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Background 

Engineering education in Sweden – as in the rest of the world – is experiencing a 
decline in student interest. There are concerns about the ways in which students think 
about engineering education, why they join an academic programme in engineering, 
and why they persist in their studies. In this context the aims of the Nationellt 
ämnesdidaktiskt Centrum för Teknikutbildning i Studenternas Sammanhang project 
(CeTUSS) is to investigate the student experience and to identify and support a 
continuing network of interested researchers, as well as in building capacity for 
disciplinary pedagogic investigation. 

The Stepping Stones project brings together these interests in a multi-researcher, 
multi-institutional study that investigates how students and academic staff perceive 
engineering in Sweden and in Swedish education. The first results of that project are 
reported here. As this study is situated uniquely in Swedish education, it allows for 
exploration of “a Swedish perspective” on conceptions of engineering. The Stepping 

Stones project was based on a model of research capacity-building previously 
instantiated in the USA and Australia (Fincher & Tenenberg, 2006). 

Literature  

Our study draws on several themes in the literature on engineering education, and 
from several methodological traditions. 
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Investigating conceptions of engineering may provide insights into why people enter, 
leave, and remain in engineering. One American study found that high school girls 
and pre-university educators perceive that engineering is a man’s profession and that 
engineering is a challenging career path that stresses the importance of superior math 
and science abilities (EWEC, 2005).  In this study, high school girls do not perceive 
the relevance or rewards of being an engineer.  In particular, they do not believe that 
an engineering lifestyle might align with personal and career motivations (e.g., a 
rewarding and enjoyable job, a good working environment, making a difference, 
making a good salary, and being flexible). Although the girls in the EWEC study 
enrolled in science and mathematics courses at the same rate as boys, only 10% 
reported an interest in becoming an engineer.  

Others have investigated how science, technology, engineering and mathematics 
students experience their university education and how their experiences relate to their 
persistence in these fields. For example, Seymour and Hewitt (1997) conducted 335 
ethnographic interviews across seven institutions and found that American students 
who persist in science, engineering, and mathematics were not significantly different 
from those who leave these fields in terms of indicators such as high school and 
university grades. Rather, the authors found that issues relating to classroom 
instruction, departmental culture, and interactions with peers and faculty were pivotal 
in students’ decisions to persist in engineering. Other studies suggest that self-
confidence and self-efficacy may play a role in persistence in engineering programs, 
particularly for women (e.g., Besterfield-Sacre et al., 1998, 2001; Hutchinson et al., 
2006). 

Additional studies highlight disconnections between engineering practice and 
engineering education worthy of deeper investigation. Dahlgren and Pramling (1985) 
found that practicing engineers perceive that their work underutilizes the broad 
knowledge gained in academic settings.  Practicing engineers describe “real” 
engineering problems as emphasizing a move from technical problem solving towards 
addressing social and environmental contexts. Similarly, Lethbridge (2000) found 
significant differences when investigating which concepts software engineers 
perceived as most and least important with respect to practice and how these related to 
their university education. Jonassen et al. (2006) developed a research based 
framework for indexing qualities of workplace engineering problems. A sampling of 
characteristics includes: incomplete information and unanticipated problems, 
aggregates of well-structured problems embedded in ill-structured problems, multiple 
and conflicting goals, success of solutions rarely measured by engineering standards 
but by non-engineering standards, and the need for collaborative problem solving.  

Another study sought to uncover the “accidental competencies” that engineering 
students learn in college (often from other subjects, or from a general academic 
approach, rather than specific disciplinary skills). These accidental competencies 
appear to transfer to practice in unexpected ways (Walther & Radcliffe, 2006). Some 
educators encourage explicitly including these kinds of accidental competencies into 
an undergraduate engineering curriculum (Berggren et. al., 2003). There are also 
apparent disconnections between what practicing engineers find rewarding and 
perceptions of how to be successful in engineering. For example, in one large scale 
study it was found that what practicing engineers find rewarding about being an 
engineer is often not emphasized when they are asked what advice is important for 
successfully pursuing an engineering career (EWEC, 2005).   Practicing engineers 
find involvement on a project from start to finish, having an impact, and interesting 
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and diverse problems that often involve creative thinking as rewarding; their advice 
for success focuses on excelling in both mathematics and science, and that 
engineering is challenging but worth the effort.  

Curriculum development draws upon, and is often shaped by, conceptions of 
professional practice. It is also informed by understanding students’ conceptions and 
misconceptions within that domain and efforts to promote conceptual change (e.g., 
Posner et al., 1982, Sinatra & Pintrich, 2003). As such, it is important to characterize 
beliefs and values regarding engineering in order to identify appropriate targets of 
instruction and learning assessments. Much of the existing work on conceptions of 
engineering has focused on pre-college education. With this age group, a common 
approach has been to use the “Draw-an-Engineer” task (DAET) (Knight  & 
Cunningham, 2004). This instrument builds from theory on the extensive use of 
drawing (e.g., “Draw-a-Scientist” task or DAST) by children to capture 
understandings and perceptions of fields that are otherwise difficult to elicit (e.g., 
Cunningham, Lachappelle & Lindgren-Streicher, 2005; Thompson & Lyons, 2005). 
The DAST was originally developed by Chambers (1983) as an open-ended test to 
investigate children’s perceptions of scientists. DAET studies illustrate that pre-
college students’ perceptions of engineering emphasize images of physical 
construction over mental aspects of engineering such as modelling and design 
thinking (Cunningham, Lachappelle & Lindgren-Streicher, 2005). These kinds of 
studies may also help understand motivations towards pursuing an engineering 
education. 

There is a small but growing body of literature on college students’ understanding of 
engineering and engineering practice. For example, ethnographic investigations into 
college students’ perceptions of engineering reveal the predominance of technical 
knowledge and mathematical problem solving which may be related to students’ 
limited experience with formulating and defining complex and ambiguous problems 
(Downey & Lucena, 1997). Turns et al. (2000a) used a word association task to study 
graduating civil engineering students’ schemas of civil engineering and found that 
technical knowledge predominated significantly over such issues as communication, 
multidisciplinary teams, and global and societal context issues. Downey and Lucena 
(2003) also examined how students involved in design experiences perceive the 
distinction between science and design. Their findings suggest that students perceive 
design as a lesser subset of the engineering method of mathematical problem solving, 
and as such are ill prepared for dealing with the ambiguities and subjectivity inherent 
in engineering design problems. Similarly, Newstetter and McCracken (2001) found 
that freshmen engineering undergraduates’ early conceptions of design tend to 
conceptualize design as an artistic, creative process – “a blaze of creative light that 
strikes some and not others” (pg. 70). In a related study, Mosborg et al. (2005) found 
that advanced practicing engineers ranked as most important among a list of 23 design 
activities “problem formulation” and “communication”. “Building” was ranked 
among the least important activities and “creativity” was included in neither the 
highest or lowest rankings. 

Our study drew on this work in formulation of our focal research questions.  Many of 
these questions evolved as we delved deeper into the dataset.  These changes are 
documented in the individual studies in the Results Section. 
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Focal Questions 

• How do students and academic staff perceive engineering in Sweden and in 
Swedish education? 

• What are conceptions of engineering in Sweden? 

• How is Swedish engineering education “constructed”?  

• What do Swedish students perceive they are learning about engineering? 

• What does the collection of studies suggest about preparation for engineering 
professional practice in Sweden? 

These questions allow investigation along a variety of subsidiary questions such as: 

• Are there differences between first-year and final-year student conceptions of 
“engineering”? 

• Are student conceptions different to those of academic staff? 

• Are conceptions of those within education different to those of practicing 
engineers? 

• Are there gender differences? 

• Are there differences between different sub-disciplines of engineering 
(mechanical engineering, civil engineering, software engineering, etc.)? 

