View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

TEACHING & LEARNING
RESEARCH INITIATIVE

e

Threshold concepts: Impacts
on teaching and learning at
tertiary level

Mira Peter and Ann Harlow, with Jonathan Scott, David McKie,
Marcia Johnson, Kirstine Moffatt, and Anne McKim

July 2014


https://core.ac.uk/display/29202616?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Introduction

According to threshold concept theory, in each academic discipline there exists concepts that, once grasped,
allow new and previously inaccessible ways of perceiving and thinking about the subject to emerge (Meyer &
Land, 2003).

According to Meyer and Land (2005, 2006) there are points in learning threshold concepts at which students
experience difficulty because mastering threshold concepts requires letting go of usual ways of seeing and
thinking about subject matter. These learning thresholds create a state of ‘liminality’—a space and/or time of
transformation from an earlier understanding to a new, required state which “entails a shift in the learner’s
ontology or subjectivity”. Acquiring a threshold concept often resembles a phase transition as observed in
other dynamical systems (Treffner & Peter, 2002). In all complex dynamical systems, (e.g., physical, biological,
cognitive) a relatively sudden shift in system behaviour—phase transition—can arise from continuously
changing underlying mechanisms and the many interacting components in the system (Haken, Kelso, & Bunz,
1985; Kelso, 1995; Thelen & Smith, 1994).

Phase transitions and self-organisation are signatures of complex dynamical systems. The physical phenomenon
of self-organisation helps us understand how reorganisation of knowledge is possible through multiple
interactions between the knowledge-elements and the context in a way that is parallel (all the elements can
act at the same time), distributed (no element is a central coordinator), nonlinear (multiple feedback loops are
pervasive), and emergent (spontaneous appearance and qualitative shifts in pattern formation). These concepts,
phase transition and emergence, can help us understand the qualitative change students experience when they
master threshold concepts: where one can observe a new level of complexity—new properties in which the
whole (the knowledge and the learner) is very different from the sum of its parts. This transformation and the
emergence of a higher level of understanding distinguish threshold concepts from the so-called key concepts.
However, students often find threshold concepts troublesome, and this is where they often ‘get stuck’ (Harlow,
Peter, Scott, & Cowie, 2011).

This project explored teaching and learning of hard-to-learn threshold concepts in first-year English, an
electrical engineering course, leadership courses, and in doctoral writing. The project was envisioned to
produce disciplinary case studies that lecturers could use to reflect on and refine their curriculum and pedagogy,
thereby contributing to discussion about the relationship between theory and methodology in higher education
research (Shay, Ashwin, & Case, 2009).

A team of seven academics investigated lecturers’ awareness and emergent knowledge of threshold concepts
and associated pedagogies and how such pedagogies can afford opportunities for learning. As part of this
examination the lecturers also explored the role of threshold concept theory in designing curricula and sought
to find the commonalities in threshold concepts and their teaching and learning across the four disciplines.

The research highlights new ways of teaching threshold concepts to help students learn concepts that are
fundamental to the disciplines they are studying and expand their educational experiences. Given that much

of the international research in this field focuses on the identification of threshold concepts and debates their
characteristics (Barradell, 2013; Flanagan, 2014; Knight, Callaghan, Baldock, & Meyer, 2013), our exploration of
what happens when lecturers use threshold concept theory to re-envision their curriculum and teaching helps
to address a gap within the field. By addressing an important theoretical and practical approach the project
makes a considerable contribution to teaching and learning at the tertiary level in general and to each discipline
in particular.
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Key findings

The value of a facilitated research process

Facilitated collaborative action research was key to sustaining lecturers’ engagement in researching their own
practice and their students’ learning. A focus on threshold concept theory promoted a dialogue between
lecturers, and between lecturers and educational researchers, that increased awareness and supported
emergent knowledge of threshold concepts. Their collaborative examination of the structure of their various
disciplines and the curriculum and pedagogy they were employing made a substantial impact on what and how
lecturers taught, and how they assessed students’ understanding of threshold concepts.

Benefits for teaching quality

In searching for strategies to foster and monitor students’ progress in learning, the lecturers developed new
pedagogical approaches and assessment tools. They also developed the educational research skills necessary
for quality teaching and establishing students as lifelong learners. Lecturers also came to recognise and
acknowledge the importance of precursor concepts that learners need to have mastered before they can grasp
more difficult threshold concepts.

Benefits for quality of student learning experiences

One of the themes that emerged in all disciplines was that of the value of knowing about student experiences
and what it meant for students to be stuck. The project enabled all lecturers to become acutely aware of

the impact of their teaching on students’ learning. Using this knowledge the lecturers strived to listen and
adapt their teaching to their students’ needs. How fast students mastered threshold concepts varied, and this
emerged as a strong constraint that lecturers needed to accommodate in order to help students transition from
being a novice to being a disciplinary expert.

Phase transitions in lecturer and student learning

The student learning experiences and achievement data support the idea that phase transitions and their
anticipatory signatures (e.g., loss of stability) are common across a broad range of complex systems and
disciplines, including human learning. Our focus was on variability and changes in students’ understanding of
threshold concepts. Through deconstructing their curricula, lecturers experienced a phase transition in their
own understanding about (teaching) threshold concepts.

