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ABSTRACT 
This study aims to investigate the development of creativity in engineering education 
and how spatial skills relate to creativity of design solutions. 
Undergraduate students in the first (n=86) and fourth/fifth year (n=48) of their 
engineering programme were invited to participate. Students completed four spatial 
tests to precisely measure visualisation skills. In a separate session, students were 
invited back to solve two engineering design tasks: a ping pong problem where they 
designed a ping pong ball launcher game to meet specified criteria and a rain catcher 
problem where they were tasked with developing as many ideas for capturing 
rainwater as a water source for a remote location as they could. Students were asked 
not to consider feasibility, cost, etc. and to come up multiple radical solutions to the 
rainwater capture problem. 
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The creativity of design solutions was assessed using Adaptive Comparative 
Judgement. Statistical analysis indicated significant relationships between spatial 
skills, students’ year of study and gender. A statistically significant relationship was 
also found between students’ creativity scores on both design challenges. No 
statistical differences were determined in the creativity of first and fourth/fifth year 
students’ solutions. These findings will be discussed relative to existing research, 
future work, and potential implications for education practice. 
 

1 INTRODUCTION 
Preparing future engineers to solve design problems in innovative and creative ways 
has become an essential component of engineering education programmes [1, 2]. 
Creativity is at the core of design practice and strategies to develop creativity have 
been incorporated into various engineering programmes with the intention of 
preparing graduates to solve real-world engineering problems in unique ways [1]. As 
engineering programmes have been striving to develop creativity for the last number 
of years it is important to assess whether the educational structures in place are in 
fact contributing to the development of creativity for solving design problems. This is 
timely as skills reports have outlined that design for engineering is a current and 
future skills need [3]. 
When considering the development of creativity in engineering education it is also 
pertinent to reflect on the role of spatial skills, a key predictor of success in Science, 
Technology, Engineering and Mathematics (STEM) [4]. Previous research has 
indicated a relationship between spatial skills and creativity [4 - 6]. As spatial skills 
are malleable [7], the development of spatial skills could support the enhancement of 
engineering graduates’ creative design capacity throughout their undergraduate 
programme. Therefore, it is important that additional research is carried out to 
understand the relationship between spatial skills and creativity in various contexts 
and how this may apply to engineering education practices. 
The study outlined through this paper aims to investigate the development of 
creativity in engineering education through an expertise comparison of design 
problem solving solutions. In addition, the study will also investigate the relationship 
between spatial skills and creativity in the context of performance on real-world 
engineering design problems similar to those employed on engineering education 
programmes.  
 

2 METHODOLOGY 
2.1 Setting and participants 
This study was carried out at a large public R1 university and based in the College of 
Engineering and Applied Sciences. The research participants were undergraduate 
engineering students in the first and fourth/fifth year of their engineering 
programmes. Participants were recruited through flyers which were displayed across 



the college. The participants engaged in two research phases. Phase one consisted 
of participants completing four spatial tests to obtain a precise measure of spatial 
skills. In the second phase participants were required to solve two engineering 
design tasks. Ethical approval for this research was granted by the university’s IRB 
committee. 
 

2.2 Data collection 
The participants recruited for this research consisted of undergraduate engineering 
students in the first (n=86) and fourth/fifth year (n=48) of their engineering 
programme. Students were compensated for their participation time with gift 
vouchers. During the first phase of data collection the participants completed four 
spatial tests: Mental Rotation Test (MRT), Mental Cutting Test (MCT), Surface 
Development Test (SDT), and Paper Folding Test (PFT). A verbal analogy test was 
also carried out at this phase of the research as a control for general intelligence. 
In the second phase of data collection, the participants were invited to return to 
individually solve two engineering design tasks: a ping pong problem and rainwater 
catcher problem. Fig. 1 and Fig. 2 outline the problem statements that were provided 
to the participants. 

 
Fig. 1. Ping Pong problem instructions to participants. 



 
Fig. 2. Rainwater catcher problem instructions to participants. 

 
Following this phase, the solutions created by each participant were collated and all 
ping pong problem solutions and rainwater catcher solutions were entered into two 
separate Adaptive Comparative Judgement (ACJ) sessions. ACJ is a holistic 
assessment tool which involves the pairwise comparison of items of work which 
leads to a rank order of performance based on a specified criterion, in this instance- 
creativity [8]. The assessors for these ACJ sessions were 108 undergraduate 
engineering students (n=60 assessors for the ping pong problem solutions and n=48 
assessors for the raincatcher solutions). The reliability of an ACJ session is 
described by the Scale Separation Reliability (SSR) coefficient. In comparative 
judgement, there is a strong indication that this reflects an interrater reliability index 
[9]. 
 