Research Design 

Our research was guided by five central design decisions. Firstly, we did not want to 
impose an existing framework regarding conceptions of engineering. By using 
elicitation techniques such as interviews and concept map tasks to draw out a 
participant’s underlying mental structures or models of engineering concepts, we 
sought to allow important aspects of the experience of engineering education to 
emerge from our data. Secondly, we wanted the study to be domain independent so 
that comparisons could be made across engineering domains. This was done by using 
general “engineering” terms in our study instruments rather than terms that are 
specific to a sub-discipline (e.g., mechanical engineering or software engineering). 
Given the complexity behind our research questions we wanted to enable triangulation 
opportunities to contradict or corroborate findings within the study. This was achieved 
by combining different approaches and collecting both qualitative and quantitative 
data. At the same time we wanted to leverage the power of existing instruments that 
have been validated and replicated. Finally, we wanted the study to be of sufficient 
scale to allow generalisation. This was achieved by using techniques such as web-
based surveys that allow data collection from many participants at several institutions. 
Therefore, this study comprises four tasks: a web-based survey, the construction of a 
concept map, a critical incident interview and a photo elicitation interview.  

The web-based survey is an adaptation of a comprehensive and validated survey of 
students’ perceptions of engineering developed for use in the United States (Eris et al., 
2005; 2007). The survey includes both open-ended and closed-ended questions 
regarding the participant’s background, interest and motivation to pursue engineering, 
self-confidence in engineering skills, knowledge of engineering, perception of their 
university experience, and academic engagement. For the concept map task, 
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participants were asked to construct a concept map from a list of engineering terms 
(see Turns et al., 2000b) modified with reference to trends in Swedish engineering 
education needs (Maury, 2004). For the critical incident interview, participants were 
asked to recall a particular experience from their past which encapsulates their 
concept of “real engineering”. For the photo elicitation interview participants were 
shown three images and asked what associations they have for each of them with 
respect to “engineering”.  

All data was collected following guidelines regarding the use of human subjects in 
educational research. In particular, voluntary consent was sought from all participants, 
and all data was collected and presented in a manner that would protect the privacy of 
study participants. In the sections below we provide details regarding each study task. 

Web-based survey 

The web-based survey was adapted from the Academic Pathway Study (APS) survey 
(Eris et al., 2005). It has been analyzed for construct validity, used multiple times in 
multiple contexts, and used as part of a longitudinal study where the survey was 
completed several times by the same set of participants. The goal of this survey is to 
provide data on skill, identity, and education factors that may influence persistence in 
engineering. In this study, we administered the survey once but with a large number 
of participants over several institutions. As such, the survey provides baseline 
information for a rich set of national data. The use of the survey for this study might 
also enable opportunities for Sweden and US comparisons. 

Survey questions were either preserved unchanged or modified from the original to be 
appropriate in the Swedish context. Some words were changed to Swedish equivalents 
to retain the meaning of the item and resolve confusion over the English terms. For 
example, when asked to rate their satisfaction with their current university on aspects 
of campus life, the original item of “Quality of instruction of lecturing staff” was 
replaced with “Quality of instruction by lecturing staff (lärare)”. Similarly, the 
question “Do you have close friends who are practicing engineers?” was replaced by 
“Do you have close friends who are working engineering?” to resolve cultural 
differences around the meaning of “practicing engineers”. Background questions that 
had no relevancy for the Swedish context (e.g., questions about pursuing a “double 
major”) were dropped. Some background questions were added to describe issues 
unique to the Swedish context. For example, the question “What kinds of programs 
are you taking?” was added to distinguish students from 3, 4, 4.5 and 5 year programs. 
All modifications were identified and tested by piloting the survey with participants 
and facilitators of the Stepping Stones project and are described in detail in Appendix 
B. 

Concept map 

Concept maps are representational tools for displaying organized, associative 
networks of knowledge (i.e., semantic networks and knowledge maps). The terms 
used in concept map activities may be generated by the participant or externally 
provided. Representations generally include concepts (words enclosed in boxes or 
circles), links between concepts (lines or arrows) and their semantic relationships 
(words on the lines) (Novak, 1998). Concept maps often represent hierarchical 
relationships with the most inclusive concepts at the top of the map and the less 
inclusive concepts at the bottom of the map. Concept maps have been used as 
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learning, research, and evaluation tools in engineering (see Turns et al., 2000b). They 
have also been found to be effective in identifying valid and invalid ideas held by 
science students (e.g., Edwards & Fraser, 1983). An unusual aspect of the creation of 
concept maps for this study was capturing the maps as explanograms. 

An “explanogram” captures a drawing as it is being made and allows a user to replay 
the process of construction at a later time (Pears & Erickson, 2003; Pears et al., 2003). 
An explanogram is made through the combination of a specific piece of hardware (in 
effect, a rather fat pen) with which you draw, and a software application which 
captures the order of the strokes. These are then uploaded to a web-based repository 
site and the drawing can be re-played as often as required. The explanogram 
technology allows the synchronised capture of audio, but we did not use this feature in 
this study. 

By using the explanogram technology to capture concept maps we added a new 
dimension to our analysis, namely that of time. Not only is it possible to see the 
finished products (i.e. the paper-based maps themselves), but via the explanogram 
representation, we are privy to the order in which concepts were placed on the paper. 
This allows us to see the sequence in which the maps were drawn and, on a smaller 
scale, to discriminate concept clusters by identifying which word was placed first and 
those which were added later, augmenting and enriching the concept.  

Interviews 

Interviews are useful techniques for eliciting direct evidence from participants on how 
they experience a phenomenon (for example, a course, a concept such as 
“engineering”, or a work related experience). This study used two varieties of semi-
structured interview techniques, critical incident and photo elicitation. The critical 
incident and photo elicitation interviews were carried out in a single session. Semi-
structured interviews generally start with a set of specific questions followed by 
opportunities for the researcher to probe or follow-up on responses from the 
participants.  

Critical incident Interview 

A “critical incident” interview begins with the participant recalling a specific 
experience from their past and proceeds with a variety of interview probes to delve 
deeper into the situational factors regarding this experience and its meaning for the 
participant. Critical incident interviews have been used to investigate matters as 
diverse as work safety (Flanagan, 1954) and naturalistic decision-making e.g. (Klein 
et al., 1989; Klein 1999). 

Photo elicitation interview 

A “photo elicitation” interview is based on the idea of inserting a photograph (either 
generated by the subject or by the investigator) into a research interview. Harper 
(2002) notes that photos prod latent memory sharpen memory and reduce areas of 
misunderstanding. They also respond to how people think visually, elicit longer and 
more comprehensive accounts than interviews, elicit values and beliefs, and connect 
to core definitions of the self to society, culture, and history. Photo elicitation has a 
long history either as its own form of inquiry or as embedded broadly within 
ethnographic work (Becker, 1974; Prosser, 1998). Photo elicitation has been used as a 
central technique for studies that focus on social class and organization, community 
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and historical ethnography, identity, and culture (including interpretations of “work”).  
Three photos were used in the interview: one that captured a historical view of 
engineering, one that represented a low technology context in a real setting, and one 
that included software controlled components. 

Details of the development of these instruments can be found in Appendix D.  

Data Demographics 

Data was gathered over the academic year 2006/07 from ten Swedish institutions 
(although not all institutions gathered all forms of data). For the concept map task and 
interviews, data were given a unique identifier of the form: AF01 where the first letter 
represents a unique institution code, the second letter represent experience level, of 
the form F (First Year Student 01), G (Graduating student), A (Alumni) or E 
(Educator) and the number represents a unique participant. See Appendix H for 
institutional characterizations. Participants may have contributed to all parts of the 
study, to just the survey or the just the concept map task and interviews. 

 

Table 1.  Distribution and types of data. 

Interview 
Types and Totals 

Concept Maps 
Types and Totals Site Surveys Concept Maps Interviews 

F G A E F G A E 

B 60 14 14 6 5  3 6 5  3 

C 121 22 22 9 10 1 4 7 10 1 4 

D 50 13 13 5 6  2 5 6  2 

E 26 10 10 4 4  2 4 4  2 

F 83 12 12 5 5  2 5 5  2 

K 9 7 7 4 2  1 4 2  1 

H 99 24 24 9 11  4 9 11  4 

I 52 13 13 6 5  2 6 5  2 

Other 21 0 0         

 521 115 115 46 48 1 20 46 48 1 20 

Note that data may have been gathered across more than one program within an institution. Concept 
map debrief data was also gathered, and matches the demographics for concept maps, except for 
participants HG01, KF02 and KF04 from whom debriefs were not collected. Interviews from 
institution E were not included in this analysis. 
 
