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ABSTRACT

High-quality engineering design requires an understanding of
how the resulting engineered artifact interacts with society, the
natural environment, and other aspects of context. This study
examines how first-year engineering undergraduates approached
two engineering design tasks. We focused on how much students
considered contextual factors during problem-scoping, a critical
part of the design process. As part of a larger, longitudinal study,
we collected data from 160 students at four U.S. institutions.
Students varied in their consideration of each design task’s con-
text, and women’s responses were more likely to be context-ori-
ented than men’s. Overall, context-orientation was positively cor-
related between the two design tasks, despite differences in data
collection and analysis. Having found that beginning engineering
students, particularly women, are sensitive to important contextu-
al factors, we suggest that efforts to broaden participation in engi-
neering should consider legitimizing and fostering context-ori-
ented approaches to engineering earlier in the curriculum.

Keywords: context, design, women.

1. INTRODUCTION

As engineers contribute to solving the increasingly complex
problems facing our society, there is a growing need for the engi-
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neers graduating from undergraduate programs to understand
deeply the context within which they are solving problems. There is
a particular need for engineers who recognize the complexities of
global and societal issues and respond to those complex issues with
the solutions they develop.

The importance of incorporating contextual issues into the un-
dergraduate curriculum is widely acknowledged in the engineering
education community [1-7]. The ABET Criteria for Accrediting
Engineering Programs incorporate context in two of the eleven
learning outcomes expected to be achieved by engineering gradu-
ates. Among ABET’s technical and professional learning outcomes
are both “an ability to design a system, component, or process to
meet desired needs within realistic constraints such as economic,
environmental, social, political, ethical, health and safety, manufac-
turability, and sustainability” and “the broad education necessary to
understand the impact of engineering solutions in a global, eco-
nomic, environmental, and societal context” [8].

More recently, a gathering of engineers and social scientists [9]
and a National Academy of Engineering (NAE) report [10] rein-
forced the importance of these issues. The NAE report “The Engi-
neer of 20207 stated strongly, “Successful engineers in 2020 will, as
they always have, recognize the broader contexts that are inter-
twined in technology and its application in society” [10, p. 56]. This
issue assumes greater importance as the economy, environment,
and social structures of the world become more linked, and change
happens at an ever-increasing rate.

Consideration of the broader aspects of engineering incorpo-
rates many concepts. Engineers must design solutions that address
the needs of diverse peoples in diverse cultures in ways that are
“user-centered.” They must design solutions that do not harm the
natural environment in which we all live. Furthermore, they must
be thinking simultaneously at the local and global level about the
impact of their proposed design solutions. This aspect of engineer-
ing is referred to in many ways: as broad thinking or broad prob-
lem-scoping; thinking of global and societal implications of engi-
neering; incorporating the context of engineering; and valuing the
importance of the links between science, technology, and society.
We refer to the consideration of global and societal implications of
engineering design as breadth of problem-scoping, and the context of
engineering.

Broad thinking and problem-scoping activity can be observed
when an individual engages with a specific engineering design task.
In this study, we focus on the problem-scoping activity of engineer-
ing students in the early stages of their education, as opposed to that
of advanced students or professional expert designers, and describe
the findings from students who completed two separate engineer-
ing design tasks. One is an open-ended exercise in which students
were given 10 minutes to write their answer down on paper in any
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format they liked. The other is a closed-ended question on a larger
online survey in which students were given a list of kinds of infor-
mation and asked to select the kinds of information that they would
most likely need to complete a given engineering design task. In our
analysis, we sought to determine how broadly first-year students
scoped these design tasks; that is, to what extent they considered the
global and societal implications of engineering design. We also ex-
amined gender differences in problem-scoping.

II. LITERATURE REVIEW

Preparing future engineers who understand the global and soci-
etal implications of the products and systems they design and im-
plement is clearly a priority for the engineering community of the
twenty-first century. The community has been involved in many
conversations about this important need and has responded in in-
novative and effective ways. There is an active Science, Technology,
and Society community with 27 national programs that address
these issues [11], as well as a professional association: the Interna-
tional Association of Science, Technology, and Society [12]. Ex-
amples of the engineering education community’s response include
innovative courses and workshops [13-17], curricula and programs
[18-26], and tools to help guide assessment [27-28]. Many of these
engineering programs and courses teach students about the impor-
tance of global and societal issues through design experiences. This
is a natural place for those learning experiences to occur for two rea-
sons. First, design is one of the core elements of engineering that we
teach our students. Second, when engineering has an impact on
global and societal issues, it is often through the consequences (in-
tended and unintended) of artifacts and systems designed by engi-
neers [29]. This signals a need for continuous empirical inquiry into
the design experiences of engineering students, to ensure that de-
sign strategies and processes used to teach and learn engineering are
aligned with the learning outcomes anticipated by the larger engi-
neering community and society.

