows that while most teachers at 
Otago recognise a close connection between formal and informal learning, how these two forms 
of learning can be seamlessly connected through the use of mobile technologies is not well 
understood. Professional learning and development needs to be provided to Otago teaching 
staff to better understand this connection in practice. A review of how this has been done in 
other universities will be needed to provide examples of exemplary practices.  
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Other output: 
 
A paper has been accepted for presentation at the European Distance and e‐Learning Network 
Conference, June 9‐12, Barcelona, Spain. The paper will be published in its peer‐reviewed 
conference proceedings. 
 
Title of the paper: 
Lai, K.W. & Smith, L. A. (2015). Mobile Technologies and Changing Learner Characteristics and 
Preferences: Teachers’ Perceptions.  
 
 








Let's talk! A tutorial dialogue system for FYHS
Jenny McDonald (PI), Rebecca Bird, Richard Zeng, Adon Moskal, Angela McLean, Ruth Napper, Ali Knott.


Project overview
In large undergraduate classes, it is time-consuming, costly and impractical for teachers to provide students with 
individualised feedback on written responses to questions. This project explored one option to address this through the 
use of a natural language dialogue system specifically developed for the cardiovascular section of HUBS192. An 
existing dialogue system which had evaluated well during an in-class experiment in 2012 was further enhanced with 
script revisions and multimedia capability. Free-text and menu-based versions of the system, without multimedia, were 
evaluated again through a combination of student feedback and an in-class randomised experiment using a pre-post-test 
design. This time, there was no significant difference in student score gain between student volunteers who used either 
version of the system and a control group. Student evaluations of the system provided useful insights for the project 
team. These results raise a number of issues and form the basis for ongoing work on natural language processing 
techniques and tutorial dialogue systems in in-class settings. The project has been presented at two seminars: one in 
HEDC and the other at the Centre for Learning and Research in Higher Education, University of Auckland. A journal 
article is currently in preparation.


Introduction – the context and rationale for the project as well as the project objectives
In large undergraduate classes, it is time-consuming, costly and seldom practical for the teacher to provide students with 
individualised feedback on their written responses to questions. Typically, computer-based marking of formative tests is 
used as an alternative and examples of this include Learning Management System (LMS) based multiple-choice quizzes 
or similar. However, this type of assessment does not provide an opportunity for students to receive feedback on their 
recall of key concepts (as opposed to recognition) or on their ability to describe how to apply these concepts in familiar 
or novel contexts. 


Tutorial dialogue systems offer some promise for supporting and enhancing student understanding of key concepts in 
the large undergraduate classroom context (see for example, Evens & Michael, 2006). The appeal of tutorial dialogue is 
that formative questions are embedded in a tutorial plan: the questions arise in a meaningful context, concepts and ideas 
are linked together in a coherent form and immediate feedback is provided to the student on their understanding of 
taught concepts. An important side-effect of this type of dialogue is that a rich and structured natural language dataset is 
available to both teachers and researchers from which information about and relationships between student conceptions 
can be extracted. This can be used to inform ongoing course development and teaching practice. 


This project utilises a natural language tutorial dialogue system developed by the Principal Investigator. The system has 
already been trialled extensively in the cardiovascular module of the FYHS paper, HUBS192 in 2012 and 2013.


Work to date demonstrates that input from students engaging with either a free-text or menu-based version of the 
tutorial dialogue system produces learning gains, on immediate post-test MCQs and short-answer questions, when 
compared with a control condition (McDonald, Knott, Stein & Zeng, 2013). However, to date there is no discernible 
difference between students in either of the tutorial conditions.


Project Objectives:
1. To further develop, and evaluate in-class, the natural language understanding component of the free-text 
version of the dialogue system.
2. To design, develop and evaluate in-class a new media integration component for either version of the dialogue 
system which utilises the University of Otago UniTube media sharing platform.
3. To develop and validate a series of short-answer questions and MCQs to assess how well students recall and 
apply specific concepts in both familiar and novel contexts. These questions and the student responses to them are used 
to evaluate system performance (refered to as pre and post-tests in the in-class described experiment below).


Approach and methods
The existing dialogue script was reviewed by teaching staff and project team members. Several changes were made to 
encourage deeper responses from students. For example, instead of simply seeking recall of facts, selected questions 
were designed to provide information and seek an explanation from the student related to the information given:


Three main factors which affect contractility of the heart are: ventricular filling, sympathetic stimulation and 


cardiac muscle mass. Please explain what is meant by contractility of the heart?


A marking schedule for the questions contained in the dialogue script was created. The marking schedule comprised a 
set of categories or classes into which student responses could be divided. We already had a corpus of student responses 
for many questions from previous experiments and trials (2012 and 2013) and these responses were marked (classified) 







by hand according to the marking schedule. The marked questions were then used to train the free-text classifier used 
by the natural language understanding component of the tutorial dialogue system. For newly developed questions, 
where we had no existing student responses, we updated the dialogue script to provide the student with a model answer 
and ask them to check their own answer against the model.


Dialogue system classifier results were compared with those obtained during classifier training conducted in 2012 using 
a standard machine learning training-set/test-set approach for training, followed by scoring using a held-out data set (e.g 
Manning and Schütze, 1999). Incremental improvements in performance for some questions were obtained through 
careful preprocessing and feature selection but accuracy results (i.e. the ability of the dialogue system to correctly 
classify a student response that it has not seen before) were not substantially different and in particular little 
improvement was obtained for more pedagogically interesting questions like the example given above. We have several 
ideas to improve feature selection and classification but this work is beyond the scope of this project.


Several questions were selected for media enhancement and an extension to the existing web-based interface for the 
tutorial dialogue system was created in order to incorporate these. Nevertheless it became clear even from bench-testing 
that to avoid interfering with the flow of the dialogue, significant script revision would be required. We therefore 
decided not to include media in the version of the dialogue system used in the in-class experiment. Nevertheless, this 
media capable version of the system works well from a functional perspective, is a useful addition to the system and 
with new script development is ready to be evaluated with students in future projects.


The cardiovascular system is covered early in the first few weeks of semester 2 in HUBS192. The tutorial was 
administered after cardiovascular system lectures and during the three week period when students work through their 
self-directed study material and labs before the terms test.


Student volunteers were randomly assigned  to one of three groups: 
1. Control condition group (no tutorial), 
2. Menu-based condition where students respond to questions posed in the dialogue by selecting from a menu of 
options. They receive feedback according to the option selected and this also determines the next question posed. 
3. Free-text  condition where students respond to questions posed in the dialogue by typing their answers. They 
receive feedback according to the answer they typed and this also determines the next question posed. 


All versions of the tutorial were made available to all HUBS students for revision immediately following the in-class 
experiment and prior to the terms test. Students in each condition sat a pre-test and immediate post-test. In the case of 
the control group, this was just a pre-test followed immediately by a post-test. Student performance for each condition 
on the pretest, immediate post-test and delayed post test was analysed to determine the impact of the tutorial and the 
different versions of the tutorial on student understanding. 


A student perception questionnaire was administered to each student within a few days after they completion of the 
tutorial. 


In the end, a full quantitative evaluation of the performance of the natural language understanding component of the 
free-text version of the dialogue system could not be conducted within the resources available for the project. 
Nevertheless, given minimal improvements in performance on bench-testing we did not anticipate any improvement in 
the classroom setting over 2012 or 2013. On the basis of spot checks and student evaluations (see below), this proved to 
be the case.


Key findings from the in-class experiment
362 student volunteers logged in and started the pre-test for the in-class experiment. 210 students completed the pretest 
and were randomly assigned to the control group (68), free-text group (71), or menu group (71). Of these students, 127 
completed all questions including the immediate post-test. (control=57, dialogue=31, menu=39) . The number of 
students completing was disappointingly low compared to the  2012 in-class experiment where 531 students completed 
through to the end of the post-test (< 25%). A one-way ANOVA to test pre and post-test mean score differences between 
experimental conditions revealed no significant difference:


Free-text - Control p = 0.9468038 
Menu - Control p=0.5248661 
Menu - Free-text p=0.4164697 


This too was a disappointing result compared with the 2012 experiment where mean score gain did improve for both the 
free-text and menu conditions compared with the control group. The number of students who completed the delayed 
post-test (1 week later) was too low for inferential tests to be meaningful.







A total of 52 students completed evaluation questionnaires. Again, a low overall response rate (~14% of the total 
number of students who at least logged into the system). A number of students expressed frustration - their own lack of 
preparedness to respond to questions, the other pressures they were under, and the timing of the experiment in the 
course. A few had real frustrations with the tutorial itself including problems with the free-text version of the system 
failing to correctly classify student responses. Many comments related to not knowing how far through the tutorial they 
were and not being able to save and return later.  Some students found the questions hard and there was one comment 
about being questioned on material not yet covered. Nevertheless, among those who at least engaged with all or part of 
the tutorial (free-text or menu-based), overall there was an acknowledgement that it was useful and most would engage 
with it for revision for the cardiovascular and other parts of HUBS if it were made available and included images, 
diagrams or animations. The newly developed questions where students were asked to check their answer again a model 
answer just seemed to confuse, particularly in the menu-based condition.