Major implications

1. Threshold concept theory is an effective tool to re-envision teaching and learning at the tertiary level. It
provides opportunities to raise questions about what the important ideas are within a discipline and what it
means to be an expert in the field.

2. A crucial aspect in students’ learning of threshold concepts is their unsettled understanding over time or
“liminal space” experience, and variation in coming to understand troublesome ideas. Thus, it is crucial that
lecturers explore disciplinary threshold concepts and determine the implications of how, what, and when
they teach these in order to help students cross the threshold to deep understanding.

3. Using student-voice data can ensure that lecturers are aware of the interaction between the epistemological
(what is learnt and how) and ontological (changes in learner’s identity) aspects of learning and can help
them appreciate the challenges students face in mastering threshold concepts.
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The Research

Background

Internationally there is an interest in how threshold concept theory can transform tertiary teaching and
learning—what changes do lecturers make to curriculum and pedagogy when they focus on threshold
concepts, and how do tertiary students respond to threshold-concept-informed curriculum? In contrast to the
situation overseas, very little research in New Zealand has been conducted within a threshold concept theory
framework.

Since the inception of threshold concept theory many researchers in the field have focused on identifying
threshold concepts using the attributes identified by Meyer and Land (2003): threshold concepts are
transformative (they change the learner’s whole way of thinking), irreversible (they are hard to unlearn, as with
riding a bicycle), integrative (they connect into many diverse niches of a discipline), bounded (they mark the
edge of a discipline), and they are potentially ‘troublesome’ (difficult to grasp; counter-intuitive). According

to Meyer and Land, after initially encountering threshold concepts, students may spend time in a ‘liminal’

state before crossing the threshold to deep understanding—akin to a phase transition (Haken, Kelso, & Bunz,
1985; Stephen, Boncoddo, Magnuson, & Dixon, 2009). Until students cross the threshold they are only able

to mimic deep understanding and are therefore unable to solve new problems in diverse situations. Threshold
concepts have been linked to ontological shifts (Meyer, Land, & Baillie, 2010), changes in identity, and hence
understanding of what it means to become, for example, an artist, economist, or engineer. Therefore, it is
crucial to uncover why some students find it troublesome to understand and to express knowledge of threshold
concepts. It is equally important to determine why and how some students undergo a transformational, or even
a creative, experience in the liminal space of learning.

Our project built on our earlier work in which the lecturer in the first-year electrical engineering course
identified threshold concepts in electronics engineering and investigated the impact of a threshold-concept-
informed curriculum and pedagogy (Harlow, Peter, Scott, & Cowie, 2011; Scott, Harlow, Peter, & Cowie,
2010) on students’ learning. While our early studies focused solely upon electronics engineering, the current
project expanded the focus to four disciplines. It also investigated the dialogue between disciplinary experts,
and amongst disciplinary experts and education researchers, with the view that such dialogues can inform the
examination and development of a threshold concept theoretical framework and practice.

For experts, who have crossed the threshold to deep understanding, threshold concepts are often held as tacit
knowledge. Hence the lecturers, being experts in their fields, may not teach them explicitly, and consequently
students may not realise their importance. For this reason our project systematically investigated the potential
of a focus on threshold concepts across several disciplines to profoundly change tertiary teaching and learning.
Researchers and lecturers, working together, identified threshold concepts, developed curriculum interventions
focusing on threshold concepts, and documented the impact of a threshold-concept-informed curriculum,
pedagogy, and assessment on student learning. We explored the affordances (opportunities for action) of
various disciplinary teaching practices and students’ perceptions of barriers to learning threshold concepts. We
also expanded on our previous work by exploring whether or not there are threshold concepts (higher-order
invariant patterns) that are shared across disciplines (meta-threshold concepts).

Research questions

There was a three-fold objective to our study: (1) to engage tertiary lecturers in rigorous examination of
curriculum and pedagogy through an exploration of threshold concept theory, (2) to foster in students deep
rather than shallow knowledge and understanding through the threshold-concept-informed curriculum,
pedagogy, and assessment, and (3) to address concerns around retention of tertiary students. Through four
disciplinary case studies and the collaborative teamwork we endeavoured to answer the following questions:
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. How does lecturers’ awareness of threshold concepts impact teaching at the tertiary level?
2. How does the introduction of threshold concepts into teacher—student discourse and pedagogical practice
impact student learning at the tertiary level?

3. Are there threshold concepts that span disciplines?

4. What value is there for tertiary curriculum and pedagogy design when lecturers from several disciplines
collaborate to undertake action research?

Methodology and analysis

Participants

The study made use of facilitated practitioner action research methodology (Carr & Kemmis, 1986;
Groundwater-Smith, Mitchell, Mockler, Ponte, & Rénnermann, 2013; Reason & Bradbury, 2008) across an
unusual cluster of disciplines. In addition to two educational researcher facilitators, who were the principal
investigators for the project, the research team included five practitioner researchers—four lecturers teaching
first-year courses and one lecturer who was a facilitator of doctoral writing workshops. The practitioner
researchers were in the university faculties of arts (English—two lecturers), engineering (analogue electronics),
management (leadership), and postgraduate education (doctoral writing). All lecturers were experienced
practitioners; three were the recipients of tertiary teaching awards. In electronics engineering and in the English
course there were between 100 and 120 first-year students enrolled; in leadership courses there were between
15 and 45 students (both first-year students and students enrolled in corporate education courses); and in the
doctoral writing group there were between 10 and 25 students.

