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ABSTRACT

CONTEXT

The academic and career success of engineering students from a variety of disciplines hinges on
students’ understanding of fundamental engineering mechanics concepts. However, high failure
rates of introductory mechanics courses are commonly observed. It is suggested that these are
due to students struggling with the threshold concepts — concepts that underpin a discipline and
transform a student’s way of thinking. This study was based on the understanding that if threshold
concepts in engineering mechanics could be identified, appropriate time and resource allocation in
curriculum design could ultimately improve academic outcomes for engineering students.

PURPOSE OR GOAL

This study aimed to identify threshold concepts in engineering mechanics; and determine which
may be considered the most critical concepts for students to learn. The identification of such
concepts may allow for the focused allocation of time and resources in teaching students these
most fundamental and pivotal concepts, and ultimately to best prepare them for their future studies.

APPROACH OR METHODOLOGY/METHODS

This study adopted the Delphi technique, which is an iterative method for collecting the opinions of
experts to reach consensus on a given subject. Academics, researchers, and students from the
University of Melbourne familiar with ENGR20004 Engineering Mechanics were engaged to
provide input into the likelihood of a given concept being a threshold, and to anonymously review
each other’s opinions and adjust their own accordingly. In this way, participants were able to reach
a consensus on the concepts that were and were not to be considered threshold concepts.

ACTUAL OR ANTICIPATED OUTCOMES

Participants initially identified 38 potential concepts, 9 of which were ultimately considered by the
majority of the group (greater than 51%) to be threshold concepts. When the results were divided
between students and academics, the concepts which were considered to be thresholds remained
the same. However, an inadvertent finding of this research was that students and staff had vastly
different ideas about the difficulty, or ‘troublesomeness’, of a number of these concepts.

CONCLUSIONS/RECOMMENDATIONS/SUMMARY

The aim of this study was to determine a set list of threshold concepts in engineering mechanics,
and 9 such concepts were identified. However, in terms of curriculum design and resource
allocation, professors of engineering mechanics would be best served by putting the time and effort
into the threshold concepts which were considered the most troublesome by the students
specifically, moment of inertia, stress and strain, coordinate systems, and work, energy and force.
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Introduction

Engineering is a notoriously difficult field of study that is increasing in popularity as the demand for
engineers grows in Australia (Stewart, 2017). Engineering mechanics in particular often comprises
up to 25% of engineering coursework at first year level and up to 40% at second year level,
however, failure rates of introductory mechanics courses of up to 50% are commonly observed
(McCarthy et al., 2010). It is suggested that these failure rates are due to students “struggling with
the threshold concepts” (Prusty et al., 2011).

Threshold concepts

Threshold concept theory was first proposed by Meyer and Land (2003) to describe concepts
within a discipline that are difficult to understand, but integral in progressing towards understanding
higher level concepts. A threshold concept is one that satisfies several characteristics, the most
important of which is that it is transformative, that is, it allows students to understand things in such
a way that they can now do things that they could not do before (Meyer & Land, 2003). This
crossing of the threshold may induce an emotional response or an ‘aha’ moment (Holloway et al.,
2010).

To better distinguish threshold concepts from core concepts, the five common characteristics
identified by Myer and Land (2003) were that they are:

1. Transformative in that, once understood, they will inspire a fundamental shift in
understanding of subject matter;

2. lrreversible in that, once understood, they cannot be unlearned;

3. Integrative in that, once understood, they will expose connections to other concepts that
were previously unseen;

4. Bounded in that they are contained within a discipline; and

5. Troublesome, that is, that they are inherently difficult to grasp.

Not only are threshold concepts challenging for students to grasp, but they are also difficult for
educators to identify. Davies (2006) observes that the student and the teacher or lecturer are best
placed to identify threshold concepts, while Barradell (2013) and Shinners-Kennedy and Fincher
(2013) contend that subject matter experts or academics can also participate in this process.

