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STRUCTURED ABSTRACT 

CONTEXT 
Learning is socially and culturally constructed by the learner. However, a social construction requires a 
language to allow students to think about, evaluate and discuss their learning. We propose that 
students often fail to recognise their own learning shortcomings because their available learning 
literacy limits their capacity to understand, evaluate and address issues with their learning.  

PURPOSE 
To investigate how engineering students behave and respond to being introduced to learning theories, 
dispositions and affective processes to provide them with a vocabulary to understand, evaluate, 

discuss and address issues with their learning. 

APPROACH 
How students behaved and responded to these activities was investigated through exploring the 
evidence from a number of different studies conducted in the 1st, 2nd and 3rd year subjects. In the 
first-year subject a student survey, tutorial observation study and content analysis of students’ 
portfolios was conducted (the content analysis identified references to learning dispositions, affective 
processes and learning frameworks).  In the second-year subject a small number of students agreed 
to undertake a semi structured interview while in the third-year subject a student survey was used to 
explore the impact of the learning activities on student learning and professional development. 
Elements of these three different studies are reported here. 

RESULTS 
These preliminary findings indicate the benefits of developing student’s language to facilitate their 
ability to understand, evaluate, discuss and mindfully reflect on their learning and learning 
dispositions. 

CONCLUSIONS 
The evidence suggests that having a language about learning improves both student’s feelings of 
competence and their learning motivation.  We also recommend introducing these activities in a first 
year of university for the benefits to accumulate and to embed sustainable changes in student’s 
learning culture and their learning trajectory across their whole degree. 
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If I don’t have a language to discuss and think about it then it’s not 
part of my reality 

Introduction 
Goldsmith (2018) comments that the traditional delivery of engineering curriculum reflects a positivist 
epistemology (Radcliffe, 2006) which values propositional knowledge, i.e. knowing about things.  This 
epistemology places emphasis on knowledge acquisition; it is generally aligned with educational 
beliefs that knowledge is seen to be an independent entity and focuses on the transmission of 
knowledge from lecturer to student (Samuelowicz & Bain, 2001).  This type of pedagogy promotes 
learning for reproduction (Beswick & Ramsden, 1987) and learning by students as passive recipients 
of the knowledge transmitted by their instructors. 

The higher education sector has recognised the need for improving STEM education.  Much of this 
improvement has focused on engaging students in blended learning activities as opposed to the 
traditional chalk and talk approach.  These activities including flipped, project, problem and/or enquiry-
based learning all require students to actively engage with and take an independent and responsible 
approach to their learning. 

While these changes have bought many benefits to STEM students they rely heavily on students 
being able to take much more responsibility for their own learning than in traditional lecture-based 
subjects (Reidsema et al, 2017).  Recent studies based on interviews with engineering students at an 
Australian university (Willey & Gardner 2014a, b, Willey et al 2014, Gardner et al 2014, Willey & 
Gardner 2015) have shown that many students that perform poorly in flipped learning environments 
typically do not demonstrate the agency and self-efficacy necessary to take responsibility for their own 
learning.  We found many students who struggled with these more independent approaches had 
become accustomed to expecting specific guidance in their learning, being told what to think, learn 
and do. They felt unsupported when they had to exercise their own judgement. When student’s 
learning expectations are not met, they often blame the instructor rather than recognising the need for 
them to develop the associated skills. 

Similar findings are reported by other researchers from a range of learning contexts such as 
Buckingham Shum & Deakin Crick (2012), and Thomas (2013). Deakin Crick and Goldspink (2014) 
refer to the link between learning dispositions, agency and identity and how students’ thinking about 
these concepts, such as self-efficacy, frames their future learning trajectories.  While engineering 
programmes generally address propositional knowledge, we argue that developing an ongoing 
learning identity trajectory is also significant for students’ learning. 

Learning is socially and culturally constructed by the learner (Boud,1993). However, a social 
construction requires a language allowing students to think about, evaluate and discuss their learning. 
We propose that students often fail to recognise and/or blame others for their own learning 
shortcomings because their available learning language limits their capacity to understand, evaluate 
and address issues with their learning. In this paper we investigate how engineering students behave 
and respond to being introduced to learning theories and affective processes to provide them with a 
vocabulary to understanding, evaluate, discuss and address issues with their learning. 