Procedure: lecturer practitioner research

The study proceeded through two cycles of participatory and collaborative action research (Elliot, 2009;

McNiff, 2002; Saunders & Somekh, 2009). The first cycle started with identification of points in a curriculum
where students got stuck and a discussion of threshold concepts, how experts think and practise in different
disciplines, and consideration of students’ learning patterns (Cano & Berbén, 2009) and variability in learning
(Meyer & Land, 2003, 2005, 2006). This phase was followed by revising the curriculum and pedagogy (teaching
to the concept), developing and implementing new teaching strategies, collecting data on student perceptions
and formal measures of achievement, and evaluating the outcomes—individually and within group discussions.

Before the start of the first teaching semester, each lecturer was interviewed individually to gain baseline data
on the challenges they perceived as they approached the teaching of subject-specific threshold concepts. The
day after the lectures in which threshold concepts were introduced, researchers interviewed lecturers, focusing
on their perceptions and experience of explicitly teaching threshold concepts. Video-stimulated reflective
dialogue was used with lecturers in the electronics engineering and the English courses to explore their
perceptions of the impact of their teaching when they had been consciously focusing on threshold concepts.

At the end of their courses lecturers were interviewed about the changes they had made in their teaching.
Interviews were followed by half-day workshops held for researchers and lecturers to discuss findings and
explore the possibility of threshold-concept-related themes across disciplines. The outcomes of these
discussions informed lecturers’ revisions of their course materials and teaching programmes for the second
year of the project, which involved a similar cycle of action research and data collection. At the end of the
second year, the research group hosted an international conference on threshold-concept-related pedagogies
https://education.waikato.ac.nz/ELTC/ where findings from the project were disseminated to the threshold
concept research community.

Procedure: Student data

At the start of each semester, students in each study class (except in doctoral writing) were surveyed about

the concepts identified by their lecturer as threshold concepts. The surveys also asked students about their
preferred ways of learning, views on troublesome knowledge, and early understanding of the discipline. Online
surveys for PhD students at various stages of their programme were open to both national and international
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students and asked about where they got stuck during their thesis writing and strategies they used to
overcome the problems.

Focus-group interviews explored students’ ideas about troublesome knowledge and changes in students’
understanding of threshold concepts following the introduction of threshold-concept-based teaching.
Individual interviews with PhD students at various stages of their programme focused on their experience with
troublesome/stuck points in doctoral writing.

End-of-course student surveys were administered to compare students’ perceptions of threshold concepts,
learning strategies, and strategies used to get ‘unstuck’ with baseline data, and to relate students’ perceptions
to their achievement—when final exam grades became available.

A focus-group discussion between analogue electronics PhD students and their advisor (the electronics
engineering lecturer) was held on two occasions. As a result of these discussions the mid-semester test and the
final exam questions for first-year students were redesigned to reveal areas where students got stuck and their
answering strategies.

Analyses

Quantitative and qualitative data analysis focused on identifying changes in students’ understanding of
threshold concepts and their perceptions of threshold-concept-centred teaching. Quantitative data analyses also
sought to establish the relationship between students’ views about their understanding of threshold concepts
and their achievement data on these concepts and overall.

Qualitative data from interviews with lecturers and research team discussions were transcribed and thematically
analysed (Mutch, 2005; Patton, 2002). Observations and student and lecturer commentary were integrated

to develop descriptive case studies of how teaching of threshold concepts played out and to provide insight
into the responses of some students to this teaching. Data drawn from observations of lectures, workshops,
tutorials and laboratory sessions, interviews, student surveys and focus-group discussions, achievement results,
camera stills, relevant document analysis and recourse to university-based Moodle' information collected

over the 2 years were analysed and synthesised and formed the basis of publications in each discipline. The
qualitative data employed an inductive grounded theory approach in order to remain open to the unexpected
and the unpredictable, which is particularly important in research (Charmaz, 2005; Creswell, 2005). Grounded
theory analysis assists with keeping researchers responsive to what emerges in the data.

Findings—Iimpact on teaching

The lecturers’ experience of identifying threshold concepts

According to Cousin (2008) the search for threshold concepts can create a form of ‘transactional curriculum
inquiry’. In the first phase of the project lecturers identified threshold concepts in their disciplines and
interrogated their previous experience with teaching concepts that they found easy to understand yet difficult
to teach effectively (because students often failed to understand the ideas). Through group discussions lecturers
realised that these concepts were where students got stuck and that some students remained in the liminal
space longer than others. However, there was no consensus on whether threshold concepts could be found

in every discipline; whether they should be thought of as concepts, competencies, or experiences; or whether
they constitute a single entity or a cluster of interconnected competencies. It also became evident that thinking
about and identifying threshold concepts in one’s discipline was ‘easier’ and more productive when discussing
the existence of and the nature of potential threshold concepts with lecturers from different disciplines.