The Delphi technique

Introduced in the 1950s, the Delphi technique describes an iterative method for collecting the
opinions of experts to reach consensus on a given subject (Goodman, 1987; Lilja et al., 2011;
Linstone & Turoff, 1975; Yousuf, 2007). The process involves a multi-stage survey in which
participants review each other’s responses at each iteration and are asked to change or justify their
response accordingly to achieve a general consensus amongst the participants (Yousuf, 2007).
Goodman (1987) outlines the four key characteristics of the Delphi technique which distinguish it
from other consensus methodologies:

1. Anonymity of the participants, which is adopted to encourage honesty without external
influence or peer pressure;

2. lteration with controlled feedback, which is achieved through a multi-stage questionnaire in
which participants are given a summary of the current opinion of the group;

3. Statistical group response, which requires a quantitative output in each round in order to
allow participants to see where their view lies in relation to that of the group. This is usually
achieved through the use of a Likert scale ranging from strongly disagree to strongly agree;
and

4. The use of experts.

There are three main factors that come into the design of a Delphi study: selection of the panel of
experts, the number of participants (sample size), and criteria for termination of the study (Lilja et
al., 2011; Powell, 2003; Trevelyan & Robinson, 2015). Numerous studies have adopted the Delphi
technique in the identification of threshold concepts in various fields including information literacy
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(Townsend et al., 2016), occupational therapy (Nicola-Richmond et al., 2016) and outdoor
education (Thomas et al., 2019).

Threshold concepts in engineering mechanics

The identification of threshold concepts in Engineering Mechanics in the literature is limited, with
only one known study explicitly listing topics using this terminology. In this study the knowledge of
engineering educators and students were combined through several meetings, discussions, and
consultations to identify threshold concepts in engineering mechanics (Prusty et al., 2013).

Several of the concepts identified by Prusty et al. (2013) coincided with those identified by another
study (Streveler et al., 2006), which adopted the Delphi technique to identify difficult concepts in
engineering mechanics, although this study made no mention of threshold concepts or
troublesome knowledge. These studies both identified truss elements and analysis, friction, torsion,
shear force and bending moments, impulse and momentum, and work and energy. More broadly,
modelling, analysis and testing were identified as troublesome and pivotal for engineering science
students (French et al., 2012; Holland et al., 2012).

A number of attempts to improve educational outcomes in engineering mechanics have been
documented such as increasing active learning and engagement in the classroom, computer
simulation and learning modules, and hands-on activities for students (Goldfinch et al., 2008). The
identification of threshold concepts would allow such attempts to be more focused and ultimately
may hold the key to improving academic outcomes for engineering students.

Contribution of study
This study adopts the Delphi technique to:

1. Identify threshold concepts in engineering mechanics; and
2. Determine which are the most critical threshold concepts in engineering mechanics

This identification of threshold concepts will inform development of a more focused curriculum and
may assist not only in the teaching of more difficult concepts within engineering, but also in
improving academic outcomes for students.

Methodology and Method

This study adopted the Delphi method for its suitability over other research methods as outlined by
Linstone and Turoff (1975), including:

The infeasibility of face-to-face meetings due to the ongoing COVID-19 pandemic.

Time constraints of the research project necessitating a quick turnaround of results.

The desire for the input of more individuals than can effectively interact face-to-face.

The use of anonymity to prevent the opinions of academics influencing or dominating those
of the students.

The process of this Delphi study included the following steps: (i) Formation of the panel of experts,
(i) Termination criterion, (iii) Provision of information, (iv) Round 1, (v) Round 2, (vi) Round 3.

Setting

A panel of academics, researchers, and students from the University of Melbourne familiar with the
subject ENGR20004 Engineering Mechanics were engaged to participate in a multi-stage survey in
order to achieve this outcome. ENGR20004 Engineering Mechanics is a mandatory subject within
the civil, mechatronics, environmental and mechanical engineering disciplines.