Table 1 shows the total numbers and distribution of the data, where the first column 
indicates institution. Institution codes were not assigned to institutions who only 
contributed survey data (see “Other” in Table 1). 

 

Preliminary Results 

In this section we describe our general approach to the analysis for each study 
instrument (survey, concept map, and interviews).  We then provide preliminary 
results for a set of five component studies as described in Table 3 (Study E is last so 
that it can build off the other studies).  As shown here, some studies focus on a single 
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data source, while others cut across data sources.  Similarly, the unit of analysis is 
different for each study – some focus on institutional level characteristics, some on 
participant level characteristics, and some focus on both institutional and participant 
level characteristics.  Each study was collaboration among a subset of the paper 
authors.  As such, when studies are described, “we” refers to the set of authors 
involved with that particular study. 

 

Table 2.  Compilation of studies across describing data source and unit of analysis. 

Data Source  
Study 

 
Unit of Analysis  

Survey 
 

Concept Map 
Critical 
Incident 

Interview 

Photo 
Elicitation 
Interview 

Study A Institution 
Discipline 

Subset of 
constructs 

   

Study B Participant 
(experience, gender) 

 Map & 
Explanogram 

  

Study C Participant 
(experience, gender) 

Subset of 
questions 

 Subset of 
questions 

Subset of 
questions 

Study D Participant 
(experience, gender) 

   Subset of 
questions 

Study E Participant  
(gender) 

Subset of 
questions 

Debrief   

 

Participants were recruited to a web-based survey which output data to a MySQL 
database.  Analysis of the survey was based on the set of Academic Pathway Study 
validated constructs (see Eris et al., 2007) and involved appropriate statistical 
techniques. Cronbach alphas were assessed to examine construct validity of the 
survey items for the Swedish context. The set of constructs are identified in Table 3 
below, and the mapping to the Swedish version of the survey is provided in Appendix 
F.  The complete internal validity analysis is provided in Appendix G.  Most 
Cronbach alphas were .60 or higher, which is considered an acceptable level of 
internal consistency. 

These constructs have been used to analyze influences regarding persistence in 
engineering. For example, recent findings (Eris et al., 2007) from the survey suggest 
no overall difference between students (in their first or second year) who persist in 
engineering and those (“non-persistors”) who do not regard financial motivation or 
social relevance as a motivation to pursue engineering, perception of the importance 
of math and science, confidence in interpersonal and professional skills, and reported 
familiarity with the field of engineering. However, “non-persistors” are more likely to 
have a higher degree of family influence and a lower degree of a mentor’s influence 
as part of their motivation to pursue engineering. They are also more likely to have 
lower confidence in their mathematics and science skills, a lower rating of the 
importance of interpersonal and professional skills, and are more academically 
disengaged in both engineering and liberal arts classes. 

 

Table 3.  Persistence in Engineering Constructs (reproduced from Eris et al., 2007) 

CONSTRUCT DESCRIPTION 
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1a Academic persistence 
1b Professional persistence 
2a Motivation (financial) 
2b Motivation (family influence) 
2c Motivation (social good) 
2d Motivation (high school teacher/mentor influence) 
2e Motivation (mentor influence) 
3a Confidence in math and science skills 
3b Confidence in professional and interpersonal skills 
3c Confidence in solving open-ended problems 
4a Perceived importance of math and science skills 
4b Perceived importance of professional and interpersonal skills 
5 Knowledge of the engineering profession. 
6a Exposure to project-based learning methods (individual projects) 
6b Exposure to project-based learning methods (team projects) 
7 Collaborative work style 
8 Extra-curricular fulfillment 
9 Curriculum overload 
10  Financial difficulties 
11a Academic disengagement (liberal arts courses) 
11b Academic disengagement (engineering related) 
11c Academic disengagement (overall) 
12 Frequency of interaction with instructors 
13a Satisfaction with instructors 
13b Satisfaction with academic facilities 
13c Overall satisfaction with collegiate experience 

 

The concept map task for this study was modified from an existing task (see Turns et 
al., 2000b). The original task included 18 terms characterizing the goals of 
engineering education as represented in accreditation policies. The original terms 
included: research, science, experimentation, engineering, uncertainty, theory, society, 
evaluation, modeling, ethics, economics, impact, design, environment, 
implementation, teamwork, communication, and analysis. To align with current issues 
in Swedish higher education, terms were modified and appended based on an analysis 
of recent documents regarding the nature of Swedish engineering education (Maury, 
2004). For example, the term “uncertainty” replaced the term “complexity”. Similarly, 
the following terms were added: sustainable, innovation, judgment, multidisciplinary, 
mathematics, and technology.  

Participants were recruited for the concept map task during the 2006-07 academic 
year (see Appendix C for protocol and instrument). Administration of the concept 
map task involved a warm-up activity to familiarize the participant with the process of 
creating a concept map and in the use of the explanogram pen. The warm-up task was 
designed to have no single correct answer, to minimize anxiety, and maximize the 
potential that the map constructed illustrates the participants’ point of view.  
Background information was also collected regarding participant’s age, gender, 
program they were enrolled in (e.g., 3 year, 4 year, etc.), highest degree obtained and 
when they received it (if appropriate). Finally, participants were completed a debrief 
(see Appendix C) which asked how the terms in the map related to their experience in 
and out of university classes as well as general comments on the ease or difficulty of 
the task. 

Traditionally, analysis of concept maps focuses on the content and structure of the 
map such as (1) the number of links, (2) the number of cross links, (3) the number of 
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hierarchy levels, and (4) how concepts are grouped (Turns et al., 2000b). Our use of 
explanograms allows investigating the process by which the maps are created, for 
example the placement of terms over time. 

Interview analysis 

Participants were recruited for the critical incident interview and photo elicitation 
interview during the 2006/07 academic year (see Appendix D for protocol and 
instrument, Appendix E for images used in the photo elicitation interview). Critical 
incident interviews were generally administered first. This was done so that 
reflections from the photo elicitation interview did not influence responses to the 
critical incident probes. Situations in which the sequencing of interviews was different 
are identified in the analyses.  All interviews were digitally audiotaped and 
transcribed.  

The analysis of interview data can take many forms. However, a central idea is that 
the themes emerge from the data rather than a pre-determined analysis scheme. 
Analysis may include extracting common constructions from experience 
(“engineering” may be a matter of scale), grouping by similar critical incidents (they 
may involve the participant in building something), or by type (they may involve 
hitting obstacles in a process) (Ryan & Bernhard, 2003).  

Preliminary Analyses: Studies A – F 

The sections below summarize the preliminary work for Studies A-F (see Table 2).  
Each study draws on the results and analysis techniques described above (e.g., survey, 
concept map, interviews).   

Study A: A Comparative Analysis of the Survey Data 

To conduct a comparative analysis using the survey data, two main activities were 
performed: comparisons by institution (data collection site) as organized by the 
constructs (see Table 3, Appendix F and G) and preparation for comparisons by 
discipline. All analyses were conducted using the R software suite for statistical 
computing (see Appendix G). 

Comparisons by institution of construct data 

In this part of the data analysis, the targeted constructs (see Appendix G) of the survey 
data were compiled, plotted and analyzed per institution to explore students’ 
perceptions about engineering education at their respective university. As an overall 
observation, it is fair to say that the results from this part of the data analysis were not 
all that interesting.  In other words, there were few instances of noticeable differences 
across the institutions. With the exception of Construct 12 (“Frequency of interaction 
with instructors”) (see Figure 1), there are few constructs where there is an observable 
difference between the universities surveyed. This can also be seen in the graphs for 
Constructs 11c, 13a and 13b (Figures 2, 3, and 4 respectively). Therefore, it seems 
that institution is not an interesting unit of analysis. Instead, it suggests that this data, 
or the constructs thereof, may be more usefully analyzed with respect to factors such 
as gender and disciplinary program.  
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Figure 1.  Box plot analysis for Construct 12 (frequency of interaction with instructors) 
across all institutions.  The x-axis refers to the institution (e.g., B) and the y-axis refers to 
the frequency of responses for that construct. 