1 Moodle is a web-based learning platform designed to provide educators, administrators and learners with a secure and
integrated system to create personalised learning environments. It provides a flexible tool-set to support both blended learning
and 100% online courses. Moodle is provided freely as Open Source software, under the GNU General Public License. http://
docs.moodle.org/27/en/About_Moodle
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Based on findings from the first year of teaching all lecturers refined their definition of what was ‘threshold’
in their courses, and some revised the list of potential threshold concepts in their discipline. In particular, the
electronics engineering lecturer developed a threshold concept inventory for use in electronics engineering
(Scott, Harlow, & Peter, 2014).

Teaching to the threshold concept

One of the themes that emerged at the start of the project, and continued to be reflected upon throughout, was
the significance of the students’ experience of encountering threshold concepts. The challenge for lecturers was
to ensure that students reflected on their learning difficulties when they encountered unfamiliar but discipline-
critical concepts. This finding resonates with Land’s observation (2011) that identifying the source and nature of
the conceptual or other difficulties experienced by students can help them move from their stuck places.

Discussions about the nature of threshold concepts and ways of teaching them emerged early on in the
project. The leadership lecturer was inspired to apply ideas from complexity theory (Haken, 1987) and work on
phase transitions (Haken, Kelso, & Bunz, 1985) to the development of students’ understanding of leadership
threshold concepts. He suggested that threshold concepts may actually consist of many interlaced segments,
which led to the team trialling a variety of pedagogical strategies when teaching threshold concepts (Baillie,
2012). The innovative pedagogical and assessment strategies developed differently in each discipline.

English: In order to help students grasp the concept of subjective interpretation, one of the English lecturers
organised a performance of a literary text in which students, as the audience, took on different roles when
asked to participate. In this way students were given the opportunity to experience a text from different
perspectives (i.e., uncover the affordances of the text) and the cognitive activity of understanding a particular
threshold concept became embodied—it took place in the context of a real-world environment and it inherently
involved perception and action (Moffatt & McKim, in press).

Leadership: In his search for threshold concepts in leadership the lecturer identified ‘life-changing experience’
as a potential candidate. While examining the curriculum and ways of teaching the lecturer re-examined all

his courses by exploring threshold concepts in relation to other leadership concepts and skills. The lecturer
designed a series of surveys to be completed by students throughout the semester, giving him the opportunity
to examine possible clusters of concepts, around threshold concepts, to track students’ learning.

Electronics engineering: The lecturer focused his teaching on being explicit about the identified threshold
concepts in his course; he came to believe that threshold concepts were “probably the only ideas that teachers
need to address”. He made use of Instant Feedback Assessment Technique (IF-AT) (Epstein et al., 2002) for
formative assessment of both threshold concepts and their underlying or precursor concepts in order to
uncover where exactly students get stuck (Harlow et al., 2011). He designed a threshold concept inventory and
validated this by examining student assessments to see if students who provided correct responses on threshold
concept questions also had precursor-concept knowledge (Scott, Harlow, & Peter, 2014; Scott, Peter, & Harlow,
2012). Online tutorials were then developed to replace face-to-face tutorials. Examples were especially crafted
to help students understand threshold concepts (Scott, Balsom, Round, Peter, & Harlow, 2013).

Doctoral writing: Drawing on survey and interview data with doctoral students in New Zealand, Canada,
and the United States, the lecturer identified two threshold concepts related to doctoral research writing
(Johnson, 2013). The first concept, “talking to think”, encompasses the idea that academic writing includes
more than the mechanical presentation of words on a page. The second, “developing self-efficacy”, includes
the ability to understand research practices, extract meaning from data, clearly articulate ideas (talk), and then
present, shape, and reshape text on the page. Writing also includes a belief that understanding will emerge as
new ideas are discussed, clarified, written, and refined. As a result of these findings, the lecturer incorporated
into the Doctoral Writing Conversations programme activities that focused on identified threshold concepts
(e.g., “"Research methods: What do you need to consider before, during, and after data collection?” and
“Understanding how to interpret and report your research data—myths and misconceptions”).

I am seeking deeper insight into which strategies can be effective for building the types of writing and thinking
competencies doctoral students need in order to make progress and finish. (Doctoral writing lecturer)

THRESHOLD CONCEPTS: IMPACTS ON TEACHING AND LEARNING AT TERTIARY LEVEL SUMMARY 7



Findings—Iimpact on learning

Students’ grasp of threshold concepts

The English course

Analysis of student survey and focus-group data revealed that subjective interpretation and related concepts
were valuable in terms of unlocking and validating students’ voices and perspectives, and in helping them to
identify connections between a wide variety of texts and other media. Students expressed their appreciation for
being introduced to a threshold concept that they could then apply both to learning other university subjects
and to their own creative endeavors; for example, dancing, music, and creative writing.