The characteristics of the design process used can influence the
quality of the final solution, and some design strategies have been
found to be more effective than others. Strategies such as “thorough
goal analysis,” which characterize the early stages of the design
process, have been associated with better solutions [30]. Studies of
both novice and expert designers have highlighted the importance
of effective conceptualization of the design problem. For instance, a
study of novice software analysts by Sutcliffe and Maiden [31] indi-
cated that design performance appeared to be linked to the ability to
reason through the problem and to define and conceptualize the
problem domain and scope. Similarly, Cross and Clayburn [32]
found that a systematic approach to the problem from the outset
and careful framing of the problem space were common features in
the design processes of two expert designers. In an expertise study
focusing on electronics engineers, Ball et al. also found that “design-
ers were implementing a highly systematic solution-development
strategy which deviated only a small degree from a normatively op-
timal top-down and breadth-first method” [33, p. 247]. Overall, re-
search on how designers define and frame problems [33-36], reflect
on their designs [37-39], gather information [40-43], and assign
importance to aspects of the design process [44] illustrates that the
initial thinking about the nature of the problem can significantly
impact the quality of the resulting solution.
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Overall, there is much research on design processes [45-46]. A
few studies have characterized engineering students’ design process-
es with regard to the breadth of problem-scoping and consideration
of the design context. Research has uncovered differences in the
breadth of problem-scoping exhibited by “novice” student engi-
neers and “expert” designers, who are typically advanced profession-
als with significant work experience. For example, Christiaans and
Dorst [41] found that novices solicited less information and exhib-
ited less extensive problem scoping, compared with expert design-
ers. In addition to novice—expert comparisons, progress has also
been made on analyzing student problem-scoping activity across
academic levels and engineering disciplines [47-49]. For instance,
Bogusch et al. found that more seniors than freshmen were able to
consider broad aspects of a design problem [47]. Comparing fresh-
man and senior designers, Atman et al. found that seniors gathered
more information than did freshmen [49]. In a follow-up study,
Atman et al. confirmed most of these findings, supporting the ex-
pectation that seniors outperform freshmen in design [50]. This
study also highlighted the importance of using a variety of engineer-
ing performance tasks in research, as the nature of the engineering
design task influences the dynamics of the design process and the
measures used to assess and compare design activity among the
study participants, such as time allocated to each stage of the design
process. Overall, such work resulted in detailed descriptions of
freshman and senior student design processes and insights into the
differences between them. Insights from these studies can shed
light on how student designers might incorporate broad factors into
their design solutions. The research also suggests that it is useful to
explore the patterns of student design thinking and doing, using a
combination of performance tasks.

An additional impetus for studying the ways in which under-
graduate engineering students approach design problems is related
to the continuing effort to attract a more diverse and representative
enrollment in engineering [51]. In spite of years of research and in-
tervention, women earned less than one fifth of the Bachelor’s de-
grees in engineering and engineering technologies granted in the
U.S. in 2004 [52]. Sex-based disparities in enrollment and retention
rates can 7ot be attributed to differential ability or academic perfor-
mance [53] nor are they attributable to differences in student en-
gagement [54]. The same is true of underrepresented minority
(URM) students. Although URM students are not the focus of this
study, it is important to note that both women and URM students
are differentially served by different institutions of higher education.
Some institutions are better than others at recruiting and retaining
women and URM students [55-57].

In their report on the Women’s Experience in College Engi-
neering Project, Goodman et al. corroborated prior research sug-
gesting that women who leave engineering perceive that it is not
compatible with their dominant interests [53]. Besterfield-Sacre
et al. also found that freshman women had a lower perception than
men of “how engineers contribute to society” [58]. Goodman et al.
found that exposure to the connection between engineering and
society and/or the natural environment positively affected women’s
initial interest in and choice to study engineering [53].

The vast literature on intellectual development suggests an addi-
tional clue to the disparity between male and female enrollments in
engineering. As Felder and Brent described in their overview of sig-
nificant models of intellectual development and their relation to en-
gineering education, women and men are likely to exhibit different
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patterns of knowing at various stages of their intellectual develop-
ment. Masculine ways of knowing are more likely to match the cul-
ture and norms of engineering programs and classrooms [59]. Be-
cause doing engineering is fundamentally tied to thinking about
engineering, our findings about how broadly first-year women and
men scope engineering problems may reflect their varying interests,
perceptions, and patterns of knowing as they embark on their engi-
neering education journeys. From this point forward in this paper,
we refer to gender rather than sex-based differences, to represent
our belief that the variations in thinking about and doing engineer-
ing that we observe are grounded in social interaction and experi-
ence rather than biology. As Tai et al. reported, regardless of natural
aptitude, students who had early exposure to science are significant-
ly more likely to earn degrees in physical science and engineering
[60].

The highest levels of intellectual development involve the ability
to make commitments to judgments of knowledge and truth while
acknowledging the uncertainty and dynamism of the contexts in
which such judgments are situated [59]. In addition to enabling stu-
dents’ mastery of math and science concepts, of course, engineering
education must promote intellectual growth in order to move stu-
dents beyond simple acquisition of knowledge toward the contextu-
al application of these concepts to real-world problems. By studying
how first-year students do engineering, we may further understand
their readiness for intellectual challenges, as well as their need for
support.