 

 
Figure 2.  Box plot analysis for Construct 13a (satisfaction with instructors) across all 
institutions.  The x-axis refers to the institution (e.g., B) and the y-axis refers to the 
frequency of responses for that construct. 

 



 12 

 
Figure 3.  Box plot analysis for Construct 111c (academic disengagement overall) across 
all institutions.  The x-axis refers to the institution (e.g., B) and the y-axis refers to the 
frequency of responses for that construct. 

 
Figure 4.  Box plot analysis for Construct 13b (satisfaction with academic facilities) 
across all institutions.  The x-axis refers to the institution (e.g., B) and the y-axis refers to 
the frequency of responses for that construct. 

 

This analysis suggests considerable consistency in what Swedish engineering students 
think about engineering education at their universities.  In this respect there appear to 
be no significant differences among the subjects of the survey sample for most of the 
constructs. The only case, Construct 12, which characterizes the frequency of 
interaction between students and instructors, is hardly surprising due to such 
institutionally variable factors such as the availability of resources, pedagogical 
approach, and the number of students.  
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Preparation for comparisons by discipline of construct data 

To facilitate subsequent analyses, we identified a set of categories of engineering 
education disciplines based on the educational programs that occur in the survey 
sample. We propose that this should be consistently applied in all areas of the data 
where educational programs manifest themselves. 

We grouped all engineering education programs that are found in the data into a set of 
categories (see also Appendix I). The classification is a reflection of the education 
programs in which the students are enrolled and should consequently not be 
considered as a categorization of Swedish engineering education as a whole.  These 
categories are identified in Figure 5. 

 

Preliminary categories for engineering education disciplines  
1. Aerospace eng.  
2. Bio-inspired and agricultural eng. 
3. Biomedical engineering 
4. Chemical eng. (and chemistry) 
5. Civil eng. (Swe. väg och vatten) 
6. Computer eng. 
7. Computer Science 
8. Electrical eng. (and micro-electronics) 
9. Geological eng.  
10. Information technology 
11. Materials science and eng. 

 

12. Mathematics 
13. Mechanical eng. 
14. Interaction design 
15. Software eng. 
16. Physics (and technical physics) 
17. Systems in technology and society 
18. Energy eng. 
19. Industrial economics 
20. Construction eng. 
21. Other (less than 5 respondents in total) 

a. “Other” (from the survey data 
compilation) 

b. Cognitive science 
c. Transport and logistics 

 

 

Figure 5. Preliminary categories for engineering education disciplines as represented in 
the survey sample. 

 

Based on this classification, it should be possible to further consolidate the amount of 
categories by creating groups which contains few students (e.g., categories numbered 
1, 9, and 11). In that way, it may be possible to observe interesting differences among 
the various sub-disciplines of engineering education.  

Study B:  Student’s views on concepts related to engineering as 
represented in the concept map 

Engineering can be a hard concept to define.  We are interested in how people 
involved in engineering education experience various aspects connected to 
engineering. We collected data from engineering students during the first and last 
years of their education and from engineering education educators. We gathered 
information from the participants using three different methods that allow 
triangulation across different forms of evidence: a web based questionnaire, the 
drawing of a concept map (CM) using explanogram technology and an interview that 
was divided into two parts; a critical incident interview and a photo elicitation 
interview. 

Our primary goal in the concept map analysis has been to explore the data, trying to 
find interesting patterns that could be further analyzed. A secondary goal has been to 
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explore various ways of analyzing concept maps. Our overarching research question 
is:  What can we learn about students’ and educators’ views of engineering from their 

Concept Maps (CMs); how do they relate engineering to other concepts and which 

seem to be the most and least important concepts in their CMs? To operationalize this 
question we developed a set of more specific questions: 

� Which are the most or least important concepts in the drawings? 
� Can the structure or appearance of the drawings be categorized in some way? 
� Are particular concepts “closer” to engineering than others? 
� Are there any differences for different groups of subjects?  

 
We used two general approaches to analyze the concept maps (CMs); visual 
inspection and objective measurement (e.g. counting something). Using these two 
approaches we focused on characterizing the structure of the maps, the distance 
between concepts in the map, and the sequence of placing concepts in the map. In 
some cases we analyzed comparisons across gender and experience level. Preliminary 
results from these analyses are provided in the sections below. 

Central concepts 

We analyzed which concepts were central in the drawings. We defined “central” by 
the following properties: central in a spatial sense (in the “middle”), on the top of the 
drawing serving as a header, or having many links, or drawn as frame that includes 
other concepts, or finally as explained by additional text. Several concepts can 
simultaneously be considered as central. Which of the concepts appeared as central 
most often or rarely? To find the central concepts three researchers visually inspected 
all CMs and categorized them until they reached full agreement. All CMs with 
engineering as one of the central concepts were sorted out in a first pass. We then 
inspected the remaining CMs a second time and noted down all central concepts. One 
CM did not have any concept that could be interpreted as central; it was drawn as a 
sequence of concepts in a single line. 

 

Table 4. The most frequent central concepts in the Concept Maps. 

Central concept Frequency count 
Engineering 86 
Science 11 
Society 7 
Research 6 
Design 4 
Technology 4 
Economics 3 
Environment 3 
Implementation 3 
Innovation 3 
Modelling 3 
Multidisciplinary 3 
Theory 3 
Analysis 2 

 

In total, 86 (75%) of the drawings placed engineering as a central concept. The other 
29 (25%) drawings were analyzed to discover their central concepts, identified in 
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Table 4. We took a liberal approach and allowed more than one central concept in a 
drawing in this analysis.  The 86 maps with “engineering” as a central concept were 
not further analyzed for additional central concepts. 

There were no differences regarding the use of engineering as central concept 
between first year students (71.7%) and last year students (72.9%). Educators used 
engineering as the central concept to a higher degree (85.7%).   

Structural characterization of concept maps 

To categorize the overall structure of the CMs, we spread them on the floor to get an 
overall impression of typical and atypical patterns. Since hierarchical maps, network-
like maps and groupings were quite frequent we decided to group the CMs into those 
categories, plus a fourth category for all others. We then inspected the CMs together, 
in several passes, until we reached agreement, defining new categories when needed.  

A tentative classification scheme involved 4 categories: hierarchies (37%), networks 
(30%), groups (14%) and those CMs that did not fit any of these categories (19%). 
Examples of these are provided in Figure 6.  As a note, those that did not fit any 
categories were tentatively classified as “meta” (4%), mixed1 (groups and hierarchies 
combined in some way) (3%), mixed2 (groups, hierarchies and networks combined in 
some way) (3%), two-layered (CMs with two different layers of information, e.g., 
circles around groups in addition to arrows) (3%), unclassified (CMs with an obvious 
structure that did not fit any of our categories) (3%) and CMs without any detectable 
structure (1%). 

 

 

 

 
Figure 6. Schematic examples (top) and actual examples (bottom) for CMs classified as 
network, group and hierarchy (from left to right). 
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The three categories of participants (first year students, last year students and 
educators) are evenly distributed over this categorization of the concept maps. We can 
therefore conclude that either our way of classification was not suitable, or that years 
of education do not have an impact on how participants chose to represent their ideas 
about “engineering”. However, we have noticed a difference in style with respect to 
gender.  This analysis is provided in a later section. 

Rich and lean CMs 

In another classification approach, one researcher classified about a third of all CMs 
into “rich” versus “lean” descriptions. As rich, we considered those CMs, which had 
(a) all concepts connected in some way (i.e. no “islands”) and (b) were annotated in 
some way (usually by naming the relationships). 

Our analysis showed that males and educators draw rich CMs much more often than 
female students. There was no difference between first year and graduating students 
(see Table 5). 

