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Introduction. 
 

These are the proceedings of the Spring Colloquium of the UK and Ireland Engineering 

Education Research Network and compliment the successful series of Annual Symposia.  

Following the well attended 5th Annual Symposium in November 2017 the Network’s Steering 

Committee decided the addition of a Spring Colloquium would enhance the opportunities for 

the exchange of ideas, dissemination of research outcomes and most importantly the 

continuation of discussion and debate. Specifically it would also dedicate time to the Newer 

Researcher Network and give the opportunity for ‘work in progress’ to be presented to an 

audience of peers. 
 

The Colloquium was held in Newcastle upon Tyne, hosted by the Department of Mechanical 

and Construction Engineering at the University of Northumbria, and drew delegates from 

across the geographical spread of the Network, including a strong representation from Dublin 

Institute of Technology.  
 

The predominant themes of the contributions presented here is a concern with the 

development of expertise and the application of functional literacies, for both student 

engineers and engineering academics.  These themes are very much a component of the 

Newer Researchers Network, a group whose aim it is to provide support and guidance for 

researchers new to the field of Engineering Education, be they PhD students or a practicing 

engineering academic who wishes to take-up pedagogic research. Bringing together 

experienced and newer researchers from across the UK and Ireland is an invigorating aspect 

of the Network meetings and source of vitality, bringing many fresh ideas. We can only 

suggest that you join a meeting and experience this for yourself. 
 

This colloquium also happens to extend the once limited number of opportunities for those 

interested in the fundamental nature of engineering education to meet, share and debate. As 

engineering educators we do not exist in a vacuum, others define the thinking of our 

incoming students and contradictory voices give us targets. We must seek agility as well as 

influence, going beyond self-focussed ‘reflective practitioners’ and creating a voice for 

evidence informed student learning within engineering departments. It is reassuring that the 

Network continues to grow, in member numbers, geographical spread and in wider 

recognition. It may be that we are providing an additional opportunity for those described as 

“skilled and collegial teacher’ by the Royal Academy of Engineering* to evidence activity 

which enhances teaching and pedagogic scholarship beyond their institution and thereby 

strengthening recognition as ‘scholarly teacher’ or ‘institutional leader in teaching and 

learning’. Establishing such identities must be a fundamental step towards engineering 

departments having a sustainable future. 
 

Dr Roger Penlington,  UK & I EERN Vice Chair 
 

* Royal Academy of Engineering (2018) The Career Framework for University Teaching; background and overview. 
https://www.raeng.org.uk/publications/reports/career-framework-for-university-teaching-backgroun  
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Engineering	Capital	in	University	Applicants:	can	it	be	
measured,	evaluated	or	spotted?	
Dr	Jude	Brereton	&	Helen	Lay		

Department	of	Electronic	Engineering,	University	of	York		

Background	
Within	the	context	of	a	current	shortage	of	engineering	graduates	in	the	UK	[1],[2]	a	number	of	Higher	
Education	engineering	departments	have	made	changes	to	traditional	entry	qualification	
requirements.	Such	changes	seek	to	encourage	wider	participation	in	engineering	programmes	with	
some	departments	dropping	requirements	for	level	3	physics,	and/or	maths.			
		
Nevertheless	University	educators	want	to	ensure	that	applicants	selected	to	undertake	engineering	
programmes	are	those	with	sufficient	Engineering	Capital	to	allow	them	to	thrive	and	eventually	
succeed	in	gaining	graduate-level	employment	as	highly	skilled	professional	engineers.	
	
The	concept	of	Engineering	Capital	borrows	from	Bourdieu’s	notion	of	Cultural	Capital,	which	might	
be	described	as	‘the	skills	and	knowledge	on	which	an	individual	can	draw	in	order	to	give	them	an	
advantage	in	life’	[3].	Bourdieu	was	concerned	in	particular	with	cultural	capital	which	could	be	
‘inherited’	from	the	family	setting	and	would	lead	to	greater	academic	success	at	school	[4]	and	the	
inequality	in	distribution	of	such	cultural	capital	among	children	from	different	social	(class)	
backgrounds	[5].		
	
Engineering	Capital	should	be	understood	as	an	embodied	or	socialized	tendency	to	act,	think,	or	feel	
in	a	particular	engineering-y		way.	Engineering	capital	should	encompass	engineering	skills,	
knowledge	of	engineering,	engineering	norms	of	behaviour	and	engineering	values.	It	would	align	to	a	
great	part	with	Engineering	Habits	of	Mind:	Systems	thinking;	Adapting;	Problem-finding;	Creative	
problem-solving;	Visualising;	Improving.[6]	
	
An	added	complication	for	Higher	Education	engineering	departments	recruiting	to	undergraduate	
programmes	is	that	many	UK	school	students	are	not	fully	aware	of	the	sub-disciplines	within	
Engineering;	as	an	example,	since	only	very	small	numbers	of	students	in	UK	schools	have	studied	
Electronics	at	A-level	many	potential	applicants	are	unaware	of	Electronic	Engineering	as	a	University	
subject.		An	interesting	question	to	consider	is	how	those	involved	with	admissions	to	University/HE	
engineering	programmes	can	identify	applicants	with	sufficient	Engineering	Capital	to	succeed.	The	
present	project	seeks	to	further	understand	the	context	of	decision	making	and	presence	of	
Engineering	Capital	in	potential	engineering	students.		