In this study, we compare data from students solving two design
tasks and consider the role of gender in the design performance of
students at an early stage in their engineering education. The spe-
cific research questions we ask are the following:

1. How broadly do first-year students scope an engineering de-
sign problem?

2. Is a student’s gender related to their problem-scoping behav-
ior?

3. Do first-year students exhibit similar problem-scoping behav-
ior regardless of the engineering problem in which they are
engaged?

We expect that a detailed understanding of student design
thinking and doing could yield ideas for creating effective design
learning experiences for students, as well as insights for applying the
results to classroom practice [61]. This study also contributes to our
ongoing program of empirical research, providing a foundation for
directing instructional development in college-level engineering de-
sign education.

III. METHODS

The Center for the Advancement of Engineering Education
(CAEE) is a collaboration of scholars focused on the development
of knowledge about engineering learning and teaching that can
contribute to the improvement of engineering education. The Aca-
demic Pathways Study (APS) research element of CAEE is a
multi-institution, mixed-method, longitudinal study which exam-
ines engineering students’ learning and development as they move
into, through, and beyond their undergraduate institutions. Data
were collected from students at each of four institutions: Mountain
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Technical Institute (M), a public university specializing in teach-
ing engineering and technology; Oliver University, a private, histor-
ically black, mid-Atlantic institution; University of West State
(UWest), a large, public university in the Northwest U.S.; and Uni-
versity of Coleman, a medium-sized, private university on the West
Coast (pseudonyms).

The APS uses a concurrent triangulation mixed-methods de-
sign, in which both qualitative and quantitative methods are em-
ployed to collect and analyze data. The integration of results occurs
during the interpretation phase [62], enabling researchers to ad-
dress a broad range of research questions directed toward discerning
complex phenomena like student learning and development [63].
Data were collected from students at the four institutions using sur-
veys, structured and unstructured interviews, and ethnographic ob-
servations. Students were also asked to perform simple engineering
tasks during timed sessions at the conclusion of interviews. The
study was designed to collect data from forty students at each of the
four institutions (V= 160). This paper describes a subset of the
first-year data gathered for the APS. Specifically, we describe find-
ings from a brief engineering design task administered to 124 stu-
dents during one-on-one interviews in the spring of the first year of
the study, and findings from an engineering design question asked
of all 160 students on the spring survey in the first year of the study.
The survey was administered to all student participants, but only
143 students answered the engineering design question adequately
to be included in the analysis. These data collection instruments are
described in detail below.

A. Midwest Floods Problem

In Spring 2004, 124 first-year students were asked, “Over the
summer the Midwest experienced massive flooding of the Missis-
sippi River. What factors would you take into account in designing
a retaining wall system for the Mississippi?” Students were given 10
minutes to write down their answers on paper. This exercise was
administered at the end of either a structured or unstructured inter-
view in which students had been asked a number of open-ended
questions about their engineering knowledge and educational
experiences.

The Midwest floods problem (MWEF) has been used in previous
studies of design behavior in engineering students [37, 47, 48, 64-
67]. The problem is intended to provide a problem-scoping goal
orientation, directing respondents to think about the constraints, or
factors, to be considered given a proposed solution approach to a
broad-based, real-world problem. The data collected give a sense of
how broadly students think about engineering problems, and to
what extent students situate engineering problems in context.

1) Data collection and management: Students’ written responses
were transcribed and stored digitally. Care was taken to faithfully
reproduce handwritten responses to the extent possible. The stu-
dents’ line breaks, spelling errors, corrections, bulleted lists, and so
forth, were indicated in the digital file. Figure 1 is an example of a
transcript of a student’s written response to the MWE question:

Four members of the research team each segmented all of the
transcribed data into distinct “thought units.” Each segment is meant
to contain one discrete idea. Segmenting separately, researchers
achieved 70 percent agreement. The team then met to compare seg-
menting choices and negotiated differences to consensus.

2) Data analysis: A coding scheme that was previously developed
and validated for use with verbal protocol data [37, 47, 48, 64—67]

Journal of Engineering Education 323



was adapted for use here. This scheme consists of two dimensions
of breadth containing four categories each. The first dimension,
“frame of reference,” includes the categories zechnical, logistical, nat-
ural, and social, to reflect the perspective of the student’s focus con-
tained in the segment. The second dimension, “physical location,”
represents the physical area of focus of the segment. Broad descrip-
tions of each of these categories are shown in Table 1.

Two research assistants coded each segment with respect to
frame of reference and physical location. Cohen’s kappa test was
used to assess inter-coder reliability. During pilot coding, the two
coders did not achieve satisfactory agreement. The researchers then
adapted the codebook for use with the written data, and descrip-

I would take into account the pH or type of water which
flows through the river. This would be a decisive factor as
to what kind of material the retaining wall should
comprise of. I wouldn’t want the wall to disintegrate or
even wear away. As the issue of wearing away comes into
play, i[sic] would also have to determine the current
strength of the river.