 

Table 5. Distribution of rich CMs divided by group. 

Group Frequency in % 
All participants 37 

  
All Females 29 
All Males 38 

  
Female students 15 
Male students 36 

  
First year students 32 
Graduating students 33 
Educators 55 

 

Additional analyses were undertaken such as the timing of when certain concepts 
were placed on the map.  For this analysis, the term “analysis” was special in the 
sense that it was one of the first terms in the list provided (see Appendix C). It might 
be assumed that this word would often be the first drawn. However, the concept 
“engineering” is far more frequent (58 versus 11). In 9 of these 11 cases where 
“analysis” was first drawn, the CM was been classified as “lean”, which may support 
the assumption that some participants were careful with how they drew the maps and 
took their time to annotate and explain what they did, while some others put the 
concepts in the map, starting with the first concept in the list. 

Similarly, the only five CMs that had “communication” as their 2nd concept had also 
been classified as lean – “communication” was the 2nd concept in the list provided to 
the participants. Five “lean” CMs had “environment” as the last concept where only 
one of the “rich” did.  

We also noticed a difference with respect to gender and the frequency of drawing 
styles; 37% of the total population drew hierarchical maps and 30% drew networks. 
When dividing the maps by gender, we conclude that hierarchies are more frequently 
used by the females (see Table 6). 35% (34) of the males drew hierarchic maps and 
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31% (30) of them drew networks. In addition, men tend to create “group” concept 
maps more frequently than women. 

 

Table 6. The frequencies for the three most used types of Concept Maps, by gender. 

Gender Hierarchies Networks Groups 
Females 47% (8) 23% (4) 5% (1) 
Males 35% (34) 31% (30) 15% (15) 
Both 37% (42) 30% (34) 14% (16) 

  

Distances between relations of particular interest 

We also developed some quantitative measures.  To analyze the “closeness” of 
concepts to engineering, we used the following definition of distance: concepts in the 
same group have distance “1” and for concepts with edges between them, we counted 
the edges on the shortest path between the concepts. Concepts without any 
relationships between them have not been counted.  

The distances from “engineering” to the concepts “society”, “teamwork”, “theory”, 
“mathematics”, “uncertainty” and “technology” were measured by counting the edges 
between them. An additional analysis was conducted for the terms “innovation”, 
“implementation” and “design”. 

Early results indicate that “technology” is closest to “engineering” and that “society” 
is closer than “mathematics”, but more distant than “technology”.  

Order of appearance of related concepts 

The use of explanograms allows us to analyze the order in which concepts are 
introduced and how they are placed on the paper. We are currently gathering the 
information to analyze this and there are indications that words are written in an order 
that is not obvious by looking at the static result. We conducted three analyses: which 
words were placed early in the generation of the CM, which words were placed late, 
and the overall sequencing of concepts placed on the CM.  For each of these we 
compared across gender and experience level. 

Words in the beginning 

The first word drawn in the CMs was counted and the most frequent words were: 
engineering (58), analysis (11), science (10), technology (6), research (6) and society 
(5). The most frequent introducing word pairs were: [engineering, analysis] (11), 
[engineering, science] (7), [engineering, design] (6), and [engineering, mathematics] 
(6). 

The 17 females in the study used only 7 of the 26 possible concepts as their first 
printed word on the concept map. Those concepts were engineering (9), research (2), 
science (2), analysis (1), communication (1), society (1), and teamwork (1). The most 
common combination of words were [engineering, analysis] (2) and [engineering, 
science] (2). For the males, the first concept printed was: engineering (49), analysis 
(10), science (8), technology (6), research (4) and society (4). The most common 
introducing word pairs were [engineering, analysis] (9), and [engineering, science] 
(5). 
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When participants were analyzed separately as first year students, final year students 
and educators, the trend looks slightly different. First words for first year students: 
engineering (21), science (4), analysis (3), technology (3) and teamwork (2). First 
pairs: [engineering, design] (3), [engineering, mathematics] (3) and [engineering, 
science] (3). In comparison, first words for last year students: engineering (25), 
science (6), analysis (5), research (4), technology (3); first pairs: [engineering, 
analysis] (6) and [engineering, science] (3).  First words for the educators: 
engineering (11), analysis (3), society (2); first pairs: [engineering, analysis] (3) and 
[analysis, design] (2). 

Words at the end 

It is possible that words put in the very end of the concept map session are the ones 
that are hardest for the participants to relate to engineering. One reason may be 
language, that the participants are unfamiliar with certain words. Another reason may 
be that the participants may have a hard time relating certain words with the rest of 
the concepts. The following concepts were the ones that the participants put in their 
CMs last: uncertainty (19), multidisciplinary (17), complexity (10), sustainable (8) 
and environment (6). 

The females follow this trend; although they seem to have more associations with 
environment than the group in whole. For the women in the study, concepts that were 
kept until the end were: complexity (4), multidisciplinary (3), uncertainty (2) and 
sustainable (2). The males also follow the overall trend (they are in majority): 
uncertainty (17), multidisciplinary (14), complexity (6), sustainable (6) and 
environment (5). 

First year students follow the trend: uncertainty (9), multidisciplinary (6), complexity 
(5), sustainable (3) and implementation (3). The last year students seem to be familiar 
with “complexity”: multidisciplinary (7), uncertainty (6), environment (4), sustainable 
(4), safety (3) and international (3). None of the educators left the word “sustainable” 
to the end of the task. Multidisciplinary (4), uncertainty (4), complexity (3), impact 
(3) and modelling (2) were the words they most often placed last. 

In-depth analysis of order 

We also analyzed the order in which the concepts were introduced for a random 
subset of CMs (25%).  Figure 7 shows box and whisker diagrams for each of the 26 
given concepts. Participants that used additional concepts are not included in the 
analysis. Moreover, if a concept was used several times, we only considered its first 
appearance. 

Each row in Figure 7 shows the minimum, first quartile, median, third quartile and 
maximum position for a specific concept. Some concepts in our sample were 
consistently introduced early (e.g., engineering and research), whereas some were 
consistently introduced late (e.g., uncertainty and impact).  

We also analyzed differences between groups of participants in this subset for specific 
concepts. For example, we looked at differences between alumni (A), educators (E), 
first year students (F) and graduating students (G) regarding when “mathematics” was 
placed on their CM. The median for both first year and graduating students is around 
seven whereas it is around 12.5 for educators (see Figure 8). These results corroborate 
the results of the concept debrief analysis (see Appendix J). 
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Figure 7. Order of appearance of concepts in CMs. 
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Figure 8. When the concept “mathematics” was introduced into the CMs. 
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Study C: What do students and educators think are elements of 
engineering? 

One of the focal questions of the Stepping Stones project deals with conceptions of 
engineering in Sweden. We wanted to know what students and educators think are the 
elements of engineering. 

Method 

We focused on three of the interview questions: the first two, Q1 and Q2, and Q5 
(described below). 

Q1: In a few words, what would you say real engineering is?  
Q2: Can you give me some examples of engineering in the world 
Q5: After everything we’ve talked about, what would you say “engineering” is 
for you? 

 

All responses to these questions were digitally cut from the transcripts and printed 
out. Keywords and phrases in Q1 were first marked and then grouped into ten 
different categories by one person (see Table 7). Another person verified the 
categories. The same process was used for Q5 where we found that the same 
categories could be used to group responses. The responses to Q2 were also treated in 
the same way, but since these were mostly nouns that left little room for interpretation 
only one person coded these. For Q2 we identified 11 different categories (see Table 
8). 