Context: integrated engineering program  

The integrated engineering program is a series of subjects that form part of the core requirements of 
undergraduate engineering courses at the University of Sydney. The multidisciplinary subjects (one at 
each year level) are designed to develop and apply technical engineering and professional skills to 
authentic sustainable real world projects and workplace practices. 

The aim of the program is to build an understanding of the nature of engineering and what it means to 
think and practice as an engineer.  The four units were conceived to move student’s through the 
following four stages: 

 understand and analyse the concepts that underpin engineering; 

 think like an engineer in undertaking design of technologies; 

 act as an engineer to solve problems through creating systems; 

 lead engineering innovation in solving societies challenges. 
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In addition to developing specific technical and professional skills (such as teamwork, communication, 
and an understanding of ethical and professional practice) the subjects develop core fundamental 
skills –such as an ability to analyse one’s own capabilities, plan their development and manage their 
own learning. In this paper we report the impact of activities designed to develop student’s capacity to 
cultivate these fundamental skills. In particular, we focus on the activities developed to provide 
students with a language to allow them to think about, evaluate, identify, discuss and address issues 
with their development and learning. 

First year: Integrated Engineering 1 

In a large (600 students) multidisciplinary first year integrated engineering class students are 
introduced to learning theories (constructionism), metacognition and affective processes including self-
efficacy and agency.  Students were given pre-work activities to research and investigate these terms 
and student personas to use to provide context to evaluate and explain the perceived development. In 
tutorial classes the results of these pre-work activities were discussed after which additional personas 
and role-plays were used for students to develop a language and have discussions about different 
behaviours and responses to learning.  In subsequent activities students reflected on their own 
learning and developed plans to take action to address any identified areas of development.  The 
prework and discussion within the activities are deliberately designed for students to develop a 
language to reflect on, evaluate, understand and improve their learning, learning dispositions and 
processes. 

We used what became known as the ‘pirate method’ which had students continually assessing their 
performance against the 4 R’s (reflection (metacognition), resilience (self-efficacy) resourcefulness 
(agency) relatedness (social aspects of learning including collaboration).  In the second iteration of this 
subject the Crick Learning for Resilient Agency (CLARA) framework (Learningemergence, 2015, 
Deakin Crick et al 2015) was also introduced.  It provided another layer to help students identify and 
construct their understanding of their learning dispositions and extend their language to think about 
and evaluate their learning (Gardner et al 2017).  

As part of their assessment students had to undertake a group design project.  The narrative used to 
scaffold the design project had student working as teams of interns for a fictitious company. At the end 
of the semester students had to apply for a part time design engineer position with the company. This 
required them to write a cover letter and respond to two of the selection criteria. The selection criteria 
were taken from actual advertisements for engineering positions and were chosen to reflect the 
professional development required by the discipline and recognised in accordance with Engineers 
Australia level 1 competencies (Engineers Australia 2013). To assist them in preparing their 
application students were required to maintain a portfolio within which they planned, monitored and 
evaluated their development of the skills listed in the selection criteria using the reflective framework 
previously described. 

Second year: Integrated Engineering 2 

In the second year subject, which is again a large (600 students) multidisciplinary flipped engineering 
class, the concepts introduced in first year are reinforced and students are expected to apply them at 
a higher cognitive level in their learning within their group project and maintain an assessed reflective 
portfolio that includes planning, monitoring and reflective evaluation phases 

Third year: Integrated Engineering 3 

In the third-year multidisciplinary class (320 students) again there is a focus on using language and 
reflective portfolios for students to evaluate, plan and assess improvement in regard to their learning 
profiles.  In particular, in this unit the results of the first year studies (Gardner et al 2017) are used to 
highlight engineering students’ relatively lower developed creativity and mindful agency and the 
importance of these attributes and curiosity in regard to finding innovative solutions in engineering 
contexts.  This is a flipped class with workshops/tutorials, but no lectures, so students are expected to 
take responsibility for their independent learning in this subject.  Students engage in a series of pre-
work, workshop and reflective activities.  In the first workshop they use the CLARA questions and 
typical behaviours of people with each attribute to assess their current development.  They then apply 
a number of strategies including those outlined in CLARA to further develop their learning dispositions. 
The results of these activities are assessed through self and peer review of contribution within a group 
project and a reflective portfolio. 
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Method 