Another factor to take into account would be the type of soil
that surrounds the river. Is it dry or water logged, does it
comprise of stones, shrub, etc. Slip soil may cause the wall to
lean.

The material of the wall should be one that can beat its
surroundings and stand tall.

Figure 1. Transcript of an example student response to the
MWE problem.

tions of codes were elaborated upon to better articulate how the re-
search team understood the codes. After revision, the researchers,
coding separately, achieved substantial agreement for both the
frame of reference and the physical location codes, with kappa val-
ues of 0.748 and 0.746, respectively. The team met to discuss cod-
ing choices and negotiated differences to consensus.

Table 2 illustrates how the data in Figure 1 were segmented and
then coded. The student’s response to the MWE problem com-
prised 10 distinct segments or thought units. Each was coded using
the codebook described previously. For example, the “kind of mate-
rial the retaining wall should comprise of” is a technical issue with
respect to the wall itself. In contrast, “the type of soil that surrounds
the river” refers to the natural properties of the bank.

B. Information-Gathering Task

In addition to the paper-and-pencil MWF task, a quantitative
survey that collected data on the students’ experiences and engage-
ment in their higher education was administered twice in each year
of the Academic Pathways Study. During the spring administration
in their first year, we asked students to answer a closed-ended ques-
tion about the information they would need to design a playground.
Figure 2 contains the text of the question.

The purpose of the information-gathering task was to orient
respondents toward the information-gathering component of the
design process. The problem itself was drawn from a related body of
work by Atman and her colleagues [49-50]. In this research, verbal
protocol analysis was used to provide rich descriptions of design
processes used by various populations, including freshman and se-
nior undergraduate students and practicing engineering profession-
als. The process of gathering information is one of the important
distinctions across these populations [37, 49, 64]. The problem

Surroundings

Frame of
Reference Description
Technical Teghmcal or engineering vocabulary, design issues,
decisions about having the wall.
_ Cost, funding, construction process, maintainability issues,
Logistical
resources needed.
Volume of water, damage, effects of flood, topography,
Natural . D
animals, plants, weather and weather predictions.
. People, safety concerning people, towns, living areas, fields
Social . - .
of engineering and education.
Physical .
Location Description
The wall itself, things that interact with the wall,
Wall . ;
alternatives for having a wall, where to put the wall.
Length of the river, fish, flood without effects, pressure
Water . . .
issues without mention of the wall.
Bank Interface of the wall, edge of the river, width of the river.

Anything away from the water, living areas, things along
the water, specific effects of the wall or flood to the shore.

Table 1. Code descriptions for the MWE problem. Each segment was coded with respect to ‘frame of reference” and “physical location.”
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Frame of

Segment Reference Physical Location
1 would take into account the pH or
type of water which flows through the Technical Water
river.
This would be a decisive
factor as to what kind of material the Technical Wall
retaining wall should comprise of.
1 .wiouldn t want the wall to Logistical Wall
disintegrate or even wear away.
As the issue of wearing away comes
into play, i[sic] would also have to Technical Water
determine the current strength of the
river.
Another factor to take into account
would be the type of soil that Natural Bank
surrounds the river.
Is it dr?/ or water logged, does it Natural Bank
comprise of stones, shrub, etc.
Slip soil may cause the wall to Technical Wall
lean.
The material of the wall should be
one that can beat its surroundings Technical Wall
and stand tall.

Table2. Sample of data segmenting and coding.

You have been asked to design a playground. You have a limited
amount of time and resources to gather information for your design.
From the following list, please put a check mark next to the FIVE
kinds of information you would MOST LIKELY NEED as you

work on your design:

__Availability of materials
__Budget

__Information about the area
__ Legalliability

__Material costs
__Neighborhood demographics
__Safety

__Technical references
__Body proportions
__Handicapped accessibility
__Labor availability and cost
__Maintenance concerns
__Material specifications
__Neighborhood opinions
o Supervision concerns

_ Udlities

Figure2. Text of the information-gathering task.

statement and kinds of information used in the problem statement
displayed in Figure 2 are drawn directly from this work.

The research described in this paper provides an opportunity to
learn what respondents from a larger population of first-year engi-
neering students consider most important as they establish the prob-
lem space for playground design. It also provides an opportunity to
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triangulate with data gathered from other engineering design tasks,
like the MWEF problem. We are interested to know whether there
are any patterns in how individuals exhibit problem-scoping behav-
iors for one problem and information-gathering behaviors for an-
other problem.

C. Interpreting Problem Orientation

As discussed previously, we were especially interested in the ex-
tent to which students situated the MWEF and playground informa-
tion-gathering problems in context. This section details how we in-
terpreted the data gathered for each of the problems.

For the MWEF problem, we used the concepts of design detail
and design context to quantify and compare students’ breadth of
problem-scoping. As illustrated in Figure 3, ideas focused on the
wall or the water and from a technical or logistical perspective were
interpreted to be oriented toward the detail of the design problem.
All other ideas were considered oriented toward the context of the
design problem.

