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Previous Research Informing 

Policy and Practice (Impact) 

1. Decision-Making for Degree-Taking: Who or what influences students to 

study for a degree in engineering at a Russell Group university?  

2. Futures in Engineering: Engineering-Related Aspirations and Anxieties  

3. Teleprism: “Mathematics teaching and learning in secondary schools: the 

impact of pedagogical practices on important learning outcomes” 

(www.teleprism.com) 

4. TransMaths: “Mathematics learning, identity and educational practice: the 

transition into Higher Education” (www.transmaths.org).  

5. TLRP: ‘Keeping open the door to mathematically demanding programmes in 

Further and Higher Education’.  (www.transmaths.org) 

6. Maths Anxiety Review: A systematic review and meta-analysis of existing 

research related to maths anxiety, including a case study of engineering. 

(www.mathsisok.com) 



What we know about students before they come 

to university?  

Student 1: 

Interviewer: So what about engineering?  Do you think you have to do maths in  

   that? 

Sergio:  I don’t know.  I don’t want to do maths.  If the engineering I choose  

   has  maths, then I’m not going to choose it because I want    

   engineering that’s more doing, not writing.  I don’t want to write   

   anything in engineering. 

 

Student 2: 

Matthew: I dropped maths to do ‘Use of Maths’.  But if I could go back and did 

   one thing differently in the whole of college I would have stuck with  

   maths.  ‘Cos now, thinking about it, I would have done accountancy, 

   maths and physics and now that I’ve… I would’ve had to do further  

   maths this year. I think that was the big, big influence on why I didn’t 

   end up doing, pursuing a career in physics, or engineering, or   

   anything … 

Interviewer: Do you regret that? 

Matthew: That is a huge regret. 
TLRP Interviews (Further and HE)) 



Teleprism (Year 7-11 pupils i.e. 11-16 year olds) 

• Parents/family were highly influential in pupils’ decisions 
about what they wanted to do after Year 11 

• Who will influence or inspire your decisions about what you 
want to do after Year 11?  

 

 

Harris & 

Pampaka, 2016 

Socio-demographic/Family Influences 



TLRP (Sixth form students i.e. 16-18 year olds) 

Parents remain influential although not always in a positive way. 
 

Those students who have relatives (fathers, uncles, grandfathers) 
who are/were engineers are more knowledgeable about the subject 
and are also more prepared to go into engineering than their peers. 
 

Anxiety over A-level maths and/or the maths they may need in the 
future to pursue a career in engineering are a cause for concern for 
some students and may therefore negatively influence their 
aspirations to study engineering. 

 

Socio-demographic/Family Influences 

We were encouraged to go into engineering but everyone was like “what’s 

engineering?”  It is encouraged already but there’s too little information.  I 

was at a girls’ school where I was fine doing physics but when I talked to 

anyone else they were like, “What, physics, that’s unexpected?” I really 

didn’t like that.  I think it should be just more of a “Fine, let people do what 

they want” rather than, “Oh, you’re actually doing engineering”.  

Female non-engineering student 

Decision Making for degree taking  

(First year university students: engineering and those with 

suitable qualifications to have studied engineering) 



Learning Engineering at University 

• Evidence from  
• TransMaths Projects (10 years ago) 

• Learning Gain Pilot study (current) 

 

  



The TransMaths Project(s) Design 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

• Mixed Methodology: Case studies, Interviews (Students, teachers, 
lecturers), Surveys 

• UK 1778 students (5 universities, various STEM/nonSTEM courses) 

Sept-Nov

2006
April-June

2007

Sept-Dec

2007
TIME

Cohort’s 

Educational 

Level

Start of AS End of AS Start of A2

Data 

Point
DP1 DP2 DP3

July-Sept

2008
Feb-May

2008

Oct 2009 – 

Jan 2010

End of A2

Pre-HE
Mid First 

Year HE

Start of 

Second 

year HE

DP1

[DP4]
DP2

[DP5]

DP3

[DP6]

TLRP project TransMaths project 



How did you get into engineering? 

It was maths made real, intelligible 

and you could see it in a way that 

you don’t normally. And the project I 

went into as a work experience 

week.  I was on site all week and it 

was what I, it combined everything I 

love doing. I love organisation, I 

love maths, I love that sort of big 

project sort of level thing and it 

combined all of those and it was, 

that’s what made  me think ‘wow’ 

this is what I want to do.   

 

Female student 

Civil engineering 

    

[Decision-Making for Degree-Taking 

 Students interviewed towards the end of their first year] 

My Dad got me into it so erm from 

when I was young, he would 

always be doing a lot of home-

based electronics. He enjoyed it so 

I sort of saw him do it, saw the 

things that he did and things like 

that… 

There was a lot of reading as well, 

I get inspired a lot from books and 

stuff and films, yeah Ironman.  So 

there’s a lot of culture. 

 

Male student 

Electrical & Electronic Engineering 



Halim  I’m looking forward to my course, I definitely am looking forward to    

  my course. I’m looking forward to what it’s going to bring me, erm,    

  what I’m going to learn. Because I find that it’s like I don’t know if you,   

  if you were to like it because it’s with automotive.  I’m going to be    

  learning car, car technologies. Erm I’m, you know, I’m a typical sort of   

  boy. I like cars, I like football, you know. 