Discussion and implications
The project team had a number of discussions to try to work out why the response rate on this occasion was so low 
compared to 2012. HUBS192 teaching staff did note substantial differences in the student cohort for 2014 compared to 
previous years across a number of areas of the paper including performance in graded work. The fact that this is an in-
class experiment is probably also part of the problem: to prove its usefulness it has to be run in a way that is useful for 
the students, which is to do with the timing in relation to the course and some of the comments they made in their 
evaluations. However, because it is an experiment with rigid parameters that aren't necessarily 'useful' for students, like 
timing, the pre and post-tests, inconsistent or confusing responses from the free-text version of the system, it 
undermines its own chance of success. If students don't engage, give up or put others off using it because of some of the 
experiments parameters, it is less likely to succeed or get highly positive feedback. The system is not actually being 
tested in the real way that students would ultimately engage with it. It is possible that simply making the dialogue 
system available as a resource for students to use as part of the course or for their own study or revision could result in 
far greater engagement. Certainly we have agreed that there is little point in running further in-class experiments using a 
pre-post-test design. We feel it will be far more productive to focus on improving the text classification and making a 
menu-based version available throughout the course which appropriately incorporates multimedia elements to reinforce 
and practice taught concepts. We hope to continue this work in 2015.


In terms of our original project objectives it is fair to say that this project has been successful only in part. Nonetheless, 
some valuable lessons have been learned and some interesting opportunities for further research and application of the 
dialogue system in the classroom have been identified.


Summary of spending
The full amount budgeted for this project of $10,176 was spent in 2014. Refer attached activity centre report. (NB: 
Some unrelated salary costs came through this account through a payroll error last year. This was corrected and is 
shown as the $523 credit at the top of the financial statement)


Other outputs
• Multimedia enhancement for dialogue system completed
• HEDC seminar given in September, 2014
• Invited presentation on the project given at the University of Auckland, Centre for Learning and Research in 


Higher Education, 27th June, 2014.
• An allied project designed to examine the nature of free-text responses captured during this project has been 


funded as one of a number of case-studies funded through Ako Aotearoa NPF-0008 in 2015/16
• A paper describing this project and results is currently in preparation and planned for submission to the 


Australasian Journal of Educational Technology.
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Developing interactive dichotomous taxonomic keys available for smart phones in the field 
 
Project team: Dr Stephen Scott, Emmanuel Delaborde, Sophie Fern 
 
Snapshot 
Smart phones are common place and therefore could be used as a teaching tool for students.  A 
web based Key‐Builder was developed to provide a key to identify species on the sea shore for a 
class field trip.  Students who had a capable device found the digital key helped their learning of 
taxonomy.  However, not all students had smart phones and so the provision of smart devices for 
class work is still required. The use of digital keys has huge potential to support the learning and 
application of taxonomy in the biological sciences. 
 
Introduction 
As students are using smart phones in their everyday life we thought they could use their smart 
phones to identify animals in the field (taxonomy).  Being able to identify species is important in 
biological studies but is difficult as it requires a high level of specific knowledge.  Students don’t 
have this knowledge, but still need to identify animals. Traditionally, paper‐based dichotomous keys 
are used to identify unknown animals. However to use these paper‐based keys students need a 
good knowledge of zoological terms (e.g. operculum, dorsal, etc.). Students struggle with this 
method of identifying species as they do not have the zoological vocabulary; they make incorrect 
choices and end up with incorrect identification. When pictures are provided for students to use to 
confirm their identification they tend to skip using the key and guess the species identification 
based on the picture alone.  This is an issue as many species look similar.   
Also, staff that possess the specific taxonomic knowledge may not have the computer expertise to 
create a digital taxonomic tool and so this digital opportunity is lost. 
Therefore the aim of this project is to develop a web based tool that can be used by taxonomic 
experts to create interactive dichotomous taxonomic keys for smart phones, that are targeted to 
the end user and can be used with or without internet access. 
 
Methods 
A dichotomous taxonomic key is very much like a tree with bifurcating branches and a single leaf on 
the tip of the end branch.  The Key‐Builder and the Keys were developed using HTML 5 by 
Emmanuel Delaborde to ensure cross platform compatibility.  The Key‐Builder was designed to be 
web based and easy to use with buttons for building and editing the key.  Drawings and photos can 
be added at multiple places to aid the user.  A glossary can also be created, with pictures, that 
automatically links to the technical words in the key.  Shortcuts are also incorporated so once a 
level of taxonomic knowledge is developed students can jump to the phylum or class of animals 
before working to the species level. Once a key is created it can be; Viewed, as seen by the user; 
Cloned, to duplicate the key so a new version can be created or Published so it is available for users.  
The key can also be de‐assembled and rebuild using the detached branches and leaves. 
 
A key was built to identify the intertidal animals on the Portobello shore by Sophie Fern with 
assistance from Sally Carson of the New Zealand Marine Studies Centre who allowed the use of 
information and photos from their database.  
 
Ethics approval was obtained (D14/018) and the key was tested with students on the field trip to 
Portobello in 2014 and 2015.  After the field trips the students were invited to participate in a 







survey (only 2014 available) of their phone use, and their option of the digital‐based key and a 
paper‐based key.  Students were also invited to a focus group about their phone use and the use of 
the digital key. 
 
Key Findings, outputs and outcomes 
The Key‐Builder has been developed and keys published.  See http://keys.otago.ac.nz/ and click on 
the View button to down load the Portobello 2015 key. 
 
Of the 53 students who took part in the 2014 survey; 81% owned a mobile device, other than a 
laptop. Of those students that could downloaded the digital key; 73% tried and of those who tried 
70% were successful. In 2015, 55 students (39%) had successfully loaded the key onto their phone 
for the field trip. In the focus group only 16 of the 22 students had a smart phone.  Therefore not all 
students had access to a smart phone and even if they did the phone was “not very smart”.  This 
meant not all students had access to the digital key via their personal phone so a class set of iPads 
was provided to ensure enough devices were available to the students on the field trip. 
 
Based on the 2014 survey, for those 35 students who had answered questions on both the paper 
and digital key a paired t‐test on the mean Likert scores indicated no preference for either type of 
key.  However, overall more students were positive about the digital key (81%) than the paper key 
(68%), with many positive comments such as “It was definitely easier to use than the printed key. I 
felt a lot more confident in correctly identifying the animal and it was a lot faster and more efficient 
and accessible” but students also noted “I find these gadgets hard to use and very frustrating” and 
“was quite slow”.  Analysis of individual questions indicated that the digital key was easier, gave a 
clearer species identification, and helped students learn zoological terms and taxonomic features.  
The focus group also commented that they liked the digital key, but were wary of taking electrical 
equipment onto the rocky sea shore and that the sun and the device’s small size made the screen 
difficult to see. Students also commented they wanted a real application, not a series of web pages. 
 
Discussion and implications 
Taxonomy is an area of biological science that is important but difficult to learn.  Having a 
taxonomic key that the students work through in a systemic way and that has a inbuilt glossary, 
diagrams and a picture and description to confirm an identification has helped with this task.  This 
reflects the increased level of resources available to support a student learning zoological terms 
and species identification with a digital key relative to a paper based key.  However care needs to 
be taken that all students have access to such a digital resource if it is required for course work.  
Students also have high standards for digital media and so clearly describing the key as a down‐
loadable set of web resources is important for setting the expectations of the students. 
 
The capacity to build keys in a simple manner with the web based Key‐Builder tool has huge 
potential to support the learning of taxonomy in a wide audience.  There are biological sciences 
courses in multiple learning institutes that face the same challenge of teaching taxonomy and 
obtaining accurate species identification.  Taxonomic keys can be developed for a target audience, 
a specific purpose or in different languages (e.g. Te Reo).  Experts could also develop specific keys 
for their specialty research areas to help with more complex identification challenges.  Therefore, 
there is wide applicability for this development. 
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Snapshot (<150 words) 


Various methods and principles of clinical reasoning and decision making processes were 


being taught in the undergraduate physiotherapy programme (BPhty). It is anticipated that 


defining and agreeing a framework for clinical reasoning, integrated between classroom and 


clinical practice, should facilitate students’ learning. This project used a Delphi study method 


and focus groups to reach consensus about clinical reasoning across the BPhty teaching staff. 