Methodological	Approach	
Emergent	findings	are	presented	here	from	the	initial	phase	of	an	ongoing	project	which	analyses	
UCAS	applications	to	an	Electronic	Engineering	degree	programme	at	a	research	intensive	Russell	
Group	University.		Research	questions	to	be	addressed	are:	

● Which	factors	influence	applicants’	decisions	to	apply	to	an	undergraduate	engineering	
programme?	
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● What	awareness	and	perceptions	of	engineering	do	applicants	describe	and	how	are	these	
impacted	by	participation	in	engineering	outreach	and	education	activities?	

● Can	the	‘engineering	capital’	of	potential	University	students	be	evaluated	through	UCAS	
applications	alone?		

	
The	first	stage	of	the	study	involves	data	collation	and	trawling,	and	analysis	of	written	application	
documentation	(personal	statements,	references)	of	around	500	undergraduate	home-domiciled	
students.		
	
This	extended	abstract	reports	on	the	initial	findings	from	a	smaller	sample	of	28	(14	male,	14	female)	
UCAS	applications	from	one	application	cycle.	A	purposive	sampling	technique	was	used	to	select	the	
applications	in	order	to	achieve	an	equal	balance	male	and	female	engineering	students	and	a	
representation	across	the	various	degree	programmes	offered	by	the	department.	All	applicants	were	
UK-domiciled	students	within	the	age	range	of	18-21	years.		Applications	were	spread	over	a	range	of	
BEng	and	MEng	Electronic	Engineering	programmes	including	a	number	of	specialism	such	as	
Nanotechnology,	Computer	Engineering	and	Music	Technology	Systems.		
	
The	main	source	of	data	was	the	applicants’	personal	statements:	an	initial	descriptive	analysis	was	
undertaken	in	order	to	gain	an	understanding	about	what	the	applicants	wrote	about	themselves,	
their	own	Engineering	Capital	and	the	context	in	which	they	were	making	decisions	about	studying	
engineering.		
	

Results:	Areas	of	Influence		
Research	question:	What	factors	influence	applicants’	decisions	to	apply	to	an	undergraduate	
engineering	programme?	
	
Initial	coding	revealed	five	main	areas	of	influence	which	play	a	role	in	applicants’	decision	making	

● Early	exposure	to	engineering	activities		
● Family	influence	
● STEM	outreach	activities	
● Work	Experience		
● School	influence		
● Tinkering	
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Figure	1:	Bar	chart	of	the	open	code	frequencies	of	mentions	of	influences	on	applicants’	engineering	

study	choices.		
	

	
Figure	2:	Bar	chart	of	the	open	code	frequencies	of	influences	on	applicants’	engineering	study	choices	
split	by	gender.		
	
All	applicants	mentioned	recent	Work	experience	either	of	a	short	1-2	weeks	duration,	organised	by	
the	school,	or	longer	work	placements	undertaken	during	summer	holidays,	post	GCSE	exams	etc.		“In	
June	...,	I	undertook	a	week's	work	experience	at	Ultra	Electronics,	a	local	engineering	company”.	
	
Taking	part	in	STEM	outreach	activities	were	referred	to	by	most	applicants.	In	general	these	were	
activities	that	had	been	organised	through	school	-	in	particular	outreach	activities	focussed	on	
attracting	more	female	engineering	students	were	mentioned	frequently	by	female	applicants.	“I	have	
been	to	several	single	day	engineering	events	starting	with	a	day	trying	to	encourage	girls	into	
engineering,	obviously	successful.”	STEM	outreach	was	mentioned	much	less	frequently	by	male	
applicants.	
	
Although	only	mentioned	a	few	times,	Family	influence	was	often	from	close	relatives	who	worked	in	
engineering	and	had	passed	on	their	skills	or	knowledge	in	an	informal	family	context.		In	the	current	
data	set	all	of	these	family	influencers	were	male	(and	often	grandfathers).	-	“my	grandad,	who	was	
an	RAF	radio	engineer	in	the	1950s	taught	me	how	to	solder	and	the	basics	of	electronics	like	ohms	
(sic)	law”.	
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A	large	number	of	applicants	mentioned	that	they	enjoyed	Tinkering:		“I've	taken	my	interest	in	
electronics	into	my	own	hands	from	making	my	own	Arduino	powered	candy	vending	machine	to	
making	LED	light	shows	for	Halloween.”	In	particular	small	electronic	microprocessors	such	as	
micro:bit,	Arduino	boards	and	Raspberry	pi	were	mentioned	by	a	number	of	applicants.		
	