How students behaved and responded to these activities was investigated through exploring the 
evidence from a number of different studies conducted in the first, second and third year subjects. In 
the first-year subject data was collected from a student survey, tutorial observation study and content 
analysis of students’ portfolios (the content analysis identified references to learning dispositions, 
affective processes and the 4R’s).  The tutorial observations were all undertaken by one of the authors 
who was from another university and hence not involved in any subject assessment.  This provided 
consistency across observations and aligned with requirements of the ethics approval for this study.  
In the second-year subject a small number of students agreed to undertake a semi structured 
interview while in the third-year subject a student survey was used to explore the impact of the 
learning activities on student learning and professional development. Elements of these three different 
studies are reported here. 

Discussion 

First year subject 

Students reported the previously described activities gave them a better understanding of how they 
learn and empowered them to think differently and respond to any learning difficulties they may 
encounter.  In the first year unit the students found the personas and role-plays as effective means for 
them to safely engage, discuss and understand the learning theories, affective processes and learning 
dispositions before using them to evaluate and plan improvement in their own development.  In 
observed tutorials students were able to explain the learning dispositions of the persona their group 
was working with – for example “We rated her high on belonging because….” and “He shows low 
creativity here where it says…”. 

Students were comfortable to openly discuss and provide feedback on the personas even when in the 
large 600 student class.  One particularly engaged student commented that she got a high rating for 
‘belonging’ in her CLARA profile – she said she interpreted this as showing that she “belongs” in this 
class and this gave her the confidence to participate (answering questions, showing a diagram on the 
document camera etc in the large lecture theatre). 

The content analysis of student reflective portfolios showed many students reflected on their individual 
CLARA profile using the results to plan their continued development as a learner as evidenced in the 
following quotes.  We have also included an indication of the student’s overall final subject result, their 
gender and whether they are domestic or international students:  

Currently, my learning profile does not differ very much as to how I see myself as a 
learner. It accurately reflects me with high learning dimensions of curiosity, hope and 
optimism and sense making, whilst also reflecting my weaknesses in low 
collaboration and mindful agency. (Credit, male, domestic student) 

At first, I have thought it was completely wrong. However, after a while, I have 
agreed more with CLARA outcome. The reason for this is I may lose or lack in 
creativity due to heavily depending on team members…. Since I was bit shy/afraid to 
give different opinions, this may have reduced my creativity. To solve this issue, 
recently, I am working hard to plan my time and manage it more efficient way. After 
doing ‘CLARA’ self-reflection, it feels like that I have better sense of myself, and 
found the way that I should be directing myself to... (Pass, male, international 
student) 

Belonging has resulted as my second weakest learning dimension… I see myself as 
independent and someone who can find support when needed but as shown in the 
learning profile, the belonging dimension expresses my inability to seek assistance 
from people when I need it the most. This has made me realise that I have remained 
so independent that even when I find difficulty in understanding or when I get stuck 
in any situation, I keep my problems to myself and hope that somewhere along the 
way I will find a solution or solutions to all the questions that I am keeping to myself. 
(Distinction, male, domestic student) 
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The least parts of the graph in the learning profile are the Collaboration and 
Belonging. I got to admit that I have trouble with this two areas in my life. I felt like 
these are the two things I should focus and improve most. I need to balance out the 
way how I rely and ask people for help and opinions. Even though I treasure my 
alone time very much, having to ask people for help is healthy as it opens me up to 
the things that I could have never thought before. Thus, I will try to improve myself 
by going out there with my own pace. (Pass, female, international student) 

The instructors noticed that the activities assisted students to be able to think about and more clearly 
articulate their learning needs, resulting in them taking more responsibility for their learning and their 
learning journey.  Further evidence of this was found in correspondence with the coordinating 
academic where students sent emails using the terminology “I am using my agency”, “after reflecting 
on this I have demonstrated my resilience”.  This further demonstrates that even in first year the use of 
these terms was becoming part of the student’s language in both describing and thinking about how 
they undertake and evaluate their learning. 