I think you simply can’t advance in the humanities without the ability to subjectively analyse something ... In one or
two papers, like anthropology, you can use subjective interpretation to interpret other things, like the cultural use of
rituals ... (English student)

Students found the lecturers’ various pedagogical approaches to threshold concepts helped their learning
and their ability to situate their voice within a variety of perspectives. Students’ experience of participation

in a collective exercise through movement and vocalisation and taking part in a performance helped them
grasp the concept of subjective interpretation and recognise its importance, and also promoted shifts in their
understanding:

You got to see different interpretations of the idea. In The Tempest, when they changed the characters around and
they acted like melodramatic characters and changed their personalities completely, and then we kind of sided with
one of the characters. (English student)

In the English course, students’ grasp of threshold concepts was examined in assignment 1 in 2012 and 2013,
a compulsory exam question in 2012, and an essay question and a test in 2013. As can be seen from Figure

1 and Figure 2, in both years of the project students grasped the identified threshold concepts to a greater
degree at the end of the course than at the start. According to the lecturers, this shift in student understanding
was greater than in previous years. They attributed this shift to the pedagogy explicitly focusing on threshold
concepts.

In the final exam in the first year of the project there was a 100% pass rate on the compulsory threshold
concept question on subjective interpretation. The correlation between students’ answers on the threshold
concept question and the total year grade was positive and strong, r = 0.7. When asked what had helped
their understanding of subjective interpretation, more than 80% of students identified assignments, lectures,
and group discussions that had been developed during the study. The majority of students stated that, of the
concepts covered in the course, they best understood perspective (87%) and subjective interpretation (73%).
Unexpectedly, 45% of students found the unreliable narrator concept the most troublesome. Following these
findings, the lecturers focused on this additional threshold concept in the second year of the project.
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Figure 1: Students’ understanding of “subjective perspective” at the start and at the end of the course in 2012

Figure 2 shows that students’ achievement in 2013 was comparable to 2012. There was a 100% pass rate on
the threshold concept question on subjective interpretation in assignment 1; of 85 students who submitted an
essay, 23.5% achieved an A/A+ grade, and 80% of students passed the final exam.
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Figure 2: Students’ understanding of “subjective perspective” at the start and at the end of the course in 2013

In sum, through a variety of teaching techniques, including participation in a collective exercise, students were
enabled to grasp the concept of subjective interpretation and experience shifts in understanding through
active learning. This was evident in students’ application of concepts via repeated references to subjective
interpretation, limited point of view, and unreliable narrator in exam scripts—even when questions did not
explicitly invite this—thus demonstrating critical thinking, awareness of subjective points of view, and the role
of critical evaluation.

Leadership

Student survey data were collected at the start of each leadership course to examine students’ understanding
about leadership. At the end of each course students’ reflective essays were analysed with regard to students’
progress in understanding the identified threshold concepts. According to the lecturer, despite more explicit
teaching of threshold concepts, there were no clear indications that students’ ideas about leadership had
changed any more than they usually would have.
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Survey and essay data indicated students in the two first-year classes experienced change in their
understanding of what leadership is about, and gained insight into what a good leader does in order for their
vision for the group to be realised. However, as most of the students had come straight out of high school, they
had difficulty in understanding what these actions would look like in real-world situations (see Figure 3). They
also found it hard to comment on their own leadership style, since many had not yet held a leadership position.
Many relied on self-assessment tests to gauge their leadership style, while some found group exercises useful.
The first-year students found the course changed their ideals about leadership and their beliefs in themselves as
leaders as well as giving them a greater sense of self-awareness.
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Figure 3: Year 1 students’ changes in their understanding of leadership in 2012 and 2013. Blue and red bars
represent number of students mentioning particular type of change in their essays. Yellow and green bars
represent number of times the particular type of change was mentioned across all essays.
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Figure 4: Corporate students’ changes in their understanding of leadership in 2012. Yellow bars represent
number of students mentioning particular type of change in their essays. Green bars represent number of times
the particular type of change was mentioned across all essays.
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The summary of reported changes in corporate students’ views on leadership is illustrated in Figure 4, and
for Maori corporate students in Figure 5. Many students in the corporate courses struggled to find ways to
adapt their current leadership style, especially if they had been working in a leadership role for many years.
They recognised the need for a change, but were not sure how to achieve it. This course enhanced their
understanding of leadership, building on current knowledge and giving new insights into that knowledge

by the use of class discussions, group exercises, assessments, and self-assessment tests. Their changed views
of leadership related to their beliefs around good leadership, their role as a leader, and the roles of others in
leadership. Although these ideas/concepts were not named in the preliminary list of threshold concepts, they
do align with such named threshold concepts as ‘the job of leaders is to create leaders'.
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Figure 5: Maori students’ changes in their understanding of leadership in 2012. Yellow bars represent number
of students mentioning particular type of change in their essays. Green bars represent number of times the
particular type of change was mentioned across all essays.

In sum, leadership coursework modified perceptions of leadership for both novice and expert groups of
students. As evidenced in their essays, for many students perceptual change did not translate immediately
into an ability to see how to become a leader or a better leader. This indicates that students may still be in an
unstable, liminal state of learning (Meyer & Land, 2003) . As the lecturer believes, “relentless execution” of
thinking about the leadership role may be required for a transformation of leadership practice.