Early	exposure	included	information	about	the	applicant’s	first	memory	of	being	involved	in	
engineering	activities	at	an	early	age	(e.g.	primary	school)		“From	the	age	of	7,	I	picked	up	my	first	
microphone	-	I	built	my	first	speaker	system	at	the	age	of	10.”	This	type	of	early	exposure	to	electronic	
engineering	was	mentioned	slightly	more	often	by	female	applicants.			

Results:	Perceptions	of	Engineering		
Research	Question:	What	awareness	and	perceptions	of	engineering	do	applicants	describe	and	how	
are	these	impacted	by	participation	in	engineering	outreach	and	education	activities?		
	
Initial	coding	revealed	the	following	common	perceptions	of	what	engineering	involves:		

● Team	work		
● Real-world	problem	solving	
● Creativity	
● Application	of	maths/physics	
● Gender	inequality		

	

	
Figure	3:	Bar	chart	of	the	open	code	frequencies	of	applicants’	perceptions	of	engineering.		
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Figure	3:	Bar	chart	of	the	open	code	frequencies	of	applicants’	perceptions	of	engineering	split	by	
gender.	
	
All	applicants	mentioned	their	experience	of	Teamwork	“Here	I	worked	in	a	small	team	to	research	
and	design	a	circuit	that	would	drive	a	motor	to	be	used	in	an	aircraft's	automatic	door”	-	sometimes	
in	the	context	of	an	engineering	activity,	at	other	times	in	a	more	general	context.		
	
Real	world	problems	and	the	role	of	engineering	in	society	was	mentioned	by	a	large	proportion	of	
students	-	“To	me,	it	was	a	demonstration	of	how	integral	engineering	has	become	to	life;	how	it	will	
never	stop	thriving	until	our	Curiosity	dies	and	We	stop	imagining.”	
	
Creativity	was	mentioned	by	a	smaller	number	of	applicants	“electronic	engineering…offers	me	a	
unique	opportunity	to	combine	problem	solving	with	creativity,”	but	was	mentioned	more	frequently	
than	engineering	being	about	applying	Maths	(or	physics)	“basic	principles	of	physics	and	maths	
underpin	everything”.		
	
Teamwork,	real-world	problem	solving	and	creativity	were	mentioned	more	often	by	female	
applicants.	In	fact	no	male	applicants	wrote	about	the	gender	(inequality)	aspect	of	engineering	
whereas	this	was	mentioned	five	times	by	female	applicants	“even	as	a	child	I	noticed	the	lack	of	
women	in	this	sector”	-	in	this	example	even	combined	with	evidence	of	early	exposure	to	engineering	
as	a	discipline.		

Discussion		
While	the	results	of	this	initial	analysis	were	not	wholly	unexpected	some	aspects	invite	further	
consideration.		It	is	interesting	that	all	the	female	applicants	in	the	data	set	mentioned	having	taken	
part	in	a	STEM	outreach	activity,	whereas	only	some	of	the	male	applicants	mentioned	outreach	
activities.	This	result	might	show	that	efforts	that	have	been	made	over	the	last	few	years	to	attract	
more	female	student	engineers	have	been	successful	and	have	reached	their	target	audience.			
	
However,	it	could	also	be	argued	that	such	activities	are	taken	up	by	those	who	would	have	been	
interested	in	engineering	nevertheless,	and	perhaps	even	despite	any	involvement	in	female-focussed	
STEM	outreach.			It	is	not	possible	from	the	current	data	and	analysis	methods	to	determine	which	of	
these	conclusions	should	be	drawn.		
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All	applicants	wrote	about	work	experience	and	their	experiences	of	team	work;	this	is	
understandable	given	that	most	of	the	advice	available	on	‘how	to	write	your	personal	statement’	
suggests	that	any	work	experience	undertaken	should	be	included	e.g.	[7]	
	
Overall,	female	applicants	appear	to	make	more	frequent	mention	of	the	influences	and	reasons	that	
they	have	chosen	to	study	engineering;	perhaps	this	points	to	a	perception	that	engineering	is	a	
common	choice	for	male	students,	but	that	female	applicants	feel	that	they	need	to	explain	their	
decision	making	and	perhaps	in	an	attempt	to	‘prove	themselves’	to	University	admissions	staff	in	
order	to	counteract	any	possibility	of	stereotype	threat	[8].		

Future	Work		
The	research	question	“Can	the	engineering	capital	of	potential	University	students	be	evaluated	
through	UCAS	applications	alone?”	cannot	be	answered	through	this	initial	sample.	In	order	to	gain	
better	understanding	of	this	aspect	of	applying	to	University	a	number	of	applicants	should	be	tracked	
from	their	entry	to	the	programme,	progression	and	final	graduation	results	in	a	longer	term	study.		
However,	the	data	analysis	of	the	full	sample	of	around	500	applications	is	ongoing.		The	second	phase	
of	the	project	will	include	qualitative	interviews	with	current	students	to	map	their	‘engineering	
journey’	from	pre-University	education	through	to	graduation.		

Conclusion	
Whilst	only	a	small	part	of	this	project	has	been	undertaken,	it	is	hoped	that	emergent	findings	
presented	here	can	help	to	inform	the	discussion	and	debate	around	pre-university	education	and	the	
capacity	of	University	applicants	to	make	an	informed	decision	about	studying	engineering	at	
University.	
	