It was agreed clinical reasoning skills are embedded within the development of generic 


professional skills and behaviour, reflection and learning and theory is integrated into clinical 


practice. Skills are demonstrated with decreasing supervision and scaffolding and increasing 


depth, frequency and autonomy with progression from the pre-clinical phase to the end of 


Year 4. There was consensus that the World Health Organization International Classification 


of Function be used as a common framework.  Development of teaching and learning 


resources to support clinically-relevant reasoning and decision making is on-going. 


 


Introduction 


 


Principles of clinical reasoning in Physiotherapy are generally taught separately in lectures, 


practical laboratories and clinical practice within each of the three main disciplines: 


Cardiopulmonary Rehabilitation, Neurorehabilitation, and Musculoskeletal Rehabilitation. 


While there are common principles for concepts of reasoning across these disciplines, they 


may be taught using different models and terminology. Variability in terminology and in the 


extent to which the clinical reasoning skills are made explicit by educators (lecturers, tutors, 


clinical educators and supervisors) can confuse students. Defining a common clinical 


reasoning framework that can be integrated between classroom and clinical practice and 


across the physiotherapy disciplines should facilitate students’ learning. Alternatively, 


increased awareness by educators of different methods used for teaching clinical reasoning 


across the BPhty programmes would assist the educators to facilitate students’ understanding.  
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The aim of this study was to gain consensus on a common structure and framework for 


teaching clinical reasoning at undergraduate physiotherapy level that is agreed to by the 


educators. The study consisted of three phases, with the following aims:  


Phase 1: to identify key elements that educators consider to be important for teaching clinical 


reasoning to undergraduate physiotherapy students;  


Phase 2: to construct a curriculum pathway for clinical reasoning that shows the increasing 


complexity of teaching methods and clinical reasoning skills from Year 2 to Year 4;  


Phase 3: to develop teaching resources to facilitate development of clinical reasoning skills as 


part of the Bachelor of Physiotherapy (BPhty) programme. 


 


Methods 


Educators (n = 41) who had been involved in Year 2 to 4 teaching for at least one full 


academic year were invited to participate. The study was approved by the University of 


Otago Human Ethics Committee (Ref D14/096).   


 


Phase 1: A modified Delphi approach with three rounds of online questionnaires was used. 


For Round 1, the research team defined four open-ended questions to explore the views of the 


educators about clinical reasoning and their own expectations of undergraduate students. 


Data from Round 1 were used to design the questionnaire for Rounds 2 and 3. Educators 


were invited to rate the importance of each question in Round 2 using a Likert scale. Results 


of that round were summarised and fed back to all educators for Round 3. Consensus for both 


rounds was determined if the following pre-specified criteria were met: median rating ≥4, and 


percentage agreement (rating 4 or 5 on the Likert scales) ≥70%.  


 


Phase 2: Teaching staff members were invited to attend a focus group to define a progressive 


pathway, using results from the Delphi study as a basis. Nominal group analysis was used for 


the focus group discussions to develop a progressive framework.  


  


Phase 3: The framework was presented at a meeting with teaching staff and developed 


further. Development of teaching resources that are applicable across laboratory- and 


clinically-based teaching is on-going. 
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Key findings 


 


Responses from the questions posed in Round 1 of the Delphi study (Phase 1) were 


categorised into the following themes: (1) definition of clinical reasoning;  (2) clinical 


reasoning methods; (3) personal attributes, knowledge and skills; (4) models that provide a 


framework for clinical reasoning; (5) essential components for clinical reasoning; and (6) 


contextual factors.  Consensus was reached by the group to use the World Health 


Organization (WHO) International Classification of Function (ICF)
i
 as an overall framework 


for clinical reasoning when the scenario describes the patient as a whole.  


 


During the focus groups (Phase 2) clinical reasoning was discussed as being a process which 


includes progressive levels of skill from pre-clinical to the end of Year 4. The following 


categories of skills were defined: (1) Generic professional skills and behaviour; (2) 


Searching, interpretation and analysis of information; (3) Planning, application and 


modification of management, (4) Integrating theory and clinical practice, and (5) Reflection 


and learning. These categories were then developed into a model (Figure 1) as follows:  


 


The overall ICF framework and clinical reasoning methods (hypothetico-deductive reasoning 


and pattern recognition) are used to gather and interpret information from the patient, plan 


and apply management. Throughout these processes, theory is integrated into clinical 


practice. Those skills are embedded within the development of generic professional skills and 


behavior, reflection and learning. All skills are demonstrated with decreasing supervision and 


scaffolding and increasing complexity, depth, frequency and autonomy with progression 


from the pre-clinical phase to the end of Year 4 of study. 


 


 


Discussion and implications 


This study provided opportunity to collate views and methods of teaching clinical reasoning 


skills across the physiotherapy disciplines contributing to the BPhty programme. All educators 


were invited to participate and using the Delphi method and focus groups ensured an inclusive 


approach. The ICF framework can be used across all disciplines, however, methods for clinical 


reasoning and decision making are influenced by patient-, physiotherapist- and other 


contextual-related factors thus need to remain individualized. This project enabled information 


and resources to be shared amongst colleagues working in different geographical areas and 


across the spectrum of physiotherapy disciplines. While a common teaching resource has not 
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yet emanated from this research, the study has increased the awareness of the ranges of different 


approaches used in teaching by colleagues. It is anticipated that raising awareness of the 


different approaches may increase the willingness to work towards a more unified approach to 


teaching and learning opportunities for students, in a sense, providing student- and patient-


specific teaching and learning in the laboratory and clinical environment.  


 


 
 


Figure 1. Model for clinical reasoning for clinical reasoning skills of the undergraduate 


physiotherapy programme. The core (blue circle) reflects use of the World Health 


Organisation International Classification of Function (ICF) Framework to structure 


gathering, interpreting and analysing information relevant for the patient, planning, 


application and modification of management. This is surrounded by integration of theory and 


clinical practice and reasoning methods, which should be seen circulating around the ICF 


framework, rather than holding static vertical positions. These are further embedded within 


circulating generic professional skills and behaviour, reflection and learning.  


 


 


 


                                                 
i
 FIFTY-FOURTH WORLD HEALTH ASSEMBLY WHA 54.21 World Agenda item 13.9 22 May 2001 


International classification of functioning, disability and health 


http://apps.who.int/gb/archive/pdf_files/WHA54/ea54r21.pdf?ua=1  
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Final CALT report on 2014 University Teaching Development Grant 


How	do	university	teachers	‘teach’,	‘foster’	or	otherwise	‘influence	the	
development	of’	the	Otago	graduate	attribute	‘global	perspective’?	
 


Research team: Kerry Shephard (HEDC), Miranda Mirosa (Food Science), Michael Bourk 
(Media, Film and Communication), Pete Dulgar (Assistant Research Fellow) 


Overview		
This project aimed to use a modified circuit of culture enquiry, incorporating framing 
analysis, to better understand how the ‘global perspective’ attribute is produced, represented, 
and consumed at the University of Otago. The project also aimed to produce a range of 
resources to help departments and teachers address this attribute in their university work. 


Introduction	
This research explored how university teachers ‘teach’ or otherwise ‘influence the 
development of’ the graduate attribute “global perspective”. Graduate attributes are to be 
fostered within Otago’s degree programmes, but they are not necessarily formally ‘taught’.  
They may not appear as intended learning outcomes or as text in lecture handouts. They may 
not be ‘assessed’ or ‘evaluated’. They may not appear explicitly in papers or in programmes 
at all. In some respects we need to ‘read between the lines’ to understand the nature of the 
communication that is intended and that perhaps occurs. To limit the difficulties involved we 
focused, in this project, on written communications available on web pages; accepting that 
the rich diversity of spoken interactions will need to wait for other research opportunities. 


Methods	and	results	
Our project operated in four phases. 


Phase 1 The context of production considered how multifarious factors, from learning and 
teaching norms, to economic pressures (e.g. to increase international student numbers), to 
institutional operational issues, have shaped the production of text about a global perspective 
at Otago.  We did this by looking at objectives in key institutional documents as well as by 
interviewing people who have been involved in promoting or interpreting a global 
perspective (and internationalisation more broadly) at this University.   We interviewed three 
senior academic managers with relevant roles. 


Our data suggests that the University of Otago has responded to its particular position, and its 
particular conceptions of its position, within global higher education to incorporate various 
time-dependent notions of ‘international’, ‘internationalise’, ‘globalise’ and ‘global’ within 
its strategies and reports. Interviews suggest that the happenstance of who is in key important 
roles at key times points has had a significant bearing on the precise details of what a global 
perspective is perceived to be and on what this has to do with the University of Otago. Each 
person interviewed expressed a particular, even unique viewpoint on the development of the 
global perspective at the University of Otago. 
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Phase 2 Representation and circulation Phase two used framing analysis to discover the 
dominant and reoccurring frames that exist within higher education discourse at this 
university in the context of fostering a global perspective. We focussed on institutional and 
departmental web pages and explored words, metaphors, examples, descriptions, arguments 
and visual images for evidence of dominant cultural frames and to discover potentially new 
(to the educational literature) frames in the context of global perspective.  