Doctoral writing

Research has identified that students frequently start their doctoral studies with scant understanding of the
hurdles they will face, culturally, linguistically, or educationally (Cadman, 2000). There is an emerging body of
research evidence that argues for the efficacy of cohort models of supervision and writing groups (Ali & Kohun,
2007; Larcombe, McCosker, & O’Loughlin, 2007). Such models, by their very community-based orientation,
change the physical and conceptual spaces in which doctoral students meet and work. The Doctoral Writing
Conversations programme facilitated by the lecturer encompassed this philosophy. Interviews with students
and data from an online survey revealed that doctoral students get stuck in variety of ways when writing their
thesis:

There were many instances [of “stuckness”] and particularly around the literature review and finding a conceptual
framework. (New Zealand PhD student)
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The writing has been a lot more difficult than | expected it to be. [Why?] Well, putting it all together and getting a
structure. (New Zealand PhD student)

Interviews with students revealed that students often felt underprepared to undertake doctoral study,

lacked the confidence to be an independent researcher, and wanted better institutional support. Lack of
understanding of what “writing” actually means, and a lack of confidence in being able to structure ideas and
present them at the required level, emerged as most troublesome.

Using the insights from students’ and advisors’ interviews, the lecturer revised the Doctoral Writing
Conversations programme to include more shared conversations and disciplined practice, which assisted in
building a collaborative postgraduate writing culture. This contributed to students’ sense of personal wellbeing,
achievement, and academic success:

They [writing groups] help me to realise that other people also have the same problems as | do. They provide me
with useful “tips’ or strategies to make progress. They allow me to voice myself. (New Zealand PhD student)

Insights from the research helped the lecturer to help students identify and make explicit what it means to be

a doctoral writer. This included, for example, understanding that writing incorporates the ability to understand
research practices, extract meaning from data, clearly articulate ideas, and present, shape, and reshape text on
the page. Understanding writing also means developing an enhanced tolerance of ambiguity while searching
for meaning, and includes a belief that understanding will emerge as ideas are discussed, clarified, written, and
refined.

Electrical engineering course

Results from the first year of the study pointed to the importance of students understanding precursor ideas in
order to understand related threshold concepts: if a concept relies upon an earlier idea, lack of understanding
of that earlier idea can result in troubled learning of the new idea. For example, exam results revealed that
few students (16%) had a complete understanding of the precursor knowledge required for an understanding
of one the threshold concepts (Thévenin's theorem?), and so most students provided an incorrect answer to
guestions, including Thévenin’s theorem questions, requiring an understanding of precursor concepts. Students
who answered the threshold concept questions correctly in quiz 1 but failed to get the precursor questions
correct acknowledged, in an interview, that they had guessed the answer to the threshold concept questions.
Interestingly, perceived level of understanding of the threshold concepts was not related to students’ final
grade—both students who perceived their understanding of a threshold concept to be low and those who
judged it to be high achieved equally well: that is, their final grades did not differ significantly. However,
analysis of students’ achievement on the threshold concept questions revealed that on three out of five
guestions a significantly greater proportion of students who rated their understanding of Thévenin’s theorem
as excellent or very good more frequently answered those questions correctly than the other two groups of
student, (100% vs. 52% and 87%, x%(2) = 14.53, p < 0.05; 71% vs. 33% and 42%, x*2) = 5.55, p = 0.06;
and 93% vs. 78% and 42%, x*(2) = 12.74, p < 0.01). Students who understood precursor concepts and had
grasped the threshold concepts early in the course were more likely to achieve well in the final exam. This
finding influenced the lecturer to focus on early assessment of precursor and threshold concepts.

Overall, findings from the first year indicated that travel through the liminal space can be supported by an
explicit and sustained focus on threshold concepts (Harlow, Peter, Scott, & Cowie, 2014).

In the first year of the project students’ comments highlighted the need for learning examples to be
progressively more complex and to be varied to require the learner to use new knowledge in different contexts.
Hence, in response to students’ requests, an online tutorial system was developed in the second year of the
study. The analysis of student activity indicates that students use online tutorials both for initial learning (to pass
the tutorial) and to review questions. The majority of students went through waves of activity that peaked prior
to assessment points, such as before the week 4 and 12 quizzes, and before the final exam in week 16. There
were a number of students who regularly (i.e., every week) visited online tutorials (see Figure 6).

2 Thévenin’s theorem is the first example of circuit modelling that students encounter in electronics and circuit theory. It causes learners an
inordinate amount of trouble. It is not Thévenin—any model would present the difficulty.
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Figure 6: Frequency of students’ activity in online tutorials during the semester. Each line/color represents a
student and each dot represents number of attempts in solving tutorial questions

As can be seen in Figure 7, on the midterm exam (quiz 1), students from the 2012 cohort and those from the
2013 cohort achieved, on average, equally well (74% vs. 73%).
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Figure 7: Students’ achievement in the mid-term exam in 2012 and 2013

However, in 2013 students’ final exam scores (M = 49.32%) were significantly higher than the students’ scores
in 2012 (M =42.76%), F(1, 225) = 12.57, p < 0.001. This significant difference, combined with the lack of
difference in their achievement in the midterm exam, was taken to indicate that the use of online tutorials,
together with other changes in lecturer's pedagogy, had a beneficial effect on student learning. Students take
a mid-term exam at the end of week 4, immediately after learning about Thévenin's theorem (i.e., the identified
threshold concept). According to threshold concept theory, mastering threshold concepts, such as Thévenin's
theorem, takes time and consequently it would be “too early” to detect any difference between the two
groups on the midterm exam. Yet, by the time of the final exam differences in mastery of a threshold concept
could potentially be detected since students had more time develop deeper understanding of the threshold
concept.
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Moreover, in 2013 there was also an indication that there were two distinct groups of students—those who got
it (threshold concepts) and those who did not (see Figure 8).