The study was conducted over a six-week period from 24th August 2021 when the first recruitment
email was sent, to 5th October 2021 when the last survey closed. Full human research ethics
approval was granted by the University of Melbourne.
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Formation of the panel of experts

Although a Delphi study requires the input of experts (Goodman, 1987), there is precedent to
suggest that students may also be included in the panel of a Delphi study when used for the
identification of threshold concepts, although they must be highly familiar with the course (Nicola-
Richmond et al., 2016). As a deep understanding of engineering mechanics was required to be
able to distinguish threshold concepts from any other concept, the inclusion criteria for the expert
panel were defined as follows:

¢ Any academic within the University of Melbourne from within the Infrastructure Engineering,
Mechanical Engineering or Mechatronics Engineering faculties.

e Students who achieved a high distinction in ENGR20004 Engineering Mechanics in the
past three years. This timeframe was chosen to ensure students’ knowledge was current
and relevant.

Participation was voluntary, and participants were able to withdraw from the study at any stage. To
increase validity of the results, there was no limit set on the number of participants. A recruitment
email was sent to 733 academics, researchers, and students from the University of Melbourne, and
113 people initially showed interest.

Termination criterion

It was decided that termination of the study would occur after 3 rounds. This was not only to avoid
participant fatigue and/or attrition, but also due to the time constraints, which would not allow for
another round to operate within the allotted time frame.

Provision of information

Drawing from previous studies which adopted the Delphi technique to identify threshold concepts,
participants were provided with an overview of threshold concepts and their definition, as well as
definitions of their characteristics (Nicola-Richmond et al., 2016; Thomas et al., 2019; Townsend et
al., 2016). Given the inclusion criteria, it was assumed that participants were familiar with
engineering mechanics but not necessarily threshold concepts. Participants also received the list of
already identified threshold concepts within mechanics for their reference.

Round 1

In round 1, the panellists responded to a survey which was hosted through Qualtrics. Each
participant was asked general questions relating to their role at the University of Melbourne. This
survey then invited participants to generate a list of concepts they believe may be considered
threshold concepts in mechanics based on the information provided. They were then asked to rate,
on a 7-point scale (1 = strongly disagree, 7 = strongly agree), how strongly they agree with each of
the following questions for each of the threshold concepts they have identified:

I.  How strongly do you agree that this concept is transformative?
IIl.  How strongly do you agree that this concept is integrative?

Ill.  How strongly do you agree that this concept is irreversible?

IV.  How strongly do you agree that this concept is bounded?

V.  How strongly do you agree that this concept is troublesome?

Guided by their own responses to these questions, they were then asked to comment on a sixth
and final question:

VI.  Given your responses to the previous 5 questions, how strongly do you agree that this
concept is a threshold concept?

Round 2

Participants who contributed to round 1 were invited to participate in round 2 and received a
collated list of the threshold concepts that were identified by more than one participant in round 1.
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There is fair precedent for the omission of concepts contributed by a single participant for the
purpose of maintaining the list at a manageable length (Nicola-Richmond et al., 2016; Streveler et
al., 2006).

Participants then received the average rating for questions I-VI from round 1 and were asked to
choose at least 10 concepts they most believed to be threshold concepts, and again responded to
questions I-VI for each. However, if a participant voted more than one point away from the group
average on the Likert scale, they were asked to provide a written justification for their rating.
Although providing a justification was strongly encouraged, it was made optional in order to
promote honesty of responses, as respondents may have been inclined to change their rating to
avoid the extra work.

Round 3

In round 3, only participants who contributed to round 2 were asked to participate. They again
received a summary of the average ratings of questions a — f from the previous round, along with
the written justifications from participants who voted away from the average. For a third and final
time, they were asked to choose at least 10 concepts they most believed to be threshold concepts,
and again responded to questions | — VI for each.

The iterative nature of the Delphi technique encourages participant responses to converge to a
consensus response by the final round. As a consequence, the recommendations from this study
have been made using the responses from round 3 alone.

Results

Demographic data

Sixty-six, 61 and 58 participants from the University of Melbourne took part in rounds 1, 2 and 3,
respectively (Table 1). Participant attrition was minimised through reminder emails and extensions
where possible. Eight-nine per cent of participants were retained from the initial round, which well
exceeds the minimum requirement of 70% as outlined by Walker and Selfe (1996).