Our results suggest that there are at least four relatively independent frame packages for 
global perspective that appear in University of Otago webpages. We describe these as Arena, 
Agora, Home and Garden and our research outputs will provide details on their nature.  


While we might have expected a frame package that emphasised, ‘the natural world’ as a 
constituent of ‘the global environment’ used within Otago definitions of global perspective, 
we did not find this approach to framing global perspective. All global perspectives identified 
in our research were essentially anthropocentric.  


Phase 3 Consumption The third phase of this project invited university teachers, students 
and support staff to interpret the meaning of examples of text in three group interviews.  


In all three interviews, participants: found it relatively straightforward to allocate text from 
webpages to one of our four frame packages; did so in ways strikingly similar with each other 
and with the researchers in this project; did not seem worried that four relatively independent 
frame packages coexisted within University of Otago communications and in particular were 
not concerned that some of these four frame packages were likely mutually exclusive; were 
neither surprised nor concerned that a ‘natural world’ frame package did not appear to exist. 


Phase 4 Outputs and evaluation We focus on producing resources to support teaching and 
learning and evaluation of global perspective. In particular we are attempting to produce a 
resource that challenges users to reflect on their own global perspective and the global 
perspective that they may be fostering as they teach. The researchers intend to create a 
research article for a peer-reviewed journal, a professional development workshop (in 
HEDC) and a conference presentation.  


Implications	
In particular, although the coexistence of potentially conflicting frame packages was not 
troublesome to participants in our group interviews, it may be interesting to those within the 
institution charged with responsibility to manage the institution strategically. It may, for 
example, lead some to doubt the existence of a unique and identifiable Otago graduate 
profile. Even within an individual department, we think it is likely that some university 
teachers are fostering a highly competitive, Arena, style of global perspective, while others 
may be simultaneously fostering a more caring and sharing, Agoura, Home or Garden 
perspective.  


We find it fascinating that the word ‘environment’ could be interpreted by university 
academics, support staff and students in a wholly anthropocentric manner and hope that the 
university will research this phenomenon more quantitatively at some point.  








1 
 


Final	CALT	report	on	2013‐2014	University	Teaching	Development	Grant	(Grant	
in	aid)	(Part	1	Web‐based	report)	


Developing	a	student‐led	community‐engaged	course	on	
sustainability	


Original	applicants	
Elaine Webster, Kerry Shephard, Jenny Rock, Miranda Mirosa, Sean Connelly, Mark 
McGuire, Brent Lovelock, John Harraway, Dave Warren, Hilary Phipps, Shirley Gillett, 
Mary Furnari, Anthony Robins, Victoria Rosin, Kim Brown, Davina Hunt, Sally Carson. In 
addition, several students became involved in the project and as the proposal was for a 
student-led initiative, our students need to be seen as co-applicants and co-researchers. 


Overview		
The University of Uppsala, Sweden (one of Otago’s Matariki partners) maintains a student-
led learning and teaching programme on sustainability (CEMUS). Undergraduate and 
postgraduate students develop, coordinate and teach credit-bearing papers that most students 
in the university are able to take as part of their degrees. The papers are all multidisciplinary 
in content and ethos. The students are supported in their work by an academic board. The 
CEMUS model of ‘empowering students for sustainability’ has been and is being influential 
around the world as higher education institutions grapple with understanding their role in 
society and their relationship with their students. Professor Kerry Shephard (HEDC) visited 
Uppsala and CEMUS in June 2013 and discussed the possibility of exploring the 
development of something analogous at the University of Otago. Colleagues in Uppsala were 
delighted to support this exploration. This short report describes our exploration and 
summarises our findings. 


Introduction		
The application was developed by members of Otago’s Special interest group in community-
engaged learning and teaching (CELT) and Otago’s Education for Sustainability Research 
Group and was closely associated with Otago’s Summer School and Continuing Education 
Office.  Our project aimed to explore the opportunities, advantages and barriers to 
establishing a student-led sustainability programme at the University of Otago. CALT 
requested that the grant-in-aid provided was to address this exploration, rather than the 
creation and operation of a ‘course’.   The research team met early in 2014 and decided to 
undertake this exploration and to enable the students to lead on some ‘events’; something 
short of a ‘course’ but sufficient to address and research some of the project’s substantive 
aims. The project was operated in a fully inclusive manner and invited all university staff and 
students to join in the exploration. 


Methods	
An ethics approval was prepared and accepted, a research assistant appointed and the project 
started in early 2014. Two undergraduate students initially stepped forward to work with two 
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senior university colleagues and the project’s research assistant as a project team (reporting at 
intervals to all who had expressed an interest in the project). The major activity for this 
project team was to plan for and oversee two promotional events held in March and April 
2014 intended to recruit participating students and to inspire university teachers to find ways 
to encourage their students to engage in the project. The project team initially oversaw 
project research, but this role was later passed on to a dedicated research group involving 
academic staff, postgraduate and undergraduate students. A student led-group came together 
to plan three discussion events with minimal input from the project team, whose role became 
that of providing logistical/material support where possible. Following the final student-led 
discussion in August, one academic member of the research team met with students who had 
experienced various levels of involvement in the project to mediate a group reflection. 


This project was researched using the approach of action research (accepting that data 
gathered within the project would influence the project’s direction and management). 
Research data gathered throughout the duration of this project included meeting and 
interview notes, research reports, email conversations, Facebook postings, Skype calls and 
more general observations or personal reflections. The research assistant met with or 
interviewed participants as they joined and left the project using a series of semi-structured 
individual or group interviews. The data was primarily analysed by two researchers 
(emphasising research-participant anonymity in the process) using inductive analysis, 
acknowledging multiple stakeholders and their different experiences and perceptions of how 
the project progressed.  


Results	
Students organised and led three discussions on University premises that were open to all.  
Attendance at the discussions was modest, ranging from 45 participants at the first event, 14 
at the second and 23 at the third. Participants were mostly students but some staff and some 
members of the wider community attended all discussions. Thematic analysis identified four 
substantial themes that reoccurred within the research data and one overarching conclusion 
from the project. 


1. At an early stage a developing dichotomy of opinion arose relating to the extent to 
which university staff or ‘empowered students’ were driving the project. While the 
project was inspired by the ideal of a ‘partnership of equals’, and with a view to 
developing a student-led outcome,  participants in the project have indicated a range 
of experiences traversing this staff/student dichotomy. 


2. Closely associated with this theme was that of the nature of leadership in the student 
group, and how the concept of student leaders resonated with that of student 
empowerment in the project. The project identified varied perceptions of leadership 
and of empowerment.  


3. A third theme of student engagement emerged at an early stage and persisted within 
the project, interacting with the two themes above. Student engagement within this 
project was intense for the relatively few students involved. Limited involvement 
appears to be associated with the popularity of sustainability in student-led discourse 
and barriers encountered by students managing multiple demands on their time.  
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4. Project continuity beyond the constraints offered by a funded research project 
emerged from the results and in project-discourse at later stages. The matter was 
anticipated, although not adequately addressed in project planning.  


Although these themes suggest that the overall results of the project might not have met the 
aspirations of the project originators, an overall conclusion from the research and the 
collective experience of the participants emphasises learning. It is clear that the staff involved 
learned substantially about the aspirations of some students for more autonomy within their 
learning and likely advantages in facilitating this. Likewise, student discourse emphasises the 
advantages of what they see as democratic decision-making and open ended discussion 
within their learning programs.  


Outputs	so	far	
Members of the research group have contributed one short research paper to a conference 
based in the Department of media, film and communication (University of Otago) and an 
online paper is being developed. In addition, another research paper will be presented in 
December 2014 at the Society for Research into Higher Education Annual Conference. One 
research article is being developed for a peer-reviewed academic journal. Other research 
outputs are likely.   


Brown, K. (2014). More than ecodemia: Re-imaging a pedagogical space for learning 
about sustainability in Higher Education. In Department of Media, Film and 
Communication (Ed.), Proceedings of Environment, Spaces and Transformations: 
Inaugural MFCO Early Career-Graduate Conference (p. 12 ). Dunedin, New 
Zealand: University of Otago 


Shephard K, Webster E, Brown K, Payne-Harker H and Payne-Harker N (2014) 
Exploring student empowerment for community-engaged sustainability education 
(accepted for presentation at the 2014 Society for Research in Higher Education 
Conference, Newport, Wales, 10-12 December).  