It	is	also	hoped	that	the	results	of	this	initial	sample	will	further	a	better	understanding	of	how	
potential	engineering	students’	perceptions	of	engineering	are	formed,	and	where	and	how	they	
might	acquire	Engineering	Capital	prior	to	applying	to	and	attending	undergraduate	engineering	
programmes.	It	should	also	help	to	inform	the	HE	engineering	community’s	efforts	to	widen	
participation	in	engineering	by	seeking	students	with	the	potential	to	gain	Engineering	Capital	which	
would	allow	them	to	thrive	as	highly	skilled	professional	engineers.		
	
[1]	 ‘Engineering	UK	2018:	The	state	of	engineering’,	Engineering	UK	,	2018[Online].	Available	

https://www.engineeringuk.com/media/1576/7444_enguk18_synopsis_standalone_aw.pdf.	
[2]	 ‘Skills	&	Demand	in	Industry:	2017	IET	skills	survey’,	The	IET,	Dec.	2017[Online].	Available	

http://www.theiet.org/factfiles/education/skills2017-page.cfm[Accessed:	11December2017].	
[3]	 P.	Bourdieu	et	al.,	‘Power	and	ideology	in	education’,	Cultural	reproduction,	social	reproduction.	Oxford	University	

Press,	Oxford,	1977.	
[4]	 P.	Bourdieu,	‘The	forms	of	capital’,	in	Handbook	of	theory	and	research	for	the	sociology	of	education,	J.	G.	Robinson,	

Ed.	New	York:	Greenwood	Press.,	1986.	
[5]	 D.	Reay,	‘Education	and	cultural	capital:	the	implications	of	changing	trends	in	education	policies’,	Cultural	Trends,	vol.	

13,	no.	2,	pp.	73–86,	Jun.	2004.	
[6]	 ‘Thinking	like	an	engineer	-	Implications	for	the	education	system’,	Royal	Academy	of	Engineering	,	2014[Online].	

Available	https://www.raeng.org.uk/publications/reports/thinking-like-an-engineer-implications-full-report.	
[7]	 UCAS	website,	Struggling	with	your	personal	statement?	Help	is	at	hand!,	UCAS.	[Online].	Available:	

https://www.ucas.com/undergraduate/applying-university/how-write-ucas-undergraduate-personal-statement.	
[Accessed:	12	Jul.	2018].	

[8]	 C.	R.	Logel	et	al.,	‘Unleashing	Latent	Ability:	Implications	of	Stereotype	Threat	for	College	Admissions’,	Educ.	Psychol.,	
vol.	47,	no.	1,	pp.	42–50,	Jan.	2012.	
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This academic year we decided that this student journey needed evaluating from engineering 
education perspective. The project has drawn from Mechanical, Aerospace and Electronic and 
Electrical Engineering, therefore presented theory opportunity for students to work in interdisciplinary 
teams each academic year in developing this project further, each academic year progressing from 
theoretical design, to procurement, to prototype builds, to actual part fabrication, to complete 
assembly to implementation and testing.  Each group only participating in snap shot in time on long 
and large project.   
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To evaluate the impact the project has had on the students: 
learning and engineering application, technical skills development, employability skills development, 
graduate employment (DLHE) and future employment prospects, contribution to current employers, 
personal perspective of project value. 

	
Quantitative Methods: Likert and Short Answer Survey,  
Qualitative Methods: Email open questions, Semi-structured interviews (Cohen & Crabtree, 2006) 
Employed researcher to minimise research bias,  
Codified for common themes to research questions 
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Introduction 
This presentation outlines a phenomenographic research study which aims to explore 
engineering academics experiences and conceptions towards developing professional skills 
within engineering students in Ireland. The research is undertaken in two phases.  Phase One 
is an online survey circulated to academics teaching on engineering programmes in Ireland 
(n=273).  Phase Two will consist of in-depth interviews. 
 
 The overall phenomenographic study aims to answer the research question; 

• What are the qualitatively different ways that academics experience and conceptualise 
teaching and the development of professional skills in engineering programmes in 
Ireland? 

 
This presentation reports on the results of the Phase 1 survey.  Whilst the principal aim of the 
survey was to identify participants for Phase 2 interviews, we also sought to answer the 
following research question; 
 

• What factors influence an academic’s consideration of the relative importance of 
specific professional skills?  

The outcomes highlight aspects of an academic’s life experience which has an influence on 
their views on the importance of professional skills, which we suggest influences their actions 
in the classroom and the curriculum itself. The results of this survey provide an initial insight 
into the perceptions held by academic staff, which will be explored further in the main 
phenomenographic study.   

Context 

Engineering graduates in today’s world face a global industry where professional skills are as 
important as the intellectual prowess gained by obtaining a degree itself. The 
acknowledgement of the importance of these skills is abundant in literature, yet so too is an 
ongoing barrage from industry that Higher Educational Institutions (HEIs) are not developing 
sufficient professional skills within students (IOT, 2011). 