Table 1: Participation

Role Round 1 Round 2 Round 3

Student 4 3 3
PhD student
Research fellow
Associate lecturer
Lecturer

Senior lecturer
Associate professor
Professor

Total

WA WFIN|INF
Wb wrFINIO|IN
Wb wWkF|k|IO|0

[e2]
o]
(o))
=
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Identified threshold concepts in engineering mechanics

In round 1, a list of 413 concepts was generated by the 66 participants who took part. These were
both combined and split to condense the list into 56 unique concepts. Concepts that were not
considered within the scope of ENGR20004 Engineering Mechanics were removed, as well as
concepts that were only suggested by one participant, leaving 38 remaining concepts.

In rounds 2 and 3, this list of 38 concepts was provided to participants who were then asked to
comment on at least 10 of the proposed concepts which they most strongly believed to be
threshold concepts. A minimum of 10 was set to encourage participants to truly consider which
may or may not be threshold concepts. Although this was the minimum, they were asked to
contribute to as many concepts as they believed could be threshold concepts, and so a
participant’s absence of input on a particular concept was considered disagreement. Participants
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who felt they did not agree that even ten concepts could be considered as such could express this
by voting from ‘1 = strongly disagree’ to ‘4 = neither agree nor disagree’ for the concepts they were
less strongly in favour of. If, however, they voted for ‘5 = somewhat agree’, ‘6 = agree’ or

‘7 = strongly agree’, it was considered that they agreed this was a threshold concept.

Consensus was defined as majority agreement (strictly greater than 50%) amongst all participants.
As there were 58 participants in the final round, this meant that 30 participants had to rate a
concept from ‘5 = somewhat agree’ to ‘7 = strongly agree’ on a given concept in order for it to be
considered a threshold concept. This immediately excluded 28 concepts from possibly reaching
agreement, as less than 30 contributions were made for these.

Ultimately, the nine concepts that can be considered threshold concepts in engineering mechanics
as a result of this study can be seen in Table 2 along with the corresponding level of consensus in
round 3.

Table 2: Threshold concepts in engineering mechanics and level of consensus

Concept Number of Numberin | Consensus (of
contributions | agreement | 58 participants)
Newton’s laws 55 54 93%
Free body diagrams 50 50 86%
Stress and strain (including linear elasticity) 47 47 81%
Work, energy, and force 44 44 76%
Equilibrium 43 40 69%
Momentum and impulse 37 37 64%
Moment of inertia 37 37 64%
Normal force, shear force and bending moment 38 36 62%
Coordinate systems 33 32 55%

Characteristics of the identified threshold concepts

Participants were also asked to comment on how strongly they agreed that each concept was
transformative, integrative, irreversible, bounded, and troublesome. Displaying the ‘transformative’
characteristic is the only non-negotiable characteristic of a threshold concept (Meyer & Land,
2003), and consensus was reached among the participants that each of these threshold concepts
were transformative in nature. This contributes to the validity of these results.

Possibly the most actionable characteristic, however, is how ‘troublesome’ a concept is. Although
participants agreed that the identified concepts were transformative threshold concepts, they did
not necessarily consider them troublesome. As an example, clear consensus was reached on
equilibrium being a threshold concept. However, only 3% of participants agreed this concept was
troublesome. On the other hand, moment of inertia was considered to be the most troublesome
concept of all 38 that had been identified, with some 59% of participants agreeing that moment of
inertia was a troublesome concept.

Student and academic opinion

In terms of the threshold concepts, opinions across the two groups of participants aligned, although
to varying extents. Newton’s laws and free body diagrams easily topped both lists, with an almost
equal amount of agreement across the groups. Academics agreed much more strongly than
students that equilibrium should be considered a threshold concept, while students agreed more
strongly on almost all other concepts than academics. Academics alone did not consider moment
of inertia to be a threshold concept, where students ranked it as the fourth most likely threshold
concept. It is evident, however, that on some topics, academics and students have vastly different
ideas on their difficulty.