Implications	
This project may have long-term implications. It appears that many staff and students 
involved in the project had been affected by it. Students in particular appear determined to 
seek new opportunities to contribute to the learning and teaching of their peers in a student-
led way. Some are considering contributing to the public debate on ‘education for 
sustainability’ by writing their own research paper. Several staff involved in the project have 
identified not only changed perceptions in the relationship between them and their students 
but also a commitment to using the infrastructure of the University to empower students to 
take more control over their own learning.  
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Nonplussed	students	


Investigating	student	numeracy	and	educational	background	in	a	second	year	science	
course	without	a	mathematical	prerequisite	and	improving	student	numeracy	through	
the	use	of	detailed	worked	examples.	
 


Original title: Improving numeracy in second year physiology students through the use of detailed 


worked examples. 


Project Leader: Toni‐Ann Alsop (Physiology). Email: toni‐ann.alsop@otago.ac.nz 


Participating Staff Members: Kirk Hamilton and Fiona McDonald (Physiology)  


We would also like to acknowledge the mentorship of Ben Daniel Motidyang (HEDC) 


 


Snapshot	of	the	case		
The numeracy background of Physiology 233 (PHSL233) students was explored and the 


number of these students not meeting a minimum numeracy benchmark (≈ year 9 high‐school) was 


measured, to determine the effects of numeracy on academic performance in a second year science 


course without a mathematics pre‐requisite. Student numeracy was low and 15% of students did not 


meet the year 9 benchmark. Furthermore, poor numeracy correlated with increased course failure 


rate. 62 % of students had not completed maths papers at university and 4% have only obtained 


NCEA level 2. Despite this, 71% of students rated themselves as “confident” or “extremely 


confident” with the maths required for PHSL233. High confidence in mathematical ability correlated 


with course failure.  Numeracy resources for the PHSL233 laboratory course were developed and 


presented to students as modules on the XOtago platform (https://x.otago.ac.nz).  XOtago resources 


are being revised for 2015 based project numeracy findings. 


 


Introduction		
Poor numeracy at first year university level has been linked to poor achievement in general 


biology and biomedical science courses (McNaught and Hoyne, 2013; Rylands and Coady, 2009; 


Tarq, 2002; Wilson, 2013). However, there are few studies addressing the effects of poor numeracy 


on biological science students pursuing more specialised second and third year courses. Physiology is 


an example of a quantitative biological science in which students require a higher level of 


mathematical proficiency to attain graduate attributes in critical thinking and scholarship. Students 


at the University of Otago specialise in physiology in the second year of their degree. PHSL233, one 


of three second year physiology papers taught at Otago, includes an introduction to the discipline of 


electrophysiology (the study of the driving forces that enable the movement of ions and water in 


biological tissues) which has a strong basis in mathematics and physics.  


The PHSL233 paper does not have any mathematical prerequisites; rather students are 


required to have passed two general human anatomy and physiology papers (HUBS 191 and HUBS 
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192) and two first year papers selected from biochemistry (BIOC 192), cellular biology (CELS 191), 


chemistry (CHEM 191), and physics (PHSI 191). Thus, while all of our students have achieved 


university entrance, we cannot presume anything about their mathematical backgrounds, and 


needless to say it is likely to be diverse. Anecdotal observations by the staff teaching the laboratory 


component of the PHSL233 course, and the related 300 level paper PHSL 343, indicate that some 


students do lack numeracy skills e.g., cannot interconvert between millilitre (ml) and microliter (µl), 


cannot use ratios when calculating dilutions, cannot manipulate simple fractions and cannot 


rearrange simple 3‐term equations. Furthermore, in 2012 and 2013 more than half of the students 


rated the PHSL233 course as “much too hard” in course evaluations. These observations indicate 


that a number of students undertaking the PHSL233 courses have either inadequate procedural 


numeracy, an inability to contextualise their mathematical knowledge to solve physiology specific 


problems, or both.  


In 2014 the minimum mathematics requirement for university entry (UE) was reduced to 10 


credits at level 1 from 14 credits at level 1 (NZQA website www.nzqa.govt.nz), there is a concern that 


numeracy amongst students attending university will fall (Linsell and Casey, 2013). Paradoxically, the 


Tertiary Education Strategy 2014 ‐2019 that was jointly published by the New Zealand Ministry of 


Business, Innovation and Employment and the Ministry of Education (Ministry of Education, 2014) 


proposes directions that could increase the numbers of students studying science subjects at a 


tertiary level. For example: Increasing the number of young people attaining level 4 qualifications 


(i.e. undergraduate degree level) and addressing skills shortages in subjects required for innovation 


and economic growth in science, technology, engineering and mathematics (STEM) industries. 


Collectively, these factors indicate science educators in tertiary institutions could be faced with more 


students and that these students will have increasingly diverse mathematical backgrounds.  As 


PHSL233 lacks a mathematical prerequisite, students taking this course make an interesting case 


study when determining how to deal with the influx of students with reduced numeracy predicted 


by recent changes to NCEA and government education policy. There are two possible approaches to 


the problem of students with poor numeracy background undertaking the PHSL233 course: 


introducing more stringent mathematical prerequisites to exclude these students or, alternatively, 


helping them by changing our approach to teaching mathematical concepts and by providing 


additional numeracy resources. This second approach will require us to understand the numeracy of 


our learners in more detail and to understand some of the ways students learn mathematical 


concepts. 


 


What	is	numeracy?	


Numeracy is a term that describes the balance between mastery of abstract mathematical 


rules and procedures and the contextual application of those rules and procedures in everyday life 


or to a specific discipline or learning environment (Coben, 2003; Sweller, 1994). For example, 


addition and subtraction are procedural mathematical skills. Calculating the total cost of various 


goods and the change required after payment are addition and subtraction skills contextualised to 


shopping. The distinction between mathematics and numeracy matters because it is possible to 


understand mathematical concepts either in theory or in one specific context and be unable to apply 
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them in another (Carraher, Carraher, and Schliemann, 1985, Evans, 2000). Educators need to take 


account of the way in which students apply knowledge and transfer knowledge to new contexts.  


Initial numerical learning involves sequential understanding of different ways of 


representing numbers and the relationships between numbers. Mathematical learning progressions 


are an attempt to describe the theoretical learning trajectory students undertake as they achieve 


competency in increasingly sophisticated number strategies that form part of a learning thread 


(Tertiary Education Commission, 2008; Simon, 1995).  For example, if one considers place value to be 


a learning thread, the initial understanding involves counting up to a certain number, for example 


10. This allows a learner to divide larger numbers into groups of that amount and determine a total 


number of objects by counting the groups (e.g. understanding that 5 groups of 10 is 50 objects). At 


the higher end of this learning progression is the awareness that a single object may be divided into 


10, 100, 1000 or more parts that can be represented as decimals, fractions, percentages or 


exponents (Tertiary Education Commission, 2008). Number strategies are the mental building blocks 


used when solving both abstract and contextualised mathematical problems, the degree of mastery 


of number strategies is related to the type of strategy a learner can, potentially, use when solving 


problems (Byrnes, 1992; Tertiary Education Commission, 2008). However, many investigations also 


point out that the interrelationship between acquisition of number knowledge and learning to 


performing mathematical procedures makes it hard to measure them independently and thus 


determine the sequence in which each occurs (Schneider and Stern, 2010).  


Learning to use number knowledge to solve mathematical problems or perform abstract 


mathematical procedures occurs in well‐defined stages. Initially a learner will undertake schematic 


acquisition of a skill, which means learning by mechanical application of several number strategies or 


emulating a set of rules (Cooper and Sweller, 1987; Sweller, 1994). With practice, a learner will 


acquire ability to remember rules or steps so that they can apply them to new problems without 


reference. Finally, when a learner no longer needs to refer to rules and steps to solve a problem, the 


pathway becomes automatic (Sweller, 1994). Transfer, the ability to take an abstract problem 


solving skill and contextualise it to a “real” situation can be taught in similar steps to abstract 


learning, i.e. learners emulate and become practiced at applying a procedure or method in a specific 


context (Cooper and Sweller, 1987). Alternatively, some learners may achieve such a high degree of 


understanding of a mathematical procedure that they recognise when it can be applied regardless of 


the context.  


	


Worked 	examples	as	a	teaching	strategy 	for	numeracy	


The calculations students are required to perform in PHSL233 are not simply abstract 


mathematical calculations but problems specific to the context of physiology. When teaching applied 


mathematical concepts to diverse learners, such as the PHSL233 students, there will be many 


different ways in which they may not understand. To broadly categorise these; firstly, there may be 


learners who are limited in the strategies they can apply to a numerical problem or procedure 


because they have not progressed far enough along the learning trajectory in a given learning 


thread. Secondly, there may be students who have adequate number knowledge but they cannot 


connect strategies together to solve problems in an automatic way, i.e. they have inadequate 
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procedural knowledge relating to mathematical problem solving. Finally, there may be students who 


have adequate procedural problem solving ability but cannot contextualise their skills to physiology.  