Much has been written in the last ten years about the need for reform in engineering 
education and in particular the need to prepare graduates to work on a global scale in diverse 
teams (UNESCO, 2010; ASEE, 2013; Wulf, 2008; Miller, 2015). Engineering education 
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research has responded by informing innovative teaching pedagogies but there is limited 
research investigating the human influence on engineering education; the academic’s 
perspective 

Survey Design  
An online survey was circulated to all academics teaching on engineering programmes in 
Ireland.  A response rate of 34% was achieved and n=273 (29%) respondents answered all 
questions.  The survey collected demographic information on; gender, age, employer, 
qualifications, membership of professional bodies, extent of academic experience, role and 
number of teaching hours, extent of industry experience, involvement with graduate 
recruitment or initial training of graduates. 

Respondents were also asked to score the importance of a list of professional skills for today’s 
engineering graduates.  The list of skills was created from a systematic literature review of 
recent engineering educational publications and research papers and comprised 17 ‘non 
technical’ skills with just one ‘technical’ skill option.  The survey aimed to show some 
correlations and relationships between different aspects of the response data.    

Findings 
This presentation is limited to highlighting the results of the relative importance of professional 
skills only. A sliding scale was provided with ‘Not important’ (scored as 0) to ‘Essential’ 
(scored as 4). Table 1 shows the average score for a selection of skills differentiated by 
gender.   

Table 1. Average scores of respondents on the importance of specific skills 

  
Female Average 

Score(n=60) 
Male Average 
Score (n=197) 

Difference between 
Female - Male score 

Problem Solving  3.78 3.71 0.08 
Communication 3.71 3.59 0.12 
Critical Thinking  3.78 3.53 0.26 
Practical Focus  3.69 3.50 0.19 
Self-Direction 3.62 3.44 0.17 
Teamwork & Collaboration Skills  3.71 3.41 0.30 
Character and Interpersonal Skills 3.60 3.27 0.33* 
Excellence in Technical Skills  3.17 3.23 -0.07* 
Project Management 3.22 3.07 0.14* 
Health & Safety  3.20 2.94 0.26 
Research Skills  3.12 2.82 0.31 
Risk Management 2.97 2.66 0.31 
Leadership 2.82 2.56 0.26 
Global Outlook 2.80 2.46 0.34 
Business Acumen  2.42 2.31 0.10 
General Knowledge  2.15 2.01 0.15 
Foreign Language Skills 1.58 1.43 0.16 

*Indicates cases in which a statistically significant correlation was observed with regard to gender. 
 
 In all but one professional skill, women appeared more likely to score more highly than men, 

i.e., they place more importance on each skill than men do.  Only ‘Excellence in technical 
skills’ was scored as less important by women than men.  Since excellence in technical skills 
could be considered the only technical skill presented within the survey, and all others are 
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non-technical, this suggests that female academics place more importance on non-technical 
skills in engineering graduates than male academics.  

 
Although this initial result suggested a gendered difference, a statistical test carried out on 
SPSS sought to clarify which factor was the highest determinant of scoring of each 
professional skill comparing; Age, Gender and Length of Industrial Experience.  The results 
are shown in Table 2.  
 
Table 2. Pearson’s Coefficient analysis to identify correlations between scoring of skills and other factors such as 
Age, Gender and Length of Industry Experience.  

  

Character and 
Interpersonal 
Skills 

Teamwork; 
Collaboration Skills Communication 

Excellence in 
Technical Skills 

Gender 0.144* 0.128* -0.004 0.145* 

Age -0.010 
 

0.127* 0.045 -0.042 

Length of Industry Experience  0.005 0.021 0.059 0.090 

*Correlation is significant at the 0.05 level (2 tailed) 
 
There were no correlations observed with regard to length of industry experience. A significant 
correlation was observed between Age and the importance of Teamwork and Collaboration 
Skills (Pearson coeff= 0.127 at the 0.05 level).  The results also indicated that whilst there was 
no significant correlation observed between the overall average score and gender, significant 
correlations were identified between Gender and the importance of Character and 
Interpersonal Skills (Pearson coeff=0.144) Teamwork and Collaboration (Pearson 
coeff=0.128) and Excellence in Technical Skills (Pearson coeff=0.145), all at the 0.05 level.    
 
Conclusions and Further Work  
One aim of this survey was to consider influences on an academics’ opinions on the 
importance of specific professional skills in engineering graduates of today.  The study 
showed that gender appears to have a significant influence not only on the importance of all 
professional skills, but particularly in relation to the importance of pure technical skills over 
non-technical skills. There is evidence to suggest that an academic’s experience in industry 
also influences their judgements on the importance of professional skills.  This finding 
suggests that there is value in the proposed phenomenographic study and in particular to 
investigate differences in gender profiles of academic staff and their attitudes or approaches 
to teaching non-technical skills. 
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Mathematics	Education	for	21st	Century	Engineering;	extended	abstract.	
Peter	Willmot	and	Rebecca	Simms.	
P.Willmot@lboro.ac.uk,	School	of	Mechanical,	Electrical	and	Manufacturing	Engineering.	
	
