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Abstract - An increase in student awareness of the
engineering profession is needed to ensure students have
the knowledge to make informed career choices, which
may lead to achieving high-quality engineering graduates
and diversifying the profession. One way to meet this
demand may be ensure that pre-university students have
sufficient knowledge of the engineering profession in
order to make an informed decision in considering
engineering as a possible choice for post-secondary
study. The purpose of this research study is to understand
the knowledge and/or perceptions that Grade 9 and
Grade 10 students have about the engineering profession.
While the study is a work in progress, this paper
highlights an emerging trend from the early data analysis,
indicating that students perceive a relationship between
engineering and the skilled trades, but have difficulty
distinguishing differences between the two. This
relationship will be further investigated as the study
progresses.
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1.0 INTRODUCTION

Engineering, as defined by Tom Brzustowski,
past president of NSERC is “the professional activity of
creating artefacts and systems to meet people's material
needs, with design as the central creative process,
scientific knowledge and economic considerations as its
essential inputs, and public safety as its overriding
responsibility” [1]. According to Engineers Canada [2],
the description of what professional engineers do is,
“design products, processes and systems that protect the
environment, and/or enhance the quality of life, health,
safety and well-being of Canadians”. With these
definitions at the core of the engineering profession in
Canada, knowing how the student body defines
engineering as a profession will be vital to determine if
and in what form of response, may be required to ensure
students can make informed decisions in considering
engineering as a post-secondary program of study. With
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the Canadian Engineering Labour Market Conditions for
2009-2018 predicting an increased demand for nearly all
engineering disciplines [3], an increase in student
awareness of the engineering profession is needed to
achieve high-quality engineering graduates and
diversifying the profession while meeting the national
demand for engineers.

A recent research study of Grade 7 students in
two different schools in Canada suggested that a
substantial majority had little or no knowledge of
engineers or the engineering profession [4]. Similar
studies have been conducted in the United States [ [5] [6]
[71 [8] [9]] to determine students’ and the general public’s
perception of engineering, indicating that they had a
misrepresented view of the engineering profession.
Therefore, it is important to determine if this trend
continues with students in their early years of high school,
when specific course streaming may influence post-
secondary education options such as engineering. This
study is being conducted as part of a larger research
project examining factors influencing students’ decision
to enrol in engineering education programs in Canada.
The research encompassed in this work-in-progress will
explore how Grade 9 and 10 students across five different
schools in southeastern Ontario perceive the field of
engineering. This research will inform engineering
outreach initiatives targeting intermediate and early high
school students by identifying missing links (if any)
between students’ perceptions of engineering and the
professional governing body of engineering, while adding
to the growing body of literature supporting a greater
emphasis on engineering in STEM education. This paper
will discuss an emerging pattern that has been observed in
the early analysis of the research results.

2.0 METHODOLOGY

Qualitative research is a method of inquiry that
seeks to interpret and understand social or cultural
phenomena from the perspective of those participants, as
individuals or as groups, whom have experienced it [10].
Since this study is aimed at describing the perceptions
that students have about engineering, an exploratory
qualitative approach is used to discover if significant
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themes, patterns, and categories emerge from the
student’s responses as the participants.

This research was performed across five high
schools in the southeastern Ontario region, all of which
were from the same school board. The selected schools
for this study were strategic based on their geographic
location (urban or rural), proximity to the local university,
and the average socio-economic status of the families at
the schools, to cover a broad demographic. The
participant selection at each school was purposeful in that
a criterion-based sampling strategy was used to ensure
that all participants were in Grade 9 or Grade 10 and
enrolled in academic level English, Math, and Science
courses. The justification behind this sampling strategy
was to understand the students’ perceptions from the
participants who are currently on the “academic”
(potentially university-bound) pathway.

The first phase of this research was an online
questionnaire that has been blended and modified to
include questions from previous studies used to assess
students’ and adults’ perceptions of engineering [ [4] [5]
[8] [9]]. The questionnaire incorporated both closed and
open-ended questions, hence the necessity for a multiple
method inquiry approach. Close-ended data was analyzed
using Microsoft Excel and SPSS, while open-ended data
was transcribed into individual Word files for coding and
analysis. Once transcribed, descriptive statistics were used
to summarize the findings. The second phase of the study
consisted of eleven semi-structured interviews to further
investigate the preconceived notions that high school
students have about the engineering profession, and to
obtain a rich understanding of their knowledge about the
profession. The findings in this paper illustrate and
discuss the emerging themes from several questions from
phase 1 of the study, while the remaining questions from
phase 1 and phase 2 analysis will be included in later
publications.