20—

-
20-

Number of students

15—

10-

o=

40 60

Exam score (%)

.

I
80

I
100

1ot

£10T

qeax

Figure 8: Students’ achievement in the final exam in 2012 and 2013

About 20% of students did not complete the eight sections covering analogue electronics in the online

tutorials. On average, these students achieved significantly lower scores on the final exam (37.53%) than the
students who completed eight or more online tutorial sections (51.53%). However, as Figure 9 illustrates, even
among those students who completed eight or more online tutorials, about 50% did not achieve high scores
on the final exam. This finding, together with the survey results in which over 50% of students said that they
still did not understand the two threshold concepts halfway through the course, suggest that these concepts

represent troublesome learning and place students within an unstable, liminal knowledge space where
understanding of these concepts is partial and depends on context. This is expressed in one student’s comment:

Sometimes Thévenin and Dynamic Resistance are easy to grasp and apply, other times not so.
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Figure 9: Students’ achievement in the final exam in 2013

In 2013, interviews with students and a student survey provided evidence that the online tutorials had improved
student engagement by accommodating students’ different patterns of learning. As can be seen in Figure 10,
the majority of surveyed students thought that online tutorials provided them with many and varied examples
of problems that could be worked on in their own time. Students found that working with these examples
provided immediate feedback, was an efficient way to learn, and allowed them to review wrong answers.

I learn about the topic first

E-tutorials help me focus on details

I use links to understand a topic

I can review a question I get wrong and ask
I will review tutorials to practice for exam
E-tutorials don't take up as much time as

It is good for practising problems

I like the variety of question types

It's fast if you know the content

I can do the problems in my own time

I like to know immediately if I am right or
Many different questions on the same topic

What do you like about e-Tutorials

0 10 20 30 40 50 60 70 80 90 100
Percentage of students (V= 88)

Figure 10: A summary of students’ perceptions, what they liked, about online tutorials

In sum, results showed that students in electrical engineering—and all other disciplines—became aware of the
importance of threshold concepts; experienced the liminal space in learning, where they oscillated between
knowing and not knowing; and were passing through a portal of understanding at varied rates and by means
of varied teaching strategies.
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Discussion of key findings

Quality teaching

Research question 1. How does a lecturer’s awareness of threshold concepts impact teaching and supervision
at the tertiary level?

Shared findings provided lecturers with an insight into their own teaching and supervisory practice and
signalled potential models and pathways for pedagogical change to make difficult knowledge more explicit and
accessible to students. By thinking about, observing, and discussing their teaching using a threshold-concepts
lens, lecturers became aware that they needed to modify their teaching to accommodate students’ varying
rates of mastering threshold concepts. Over the 2 years, the lecturers engaged in debate and deliberation as

to how a focus on threshold-concept-theory-informed pedagogy could enable students to move through the
seemingly necessary liminal space with relative ease. Some approaches included encouraging discussion and
gathering feedback on student ideas during teaching.

Quiality learning

Research question 2: How does the introduction of threshold concepts into teacher—student discourse and
teaching practice impact student learning at the tertiary level?

Student data revealed that students had problems not only with lecturer-identified threshold concepts but also
with some other (threshold) concepts. These were subsequently given a special focus and taught explicitly.
Students found the electrical engineering lecturer’s focus on assessment for learning (Black, Harrison, Lee,
Marshall, & Wiliam, 2003) useful for their understanding of threshold concepts. Leadership students viewed
group formative assessment as valuable in helping them articulate their knowledge and become more
confident in their learning. Engaging learners in enacting learning tasks, as in the English course, encouraged
their enthusiasm and understanding of troublesome concepts. However, the direct impact of changed teaching
practice on student short-term learning could not always be clearly identified. Nevertheless, results from
student surveys indicated that students’ learning experience had been enhanced in all four disciplines. Recently,
Knight et al. (2013) reported that identifying a threshold concept through dialogue between students and
lecturers about conceptual understanding and capabilities can result in changing pedagogies and assessments
to focus on students’ conceptual understandings, and thus enhance students’ awareness of their cognitive
strategies and promote their confidence and problem-solving abilities. Our findings support this view.

Phase transitions in understanding

Research question 3: Are there threshold concepts that span disciplines?