                                                                            

Engineering students at the beginning of their degrees  

Stuart:   I don’t see the relevance. I mean I actually do enjoy maths sometimes as     

             well but I just do not see the relevance of it. If they gave us some     

             examples about why it might actually be useful then fair enough but just  

             seeing somebody write a formula on a board and then going, “solve that”,  

             you’re like, ‘Why? What possible point is it gonna have to me in the   

             future?’. . . 

Int:        I see. So you need it to be relevant to your future career? 

Stuart:  Yeah relevant, 

Student 1: 

Student 2: 

TransMaths (Transition to HE) 



Joshua:   Usually, yeah. They don’t tell you how to do it. It’s up to you which 

method you use. Sometimes, if it’s a more difficult one, they’ll put 

a hint in brackets afterwards and say how you could do it, but 

usually it’s not telling you how to solve it. 

Interviewer:  And is that easy for you? Or, how easy is to make the link? 

Joshua:   Well, it’s better, because you don’t want to just be told how to  

   solve these particular problems because the aim of engineering 

   is solving normal problems. So if you’re told how to do it, you’re 

   not learning how to do engineering, you’re just learning how to do 

   maths. So I don’t think it would be better to do it any other way. 

Student 3: 

Ellie:   I don’t think like, in the first semester it was emphasised how  

   important maths is to the engineering subjects. I think it was 

   treated far too, treated far too separate. I know like obviously  

   maybe for like numbers and things, they have to put us in with the 

   [other engineering disciplines] for maths but I don’t know if that’s a 

   very good idea, because it’s like, I think it should be much more 

   combined. I didn’t expect when I came here that my maths would 

   be like, it’s just a separate subject. I thought it would be completely 

   applied to what I was doing and it wasn’t. 

Student 4: 

TransMaths (Transition to HE) 

Engineering and Maths 



Peter, Lecturer in Maths and Engineering 

 

I think it’s a shock for some students. I think some students think 

they’re going to come and spend a lot of time in the laboratory and 

make things with flashing lights and transistors, and that’s all 

they’re going to do, but actually electronic engineering is very deep, 

mathematically difficult, you know, rock hard engineering course, 

and it’s getting harder, not easier. The breadth of the curriculum 

gets constantly wider and the impact it has on society is only 

growing year by year, not diminishing.  

What the lecturers think about engineering 

TransMaths (Transition to HE) 



Learning Gain Design 

• Mixed Methods (Grades, Surveys, ‘tests’, 
interviews) 

• Longitudinal (& Cross-sectional) 

– Start of Year 2016-17 (DP1) 

– End of 2016-17 (DP2) 

– Start of 2017-18 (DP3) 

• Various academic disciplines (Social Sciences, 
Engineering, Chemistry, Economics, Nursing) 

 



A common methodological 
and analytical framework 

Instrument/Questionnaire 
 Development 

Constructing and Validating 
Learning Outcomes Measures 

(Rasch Model) 

Analysis 
 (Descriptive and Modelling) 



Example Items/Questions 
Subject Choice 



Example Items/Questions 
Maths needed and confidence 



Example Items/Questions 
Transition to University and Feelings 



Example Items/Questions 
Disposition to Complete Course 



Example Items/Questions 
Expectations about teaching/learning activities 



Sample Size  

DP1 

All ~ 2000 

cases 



Sample Size – All by Year group 
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A common methodological 
and Analytical Framework 

Instrument/Questionnaire 
 Development 

Constructing and Validating 
Learning Outcomes Measures 

(Rasch Model) 

Analysis 
 (Descriptive and Modelling) 



Measurement Approach 

• ‘Theoretically’: Rasch Analysis 
 

• ‘In practice’ – the tools: 
– Winsteps software 

 

• Interpreting Results: 
– Fit Statistics (to ensure unidimensional measures) 
– Differential Item Functioning for ‘subject’ groups 
– Person-Item maps for hierarchy 
– Qualitative checks (Interview data) 

 



Measuring Alternative Learning Outcomes – 
Example 1: Confidence in Soft skills 

 Not confident 
at all 

Somewhat 
confident 

Confident Very confident Don’t know 

Independent study [1] 1 2 3 4  

Listening in lectures [2] 1 2 3 4  

Taking notes in lectures [3] 1 2 3 4  

Working on team projects [4] 1 2 3 4  

Doing laboratory work [5] 1 2 3 4  

Researching topics [6] 1 2 3 4  

Computer-based learning [7] 1 2 3 4  

Large group learning [8] 1 2 3 4  

Working/discussing in small groups [9] 1 2 3 4  

Solving problems as they arise [10] 1 2 3 4  

Critical thinking [11] 1 2 3 4  

Oral presentations [12] 1 2 3 4  

Writing reports [13] 1 2 3 4  

Analysing and interpreting data [14] 1 2 3 4  

Managing your time efficiently [15] 1 2 3 4  

Resolving conflicts with others [16] 1 2 3 4  

Carrying out risk assessments [17]** 1 2 3 4  

Keeping lab note books [18]** 1 2 3 4  

 