3 RESULTS 
Data collected for the purposes of this research was compiled in Microsoft Excel and 
was cleaned and analysed using IBM SPSS version 28.0.0.0. 

3.1 Creativity development 
The first element of the research aim was to investigate the development of creativity 
in engineering education. The reliability of the ACJ panel conducted to holistically 
assess creativity and determine a rank order of creativity amongst the cohort of 
participants was moderate (SSRping pong problem = 0.59 +/- 0.02, SSrain catcher problem = 0.52 
+/- 0.02).  
An Independent samples t-test was conducted to address this research aim, 
examining the development of creativity during an undergraduate engineering 
programme. The development of creativity was assessed through an expertise 



comparison where first-year engineering students creativity ranks were compared to 
those of fourth/fifth-year engineering students who had engaged in the same 
programmes of study. Through this analysis no statistically significant differences were 
found between the creativity scores of first-year students (M = 134.61, SD = 78.002) 
and fourth/fifth-year students (M = 143.10, SD = 74.512) on the ping pong problem 
t(131) = -.613, p = .541. Additionally, no statistically significant differences were found 
between creativity rank and year of study on the rainwater catcher problem t(126) = -
.088, p = .930. 
This suggests that, as measured using ACJ in this context, creativity was not 
significantly developed during the progression of engineering students through their 
program of study. 

3.2 Spatial skills 
The second element of the research aim was to investigate how spatial skills relate to 
creativity of engineering students design solutions. The four spatial scores for the 
students were converted to composite z-scores to facilitate within sample 
comparisons. 
A Spearmans correlation analysis was conducted to address the research aim as the 
spatial data was converted to rank data and the creativity data from the ACJ panel 
was also in a rank format. The results of this correlation analysis are outlined in 
Table 1 below. No statistically significant relationship was found between spatial 
skills and the creativity demonstrated on either of the design problems. A statistically 
significant correlation was found between the creativity students demonstrated in 
solving the ping pong problem at rain catcher problem. Additionally, a statistically 
significant positive correlation was found between spatial skills, year of study and 
gender. The correlation found between spatial skills and year of study indicates that 
students in the latter stages of their engineering degree programme were found to 
have higher levels of spatial skills. With respect to gender this finding indicates that 
males in the sample were found to have higher spatial skills than their female 
counterparts. 

Table 1. Spearman correlation investigating the role of spatial skills in creativity. 

Variable 1 2 3 4 5 

1. Spatial skills 1.000 -.110 -.032 .279** .234** 

2. Ping pong rank  1.000 .305** .052 -.112 

3. Rain catcher rank   1.000 -.012 .104 

4. Year of study    1.000 -.172 

5. Gender     1.000 

**. Correlation is significant at the 0.01 level (2-tailed). 

 



4 SUMMARY  
The aims of this research were to investigate the development of creativity in 
engineering education and the potential influence of spatial skills on the creativity of 
engineering students design solutions. The results outlined in section 3.1 indicate no 
significant differences in the creativity displayed by the first and fourth/fifth year 
engineering students. This is concerning as a core aim of engineering programmes 
is to foster the development of students creativity for design. Although, this finding 
does align with reports of a skills need in the area of design for engineering where 
there is a noted skills gap and demand in industry [3]. The findings are also similar to 
those of previous research which has indicated no differences in engineering 
students performance in another key skill, problem solving, through a similar 
expertise comparison [10]. The findings of the presented study suggest that more 
work is required in engineering education on the strategic development of creativity 
through engineering programmes. 
Through this research no significant relationship was found between spatial skills 
and creativity. It had been anticipated that there would be a statistically significant 
relationship between these two factors as previous research has indicated a 
relationship between them [4 - 6]. A critical factor to consider here is the reliability 
levels achieved through the ACJ panel which was used as a measure of creativity in 
this research. The reliability of ACJ panels that are fully completed (i.e., all assessors 
have completed all judgements) in Technology education research is typically high, 
~0.9 [8]. The reliability for the ACJ panel in this research was moderate, possibly due 
to the ACJ panels unfortunately not reaching full completion (i.e., some assessors 
did not complete all of their judgements). This may have impacted the statistical 
analysis for this work and as such, the findings should be tentatively considered until 
such a time that further work is presented to corroborate them. 
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