The research team discussions did not reveal any particular overarching threshold concepts, however, it

became clear that the characteristics of threshold concepts could be applied to a greater or lesser extent to
different threshold concepts in each discipline. All lecturers focused their attention on the transformative
power of threshold concepts and their troublesome nature. The other characteristics (integrative, bounded, and
irreversible) became evident in later stages of the project. Through deconstructing their curricula and reflecting
on this together, lecturers felt that they experienced a phase transition in their own understanding about
(teaching) threshold concepts. Lecturers’ main realisation was that trans-disciplinary investigation of threshold
concepts could provide a fertile context within which lecturers can alter their understanding of their own
discipline, their teaching, and their students’ learning. The leadership lecturer commented:

| am interested in the similarities and differences ... It is like you don't understand your own country till you leave it.
You don't understand threshold concepts in your own field until you have an idea of how it might work in another
field.
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The electrical engineering lecturer said there had been a phase transition in his thinking about his own doctoral
students as a result of discussions with the doctoral writing lecturer and the English lecturers:

I look at some of my doctoral student work and think, “This guy has almost got it—he may not have done enough
work, but | see that the brain is there. They flip, it is a phase change ...” ... | would love to use the English lecturers’
idea of subjective interpretation. I'd like to find a way of forcing the engineers to get that threshold concept because
they are missing it ...

The leadership lecturer also used the concept of phase transition in his discussion of the transferability of his
threshold concepts from one discipline to the other:

I'm not sure that my findings will be transferable but do wonder if some concepts like maturity, as a phase
transition, may be common during a range of undergraduate courses. For example, if something like post-subjective
interpretation were found in English, such as a sense of knowing what a personal judgment was and how to have a
meta-perspective on that, would it have an equivalent in leadership and elsewhere?

It is possible that the combination of discussions about threshold crossing and phase transitions provides two
complementary means to examine the notion of transformative change.

The facilitated action research process

Research question 4: What value is there for tertiary curriculum and pedagogy design when lecturers from
several disciplines collaborate to undertake action research?

Facilitated collaborative practitioner action research (Groundwater-Smith et al., 2013) was key to sustaining
lecturers’ engagement in researching their own practice and their students’ learning. Threshold concept
theory as a common theoretical framework enabled lecturers to examine their own discipline and ask what
was essential. It prompted them to examine their pedagogy and the nature of the learning process in their
discipline. Each discipline brought something different to the discussion. Understanding examples from other
disciplines required and enabled clarification of thoughts about the teaching and learning. In all cases, cross-
disciplinary discussions helped lecturers consolidate their understanding of threshold concepts and where
they fitted into their curricula, and it helped them develop new ways to re-design their courses and pedagogy
to make threshold concepts explicit to students. The leadership lecturer's comment best illustrates lecturers'’
experience:

From a common frame we went each our own way then came together again. What have we learned as a group—it
is quite metaphoric, it took a lot of time without getting much clarity—how can | relate to it? | like to get beyond
troubling things.

Given that the research questions spanned disciplines, the interaction among the participants meant that the
knowledge developed and gained was socially accountable (Gibbons et al., 2010). The knowledge developed
through partnership between researchers and lecturers has been cumulative and has engendered growth in
the research capacity of lecturers. The education researchers deepened their understanding of pedagogical
challenges and the use of threshold concept theory as a tool to investigate learning and teaching at tertiary
level.

The results from this project suggest that the focus on threshold concepts and cross-disciplinary discussions can
influence the personal development of tertiary lecturers. Our results complement those of Carmichael (2010)
showing that collaboration among lecturers, within and between faculties, and between lecturers and students,
is closely linked to classroom revisions and changes that affect, and improve, the student learning process. The
facilitated research process enabled practitioners in this study to continue to use action research methodology
in their ongoing inquiry into their pedagogy beyond the project (Avgitidou, 2009; Jaipal & Figg, 2011; Platteel,
2010).
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Limitations

The project had the following limitations:

1. This study included four disciplines and a possible limitation of this study is the non-inclusion of relevant
ideas and perspectives from lecturers in other fields. To mitigate this limitation, the team hosted an
international conference at the end of the project to share findings with other researchers in the field (see
https://education.waikato.ac.nz/ELTC/).

2. The extent to which the findings are generalisable is not certain. However, both students’ and lecturers’
experiences were similar across disciplines, indicating that threshold concept theory is a useful lens through
which to engage tertiary lecturers in re-envisioning their curricula.

Guidelines for practice

e Threshold concept theory is an effective tool to re-envision teaching and learning at the tertiary level. It
provides opportunities to raise questions about what the important ideas are within a discipline and what it
means to be an expert in the field.

e A crucial aspect of teaching threshold concepts is understanding that, in the process of mastering them,
students move through a liminal space in which they have a partial and unsettled understanding, and that
they vary in how fast they come to fully grasp these troublesome ideas. Thus, it is crucial that lecturers
explore disciplinary threshold concepts and determine the implications of how, what, and when they teach in
order to help students cross the threshold to deep understanding.

¢ Using student-voice data can ensure that lecturers are aware of the interaction between the epistemological
and ontological aspects of learning and can help them appreciate the challenges students face in mastering
threshold concepts.

Conclusion

This research has added to dialogue about the relationship between theory and methodology in higher
education research (Shay, Ashwin, & Case, 2009). Lecturers’ new ways of thinking about the curriculum

they teach, their identification of threshold concepts within the curriculum, and their explicit teaching of
these concepts helped their students make sense of material that is challenging but essential for a deep
understanding of their discipline. It is hoped that our findings will encourage tertiary lecturers to collaborate in
cross-disciplinary ways and explore their curricula and practice using threshold concept theory.
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