More than half of the students considered stress and strain and coordinate systems to be
troublesome, while fewer than 30% of academics agreed. However, academics considered
Newton’s laws, free body diagrams and equilibrium to be more troublesome than students. For the
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nine identified threshold concepts, the level of agreement on troublesomeness by both academics
and students is shown in Table 3.

Table 3: Level of agreement on the troublesomeness of each threshold concept

Threshold concepts Academics | Students
Newton’s laws 30% 17%
Free body diagrams 30% 14%
Stress and strain (including linear elasticity) 26% 60%
Work, energy, and force 43% 51%
Equilibrium 9% 0%
Normal force, shear force and bending moment 30% 46%
Momentum and impulse 39% 49%
Moment of inertia 35% 74%
Coordinate systems 17% 57%
Discussion

The results of this study display similarities and differences to the concepts previously identified in
the literature. In the only comprehensive study on identifying threshold concepts in engineering
mechanics, Prusty et al. (2013) concurred with these results in finding that free body diagrams;
normal force, shear force and bending moment; momentum and impulse; and work, energy and
force ought to be considered threshold concepts. On the other hand, they identified friction,
trusses, projectile motion, centroids, and torsion as key threshold concepts, where this study saw
only 10%, 14%, 14%, 29%, and 29% of participants agree that these are threshold concepts,
respectively. Similarly, modelling, testing, analysis, and evaluation was identified as a threshold
concept by both French et al. (2012) and Holland et al. (2012), where only 17% of participants
agreed that this should be considered a threshold concept. Unique to this study was the
emergence of ‘coordinate systems’ as a threshold concept in engineering mechanics.

Causes for the differences in the threshold concepts identified by Prusty et al. (2013) and this
study are not clear, but likely relate to the adopted methodology. A limitation of this study was that
no formal definition of each concept was provided to or by participants, meaning an individual's
perception on whether or not a concept is a threshold concept could be affected by their own
interpretation of the concept, or by a total unfamiliarity with it. Moreover, concepts were limited to
those included in a single subject at a single institution. Although this study did encourage
participants to seek clarification at any time, Prusty et al. (2013) used ongoing meetings,
discussions and in person consultations with mechanics educators and students. This would have
allowed the participants and the researchers to clarify misunderstandings about the mechanics
concepts, as well as the overarching idea of threshold concepts.

Characteristics

This study is the first of its kind to analyse all the five characteristics of threshold concepts as
defined by Meyer and Land (2003) in engineering mechanics. A notable outcome was that
consensus was reached on all identified threshold concepts in terms of being transformative,
integrative, and irreversible, but participants failed to agree that almost any of these concepts were
bounded or troublesome.

It is possible that concepts which are inherently unbounded have been identified due to the
participants’ heterogeneity. The academics and students who took part come from a wide range of
engineering disciplines, and as such, concepts which are relevant across these disciplines are
likely to appeal to a larger number of participants. For example, the concept of equilibrium is
integral to mechanical and electrical engineering alike and is therefore not bounded within
engineering mechanics.

The level of agreement on troublesomeness did not align with the level of agreement on whether or
not the concept was a threshold concept. This suggests that the results of the troublesomeness
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metric may provide better guidance in terms of time and resource allocation in teaching students
these most fundamental concepts.

Although it was observed that students and academics agreed on the identified threshold
concepts, they had vastly different views about their troublesomeness. This information is highly
pertinent in course and curriculum design. It is likely that academics would focus time and attention
on the topics and concepts they believe to be difficult for students, but this research shows that
students have a very different idea about which concepts are difficult for them.

The implications of these findings on the characteristics of the threshold concepts are broader.
Meyer and Land (2003) speculate that threshold concepts are only possibly bounded and
troublesome. This study finds that these may not be characteristics of threshold concepts at all.