One teaching strategy that has been shown to help with both learning to solve abstract 


procedures and the contextual transfer of those skills to science subjects is the worked example 


(Kirschner, 2006; Thompson, et al. 2013; Van Gog, Paas, Van Merrienboer, 2004). At their most 


basic, worked examples are example maths problems that have been solved to show all of the steps 


a person should take to get the correct answer, they provide an analogy which learners can emulate 


when solving practice problem (Ward and Sweller, 1990; Van Gog, Paas, Van Merrienboer, 2004). 


However, the way in which worked examples are constructed plays a role in their effectiveness as a 


tool for teaching applied problem solving, many of the suggested strategies have a strong grounding 


in cognitive load theory (Ward and Sweller, 1990). Split attention studies demonstrate that worked 


examples are more successful if they integrate written explanations and worked calculations, as 


opposed to having the calculations and explanations separate	(Chandler and Sweller, 1992). The 
theoretical reason for this is that when different modes of explanation are separate, the student will 


“split” their attention as they attempt to integrate the two modes. Conversely, if modalities are 


combined the students attention is not split and the worked example is less taxing to follow. 


Providing “sub goals” or dividing sections of complex worked examples together into “steps” may be 


more successful than providing a long, continuous worked example (Ward and Sweller, 1990). 


 


The	objectives	of	this	project	were:	


 Firstly, to understand the mathematical education background of our physiology student 


cohort. To achieve this, a survey was administered to students asking participants (n=122) to 


describe the highest mathematical qualification they have passed and their own perceptions of their 


ability to perform the mathematical calculations required for their course. We also measured the 


numeracy of this group of students (n= 120) using the Tertiary Education Commission (TEC) 


Numeracy for Adults Assessment Tool, tool that has been widely used in the New Zealand tertiary 


education sector, in particular the vocational training sector (Linsell and Anakin 2012; Linsell and 


Casey 2013). 


Our second objective was to design numeracy resources, to assist students to participate in 


our laboratory classes, and later, to improve upon these resources based on student numeracy 


scores and survey results. For each of the six laboratory classes students were provided with worked 


examples for the calculations they are required to perform during the lab and a series of 6 self‐test 


questions pertaining to the laboratory content, at least two of which were specific to mathematical 


calculations. When we developed these resources, the guidelines outlined in the introduction, in 


particular those described in Ward and Sweller (Ward and Sweller, 1990) were used. In particular, 


we integrated calculations, written descriptions, and visual elements such as diagrams. These 


resources were presented on XOtago (https://x.otago.ac.nz), an on line platform which is an 


adaption of the edX platform that is used internationally to host on line courses 


(https://www.edx.org/about‐us). Students were given unlimited access to these resources before 


during and after laboratory classes.  
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Methods	
Numeracy 	Assessments 	


Student numeracy was measured using the Tertiary Education Commission (TEC) numeracy 


tool for adults (http://www.tec.govt.nz/Resource‐Centre/Software‐tools/Literacy‐and‐Numeracy‐


for‐Adults‐Assessment‐Tool/). This test is an on‐line adaptive assessment tool that has been widely 


used in the New Zealand tertiary education sector, in particular the vocational training sector (Linsell 


and Anakin, 2012; Linsell and Casey, 2013; Tertiary Education Commission 2008). This test is 


adaptive in that not all students answer the same set of questions, rather the level of question each 


student is presented with changes based on correct or incorrect answers given in previous 


questions.  


TEC numeracy assessment provides students with a numeracy score (from 100 to 1000) that 


is calculated on the basis of the number of questions answered correctly and the difficulty of each 


question (Tertiary Education Commission, 2008; Figure 1). Students who score below 700 in this 


numeracy test have a numeracy level below the year‐9 benchmark (Linsell and Anakin 2012; Linsell 


and Casey 2013). Furthermore, when teaching second year science students we tend to presume 


that our students have a level of numeracy well above the year 9 benchmark, we felt it important to 


identify or put a number on these presumptions. Based on the types of questions asked in the 


numeracy assessment we decided that a numeracy score of above 800 would indicate a level of 


numeracy that met our assumptions.  


The numeracy assessment uses questions that test student ability in six key learning threads: 


number sequence, place value, proportional reasoning, addition and subtraction, multiplication and 


division and measurement. Each question is given a level from 1 ‐ 6 according to where it falls on a 


standardised adult numeracy learning progressions for each thread (Tertiary Education Commission, 


2008; Figure 1) with the boundary between level 5 and level 6 representing the cut off for the year 9 


benchmark. This enables educators to identify specific numeracy skills a student needs to learn in 


order to progress. 
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Figure 1. TEC Numeracy Assessment Tool numeracy analysis. 


The TEC numeracy assessment provides students with a numeracy score, from 100 to 1000, which is 


calculated on the basis of the number of questions answered correctly (black dots) or incorrectly 


(white dots) and the difficulty of each question. Each question is also given a level, from 1‐6, in 


relation to adult numeracy learning progressions for six different learning threads. These are 


published by the tertiary education commission (Tertiary Education Commission, 2008).  
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Investigating	the	educational	background	of	our	students	


During an introductory laboratory, students were invited to complete a survey that asked 


the following questions: 


1)  How did you gain university entrance?  


2)  What is the highest mathematics qualification or paper you have passed?  


3)  In what year did you last study mathematics? At what level was this study? 


4)  How do you feel about your ability to do the mathematics required to complete your 


degree? 


We obtained responses, or partial responses, from 122 students. Survey data were compiled 


by categorising students responses,  1) will find it hard, 2) Ok but not great, 3) confident, and 4) very 


confident, and then correlating the responses with numeracy measurements and course failure. 


Student survey responses were also used to identify issues and experiences with mathematics that 


were not identifiable in the numeracy assessment.  


 


Measurements	of	student	achievement	in	PHSL233	


In PHSL233, the student’s final grade is composed of 30% of their terms mark (which is in 


itself 50% from each of two terms tests) and 70% from their final exam mark. Students need to 


achieve an average mark of 40% in their two terms tests and attend a minimum number of 


laboratory class in order to sit the final exam. This presents some problems for analysis as students 


who do not meet terms requirements cannot sit the final exam and thus do not have a final grade 


that is comparable to those that do. In this report we will discuss student achievement in terms of 


course failure rate (defined as the % of students who did not pass the course either because they 


failed terms or because they failed the final exam. Within the terms test questions there are 


calculation based multiple choice questions that relate to laboratory material that students have 


previously found problematic. As a indicator of the success of our numeracy resource, I have 


compared the achievement of this year’s students in these “problematic questions” with the 


achievement of last year’s students (who did not have access to numeracy resources).  


   


Numeracy resource development 


For each of the six laboratory classes students were provided with worked examples for the 


calculations they are required to perform and 6 self‐test questions pertaining to the laboratory 


content, at least two of which were specific to mathematical calculations These resources were 


presented on XOtago (https://x.otago.ac.nz), an online learning platform which is an adaption of the 


edX platform (https://www.edx.org/about‐us). 


When initially developed, the detailed worked examples followed the guidelines outlined in 


the introduction to this report (Ward and Sweller, 1990) in that they integrated calculations, written 
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descriptions and where applicable visual elements such as diagrams. Revisions of these resources for 


the second semester of 2015 will include elements of numeracy identified as problematic in the 


numeracy test and survey.  


The on line platform was chosen to encourage students to use the worked examples and 


related self‐test questions in diverse ways. Firstly, by making these resources available on line, 


students could use the worked examples to prepare prior to laboratory classes.  Secondly, because 


students have access to computers and the internet during laboratory classes they could use worked 


examples as a guide when completing lab work. Thirdly, it was anticipated that students would use 


the self‐test questions and worked examples directly after lab classes to consolidate their learning or 


during the exam preparation period as a revision resource. 
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Key	findings	
 


Numeracy  


Numeracy	scores	


In 120 students (from a total cohort of 170 PHSL233 students) completed the TEC numeracy 


assessment; of these students 18 (15%) did not meet the minimum numeracy benchmark, described 


as being below the level of a year 9 student (Linsell and Anakin 2012) (Figure 2a). The majority of the 


students who completed the test, 62 students (55%) achieved a numeracy score between 700 and 


799 which is above the year 9 benchmark but below 800, the level we set as matching our 


presumptions about the numeracy of our second year science students. The overall course failure 


rate for PHSL233 was 14%, which was similar to previous years (2013, 2012, 2011). However, 


students scoring below 800 in the numeracy assessment had a higher failure rate of 19% (Figure 2b).  