	
	
Introduction.	
Engineering	industry	has	changed	massively	over	the	last	50	years.	For	analysis,	IT	based	tools,	CAE	
software	and	statistical	packages	have	become	the	workhorses	of	engineers	who,	half	a	century	ago	
would	have	used	slide-rules	and	log	tables.	The	mathematics	curriculum	for	Undergraduate	
Engineers	has,	however,	changed	little.		This	presentation	provided	a	summary	of	work-in-progress	
on	a	locally-funded	project.	
A	literature	survey	was	completed,	which	suggested	that	the	issue	was	much	broader	than	just	
defining	an	appropriate	curriculum.	Teaching	methods	have	a	huge	influence	on	students’	ability	to	
relate	mathematics	within	engineering	and	design	modules.	Also,	entry	levels	of	understanding	
were	found	to	be	important	and	have	been	the	subject	of	much	previous	research.		The	findings	
from	literature	informed	the	design	of	two	surveys	that	gained	responses	from	100	students	and	78	
industrial	engineers.	The	majority	of	students	were	studying	either	mechanical	engineering	or	
product	design	engineering	and	most	of	the	industrialists	were	drawn	mainly	from	the	aerospace	or	
automotive	sector.	The	initial	findings	from	the	surveys	were	reported	and	are	summarised	below	in	
respect	of	the	appropriateness	of	the	present	curriculum	for	industry,	teaching	methods	in	year-1	
mathematics	modules	and	the	appropriateness	of	qualifications	such	as	the	‘A’	level.	
	
Results.	
Figure	1	compares,	on	the	left,	the	expectations	of	students	to	need	different	aspects	of	the	
undergraduate	mathematics	curriculum	in	industry	with,	on	the	right,	the	percentage	of	students	
who	actually	used	the	same	maths	on	industrial	placements.	

	
Figure	1:	The	perceived	usefulness	of	maths	topics	in	industry.	

 
Industrialists	were	asked	to	rate	the	importance	of	a	similar	range	of	topics	and	the	results	are	
displayed	in	figure	2.	
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Figure	2:	Industrialists	perceived	importance	of	maths	topics.	
	
80%	of	the	student	sample	had	arrived	at	university	with	good	A	level	grades	in	maths/further	
maths	while	the	minority	offered	the	international	baccalaureate,	Scottish	Highers	etc.	and	
students	felt	overwhelmingly	well	prepared	in	a	number	of	the	more	fundamental	aspects	
although	not	all,	in	the	same	aspects.		
	
The	surveys	also	solicited	many	free	text	comments.	The	three	most	common	themes	were:	

1) Mathematics	delivery	should	be	more	‘engineering’	focussed	using	real	world	
applications.	

2) Coverage	of	statistical	methods	and	computational	analysis		are	particularly	important	
but	often	underplayed.	

3) Courses	must	retain	a	fundamental	understanding	of	mathematical	methods	and	the	
ability	to	interpret	computed	results.	
	

Brief	conclusions.	
• Students	arrived	well	prepared	for	selected	topics	but	the	variations	across	the	topics	

points	to	a	need	for	more	innovative	inclusive	approaches	as	duplication	can	result	in	a	
lack	of	motivation.	

• Both	surveys	show	high	level	of	satisfaction	with	the	syllabus	but	hint	at	more	emphasis	
in	Statistics	and	Computational	methods.	(these,	with	mechanics	are	seen	as	the	3	most	
important	topics).	

• There	is	a	very	powerful	need	to	connect	teaching	with	‘real	world’	examples	that	
demonstrate	the	usefulness	and	applications	of	the	mathematics	taught.	

	
SEFI	2018	
A	more	comprehensive	report	of	this	project	will	be	presented	at	the	annual	SEFI	conference	in	
Copenhagen,	September	2018.	
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Reflections	from	an	Engineering	Education	Research	PhD		

Support	for	Newer	Researchers	in	EER	

Dr	Jenna	Tudor	&	Dr	Roger	Penlington	

	

Extended	Abstract	

Due	to	the	nature	of	the	discipline,	many	researchers	beginning	their	Engineering	Education	
Research	(EER)	journey	come	to	the	field	with	expertise	of	research	in	other	subjects.	Some	
may	have	a	technical	background	in	Engineering	and	move	into	the	field	through	an	interest	
in	the	pedagogy	that	supports	the	education	of	engineers,	often	as	education	practitioners.	
Whereas	others	come	to	the	discipline	through	their	interest	in	education	or	social	science	
and	migrate	towards	EER	as	an	area	of	application.	

With	such	a	broad	basis	for	those	entering	EER	there	is	no	surprise	that	whilst	new	
researchers	bring	to	the	field	a	wealth	of	valuable	experience	there	is	also	a	need	to	support	
these	researchers	and	induct	them	into	the	EER	discipline.	