Conclusion

The aim of this study was to determine a set list of threshold concepts in engineering mechanics in
order to better allocate time and resources in teaching students these most fundamental and
pivotal topics. 58 academics and students familiar with the subject ENGR20004 Engineering
Mechanics at the University of Melbourne participated in a Delphi study to identify such concepts.
38 concepts were initially identified, 9 of which were considered by the majority of the group
(greater than 51%) to be threshold concepts.

However, it was found that students and staff had vastly different ideas about the difficulty, or
‘troublesomeness’, of these concepts. In terms of curriculum design and resource allocation,
professors of engineering mechanics may be better served by putting the time and effort into the
concepts which were not only considered the most troublesome by the group, but by the students
specifically.

The logical continuation of this research lies in developing teaching approaches which will best
assist in helping students cross the threshold and understand these most fundamental concepts.
This may not only include designing novel teaching practices, but also gaining a better
understanding of what students find difficult about these concepts. It is recommended that these
identified concepts act as a launching platform for informed, in-person discussions and
consultation with academics and students, including those that struggled with engineering
mechanics, to solidify the findings.

References

Barradell, S. (2013). The identification of threshold concepts: A review of theoretical complexities and
methodological challenges. Higher Education, 65(2), 265-276. https://doi.org/10.1007/s10734-012-9542-
3

Davies, P. (2006). Threshold concepts: How can we recognise them? In Overcoming Barriers to Student
Understanding. Routledge.

French, J., Shah, D., Rankin, J., Bagiati, A., & Breslow, L. (2012, September). Identifying and mapping
pivotal concepts and critical skills. SEFI 40th Annu. Conf., Thessaloniki, Greece.

Goldfinch, T., Carew, A. L., & McCarthy, T. J. (2008). Improving learning in engineering mechanics: The
significance of understanding. In Proceedings of the 20th Annual Conference of the Australasian
Association for Engineering Education (pp. 1-6). Yeppoon, Australia.

Goodman, C. M. (1987). The Delphi technique: A critique. Journal of Advanced Nursing, 12(6), 729-734.
https://doi.org/10.1111/j.1365-2648.1987.tb01376.x

Holland, D., Walsh, C., & Bennett, G. J. (2012). Troublesome knowledge in engineering design courses. In
6th annual conference of the national academy for the integration of research, teaching and learning, and
the 4th biennial threshold concepts conference (pp. 1-6). Dublin, Ireland

Holloway, M., Bull, A., & Alpay, E. (2010). A quantitative approach to identifying threshold concepts in
engineering education. Paper presented at the Engineering Education 2010 (EE2010) Inspiring the next
generation of engineers, 6—8 July, Aston University.

Lilja, K. K., Laakso, K., & Palomki, J. (2011). Using the Delphi method. In Proceedings of PICMET'11:
Technology Management in the Energy Smart World (PICMET) (pp. 1-10). Portland, OR: IEEE.

Linstone, H. A., & Turoff, M. (1975). The Delphi Method: Techniques and applications. Addison-Wesley
Publishing Company.

Proceedings of AAEE 2022 Western Sydney University, Sydney, Australia, Copyright © Wardle, Valentine and Male, 2022



McCarthy, P. T., Carew, D. A., Gardner, A., Goldfinch, M. T., Henderson, D. A., & Thomas, D. G. (2010). A
pro-active approach to addressing student learning diversity in engineering mechanics. Australian
Learning & Teaching Council.

Meyer, J. H. F., & Land, R. (2003). Threshold concepts and troublesome knowledge: Linkages to ways of
thinking and practising within the disciplines. In C.Rust (Ed), Improving Student Learning — Ten Years On
(pp. 412-424). Oxford, United Kingdom: Oxford Brookes University.