 


Figure 2. TEC Numeracy assessment tool numeracy scores for the PHSL233 student cohort. 


a) Shows the proportion of students in the PHSL233 cohort who obtained a numeracy score 


of less than 700 (red), 700‐800 (orange), 800‐899 (green), and above 900 (blue). b) Shows the 


relationship between student numeracy score and course failure rate. 
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Numeracy	learning	threads	


Numeracy assessment results for 120 students were analysed to determine the number of 


students answering questions incorrectly for each of the 6 learning threads (number sequence, place 


value, proportional reasoning, addition and subtraction, multiplication and division, and 


measurement) (Figure 3a‐f).  The boundary between level  5 and level 6 on the learning progressions 


represents the cut off point for the year 9 numeracy benchmark for each learning thread. Results 


show that while there were some students answering questions incorrectly at level  5 or below for 


each learning thread, the results for place value and measurement were of most concern. For the 


place value learning thread, 28 students (23% of students) answered questions placed at level  5 


incorrectly and 10 students (8% of students) answered questions that were placed below level 5, (i.e. 


levels 4, 3, 2 and 1 combine) incorrectly. For the measurement learning thread 46 students (36% of 


students) answered questions placed at level 5 on the learning progressions incorrectly and 8 


students (7% of students) answered questions placed below level 5 on the learning incorrectly. 


 


Figure 3. TEC Numeracy assessment tool numeracy scores for the PHSL233 student cohort. 


The number of students (n=120) answering questions incorrectly at below level 5 (grey), at 


level 5, (red bars) and above level 5 (purple bars) in standardised learning progressions for the 6 


learning threads: a) number sequence, b) place value, c) proportional reasoning, d) addition and 


subtraction, e) multiplication and division, f) measurement. The number sequence and place value 


threads do not have level 6 questions as at this stage these learning threads merge with the other 


learning threads. The boundary between level 5 and level 6 represents the cut off point for the year 


9 numeracy benchmark. 
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Educational background 


Of the 122 students who provided detailed information regarding their mathematical 


education, the majority, 61.7%, have not completed any mathematics papers at university level 


(Figure 4a) and 4.2% have only obtained NCEA level 2 (year 12) or equivalent (Figure 4a). 


Nevertheless, 23.3% have completed a 100 level university statistics paper and 12.5% a 100 level 


university mathematics paper and 2.5% have studied mathematics or statistics at 200 level or above 


(Figure 4a). Of those who had completed a first year university mathematics paper (15 students), 8 


specified that they had studied MATH151, a catch up mathematics paper for those who have not 


achieved NCEA level 3. Of the students who had completed a first year statistics paper, the majority, 


18 of 28 students, had completed STAT110, which is a biostatistics paper.  


There was a relationship between mathematical educational attainment and numeracy 


assessment scores, with statistically significant differences observed between those who had passed 


2nd year or higher papers and each of the other qualification groupings (Figure 4b). However, 


students who failed the PHSL233 course came only from the groups of students who had completed 


NCEA level 3 qualifications or first year university qualifications (Figure 4c). None of the course 


failures came from the group of students who had only obtained NCEA level 2 qualifications or from 


the group of students who had completed second year university or higher qualifications (Figure 4c). 
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Figure 4. Mathematical education background of the PHSL233 student cohort. 


a) Shows the proportion of students in the PHSL233 cohort who have achieved NCEA level 2 (red), 


NCEA level 3 (orange), first year university (green) and second year university papers (blue).  b) 


shows the relationship between the highest mathematics paper a students have passed and the 


numeracy score achieved for the TEC numeracy assessment (Mean ± Standard deviation);  Statistics 


is one way ANOVA with Bonferroni's multiple comparisons test* = P < 0.05, **=P<0.005.  c) Shows 


the relationship between the highest mathematics paper passed and failure rate. 
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How  do  students  perceive  their  numeracy? 


How  do  students  rate  their  numeracy?  


In the survey, 120 students provided information regarding how they felt about their ability 


to do the mathematics required for PHSL233, or indicated that they would prefer not to state their 


ability. Most students gave brief responses, which we categorised  into 4 groups for the purpose of 


analysis: 1) will  find  it hard, 2) Ok but not great, 3) confident, and 4) very confident.  In almost an 


exact reversal of  the TEC numeracy assessment scores, the majority of students rated themselves as 


being  confident  (54.6%)  or  extremely  confident  (15.7%) with  the mathematics  required  for  their 


course (Figure 5a). Only 7.4% stated they thought they would find the mathematics hard (Figure 5a). 


There was no relationship between how a student rated their mathematical ability and their actual 


numeracy assessment score (Figure 5b). However, rating oneself as confident or extremely confident 


with the mathematics required for PHSL23 was strongly correlated with course failure, with failure 


rates of 21%  and 25%  for  the  confident  and  extremely  confident  groups,  respectively,  compared 


with an overall course failure rate of 14% (Figure 5c).  


 


Figure 5. Self‐assessed “ability to do the mathematics required for my degree” for the PHSL233 


student cohort. 


a) Shows the proportion of students in the PHSL233 cohort rated their mathematical ability as will 


find it hard (red), OK but not great (orange), confident (green) and very confident (blue); grey 


indicates that a student did not wish to state their ability. b) Shows the relationship between how 


students rated their mathematical ability and student achievement in the TEC numeracy assessment 


(Mean ± Standard deviation) );  Statistics is one way ANOVA with Bonferroni's multiple comparisons 


test. c) Shows the relationship between how students rated their mathematical ability and course 


failure rate.  
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How  do  students  describe  their  own  numeracy?  


In the more detailed responses to our survey we have identified several specific problems 


that students perceive to have an impact on their ability to perform the mathematical calculations 


required for PHSL233.  


 Firstly, a number of students stated that they felt they had previously attained adequate 


numeracy but that they had forgotten what they once knew.  For example, one student stated that: 


 “I use to know all this stuff but I forgot it when I left high school” 


Another student stated: 


“It's (my maths is) all right but I'm kind of scared that I forgot how to do some of it”.  


 


Students also stated that numeracy revision or practice with mathematics could help them 


remember or help them link the mathematics they had previously done to the calculations required 


for physiology. For example, the following comments from the survey: 


“I’m a little rusty on the basics but after doing worked examples I have good recall” 


 “It doesn't come that easily but with lots of practice I can do it.” 


 


Students specifically mentioned that they find it hard to understand or manipulate 


equations and have a poor grasp of basic algebra. Several students indicated that this impacts on 


their ability to understand physiology as it is taught, particularly in lectures. For example: 


“Applying formulas is fine, remembering or deriving formulas is harder. It is easier for me to rote‐
learn equations than to understand them.” 
 
 “I can have issues getting my head around equations. It is hard when they are not explained well in 


lectures.”   


“I require the equation, and practice before hand is almost essential. If calculus is required I don’t feel 


happy even though I have achieved in calculus.” 


Furthermore, a number of students indicated that physiology teachers contribute to their 


misunderstanding of mathematics because they talk about mathematical concepts, or use 


mathematical language in a way that is unfamiliar to the students.  


 “I am OK so long as it's not worded weirdly”  


“I’m mostly OK when it is explained clearly in lectures.” 
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Preliminary	feedback	regarding	the	XOtago	numeracy	resources	developed	during	this	
project	


Analysis of student usage data indicated that a large number, 131 students of a total of 170 


students taking the PHSL 233 course, registered to use the XOtago numeracy resources. Initial 


results indicate that the numeracy resources may have had an impact on student achievement. 


There was a large difference in the number of students calculation based questions related to 


laboratory content correctly in the terms tests.  In 2013, 42% of students answered a calculation 


based question on epithelial resistance correctly and 44% answered a calculation based question on 


osmotic pressure question correctly, in comparison to 75% and 76% of students, respectively, 


answered these analogous questions correctly in 2014.  


Students were asked to complete an on line survey related to these resources, however as 


only 9 students responded, these data are not included in this report. The poor response rate was 


most likely related to the fact that the survey was sent out at the end of the year when students 


were asked to complete teacher and course evaluation questioners. We asked students for 


information relating to the numeracy resources in the general course evaluation questioner, 46% of 


students rated the numeracy resources as extremely valuable or valuable and 60% of students rated 


the self‐test questions as extremely valuable or valuable. 


Teaching fellows observed an improvement in understanding and engagement in maths 


based lab tasks in some PHSL233 laboratory classes. For example, they felt that they spent less time 


going over total body water calculations during the renal laboratory.  This example is particularly 


interesting because the renal laboratory tasks include a power point presentation that students 


work through themselves. In 2014, this renal lab power point presentation was adapted to include a 


click link directly to the worked examples on the XOtago page and a prompt suggesting that students 


having difficulty with calculations could refer to this. This prompt may have increased the usage of 


the worked example during that particular laboratory class. Similarly, during the properties of 


epithelia laboratory, in which students have to perform epithelial resistance calculations. In 2015, 


we will be able to look at these effects more directly as XOtago will have more advanced user 


analytics. 
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Discussion	
 


Who are our students? 