Example: Item fit statistics  
to check for unidimensionality 

(Pampaka et al., 2018) 



Differential Item Functioning 
To ensure measurement invariance across groups 

(Pampaka et al., 2018) 



Other DIF evidence  
• 9=Statistics, 7= using basic calculus, 8=differential equations 



Item-Person Maps  

Social 

(Pampaka et al., 2018) 



Some of the constructed Measures 



A common methodological 
and analytical framework 

Instrument/Questionnaire 
 Development 

Constructing and Validating 
Learning Outcomes Measures 

(Rasch Model) 

Analysis 
 (Descriptive and Modelling) 



Aspirations / Choosing Engineering 
10 years ago 

Today 



Engineering vs. All Students 



Students studying 
engineering and 
mathematics courses 
perceived a large gap in their 
transition and they seem also 
to be less positive about it 
compared to other groups, 
especially the students 
studying medicine who 
reported larger gap but also 
significantly more positive 
feelings. 

Figure: mean-error plots for the measures of ‘perception of change/ gap’ and ‘positivity 

of feelings’ towards transition by course TransMaths (Transition to HE) 

Students Perception of the Transition and feelings 
about it 



Generic Skills @ DP1 (start of 2016-17) 



Working on team projects:  

(overall 63% of students were confident/very confident in this area) 

Simeon: So we had a buggy project which was very good and we were put in a 

  team of five people and we ended up being two people building the  

  buggy and three people sitting watching. And again, I felt that my  

  skills are practical so making holes and measuring and building stuff,  

  making a PCB, that was perfect.  But it’s hard to grade and I understand 

  from a professor’s standpoint, how do you grade  something that is  

  basically a product and especially compare a product with another  

  product.   You need to have a standardized method of doing it but that’s 

  the only thing. 

Doing laboratory work: 

(overall 35% of students were confident/very confident in this area) 

Godwin: Oh yes, for sure.  I enjoyed my labs, especially in my third year. That was 

  because I was more involved and I remember having grades of like 87, 

  so higher grades in my third year. Labs are interesting especially when 

  you understand what’s going on. If you don’t understand, well… 

Learning Gain Interviews 



Independent study: 

(overall 64% of students were confident/very confident in this area) 

Simeon: I think for me understanding and analysing things, the ability to   

  understand and learn that’s the two things that have become a strength 

  of mine especially learning subjects that I have no clue about.  So  

  ‘learning  to learn’ as the professor called it.  We are being taught how 

  to learn. So just because we have a subject and we don’t think is going 

  to be useful, that’s not the point.  The point is to learn something just 

  for the sake of understanding how to learn. 

Researching topics: 

(overall 49% of students were confident/very confident in this area) 

Godwin: I think it’s made me a better person.  Every day I learn, I’m willing to  

  learn. It’s made me humble because it’s one thing to want to know  

  something and I’ve learnt to be humble enough to seek help when I  

  don’t have the answers, from anybody.  

Learning Gain Interviews 



Confidence in learning at Uni and Maths 



Disposition to complete chosen course 



Engineering @DP1 



The most difficult aspects of the 
transition between school and university 
for students to feel positive about are 
those related to teaching. Engineering 
students reported that their lecturers and 
tutors adopted mainly transmissionist 
(teacher-centred) teaching practices and  
the figure shows students’ responses to a 
question about the frequency of teaching 
practices adopted by their lecturers and 
tutors (i.e. % of ‘most of the time’ or 
‘almost always’ response options). Our 
research found that when a more 
transmissionist pedagogy is adopted, 
students tend to be less positive about 
their transition and this generally 
negative association is also consistent 
with our qualitative work. 

Figure: The reported use of 

transmissionist and connectionist 

teaching practices in EEE 

mathematics courses 

Teaching and Learning 
experience at University 

TransMaths 



‘They [the lecturers] have to get through a certain amount in an hour’: 
First Year Students’ Problems with Service Mathematics Lectures 

Harris and Pampaka (2015) 

 

Average pedagogical practice before and during first year HE  

The over-riding issue 
reported was that 
‘mathematics is not the 
same as it was at school’ 
which could be sub-divided 
into three key areas 
namely: 
• lack of time in lectures 
• lack of interaction in 

lectures  
• lack of experience of the 

approach to maths in 
university 



Further Analysis with such Measures 

• Correlations with measures of attainment 

(Pampaka et al., 2018) 



Regression Models of Learning Gain 
Outcome of Uni (or Year 1) ~ Starting Qualifications + Background Variables 

+ Attitudinal variables +  Transition +Teaching Practice + … 

(Pampaka et al., 2018) 



Implications for Policy and 
Practice 

• Who is coming into engineering? 

• What are the main challenges when they are 
at university? 

• Retention? (e.g. fewer female students?) 

• Role of teaching/learning practices? 

 

 

– How to change and improve experience? 
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For more information 

• http://www.researchingfuturesinengineering.com/ 

 

http://www.researchingfuturesinengineering.com/