Nicola-Richmond, K. M., Pépin, G., & Larkin, H. (2016). Transformation from student to occupational
therapist: Using the Delphi technique to identify the threshold concepts of occupational therapy.
Australian Occupational Therapy Journal, 63(2), 95-104. https://doi.org/10.1111/1440-1630.12252

Powell, C. (2003). The Delphi technique: Myths and realities: Myths and realities of the Delphi technique.
Journal of Advanced Nursing, 41(4), 376—382. https://doi.org/10.1046/j.1365-2648.2003.02537.x

Prusty, G. B., Russell, C., Ford, R., Ben-Naim, D., Ho, S., Vrcelj, Z., Marcus, N., McCarthy, T., Goldfinch, T.,
Ojeda, R., Gardner, A., Molyneaux, T., & Hadgraft, R. (2011). Adaptive tutorials to target threshold
concepts in mechanics—A community of practice approach. Proceedings of the 22nd Annual Conference
for the Australasian Association for Engineering Education, 305-311.

Prusty, G. B., Vrcelj, Z., McCarthy, T., Ojeda, R., & Gardner, A. (2013). An adaptive e-learning community of
practice for mechanics courses in engineering. Australian Government, Office for Learning and

Teaching. https://Itr.edu.au/resources/CG10-1586_Prusty_Report_2013.pdf

Shinners-Kennedy, D., & Fincher, S. A. (2013). Identifying threshold concepts: From dead end to a new
direction. Proceedings of the Ninth Annual International ACM Conference on International Computing
Education Research, 9-18. https://doi.org/10.1145/2493394.2493396

Stewart, M. (2017). Engineering vacancies report. Engineers Australia.
https://www.engineersaustralia.org.au/sites/default/files/resources/Public%20Affairs/Engineering%20Vac
ancies%20Report%20September%202017%20-%20Final.pdf

Streveler, R., Geist, M., Ammerman, R., Sulzbach, C., Miller, R., Olds, B., & Nelson, M. (2006). Identifying
and investigating difficult concepts in engineering mechanics and electric circuits. In 2006 Annual
Conference & Exposition Proceedings, 11.713.1-11.713.13. https://doi.org/10.18260/1-2--948

Thomas, G., Grenon, H., Morse, M., Allen-Craig, S., Mangelsdorf, A., & Polley, S. (2019). Threshold
concepts for Australian university outdoor education programs: Findings from a Delphi research study.
Journal of Outdoor and Environmental Education, 22(3), 169-186. https://doi.org/10.1007/s42322-019-
00039-1

Townsend, L., Hofer, A., Lin Hanick, S., & Brunetti, K. (2016). Identifying threshold concepts for information
literacy: A Delphi study. Communications in Information Literacy, 10(1), 23-49.
https://doi.org/10.15760/comminfolit.2016.10.1.13

Trevelyan, E. G., & Robinson, P. N. (2015). Delphi methodology in health research: How to do it? European
Journal of Integrative Medicine, 7(4), 423—-428. https://doi.org/10.1016/j.eujim.2015.07.002

Walker, A. M., & Selfe, J. (1996). The Delphi method: A useful tool for the allied health researcher. British
Journal of Therapy and Rehabilitation, 3(12), 677-681. https://doi.org/10.12968/bjtr.1996.3.12.14731

Yousuf, M. I. (2007). Using experts’ opinions through Delphi technique. Practical Assessment, Research,
and Evaluation, 12(1), 1-8. https://doi.org/10.7275/rrph-t210

Acknowledgements

The research team would like to thank the participants who generously contributed their time, as
well as Prof Jamie Evans and Dr Elisa Lumantarna for their ongoing support throughout this
project.

Copyright statement

Copyright © 2022 Wardle, Valentine and Male: The authors assign to the Australasian Association for Engineering Education (AAEE)
and educational non-profit institutions a non-exclusive licence to use this document for personal use and in courses of instruction
provided that the article is used in full and this copyright statement is reproduced. The authors also grant a non-exclusive licence to
AAEE to publish this document in full on the World Wide Web (prime sites and mirrors), on Memory Sticks, and in printed form within the
AAEE 2022 proceedings. Any other usage is prohibited without the express permission of the authors.

Proceedings of AAEE 2022 Western Sydney University, Sydney, Australia, Copyright © Wardle, Valentine and Male, 2022


https://doi.org/10.7275/rrph-t210