3.0 RESULTS AND DISCUSSION

The results from this portion of the study are
separated into three components, all of which provide
insight towards answering the research questions. The
components are; knowledge of professions, describing
engineers and engineering attributes, and the professional
work of engineers.

3.1 Knowledge of professions

Understanding the level of students’ self-
identified knowledge of different professions is the
gateway to determining students’ perceptions of
engineering. On the questionnaire, students were asked to
rate the level of knowledge they have about of seven
different professions and what these professionals do on a
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day-to-day basis, with 1 representing ‘no knowledge’ and
10 representing ‘complete knowledge’. Figure 1
illustrates the box and whisker plots for each profession
starting from left to right with teacher, lawyer, doctor,
engineer, scientist, architect, and a designer.

Complete How much do students know about each profession?
Knowledge
i

SCALE VALUE

Knowledge  Teacher Lawyer Dactor Engineer Scientist Architect Designer

Figure 1: Box and whisker plot comparing different
professions

The box and whisker plot for the engineering
profession is the lowest average score compared to all
professions at 5.42 as illustrated in Table 1. In addition to
the lowest average score, engineering also has the highest
standard deviation at 2.76.

Table 1: Knowledge about different professions

Stand.
Average

Dev

Teacher 7.45 2.12
Lawyer 5.89 2.35
Doctor 6.65 2.29
Engineer 5.42 2.76
Scientist 5.71 2.48
Architect 5.75 2.57
Designer 5.92 2.57

These two results are consistent with literature results in
that students are most familiar with teachers and doctors,
while having a lower level of understanding, and in this
case the least amount of knowledge, about the
engineering profession [8].

3.2 Describing engineers and engineering attributes

Stereotypical representations of scientists have
been studied dating back to 1983 [11] and over the years,
the instruments have been adapted and modified to fit the
context of engineering [7] [9]. In order to further
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How do the following words/phrases describe engineers or engineering?
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Figure 2: How do the following words/phrases describe engineers or engineering?

investigate how the participants in this study view
engineers or the field of engineering, twenty-four
attributes that were derived from a previous study [8]
were displayed and the participants were asked to select,
using a four-point Likert scale, how well each attribute
describes engineers or engineering. Figure 2 shows the
percentage breakdown for each of the twenty-four
attributes. The results are sorted left to right based on the
highest percentage of ‘very well” responses, illustrated at
the bottom of each graph in solid black, followed by
‘somewhat well’, ‘not well’ and ‘not well at all” stacked
on top of each other.

The top three attributes described by the
participants that closely resonate with engineers, based on
the percentage who selected ‘very well’, are that
engineers are hardworking (76.3%), good at math and
science (66.0%), and are problem solvers (59.8%).
Towards the opposite end of the scale, very few
participants think that engineers are nerdy (13.4%),
engineering consists mostly of men (6.2%), or that
engineering is boring (4.1%). One important highlight
from this question is the ‘Builds, constructs, or makes
things’ attribute in which 55.7% of participants indicated
it describes engineers ‘very well’, and an additional
37.1% selected ‘somewhat well’. These high percentages
suggest that students believe there is a link between
engineers and ‘building, constructing, or making things’.

One of the open-ended questions of the phase 1
questionnaire allowed for the participants to describe the
first words, phrases, or images that come to mind when
thinking about engineering. Using a qualitative analysis
process, the individual responses were coded and then
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grouped into categories. Figure 3 is an example of how
the categories emerged from grouping the recurring
codes, while Figure 4 is the percentage frequency
breakdown of each category.
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Figure 3: Emerging categories from the "What is
engineering?" open-ended question

The “central creative process” code grouping,
which consists of participant responses that describe
engineers using the words design, build/create, or
innovate, has the highest frequency of responses at 33%
of all responses. The second highest category is the
“skilled trades” category, which describes engineering
using the words construction, mechanic, or cars, and has a
frequency of 23% of all responses. Based on the
frequency of codes results shown in Figure 4, the
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participants indicate that there might be an overlapping
link between skilled trades and engineering.