It	is	custom	for	new	PhD	students	to	read	the	standard	‘how	to	do	a	PhD?’	text	books.	These	
books	layout	suggested	formats	for	PhD	research	projects,	including:	the	feasibility	study,	the	
detailed	proposal	and	then	the	literature	analysis,	a	research	design	phase,	followed	by	data	
gathering	and	analysis,	and	then	suggesting	a	conclusion	with	recommendations.	This	
commonplace	list	of	items	imply	a	linear	structure	to	research	where	data	analysis	comes	
after	data	collection.	This	linear	presentation	of	the	research	process	however	oversimplifies	
the	complex	nature	of	research;	in	reality,	experienced	researchers	agree	that	data	collection	
and	data	analysis	are	in	fact	intertwined	and	cannot	be	considered	in	isolation	from	each	
other.	Decisions	made	at	the	data	collection	stage	impact	the	analysis	that	can	subsequently	
be	performed	therefore	the	two	aspects	of	research	need	to	be	considered	in	parallel,	and	
not	in	the	sequential	manner	as	implicitly	suggested	by	the	text	books.	This	may	also	
challenge	those	familiar	with	technical	research	expecting	to	find	standard	validated	research	
tools	ready	to	be	applied	to	their	particular	problem.	

Many	research	projects	include	a	pilot	phase.	The	value	that	comes	from	a	pilot	study	should	
not	be	underestimated	by	new	researchers	in	EER.	Researchers	that	are	new	to	the	discipline	
should	be	encouraged	to	carry	out	pilot	studies	not	least	to	enable	them	to	adequately	
familiarise	themselves	with	the	context	and	complex	nature	of	an	engineering	education	
environment.	In	addition	to	gaining	clarity	over	the	context,	the	period	of	time	during	which	a	
pilot	phase	can	be	conducted	also	allows	for	methodological	decisions	to	be	made,	data	
collection	techniques	to	be	developed	and	refined,	and	also	for	data	analysis	practices	to	be	
explored	in	detail.	For	the	newer	researcher	seeking	confidence,	their	supervisor	or	mentor	
must	share	an	openness	of	the	exploratory	nature	of	this	stage	and	reflect	upon	their	
experience	to	support	a	dialogue	of	enquiry.		

A	great	deal	of	focus	is	put	into	developing	a	research	methodology	and	on	newer	
researchers	being	confident	and	comfortable	with	terms	such	as	‘epistemology’,	‘ontology’	
and	‘conceptual	framework’.	These	are	terms	which	those	from	a	technical	engineering	
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background	may	find	daunting,	these	are	very	likely	to	be	terms	which	those	from	an	
engineering	background	may	never	have	had	the	occasion	to	consider	in	the	largely	well	
codified	realm	of	physical	science.	As	the	newer	researcher	develops	their	knowledge	of	
unfamiliar	terms	and	discipline	specific	terminology,	they	may	focus,	rightly	so,	on	their	
methodology.	We	would	suggest	however	that	the	focus	on	methodology	is	heavily	weighted	
and	is	potentially	at	the	expense	of	thinking	about	the	finer	details	of	data	collection	or	data	
analysis	(which	also	need	to	be	rigorous	and	valid).	For	the	supervisor	or	mentor	there	may	be	
a	desire	for	the	researcher	to	‘get	on	with	the	job’	but	it	must	be	remembered	that	gaps	in	
the	methodology	may	manifest	as	gaps	in	the	data	which	cannot	always	be	filled	later.	
Effectiveness	will	be	achieved	through	forward	planning	and	balance	in	exploration.		

It	is	suggested	that	as	a	discipline	EER	needs	to	encourage	newer	researchers	to	have	the	
confidence	not	to	rush	ahead	with	their	research.	To	take	their	time	to	explore	the	elements	
of	their	research	design	and	to	consider	the	implications	of	decisions	they	might	make	at	the	
initial	stages	of	their	research.		Even	when	good	balance	is	achieved	it	is	likely	that	there	will	
be	some	data	which	later	seems	unrelated	to	the	main	focus	of	the	work.	Rather	than	being	a	
sign	of	poor	planning	this	is	likely	to	be	a	symptom	of	true	exploration	and	largely	serve	to	
confirm	that	a	complexity	is	being	understood.	Decisions	will	also	be	influenced	by	what	is	
common	within	the	field	and	what	is	expected	within	publications	and	funding	proposals.	This	
may	create	difficulties	for	a	newer	researcher	spanning	research	areas	in	establishing	the	
value	of	their	work	against	established	performance	criteria.	Again,	becoming	familiar	with	
the	discipline	to	ensure	that	decisions	made	at	the	early	stages	of	the	research	complement	
existing	work,	meet	the	expectation	of	the	EER	community	and	develop	the	research	work	of	
those	already	established	within	the	field.	