 

Table 7: Categorization of responses to Q1 and Q5 

Code Description Examples 

NEW contributing with something qualitatively 
new 

innovation, new ideas, thinking for the 
future, something not built before 

CRE 
being creative and explorative 

create, design, discover, explore, put things 
together 

DEV 
improving something that already exists develop, improve, optimize 

CON 
realizing concrete products 

construct, implement, building, realizing, 
physical things, hands-on 

SOLVE 
solve problems solve problems 

THINK 
intellectual activities thinking, curious, understanding, challenges 

KNOW 
static knowledge connected to engineering 

knowledge, mathematics, technology, 
natural science, physics 

SOC 
social impact of engineering activities 

changing society, ease everyday life, impact 
on human beings 

TEAM 
teamwork teamwork, working together, collaborate 

COMP 
engineering is diverse or complex complexity, many things 

 

 

Another source for analyzing participant’s conceptions of engineering is available in 
question 38 in the survey; Q38: In the space provided, list 5 terms you would use to 
describe “engineering”. Based on the responses provided, we cleaned the data, 
translated some of the answers to English and counted the terms and phrases.  
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Table 8: Categorization of responses to Q2 

Code Description Examples 
BRIDGE fairly large and concrete objects bridges, tunnels, roads, infrastructure, 

buildings, houses, pyramids, aqueducts, Eiffel 
tower, Turning Torso, airport in Japan 

TRANS ways of transporting people or goods cars, trains, buses, airplanes, bikes, boats, 
vehicles 

TOOLS everyday tools mostly for personal use TV, mobile phones, coffee machine, digital 
pen, saxophone, chair, radio equipment, 
wrench key, DVD player 

ENER energy, natural resources and 
environment 

energy, nuclear power, electricity, cleaning 
technology 

HUM impacts on basic human life health care, medical machines, harvesters, food 
factories 

MECH mechanics, mostly for professional use mechanical devices, robots 
SYS large abstract systems systems, networks 
SOFT software software, computer programs 
COMP computers computer 
SUBJ different subjects related to engineering physics, chemistry, mathematics, electronics 
ALL engineering is everywhere everything, everywhere, a lot 

 

Initial findings 

There are two noticeable changes in the way the participants characterize engineering 
from Q1 to Q5. At the beginning of the interview 17% describe engineering using 
examples of different academic subjects (e.g. mathematics, physics), but at the end 
that number decreased to 8%. Also, the proportion that mentioned the impact of 
engineering on society increased from 12% to 28% during the interview (see Figure 
9). 

 

 

 

Figure 9: Categorization of answers to Q1 and Q5 
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Taking the responses in both Q1 and Q5 together there are some differences with 
respect to gender (see Table 9). 56% of the females characterize engineering in terms 
of innovations and contributing something new, compared to only 25% of the males. 
Also, about twice as many females (19% compared to 10%) describe engineering as 
involving teamwork. There are also differences between first year students and 
graduating students (see Table 10). Only 2% of the first year students describe 
engineering as an intellectual activity, compared to 23% of the graduating students. 
38% of the first year students mention innovations as a part of engineering, compared 
to only 20% of the graduating students. Twice as many educators as students think 
that teamwork is connected to engineering. 

 

Table 9: Responses to Q1 and Q5 by gender 

Subgroup N NEW CRE DEV CON SOLVE THINK KNOW SOC TEAM COMP 

Male 88 25% 23% 27% 39% 33% 14% 25% 30% 10% 20% 

Female 16 56% 38% 44% 19% 56% 13% 6% 38% 19% 25% 

 

 

Table 10: Responses to Q1 and Q5 by first year, graduating students and educators 

Subgroup N NEW CRE DEV CON SOLVE THINK KNOW SOC TEAM COMP 

First year 42 38% 29% 33% 29% 40% 2% 17% 29% 10% 21% 

Graduating 44 20% 25% 34% 41% 32% 23% 27% 34% 9% 23% 

Educators 18 33% 17% 11% 39% 39% 17% 22% 28% 22% 17% 

 

 

When it comes to Q2 where the participants were asked to give examples of 
engineering in the world, the most common answer (62%) is bridges, buildings or 
other fairly large concrete objects. Transportation counts for 25% and everyday tools 
and machines (e.g. TV, mobile phone) 24% in total. The results for the everyday tools 
and machines category are different between the subgroups: 17% for first year 
students, 25% for graduating and 39% for educators. Educators are also more likely to 
give examples related to human factors (e.g. food, medicine). This is also the case for 
gender: 19% of the females give these kinds of examples, compared to 5% of the 
males (see Tables 11 and 12). 

 

Table 11: Responses to Q2 by first year students, graduating students and educators 

Subgroup N BRIDGE TRANS TOOLS ENER HUM MECH SYS SOFT COMP SUBJ ALL 

First year 42 69% 24% 17% 5% 7% 2% 0% 17% 21% 0% 21% 

Graduating 44 57% 23% 25% 9% 2% 9% 2% 14% 23% 9% 25% 

Educator 18 56% 33% 39% 17% 17% 0% 6% 11% 17% 11% 11% 

 

 



 23 

Table 12: Responses to Q2 by gender 

Subgroup N BRIDGE TRANS TOOLS ENER HUM MECH SYS SOFT COMP SUBJ ALL 

Male 88 63% 27% 24% 8% 5% 2% 2% 16% 20% 6% 22% 

Female 16 56% 13% 25% 13% 19% 19% 0% 6% 25% 6% 19% 

 

Matching the responses from Q1 and Q2 we can answer questions like: How many of 
the participants who describe engineering as X give Y as an example (see Table 13). 
Of those who describe engineering as an intellectual activity, only 20% use bridges or 
buildings as examples. This can be compared to the participants who describe 
engineering in terms of creating or construction. Of these 76% and 77% respectively 
use bridges and buildings as examples. The difference is even larger when it comes to 
everyday machines. Only 7% of those who describe engineering as about construction 
give such examples, compared to 86% of those who answer teamwork on Q1. 

 

Table 13: Q2 (examples of engineering) comparison with Q1 (What is engineering?) 

 N BRIDGE TRANS TOOLS ENER HUM MECH SYS SOFT COMP SUBJ ALL 

NEW 22 68% 23% 18% 14% 14% 5%  14% 14% 5% 27% 

CRE 21 76% 29% 29%   5%  19% 10% 5% 19% 

DEV 15 40% 33% 7%   7%  13% 13% 13% 40% 

CON 22 77% 23% 23%  9%  5% 18% 23% 9% 18% 

SOLVE 27 52% 19% 26% 19% 7% 11% 4% 19% 30% 7% 15% 

THINK 10 20% 30% 20% 10%  20%  20%  10% 20% 

KNOW 18 56% 17% 22% 17% 6% 6%  6% 33% 6% 22% 

SOC 12 58% 25% 17% 17% 17% 8%   17%  25% 

TEAM 7 57% 43% 86%      29%   

COMP 9 56% 44% 44% 11%    11% 11%  11% 

 

We also split the answers to Q1 and Q5 depending on whether the participants did the 
concept map or the interview first (see Table 14). There are several differences. For 
example, of those who did the concept map before the interview 35% mention 
innovation as an aspect of engineering compared to 19% of those who started with the 
interview. The opposite is true when it comes to problem solving. 50% of those who 
did the interview first say that engineering is about problem solving compared to only 
31% of the participants who started with the concept maps. 

 

Table 14: Responses to Q1 and Q5 divided by order of tasks 

First task N NEW CRE DEV CON SOLVE THINK KNOW SOC TEAM COMP 

Concept map 72 35% 25% 26% 42% 31% 15% 22% 35% 8% 19% 

Interview 32 19% 25% 38% 22% 50% 9% 22% 22% 19% 25% 
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Study D:  Associations with “engineering” from photographs 

In this project students and educators were interviewed about their ideas of 
engineering. The interview was divided into a critical incident interview (where 
students were asked about an engineering experience they have had), a photo 
elicitation interview (where participants were asked about the associations of 
engineering they had with three different images), and a final interview question 
regarding how the participant’s ideas about engineering have changed.  The photo 
elicitation part of the interview was analysed for this subsidiary study. 

The total number of interviews studied was 104. All interviews had been transcribed 
verbatim and those transcripts were used in this study. The data was collected at eight 
different universities in Sweden between January and May of 2007. The participants 
in this study were selected among first year and graduating students as well as 
educators. The distribution among the group is provided in Table 15. 