For example, a stated factor such as, “materials for the wall” was
assigned the codes (wall, technical), and was therefore interpreted as
oriented toward design detail. This stands in contrast to “people who
live in the flood plain,” which was assigned the codes (surroundings,
social), and identified as oriented toward the design context.

To develop an analogous interpretation of the data gathered for
the playground design task, three researchers coded the kinds of in-
formation separately, and then negotiated to consensus our inter-
pretation of items over which we differed. Table 3 contains our in-
terpretation of the kinds of information from the playground design
task, categorized as detail- or context-oriented. Supervision concerns
was considered neither detail- nor context-oriented.
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For both the MWEF problem and the playground design task, we
consider our separation of context and detail to be an approximation,
and we recognize that one designer’s context-oriented condition may
be another designer’s detail-oriented constraint. Indeed, it is a goal of
engineering education that factors or kinds of information considered
important for a particular design problem be understood in terms of
the interaction between the details of the problem and the context in
which it is situated. Our findings in the following section are prag-
matic, acknowledging that to some extent it may be difficult to sepa-
rate detail and context into mutually exclusive categories.

IV. FINDINGS

This section describes the results of analyzing the two data sets:
the written responses to the MWE performance task and the re-
sponses to the playground design information-gathering question. In
the MWE task, participants were asked to write down the factors
they would consider in designing a retaining wall to contain river
flooding. This was a free-response question, and the written respons-
es were prepared for quantitative analysis in a process of transcription,
segmenting, and coding, as described previously. The comparatively
simpler playground design information-gathering question asked
participants to select the information most likely needed for designing
a playground from a fixed list. Since the question was forced-choice,
these responses did not require any preparation for analysis.

The number of collected responses suitable for analysis differs
between the questions, but each response set includes roughly equal

social
natural .
Design context
logistical
design
technical | detail
by b G4, .
Ve %y,
Yo
K
&

Figure 3. Hllustration of interpretation of MW problem codes.
Segments coded wall or water and logistical or technical are consid-
ered oriented toward the detail of the design, while all others are
considered oriented toward the context of the design problem.

representation of the four participating institutions. In both re-
sponse sets, about 35 percent of the participants were women.

We begin with results of independent analyses of the MWF and
playground question responses, followed by results of a paired
analysis examining how each participant responded to both ques-
tions. In addition to characterizing the response sets as a whole, we
discuss gender comparisons made throughout the analyses.

A. Midwest Floods

We collected MWE responses for 124 participants. Recall from
the methods section that the number of segments in a participant’s
response basically represents the number of factors they said they
would consider in designing a retaining wall to contain river flood-
ing. Figure 4 shows that most participants’ responses consisted of
six to 16 segments, with a few responses consisting of as many 29
segments. The mean segment count was 11.48 (SD = 4.58).

Next, each segment was coded in two dimensions, physical loca-
tion and frame of reference. In each dimension, there were four
codes, as described above and shown in the axis labels in Figure 5.
This figure represents all 124 participants’ responses in aggregate
and shows the distribution of the 1,418 segments across the possible

DB [+

% participants

2 4 6 8

10 12 14 16 18 20 22 24 26 28 30
number of segments

Figure4. Histogram showing distribution of the number of seg-
ments in participants responses to the Midwest floods retaining wall
design question. Segment count corresponds to number of factors rep-
resentedin theresponse. (Mean = 11.48, SD = 4.58, N = 124).

Detail-oriented

Context-oriented

Neither

Availability of materials
Budget

Labor availability and cost
Maintenance concerns
Material costs

Material specifications
Technical references Safety
Utilities

Body proportions
Handicapped accessibility
Information about the area
Legal liability
Neighborhood demographics
Neighborhood opinions

Supervision concerns

Table 3. Kinds of information from playground design task, categorized as detail- or context-oriented or neither.
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code pairs. Certain kinds of factors were much more frequently
cited in the responses, the (wall, logistical) code pair being the most
frequent. This code pair, together with (wa/l, technical) and (water,
natural), accounted for over half of the segments. The code pair
(wall, logistical) comprised factors such as the site (location) for the
wall, how and when the wall would be constructed, and budget con-
siderations. The next most frequent code pair, (wall, technical),
comprised factors such as the dimensions of the wall and the mate-
rials from which it would be constructed. The code pair (water, nat-
ural) matched segments discussing the natural phenomena of rain-
fall, flooding, water level, etc.

As described previously, the code pairs in the dotted, outline in
Figure 5 are context-oriented, and the remaining four code pairs
(lower left corner) are detail-oriented. At least in aggregate, the
study participants seemed to give substantial consideration to both
detail- and context-oriented factors. As mentioned above, technical
and logistical factors related to the wall design dominated the de-
tail-oriented factors. Among the context-oriented factors, partici-
pants more frequently considered the natural environment than so-
cial factors. (Segments coded natural in the frame of reference
dimension numbered 431, compared to 258 coded social.)