Second year subject 

In the second year subject students were expected to use the concepts taught in first year to plan, 
monitor and evaluate their learning and professional development in a reflective portfolio while 
undertaking a group work project. Online resources were provided to support students to reflect on 
and discuss their learning.  In line with our ethics approval only students who were currently not 
undertaking an Integrated Engineering unit were invited to be interviewed.  Of these, four students 
agreed to participate in the semi structured interviews to explore the impact of the social construction 
and language activities on their learning and professional development.  When asked what they didn’t 
like about the Integrated Engineering subjects, student A commented that some of this material 
(learning theories and affective processes) was common sense and although highlighting her learning 
needs, she believed this would have occurred naturally without intervention.  Further discussions with 
student A revealed she valued the technical knowledge of engineering over the professional practice 
attributes.  It should be noted that student A was an engineering/music double degree student and 
hence her skill set, experience and attributes are quite different from the majority of the remaining 
cohort.  Conversely, students B and C (both male) felt the activities gave them a valuable new way to 
think about and evaluate their learning and development.  In addition, student B commented that he 
could see the value of being better informed and that having an improved capacity to reflect on his 
learning and development would be beneficial in his future professional career.  These initial results 
indicate the variation in both perceived value and benefit to students of developing their learning 
language.  What was clear from the four interviews is that students who valued these type of learning 
activities were able to use the language to reveal something about themselves and their approaches 
to learning and they thought that this awareness would benefit them in their professional engineering 
career. 

Third year subject 

Eighteen students agreed to complete a voluntary survey (cohort 320) exploring their approaches to 
learning and learning dispositions.  The results show a clear difference in the reported impact of the 
learning activities between those students who had undertaken the previously described first year 
subject and those that had undertaken an earlier version of the subject in which the learning 
dispositions and learning language were not introduced. 

Students who had been introduced to the concepts in first year reported being comfortable in using 
them and the associated language to describe and assess their learning. Respondents 
overwhelmingly reported that the activities were both beneficial and valuable helping them to plan 
actions to further improve their learning and their learning dispositions.  They also helped them to infer 
how their peers learn enabling them to better collaborate with them: 

The “workshop activity helped me think about how I need to change my behaviours 
and approaches to improve my learning”. 

“The activity helped to gain a perspective on my fellow classmates and their learning 

experiences” 
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In contrast, for students who did not undertake the first-year unit, that is, they were encountering these 
terms/theories for the first time, only a small minority of respondents indicated that the online 
resources and activities provided significant benefit, approximately a third reported they had some 
benefit, while nearly half found they were unable to recognise the value.  Their free response answers 
suggest that many students were unsure about how to use and/or engage with these activities seeing 
them as disconnected or were unable to find the relevance to their learning. 

“The topic is not related to my field at all”. 

“Vague and confusing” 

Findings and Recommendations 

While these initial findings are not definitive they do indicate the potential benefits of developing 
student’s language to understand, evaluate, discuss and mindfully reflect on their learning and 
learning dispositions. The following comment illustrates the benefit for students in being able to 
understand and evaluate their approaches to learning: 

I got between ‘Open Readiness’ and ‘Fragile Dependence’, a little more towards 
open readiness, but I think I have a tendency of feeling unmotivated and have an 
inclination of giving up on things that are difficult, especially after spending a long 
time on it and seeing minimal/no progress so I didn’t know there was a phrase 
that describes this. (Distinction, female, domestic student). 

We would suggest that this language also contributes to improving student’s feelings of competence 
(or reduces feeling of incompetence that result from not be able to describe or understand what one is 
experiencing) and their learning motivation. 

The results also suggest the importance of introducing these activities in students’ first year of 
university where arguably there is less resistance and more openness to change.  We expect that this 
will also facilitate deeper engagement, allow students to accumulate more benefit and to embed 
sustainable changes in their learning culture and their learning trajectory. 

We advocate that this approach would also benefit other disciplines similar to engineering such as 
business, science and medicine where, unlike the social sciences, students may not be introduced, 
nor have the opportunities in their studies to apply, discuss and reflect on learning theories, affective 
processes and dimensions of learning. 

References 

Beswick, D. & Ramsden, P. (1987). How to Promote Learning with Understanding. Research Working 
Paper 87.1 Centre for Study of Higher Education University of Melbourne. 

Boud, D. 1993, Experience as the base for learning, Higher Education Research and Development, 
Vol.12, No.1, pp.33-44. 