 

Table 15.  Participants differentiated into categories 

 Number Percent 
Educators 18 17.3 % 
First year students 42 40.4 % 
Graduating students 44 42.3 % 
Female participants 16 15.4 % 
Male participants 88 84.6 % 
Total 208 208 

 

The photos were shown one at a time and marked A, B and C (see Appendix D and 
E). All were shown in this order except for 10 interviews where the photos were 
shown in a different and random way. In this study this randomization has not been 
taken into account.  

 

 
Figure 10. Image A used in the photo elicitation 
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During the interview the participants were asked “What associations of engineering 
does image A (B, C) have for you?” at the same time the photo was shown. The part 
of the interview with the photo elicitation has been extracted and analysed for specific 
words and concepts. The associations have been classified and entered into a 
spreadsheet for graphical presentation.  At this point only Image A has been analyzed, 
others will be part of a future study. 

For image A the responses have been classified as shown in Table 16. 

 

Table 16.  Categories observed in interview related to Image A. 

Code Description 

Plan Planning, analysing, interpretation of results, developing, solving a problem 

Male Male dominance, no females 

Team Team work, group work, solving problem together, communicate with others 

Sci Science, math, physics 

Eco Economics, stock market, economics of a project, statistics 

Old Old fashion engineers, old way of engineering, traditional picture of engineers 

 

Results for Image A 

Graphical representations of the classification are shown in Figures 11 and 12. Both 
diagrams show the same data but divided into different groups of participants. 
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Figure 11. Diagram with classified data divided into groups with first year students, 
graduating students and educator 
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Figure 12. Diagram with classified data divided by gender 

 

The reader should take into account that there are not equal numbers of participants 
from each category. The results are summarized as follows (by categories from Table 
16): 

 

Plan:  Participants associate the image to planning a project, analysing 
something, interpretation of results, developing something new or solving 
a problem. Graduating students seemed to make this association to a 
higher extent then first year students; however the difference was not 
significant. Also 40% of the male participants had this association 
compared to 13% of the female participants. 

Male:  Participants that observe and associate that there are only men in this 
picture are classified into this group. Not surprisingly, female participants 
made this association to higher degree. It is also worth noting that 
educators made the same association. 50% of females and 50% of 
educators did this association compared to 7% amongst all male 
participants. 

Team:  Participants that associate teamwork and people working together with 
this image are classified into this group. The only noticeable difference is 
that educators are slightly more represented. 

Sci:  Participants that associate picture A with mathematics, physics or 
scientific research fell into this group. In this case there is no noticeable 
difference. 

Eco:  Participants that associate the image with economics, the stock market, 
project economy or statistics are classified into this group. First year 
students and male participants are more represented. 36% of the first year 
students made this association compared to 23% of graduating students. 
30% of male participants made this association compared to 6% of the 
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female participants. Many participants with this association said the 
picture could equally well represent economists and didn’t have anything 
at all to do with engineering. 

Old:  Many participants associated this picture with “old ways” of engineering 
or made some comment that it was old, maybe from the fifties. Graduating 
students and educators are represented to higher degree in this group. 44% 
of the educators made this association compared to 19% first year students 
and 27% graduating students. Also 44% of female participants compared 
to 24% of male participants made this association. 

 

Female participants and educators in particular associated this picture with male 
dominance and old ways of engineering. One reaction from one female first year 
student when she saw this photo is particularly salient: “[Sigh] Dominance male 
dominance in engineering and this is very traditional for example in my program we 
only have three girls in forty-five people so I thought of I would change it ...” First 
year students and male participants tended to point out that this image does not need 
to be engineers; it could as well be economists. 

Study E:  A gender point of view 

The students participating in our study were asked to answer a total of 48 questions in 
a survey. The total number of participants was 521, where 108 were females, 383 
males and 30 did not state their gender. We questioned whether there was any obvious 
gender differences in the answers given by the females as compared to the males, and 
then if differences could also be seen in the concept maps and the results from the 
interviews and the concept map debriefs. We chose to focus on a few aspects, such as 
why do students choose to study engineering, how do they rate their own skills as 
compared to their classmates and what traits do they believe are important for a 
working engineer. 

In question ten, the students were asked to rank ten different statements about why 
they chose to study engineering. The alternatives contained statements like 
Technology plays an important role in society, Engineers make more money than most 

other professionals, and My parents want me to be an engineer. For the complete list 
of statements, see Appendix A. Options were “not a reason”, “minimal reason”, 
“moderate reason” and “major reason”. There were no systematic differences between 
the male and female responses. The only visible differences were in the two 
statements My parents want me to be an engineer and An engineering degree will 

guarantee me a job when I graduate, as shown in figure 13 and 14, respectively. The 
males did not identify the influence of their parents as a strong motivation for 
choosing engineering, while the females did. The females indicated, to a larger extent 
than the males, that an engineering degree would guarantee them a job after 
graduation. 
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Figure 13. Box diagrams for the statement My parents want me to be an 

engineer, where the numerical value 1 corresponds to ‘not a reason’, 2 
corresponds to ‘minimal reason’, 3 a ‘moderate reason’ and 4 corresponds to 
‘major reason’. A small number of outliners are visible, both for females and 
males. The unmarked box diagram to the left corresponds to students that have 
not indicated their gender in the survey. 

 

 

 

Figure 14. Box diagram for the statement An engineering degree will guarantee 

me a job when I graduate, where the numerical value 1 corresponds to ‘not a 
reason’, 2 corresponds to ‘minimal reason’, 3 ‘moderate reason’ and 4 
corresponds to ‘major reason’.  A small number of outliners are visible for the 
female group. The unmarked box diagram to the left corresponds to students that 
have not indicated their gender in the survey. 
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In question twelve, the students were asked to rate their own traits as compared to 
their classmates’. There were a total number of eleven traits, such as ‘self confidence’, 
‘leadership ability’, ‘math ability’ etc, and the ratings were ‘lowest 10 %’, ‘below 
average’, ‘average’, ‘above average’ and ‘highest 10 %’. For the full list of traits, see 
Appendix A. There were no significant differences in the answers that could be traced 
back to gender other than regarding ‘public speaking ability’ and ‘computer skills’, 
where the males rated their own skills higher than the females, see figures 15 and 16. 

 

 
Figure 15. Box diagram for the trait Public speaking ability, where the grading 
‘lowest 10 %’ corresponds to the numerical value 1, ‘below average’ to 2, 
‘average’ to 3, ‘above average’ to 4 and ‘highest 10 %’ to 5. The unmarked box 
diagram to the left corresponds to students that have not indicated their gender in 
the survey. 

 
Figure 16. Box diagram for the trait Computer skills, where the grading ‘lowest 
10 %’ corresponds to the numerical value 1, ‘below average’ to 2, ‘average’ to 3, 
‘above average’ to 4 and ‘highest 10 %’ to 5. The unmarked box diagram to the 
left corresponds to students that have not indicated their gender in the survey. 
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In addition, students where asked to choose the five most important words (out of a 
list of twenty) that would be important for a working engineer. For the full list, see 
Appendix A (Q41). In figure 17, the results are displayed for the females and males 
respectively.   
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Figure 17. The distribution of the most important terms for a working engineer, 
where the students were asked to check five out of twenty terms. The diagram 
shows the amount of students that have checked each word. 

 

It is noticeable that the four most frequent terms are common for the two groups and 
moreover, that their relative occurrence is very similar. The term that the students 
rated most important for engineering was ‘Problem solving’. About 83% of both 
males and females checked this word as one of the most important. The three 
following most frequent words were ‘Creativity’, ‘Teamwork’ and ‘Communication’, 
and their relative occurrence are listed below in table 17. Both men and women rank 
‘Contemporary issues’ as least important, 0.9% for the females and 2.3% for the 
males, which may be due to the students’ lack of understanding of the English term.  
The males rank ‘Societal context issues’ very low (2.6%), while for the women the 
corresponding number is 12%. Other terms with low rate are ‘Conducting 
experiments’, ‘Ethics’ and ‘Global context issues’. 

Table 17. The six most frequent words for females and males. 