Certain code pairs were associated with very few segments, or
with no segments at all (wafl, natural) and (surroundings, technical).
Although this might be a reflection of the participants’ design ex-
pertise, we expect that this is an artifact of the combined effect of
the intrinsic nature of the specific engineering design task being ex-
amined and our coding method. A segment describing interactions
between the wall and the natural environment, for instance, would
typically be coded as (water, natural), (bank, natural), or (surround-
ings, natural), depending on the aspect of the natural environment
discussed. In general, there was no a priori expectation of uniform
coverage of the coding space.

We began our analysis of gender differences with a straightfor-
ward comparison of the mean number of segments constituting
women’s and men’s responses. Women’s responses contained more
segments by a statistically significant margin (p < 0.02, Mann-
Whitney). As shown in Table 4, on average, women’s responses

IR IR F IR I AR P Y,

r
socal -3 ---403 @822 (B9
naius E 220 154 57
i-l-!lll‘lll'll-l‘!l-!l-l‘_ E
kgstical 30 8--f1----ni
tectizal | 240 T5 E 25
E'"n--rln-n-ll
will wirer  bank sumourdngs

Figure 5. Distribution of segments across coding space for all
participants’responses combined (1,418 segments from 124 partici-
pants). Physical location codes are on the horizontal axis, and frame
of reference codes are on the vertical axis. Area of circle is proportion-
al to number of segments for each location—frame code pair. Code
pairs within the dotted outline are context-oriented.

consisted of about 13 segments, and men’s responses consisted of
10 to 11 segments. When we examined how these segment counts
break down by context- vs. detail-orientation, we found no gender
difference in the number of detail-oriented segments, as illustrated
by the lighter part of the bars in Figure 6. Independent of gender,
responses included an average of just below six detail-oriented seg-
ments. However, women’s responses included more context-ori-
ented segments, and this difference was statistically significant
(p < 0.01, Mann-Whitney). On average, women appeared to be
paying more attention than men to context-oriented factors, but
not at the expense of regard for detail-oriented factors. In other
words, gender difference in context-orientation accounts for most
of the difference in segment count shown in Table 4. Furthermore,
gender differences in distribution of segments between context-
and detail-orientation hold regardless of race/ethnicity.

B. Information-Gathering Task

The playground information-gathering survey question asked
participants to select the five kinds of information most likely need-
ed for designing a playground, given a list of 16 choices as shown in
Figure 2. Our analysis includes data from only the 143 participants
who responded with exactly five selections. As with MWF results
in the previous section, we begin with an aggregate view of the

Number of

Segments
N Mean SD
Women 43 13.02 5.62
Men 81 10.65 3.70

Table 4. Mean number of segments in Midwest floods response
by gender. Gender difference is statistically significant (p < 0.02).

-
=]

number of segmants
o

5]
4
clixtail dalail
2
Ju}
M F

Figure 6. Mean number of segments in Midwest floods response
by gender, broken down by segment type (N = 43 women + 81

men). Difference in number of context-oriented segments is statisti-

cally significant (p < 0.01).
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participants’ responses. For each of the 16 kinds of information, we
computed the percentage of participants who included it as one of
their five selections. Figure 7 shows the kinds of information sorted
in decreasing order by participant selection. Budger and Safety were
the most commonly selected kinds of information, with over 75
percent of participants including one or both of them among their
five most needed. In contrast, less than 10 percent of participants
selected Urilities and Supervision concerns, possibly because the
meaning of those items was less clear.

Given the gender differences in context-orientation in the
MWEF responses, we performed an analogous analysis of the play-
ground responses, using the categorization of the kinds of informa-
tion presented in Table 3. As reported in Table 5, we found that the
women tended to select more context-oriented kinds of informa-
tion than the men, with the difference being statistically significant
at the p < 0.005 level (Mann-Whitney). Recall that eight kinds of
information were categorized as context-oriented, including Infor-
mation about the area, Legal liability, and Neighborhood demograpbhics.

Applying the Fisher exact test on participant counts for each
kind of information to identify the specific gender differences, we
found statistically significant differences for six of the 16 kinds of
information, as shown in Figure 8 (p < 0.05). A larger percentage
of the men included three detail-oriented items in their selections:
Budget, Material costs, and Labor availability and cost. On the other
hand, a larger percentage of the women selected three context-ori-
ented items: Neighborhood demographics, Handicapped accessibility,
and Urilities.

Budgel

Sarley

A idaldy ol Sakensk
Mawrsl coss

Iricrmalicn absid ha ama
Malenal specicrions
Hesphbartood opnione
Latsar gvadabity and codl
Leqel kabiy
MetghDorhiogd damagra prics
" EriEn aNCe CONDETE
Hody proporions
Hondipped aoonsshiy
Teachnical references
L=

SupearyEien oonisrs

3

Ars A% B AT 0%
“% participants

Figure 7. Information needed for playground design. Each partici-
pant selected five kinds of information that they would most likely
need. For each kind of information, the bars represent the percentage of
participants who included it as one of their five selections. (N = 143).