Established	EER	researchers	need	to	support	the	induction	of	newer	researchers	into	the	
discipline	to	ensure	that	the	research	that	is	undertaken	adds	to	the	rigorous	body	of	
engineering	education	research	that	has	developed	over	recent	years.	Established	researchers	
should	also	take	the	time	to	learn	from	the	experiences	and	new	ideas	that	those	entering	the	
discipline	can	bring.	The	established	researcher	acting	as	supervisor	or	mentor	can	also	play	
an	important	role	in	giving	continuity	to	research	themes,	longitudinal	studies	are	rare,	yet	
are	of	great	value,	bringing	newer	perspectives	broadens	the	opportunities	for	continued	
reflection	and	research	skill	development.	

Both	newer	and	more	established	researchers	need	to	spend	time	developing	quality	
abstracts	so	that	EER	papers	can	be	searched	and	cited,	thus	supporting	a	raise	in	the	profile	
of	EER.	This	is	particularly	important	when	work	is	disseminated	through	a	large	number	of	
channels,	formal	and	informal,	across	the	globe.	The	supervisor	or	mentor	has	an	important	
role	to	play	in	ensuring	that	the	full	breadth	of	literature	is	drawn	upon	in	the	earlier	stages	of	
the	work	and	added	to	in	its	latter	stages.	Engineering	education	has	been	internationalised	
through	accreditation	and	recognition	processes	and	therefore	any	local	context	is	unlikely	to	
be	totally	unique	and	of	little	interest	to	the	broader	EER	community	if	the	work	is	well	
founded,	executed	and	reported.		
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The	Final	Word;	concluding	remarks	by	Jane	Andrews,		
Network	Membership	Secretary.	
	 
In reading the various papers included within this publication it is evident that the UK and 
Ireland Engineering Education Research Network’s primary aim of enhancing engineering 
education through empirical education research is being achieved across the EER 
community.  Encouragingly, the number of colleagues who are ‘dipping their toes’ into the 
unknown and seeking to get to grips with the social science epistemology that EER requires, 
is increasing year on year. Indeed, the Network is not only attracting newer researchers who 
have recently started their academic careers, but is increasingly, and quite uniquely, attracting 
senior engineering colleagues who have years’ of experience conducting engineering 
research and who have chosen to apply their enquiring mind and distinctive intellect to 
problems faced within the engineering education environment. The result of this is that rather 
than rely on social scientists and educationalists to critique engineering teaching, engineering 
colleagues are picking up the banner of EER themselves and in doing so conducting high 
quality, applicable research; the outputs of which are not only useful for those of us 
responsible for teaching in engineering, but may applied across much of the Higher 
Education Sector.    
  
As a Social Scientist, the fact that colleagues with expertise in engineering have selected to 
focus their remarkable minds on education is something that I can only view with some 
considerable awe. Working within the Engineering Education Research community alongside 
Engineers & Applied Scientists is something few Social Scientists have the privilege to do. 
Within the pages of this publication, as within the heart of our EER community, there lies a 
depth of unique and highly useful knowledge. Indeed, the EER community has come a long 
way in the 6 or so years the Network has been in existence. 
  
The majority of Engineering Educators who engage with EER are tasked with teaching the 
‘hard subjects’ that other disciplines neither understand nor choose to engage with.  In 
seeking to improve how such ‘hard subjects’ are taught and so learned, colleagues across the 
Network are beginning to impact learning and teaching outside of our relatively small 
community; improving practice not only in the UK and Irish Engineering Education Sectors but 
across Europe and globally. The authors of each paper published here should therefore to be 
applauded. At the very forefront of change in Engineering Education, our Network represents 
a collective of EER Pioneers. This first Spring Colloquium represents another milestone on our 
journey. Moving forward together, the EER community is beginning to make a difference. This 
will only increase as time passes. I look forward to the adventure! 
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APPENDIX 1:  
The UK & Ireland Engineering Education Research Network: Further Information  

 

With its origins in a partnership between the HEA Engineering Education Centre at 

Loughborough University and Aston University, the UK EER Special Interest Group (SIG) was 

founded in 2008. The first National EER SIG Day Conference took place in 2012 at 

Loughborough University. Since then, the community has grown. Changing its focus from that 

of a ‘group’ to a ‘network’ and bringing Ireland into the fold, the Network now has well over 

100 members from across the UK and Ireland; with other members being drawn from Europe 

and Australia.  

 

Brought together by a passion and belief that Engineering Education should be unpinned by 

sound pedagogical evidence, the EER Community continues to grow. The 5th Annual 

Symposium of the Network represented a turning point for our community. Together we now 

represent numerous perspectives, interests and disciplines. A Newer Researchers SIG is soon 

to be launched under the auspices of the Network where there is plenty of room for emergent 

groups to be hosted and views to be heard.  

 

The Network is honoured that the Royal Academy of Engineering provides the ‘home’ for our 

website which may be found at: https://hefocus.raeng.org.uk/eern-home/  

 

Joining the Network  

Membership of the Network is open to all colleagues with an interest in Engineering 

Education Research. Primarily for the UK and Irish communities, members from elsewhere are 

welcomed.  

 

Membership is free of charge and open to academic, professional support staff, postgraduate 

students, professional body members and representatives as well as any colleagues working 

in industry.  

 

To become a member please email Dr Jane Andrews jane.andrews98@gmail.com	
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