What are the first words that come to mind when thinking about engineering?

Central ~ Skilled Trades Essential Inputs Professional ~ Engineering Other Sourcesof  Nothing comes
Creative and Skills Career Products perception to mind
Process Attributes

% of students who identified each category

Figure 4: Percentage breakdown of the responses for
each "What is engineering?" category

3.3 Professional work of engineers

Identifying the types of work that students
associate with a professional engineer may provide a
glimpse into the perceptions they hold. On the
questionnaire, the participants were asked to select from a
list of 16 job descriptions [5], which ones describe the
work of professional engineers. Figure 5 shows the
percentage of students who said ‘Yes’ to each description
that in their opinion represents the work of engineers.
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Figure 5: Which job descriptions describe the work of
professional engineer?

Within the list of descriptions, the research team
has identified six that represent typical engineering
activities and have been identified within Figure 5 as
highlighted in solid black. Although three of the other
descriptions could arguably fall under an engineering job
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description and are highlighted in grey, for the purpose to
this study and in a previous study [5], they were not
included as typical engineering activities. The results
from this question show that the top five descriptions
students associate with engineering are hardworking
(95.9%), work as a team (92.8%), design things (90.7%),
read about inventions (85.6%), and design ways to clean
up water (77.3%). However, the three next highest job
descriptions are install wiring (68.0%), supervise
construction (66.0%), and construct buildings (64.9%), all
of which are in a “grey area”, and according to the
research team and a previous study [5], do not represent
typical engineering activities and are consistent with
results from previous questions.

The open-ended component of the questionnaire
allowed for the participants to describe what a
professional engineer does and an example of their work.
The responses were analyzed as described in Figure 3,
and Figure 6 is the percentage frequency breakdown of
each coded category.

What does a professional engineer do?
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Figure 6: Percentage breakdown of the responses for
each "What do professional engineers do?" category

When asked to describe the work engineers do,
51.5% of the responses were categorized into the “central
creative process”. The percentage of responses in this
emerging category changed from the 33% who used these
terms to describe “what is engineering?” to the 51.5%
who used the terms to describe “what engineers do”. The
increased frequency of responses is as expected since the
participants are asked to describe the work of an engineer
and the verbs “build”, “design”, or “create things” appear
to represent engineers. The skilled trades’ category is the
second highest and shows a similar pattern to the “central
creative process” category, increasing in response
frequency from 23% to 34% when asked to describe the
work of engineers. This high percentage of responses
supports the emerging trends in previous questions in that
the participants have an overlapping view of engineers
and skilled trade’s workers.
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4.0 CONCLUSION

This paper highlights emerging trends from the
early data analysis of a larger study that investigates
perceptions of Grade 9 and Grade 10 students with
respect to the engineering profession. Comparing
students’ knowledge about day-to-day tasks across seven
different professions suggests that, they knew the least
about engineering. The “central creative process”
category, which includes the words design, build/create,
or innovate was mentioned in 33% of responses when
asked to describe engineers or engineering attributes,
followed by 23% of responses in the “skilled trades”
category. These two emerging categories were also
significant (51.4% and 34% respectfully) when students
describe the work of a professional engineer. Based on the
results discussed above, students appear to be aware of a
relationship between engineering and the skilled trades,
but have difficulty distinguishing differences between the
two. As this study is a work in progress, further
conclusions are pending the full analysis of phase 1 and
phase 2 data.

4.1 Next Steps

The next phase of this research will further
analyze the phase 1 questionnaire to holistically assess
students’ perceptions of engineering. Additionally, the
phase 1 data will be analyzed to determine if any
significant differences exist between Grade 9 and 10
students, boys and girls, geographic proximity, and
knowing or not knowing an engineer.

Secondly, the phase 2 semi-structured interviews
will provide additional information about students’
perceptions of engineering as they investigate topics such
as the differences between an engineer and a designer,
what is new/surprising about the definitions of
engineering, and what opportunities exist in school to
expose and discuss engineering. The interviews will also
be analyzed to compare the groups of students mentioned
above.

These next steps and analysis are expected to
broaden the conclusions and recommendations of this
study, and will provide valuable information to build an
understanding of this issue and add to the body of
knowledge that may potentially guide intervention
towards improving pre-university students’ understanding
of engineering.
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