C. Paired Analysis of Context-Orientation in the
Midwest floods and Playground Responses

The MWE and playground information-gathering questions are
very different in format and provide different kinds of data. The for-
mer is an open-ended question that participants were given up to
10 minutes to answer in written form. The latter is a forced-choice
question that was designed to take much less time and was adminis-
tered separately from the performance task as part of a larger web-based
survey. However, responses to both questions yield quantitative mea-
sures of the extent to which students consider the context of a specific
engineering design problem. In the case of MWF, coded response seg-
ments were divided into context- and detail-oriented segments. For
playground information-gathering, each kind of information was clas-
sified as context- or detail-oriented (or neither), as shown in Table 3.

With two separate quantitative measures of context-orientation,
we asked the natural question of whether the measures were related.
Were students whose MWEF responses were context-oriented also
context-oriented in their playground information-gathering selec-
tions? Such a relationship would give us more confidence of the two
questions’ validity in measuring a common notion of context-
orientation. We examined the relationship between the number of
context-oriented segments from MWEF and the number of context-
oriented kinds of information from playground information- gath-
ering, using Spearman rank correlation. The relationship between
the two counts is indeed positive and significant, if not particularly
strong (p <0.02, 7, = 0.218). Correlation was determined from the
115 participants for whom we had responses to both the MWZF and
playground information-gathering questions.

Number of context-
oriented items

N Mean SD
Women 51 2.69 1.07
Men 92 2.02 1.01

Table 5. Mean number of context-oriented kinds of information
selected by gender. Gender difference is statistically significant
(p <0.005).
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Figure 8. Kinds of information with statistically significant
gender difference (p <0.05; N = 143 = 51 women + 92 men).
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To illustrate the relationship more concretely, we present re-
sponses and analysis for a number of example participants. Case 1 is
awoman at Mountain Tech whose responses were heavily context-
oriented. For contrast, Case 2 is a man at UWest whose responses
were heavily detail-oriented. Finally, Case 3 is a man at Oliver Uni-
versity whose emphasis on context and detail was balanced. For
each case (starting with Figure 9), we show the participant’s re-
sponses to the MWTEF and playground information gathering ques-
tions, followed by a chart showing how the MWF response was
coded. (We remind the reader that a correlation coefficient of 7, =
0.218 suggests weak correlation. Accordingly, there were partici-
pants whose context-orientation was not positively correlated across
the two questions.)

In Case 1, the participant's MWEF response (Figure 9) reflects
considerations of natural environment (the area’s flora and fauna,
water quality), social context (local population), and physical context
(pre-existing structures). In Figure 10, we see many segments coded
as natural and social in the frame of reference dimension and as bank
in the physical location dimension. Their playground response in-
cludes analogous considerations (e.g., Information about the area,
Neighborhood opinions), with all five selections being context-oriented
and suggesting a broad approach to the design problem.

Case 2 represents a contrasting approach, with both MWEF and
playground responses almost entirely focused on the details of the
designed artifact. As shown in Figure 11 and Figure 12, budget,
materials, and labor were this student’s primary concerns for both
design problems. The contrast in context-orientation with Case 1 is
emphasized by the lack of segments represented in the outlined
context section of the coding space chart in Figure 12.

As a final case, we consider a student whose relative emphasis on
detail and context was balanced in their approach to both the
MWE and playground design tasks. The factors they considered in
designing a retaining wall (Figure 14) include specifics of the wall’s
design (specifications, materials, cost). However, the response also
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Figure 10. Distribution of Case 1’s Midwest floods response seg-
ments across coding space. Eleven segments within dotted outline
are context-oriented.
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Figure 12. Distribution of Case 2’5 Midwest floods response seg-

ments across coding space. None of the segments are context-oriented.

exhibits awareness of how the project might affect people in the re-
gion, both due to the wall’s design (risk of accidents at the wall) and
its construction process (effect on local air quality). Broad coverage
of the coding space in Figure 14 reflects this participant’s orienta-
tion. Their playground response exhibits similar considerations,
with two of the five selected kinds of information being context-ori-
ented (Figure 13). Similar to the pattern in Case 2, the MWEF and
playground responses in Case 3 share a common set of concerns: in-
formation about the surrounding area, safety, materials, and costs.

D. Summary of Findings

In both the MWF and playground information-gathering
responses, we observed a variety of problem-scoping approaches.
Although the factors students most frequently cited were detail-fo-
cused (logistical and technical details related to the retaining wall),
most students were relatively balanced in their emphasis on detail
and context. Breadth in the playground responses was similarly var-
ied, but as in the MWE responses, context-orientation was more
common among women, who were more likely to select items such
as Neighborhood demographics and Handicapped accessibility and less
likely to select items such as Budgez. Since students were forced to
select exactly five kinds of information in their playground respons-
es, more focus on context almost always meant less focus on detail.
In the MWEF responses, however, which were free-response and
not constrained in this way, women matched men in the number of
detail-related factors but exceeded men in the number of context-
related factors, on average. Finally, a joint analysis of context-orien-
tation revealed a weak but statistically significant, positive correla-
tion between responses to the two problems.