 Term Females (%) Males (%) 
1 Problem solving 83.3 82.8 
2 Creativity 61.1 64.7 
3 Teamwork 63.9 60.8 
4 Communication 49.1 46.0 

Concept map debrief summary 

After the participant had finished the concept map they where asked to answer some 
questions regarding the terms used. There were 17 women and 93 men in this part of 
the analysis.  

The first question was: Which terms on the list most represent university-level courses 

you have taken or are currently taken? Most of the students (both female and male) 
answered “mathematics”, Women stated “teamwork” more than the men, 59% versus 
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36%. Only about a third of the students said that they had associated the term 
“engineering” with their education, 29% versus 26%. 

The second question was: Which terms on the list most represent your educational 

experiences outside of the classroom? Both groups had the term “communication” at 
the highest rate, female 71% and 44% for male. 

The third question was: Which terms on the list least represent university-level 

courses you have taken or are currently taken? The most frequent concept for both 
groups was “ethics”, 53% of female and 34% of the male. Many interviewees also 
thought that society were not frequently represented in their university education, 
41% respectively 18% for the groups.  

We counted the occurrence of the same concept in question1 and question 2, for the 
female group the mean value was 1.5 concepts, and for the male group the 
corresponding figure was 0.5. The same concept appeared in both question 2 and 
question 3 for 0.4 for the female group and 0.3 for the male group. That means that 
not so many students associate the concepts that are not frequent in university 
education with engineering experiences outside of the university environment. 

 

Table 18 Frequency of terms from concept map list which “most represent university-

level courses you have taken or are currently taken?” 

Concept map list terms, Q1  Female Percent Male Percent 
mathematics 13 76.5% 58 62.4% 
theory 11 64.7% 44 47.3% 
analysis 10 58.8% 40 43.0% 
teamwork 10 58.8% 34 36.6% 
technology 6 35.3% 33 35.5% 
communication 5 29.4% 31 33.3% 
design 5 29.4% 30 32.3% 
engineering 5 29.4% 25 26.9% 
modelling 5 29.4% 22 23.7% 
complexity 4 23.5% 20 21.5% 
research 4 23.5% 17 18.3% 
science 4 23.5% 15 16.1% 
economics 2 11.8% 12 12.9% 
implementation 2 11.8% 11 11.8% 
international 2 11.8% 10 10.8% 
multidisciplinary 2 11.8% 8 8.6% 
society 2 11.8% 8 8.6% 

uncertainty 2 11.8% 7 7.5% 
environment 1 5.9% 6 6.5% 
experimentation 1 5.9% 6 6.5% 
safety 1 5.9% 5 5.4% 
sustainable 1 5.9% 5 5.4% 
ethics 0 0.0% 3 3.2% 
impact 0 0.0% 2 2.2% 
innovation 0 0.0% 2 2.2% 
judgment 0 0.0% 1 1.1% 
Total number of answers 98  455  
Number of answers/participant 5.8  4.9  
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Table 19. Frequency of terms from concept map list which “most represent your 

educational experiences outside of the classroom” 

Concept map list terms, Q2  Female Percent  Male Percent 

communication 12 70.6% 41 44.1% 

economics 9 52.9% 40 43.0% 

teamwork 8 47.1% 23 24.7% 

impact 4 23.5% 23 24.7% 

international 4 23.5% 20 21.5% 

society 4 23.5% 13 14.0% 

design 3 17.6% 11 11.8% 

environment 3 17.6% 10 10.8% 

ethics 3 17.6% 9 9.7% 

safety 3 17.6% 8 8.6% 

complexity 2 11.8% 8 8.6% 

experimentation 2 11.8% 7 7.5% 

implementation 2 11.8% 6 6.5% 

mathematics 2 11.8% 6 6.5% 

multidisciplinary 2 11.8% 6 6.5% 

analysis 1 5.9% 5 5.4% 

judgment 1 5.9% 5 5.4% 

research 1 5.9% 5 5.4% 

science 1 5.9% 4 4.3% 

uncertainty 1 5.9% 4 4.3% 

engineering 0 0.0% 3 3.2% 

innovation 0 0.0% 3 3.2% 

modelling 0 0.0% 3 3.2% 

sustainable 0 0.0% 3 3.2% 

technology 0 0.0% 2 2.2% 

theory 0 0.0% 2 2.2% 

Total number of answers 68  270  

Number of answers/participant 4.0  2.9  
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Table 20.  Frequency of terms from concept map list which “least represent 

university-level courses you have taken or are currently taken?” 

Concept map list terms. Q3 Female Percent  Male Percent 

Ethics 9 52.9% 32 34.4% 

Society 7 41.2% 23 24.7% 

Environment 6 35.3% 23 24.7% 

Design 4 23.5% 17 18.3% 

Innovation 4 23.5% 17 18.3% 

International 4 23.5% 15 16.1% 

Economics 2 11.8% 11 11.8% 

Impact 2 11.8% 10 10.8% 

Judgment 2 11.8% 10 10.8% 

Teamwork 2 11.8% 10 10.8% 

communication 1 5.9% 7 7.5% 

experimentation 1 5.9% 7 7.5% 

implementation 1 5.9% 6 6.5% 

Modelling 1 5.9% 6 6.5% 

Research 1 5.9% 5 5.4% 

Analysis 0 0.0% 5 5.4% 

Complexity 0 0.0% 4 4.3% 

Engineering 0 0.0% 3 3.2% 

Mathematics 0 0.0% 3 3.2% 

multidisciplinary 0 0.0% 3 3.2% 

Safety 0 0.0% 2 2.2% 

Science 0 0.0% 2 2.2% 

Sustainable 0 0.0% 2 2.2% 

Technology 0 0.0% 2 2.2% 

Theory 0 0.0% 2 2.2% 

Uncertainty 0 0.0% 1 1.1% 

Total number of answers 47  228  

Number of answers/participant 2.8  2.5  
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For Question 1 and Question 2 the female group had a mean value of 1.5 concepts in 
both question and the male group had 0.5 

For Question 1 and Question 3 the female group had a mean value of 0.1 concept in 
both question and the male group had 0.2 

For Question 2 and Question 3 the female group had a mean value of 0.4 concept in 
both question and the male group had 0.3 

Perceptions of professional practice 

With regard to perceptions of professional practice, there were no differences 
attributable to gender. In question 13 of the survey, participants were asked to rate 
how important they considered different skills and abilities for a becoming a 
successful engineer. The rating was ‘not important’, ‘somewhat important’, ‘very 
important’ and ‘crucial’. There no observable differences in the female and male 
answers, other than a larger spread in the male answers regarding ‘self confidence’ 
and ‘communication skills’. The males rated communication skills as slightly more 
important than the females. 

Discussion 

As reported in Studies A-E above the Stepping Stones project has provided a rich data 
set for exploring conceptions of engineering from a Swedish perspective. 

In terms of continuing work, we anticipate we will undertake the following analyses: 

Surveys:  An analysis by discipline. 

Concept maps: Analysing how the concept maps develop over time, using the 
explanogram representations.  For example, examining the sequences 
graphically and reformulating them as stories or narratives that could be further 
analyzed.  For example, could we then tell the categories’ different stories? 
Some of the participants forgot or excluded certain words.  Is there a pattern to 
this or is it just neglect to check that all concepts were used?  How can we relate 
this to the debrief information? Especially interesting would be relating these 
sequences with questions one and three from the concept map debrief, that ask 
students to relate the terms used in the mapping task to their university courses.  

Interviews with surveys: An analysis of question 38 of the survey with respect 
to questions 1, 2 and 5 in the interview.  For example, it should be possible to 
create a list of terms students associate with engineering and then compare these 
with the responses in the interview.  Also, at this stage, no aggregation of the 
terms from the survey has been performed.  Early analyses of the survey, 
reported here, indicate that “problem solving” and “mathematics” are terms that 
participants frequently use for describing engineering.  In addition, it would be 
useful to continue the analysis of the photo elicitation interviews. 

Case studies:  We are currently discussing an analysis of a subset of 
participants across multiple data sources. 
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