Buckingham Shum, S. and Deakin Crick, R. (2012). Learning Dispositions and Transferable 
Competencies: Pedagogy, Modelling and Learning Analytics. Proc. 2nd International Conference 
on Learning Analytics & Knowledge, (29 Apr-2 May, Vancouver, BC). ACM Press: New York 

Deakin Crick, R.& Goldspink, C. (2014) Learner Dispositions, Self Theories and Student Engagement, 
British Journal of Educational Studies, Vol. 62, No.1, pp.19-35, DOI: 
10.1080/00071005.2014.904038 

Deakin Crick, R. Huang, S., Shafi, A., & Chris Goldspink (2015) Developing Resilient Agency in 
Learning: The Internal Structure of Learning Power, British Journal of Educational Studies, Vol. 63, 
No.2, pp.121-160, DOI: 10.1080/00071005.2015.1006574 

Engineers Australia. (2013). Australian Engineering Stage 1 Competency Standards for Professional 
Engineers. Engineers Australia, Accreditation Board: Accreditation Management System. Retrieved 
from https://www.engineersaustralia.org.au/sites/default/files/content-files/2016-
12/doc21_p05pe_ea_stage_1_competency_standards_for_pe.pdf 



Proceedings, AAEE2018, Hamilton, New zealand 

Gardner, A., Goldfinch, T. & Willey, K. (2017) Characterising the learning dispositions of first year 
engineering students.  In Proceedings of Australasian Association for Engineering Education 
Annual Conference 2017, Sydney, Australia 

Gardner, A., Willey, K., Vessalas, K., & Li, J. (2014). Experiences with flipped learning in subjects in 
consecutive stages of a Civil Engineering programme. In A. Bainbridge-Smith, Z. Qi, & G. S. Gupta 
(Eds.), Australasian Association for Engineering Education Annual Conference 2014. Wellington, 
NZ: School of Engineering & Advanced Technology, Massey University, Turitea Campus, 
Palmerston North 4442. 

Goldsmith R. (2018). Investigating the invisibility of writing practices in the engineering curriculum, 
Doctoral thesis, the University of Technology Sydney (currently under review). 

Learningemergence, (2015) http://learningemergence.net/wpcontent/ uploads/2015/04/Introducing-
CLARA-April-2015.pdf 

Radcliffe, D.F. (2006), Shaping the discipline of engineering education, Journal of Engineering 
Education, Vol.95, No.4, pp.263-264 

Reidsema C., Kavanagh L., Hadraft R. & Smith N. (2017) The Flipped Classroom: Practice and 
Practices in Higher Education. Singapore: Springer. 

Samuelowicz, K., & Bain, J.D. (2001), Revisiting academics’ beliefs about teaching and learning, 
Higher Education, vol.41, pp. 299-325. 

Thomas L, (2013) Investigating self-regulated learning strategies to support the transition to problem 
based learning, Doctor of Philosophy thesis, Faculty of Education, University of Wollongong, 
http://ro.uow.edu.au/theses/3962 

Willey, K., & Gardner, A.  (2014a). Combining flipped instruction and multiple perspectives to develop 
cognitive and affective processes. In Proceedings of the SEFI 2014 conference Educating 
Engineers for Global Competitiveness. Birmingham, UK. 

Willey, K., & Gardner, A. (2014b). Impact of student’s goal orientation in a flipped learning 
environment. In A. Bainbridge-Smith, Z. Qi, & G. S. Gupta (Eds.), Australasian Association for 
Engineering Education Annual Conference 2014 . Wellington, NZ: School of Engineering & 
Advanced Technology, Massey University, Turitea Campus, Palmerston North 4442. 

Willey, K., Gardner, A., & Kadi, A. (2014). Flipped learning: comparing the student experience from 1st 
year to postgraduate. In Proceedings of the SEFI 2014 conference Educating Engineers for Global 
Competitiveness. Birmingham, UK. 

Willey, K., & Gardner, A. (2015). Learning activity design and scaffolding to promote sustainable 
changes in students' goal orientation. In Research in Engineering Education Symposium 2015. 
Dublin, Ireland: Dublin Institute of Technology. Retrieved from http://www.rees2015.org/ 

http://www.rees2015.org/