The TEC numeracy assessment results indicate that, currently, a majority of our students are 


functioning above the year 9 numeracy benchmark. However, most students had a numeracy score 


below 800 and thus are functioning below the level of numeracy we had presumed them to have. As 


with studies conducted at first year university level (Linsell and Casey, 2013; McNaught and Hoyne 


2013; Rylands and Coady, 2009; Tarq, 2002; Wilson, 2013), we observed a correlation between low 


numeracy and course failure. In the context of learning to solve mathematical problems, our data 


suggests that most of our 2014 students have mastered a wide range of mathematical rules and 


procedures and should be capable of emulating or mechanically applying rules to solve problems 


specific to physiology, provided they are given an adequate guidance. However, we have identified 


specific areas where students may struggle to understand basic principles, in particular place value, 


measurement, and algebraic equations.  


We did not observe a relationship between the highest mathematics qualification a student 


had achieved and course failure. However, a majority of our students had not completed a 


mathematics paper at university level, meaning that it has been 2 years or more since they have 


studied mathematics. Mathematical skills decline rapidly in the first few years after acquisition if 


they are not practiced to a high level (Bahrick and Hall, 1991). Thus, the time that had elapsed 


between studying mathematics in high school and studying PHSL233 may have contributed to our 


students having lower levels of numeracy that expected. Supporting this, many students stated that 


forgetting mathematics made it harder to understand what was taught during PHSL233. Of the 


students who have studied mathematics or statistics at university level, most have taken either 


MATH151, a paper for those who have not achieved NCEA level 3, or STAT110, a biostatistics paper.  


In 2014, changes were made to the New Zealand University Entrance requirements (UE). To 


achieve UE, students are required to achieve more NCEA credits overall, however the mathematics 


requirement was reduced to 10 credits at level 1 from 14 credits at level 1 (NZQA website 


www.nzqa.govt.nz). These revisions to the UE criteria may mean that in the future fewer of our 


PHSL233 students will have studied mathematics at NCEA level 2 or calculus or statistics level 3, it is 


also possible that we will see students who have not achieved NCEA level 2. The impact this might 


have on student achievement and course failure rates are hard to judge based on our data. On the 


one hand, none of our course failures came from the group who had only achieved NCEA 


level 2, indicating that these students can make up for lack of mathematical education 


provided they are aware of their abilities and make use of appropriate resources. On the 


other hand, reducing the level of mathematics students study could result in an increase in the 


number of students not meeting the minimum numeracy benchmark or not meeting our previously 


held presumptions, which in turn could affect failure rate. 
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Specific numeracy issues and numeracy interventions 


Worked examples provide an analogy that learners can emulate during the initial schematic 


acquisition phase of learning to solve mathematical problems (Ward and Sweller, 1990). As 


previously stated the majority of our current students appear to have mastered a wide range of 


mathematical rules and procedures and should be capable of applying these to solve problems 


specific to physiology. Thus, worked examples are well matched with many of our current PHSL233 


learners as a numeracy intervention strategy, provided they are prepared to engage with them. 


However, our findings also indicate that many students do not understand basic principles relating 


to place value, measurement, and algebraic equations. This suggests that in addition to resources 


specific for the calculations, some students may benefit from numeracy resources that revise key 


concepts from high school mathematics at a much more basic level. 


 Teaching and revision of basic mathematical concepts such as place value or algebra, is 


outside the scope of undergraduate science teaching, as it is currently provided (i.e. lectures or 


laboratory classes). However, this type of support could be presented in extra course resources. For 


example, in 2015 we will revise the PHSL233 numeracy resources on Xotago to include modules 


specifically relating to place value, measurement, and algebra in order to provide our students with 


a revision of these concepts prior to using them in lecture or laboratory teaching. This type of 


numeracy education could also be provided on a university wide level. For example, the student 


learning centre could offer short revision courses on basic algebra, or other mathematical concepts. 


Finally, these issues could be addressed by encouraging all students to taking a revision mathematics 


paper, such as MATH151, in the first year of their degree. 


Comments from students highlighted that the language used when teaching mathematical 


concepts and calculations in science courses has a strong impact on their ability to understand what 


is being taught. In particular, the way teachers used presented algebraic equations was identified as 


being problematic. Teaching at university level tends to be oral and presenter orientated, student 


understanding is highly dependent on the way lecturers or laboratory teacher’s talk about concepts. 


Algebra is linguistic in that it use letters and symbols to represent objects or quantities and operator 


symbols (i.e. +, ‐, ÷, x) are used to describe how these objects or quantities interact, in a similar way 


words and grammar in language (Burton, 1988). Thus, it makes sense that when teachers use 


unfamiliar mathematical words or symbols to describe physiological concepts or to explain 


calculations, students will struggle to understand. When teaching calculations in university science 


courses, and when designing worked examples, educators should make sure the language and terms 


they use are related back to those with which the students are familiar. In practice, this could mean 


that individual teachers might serve their students better if they use language consistent with NCEA. 


Furthermore, students might be assisted to understand mathematical concepts if departments 


collaborated to find a consistent way of presenting mathematical concepts in undergraduate 


courses, rather than using discipline specific language.  
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Do student perceptions of their own numeracy affect the use of numeracy resources? 


Most students in PHSL233 overestimated their ability to do the mathematics required for 


their course and this overestimation was correlated with course failure. Overestimation of 


mathematical ability has been identified as a factor in health science students failing to engage 


voluntarily in mathematical support programs simply because the students who most need help do 


not recognise that they need it (McNaught, 2013). Helping students understand their actual level of 


numeracy may significantly affect the number of students engaging with numeracy resources and 


increase student success. 


There are many reasons why students might overestimate their mathematical ability in the 


context of a specific course; our data suggests two of these are relevant to PHSL233. Firstly, students 


may not believe that the mathematics required for a course is particularly difficult. Anecdotally, 


there are some students who appear to have selected physiology as a major because there is not a 


mathematics pre‐requisite and they think it will be easier that other courses. Secondly, students may 


not have good understanding of their current levels of numeracy. In the case of PHSL233, this may 


be related to students forgetting mathematical skills. Numerous students made comments about 


forgetting maths and the majority of our students have not studied mathematics since year 13, two 


or more years previously.  


While we initially used the TEC numeracy assessment as a research tool, we are aware of its 


potential as a tool for addressing the discrepancy between a student’s actual mathematical ability 


and their perceptions of their ability. In 2015, we will use the student’s TEC numeracy score to 


identify students who need extra help and to direct students to numeracy resources. We intend to 


inform students that in PHSL233 a scores above 800 are ideal. Numeracy testing could also be used 


at a departmental or university wide level, perhaps organised through student support services such 


as the student learning centre, perhaps in conjunction with short revision courses relating to basic 


numeracy concepts. 
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Bullet points of suggestions based on this research project 


For individual teachers 


• Do not use equations alone to explain scientific concepts. Use visual or descriptive 


explanations to describe concepts and link the concept to equations. 


• Integrate written, visual, or audio‐visual explanations with worked examples; do not present 


the calculations and explanations separately. 


• Divide calculations into steps rather than providing a continuous worked example. 


• Describing mathematical concepts using language modelled on the high school curriculum 


might be more effective than using discipline specific language to describe mathematical 


concepts to students.  


• Provide students with worked examples before you use equations in lectures or labs so 


students are familiar with them.  


• If you expect students to use calculations, provide practice questions with fast feedback. 


 


At Department and University level: 


• Departments could collaborate to find a consistent way of presenting mathematical material 


in undergraduate courses, rather than using discipline specific language. This is particularly 


true in first year courses where students are still aiming for diversity in their learning rather 


than specialisation. 


• Students need to be more aware of their own numeracy. Departments,  or the university as 


a whole, could assist with this by providing numeracy testing that is independent of specific 


courses and unrelated to mathematical pre‐requisite courses. 


• Provide assistance, such as short courses revising basic numeracy concepts, via student 


support systems such as the student learning centre. 
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Future work 


One significant impact of this project is that it has allowed us to establish the infrastructure 


required to replicate this study with the PHSL 233 students in subsequent years, and to collaborate 


with related departments in order to study numeracy in other student groups. Two significant 


projects are already underway in this regard. 


 Firstly, in 2014 the criteria for achieving university entrance were changed. In 2016 students 


who have achieved university entrance under these revised criteria will be studying PHSL233. We 


will repeat this study with the PHSL233 student group over the next 3 years in order to track the 


effect of these revised university entrance criteria on numeracy and performance in PHSL233.  


Secondly, because of this work, Toni‐Ann Alsop has established collaboration with the school 


of pharmacy, in 2015, she will be involved in a project to investigate the numeracy of pharmacy 


students, and how they perceive numeracy in relation to their education and future career. 
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