V. DISCUSSION AND IMPLICATIONS

There are many factors to consider when analyzing how broadly
engineering students scope a particular engineering design problem,
including the qualities of the design problem itself and how analysts
interpret students’ responses to the problem; students’ familiarity
with different aspects of the problem; and finally, students’ inclina-
tion to situate any problem in context. A specific engineering design
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Figure 14. Distribution of Case 3’s Midwest floods response seg-
ments across coding space. Six of 12 segments are context-oriented.

task like the MWE problem may lend itself to a particular distribu-
tion of ideas oriented toward detail or context. In the aggregate,
segments were distributed evenly between detail (48.2 percent) and
context orientation (51.8 percent). As described previously, this dis-
tribution is at least in part a function of the nature of the problem
itself and how the research team coded and interpreted the data.
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Furthermore, students may view the problem in relation to their
interests and/or abilities to solve it, and therefore may be inclined to
focus their approach on aspects of the problem that highlight their
strengths. First-year students’ reasonably strong performance in
terms of including natural and social factors in their responses to the
MWEF problem actually may be related to their novice status as en-
gineers. Many first-year students may feel unqualified to discuss
technical and logistical details related to the design of a retaining
wall, but we think most students were comfortable making general
statements about water quality, river flooding, and rainfall (every-
one can find at least something to say about the weather!).

This leaves us with the factor most important to our claims: the
extent to which students are motivated and have the skills and abili-
ties to situate any engineering design problem in context. Our study
not only described one contextually situated design task, but de-
scribed results from two such tasks. The finding that students who
emphasized context in the MWE problem also were likely to em-
phasize context in the information gathering task suggests that
there is an aspect of the student’s ability and inclination to situate
design problems in context more generally that is not an artifact of a
particular design problem itself nor the student’s knowledge of or
interest in the specific task domain.

Our findings that women emphasized design context more than
men suggest that first-year students’ experiences, interests, and ways
of knowing are also sources of this variation in how broadly students
scope design problems. As discussed previously, women and men
tend to exhibit differences in patterns of intellectual development,
and women may perceive that there is a mismatch between what
engineering has to offer them and what and how they know about
their world. This is especially unfortunate if first-year women’s
greater emphasis on context is associated with their different ways
of knowing, because those who are discouraged from engineering
leave for precisely the reasons we want them to stay.

Considering the fact that the engineering education community
wants students to approach engineering design contextually, it is
important to acknowledge that there is a discrepancy between our
intentions and what we actually accomplish. The gender differences
in the present study suggest that first-year women are more ready
than men to do engineering in context, yet the literature shows they
are less likely to be recruited and retained.

While excellent examples of courses and curricula to address is-
sues of context exist across the country, the majority of engineering
students in the country do not have access to them. Most engineer-
ing students still take a traditional sequence of math, science, hu-
manities, and engineering classes, but often it is not until their se-
nior capstone course that they are involved in engineering design. In
these capstone courses, the students must learn a myriad of critical
elements of engineering practice, such as risk analysis, probabilistic
thinking, creativity, ethics, project management, engineering analy-
sis, and many other aspects of high-quality and responsible engi-
neering design. Given the competing demands for course time,
study of context can be limited.

While difficult to achieve, there is still a practical need to have our
graduating students achieve the ABET outcomes described previ-
ously and enter the work world better prepared to participate in the
global society. There is also a need to support the engineering faculty
who typically teach design courses, some of whom do not have the
experience or expertise to develop classroom materials to teach these
topics. Both the students and the faculty need access to research-in-
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formed classroom materials and assessment instruments to ensure
that engineering students include global and societal issues in their
engineering design processes. These specific tasks and others like
them may themselves be incorporated as educational tools to pro-
mote learning about context, and as assessment tools to establish
how broadly students are scoping engineering design problems.

This study suggests many directions for future research. Longi-
tudinal data exist for these students, and we expect that how they
think about and do engineering will change over time. An examina-
tion of this engineering performance task data through a cognitive
developmental lens may provide a more sophisticated illustration of
the relationship between engineering thinking and doing, as well as
additional input into instructional design and program planning
that provides appropriate learning challenges and support that are
sensitive to students’ readiness.

Furthermore, the literature tells us that certain engineering dis-
ciplines attract more women than others. An analysis of this dataset
by engineering major will provide insight into whether there is a
connection between context-oriented engineering thinking and
doing and choice of major.

In conducting gender studies, we must not ignore the fact that
there are intersecting sources of identity development and social
group membership, including race/ethnicity and socioeconomic
class. We chose to focus on gender differences in this paper, and in-
tend to conduct similar analyses in the future to see if these differ-
ences hold across race/ethnicity categories. Future work should in-
clude a more thorough investigation of these important
components of students’ identity and experience.

The engineering education community continues to struggle to
attract and retain women in engineering, despite years of research
and interventions designed to improve our abilities in this area. This
study provides important information toward greater equity be-
tween men and women. The way women “do” engineering contains
at least one set of qualities we aim to develop in our students. Op-
portunities to engineer in context early in engineering education
programs would communicate our respect for such attitudes and
abilities, thus drawing and keeping more women among our ranks.
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