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Mapping as Design-Thinking: Can GIS Help Engineering
Students Approach Design?

Abstract

Spatial site design, accessed through GIS mapping, teaches three-dimensional data analysis skills
invaluable for the contemporary engineering student. Integrating design-thinking strategies into
such spatial processes allows students additionally to access the cognitive operations of creative
design processes. This study will investigate student responses to an innovative site design
workshop in which GIS mapping becomes a tactical device for introducing both site planning
and design-thinking to civil & environmental engineering students.

After a pre-test site design exercise 48 undergraduate engineering students were given a basic
introduction to layered mapping (GIS) techniques, exploring both digital and analogue strategies
for divergent exploration of site design. In the follow-up post-test design exercise students were
taken through a more structured design-thinking approach for a similar site design project to the
pre-test. This mixed-methods paper studies student self-assessment survey responses to the two
design exercises as well as their written design commentaries, evaluating them for changes in
attitude as well as in approach. Data reveal that even in such a short introductory exercise
students reported an increase not only in GIS skills but in creative self-confidence, and their
responses revealed a more iterative design process with generally higher values given by the
students to their later-developing ideas, over a fixation on preliminary concepts.

The value of such a teaching model is that student engineers are able to gain access to open-
ended creative design skills, widely accepted as critical to the educational development of the
engineer. Furthermore this exploration, rather than an additive course or exercise, is integrated
into valuable GIS mapping and environmental site design coursework.

Keywords: design-thinking, creativity, GIS, Mapping, design approach.

Introduction

The creative engineer is in great demand. With expectations of not only competency but a
competitive urgency to innovate, the demands on the new engineer are multiple. While it is
recognized that design and innovation are key areas for growth and development within
engineering education, it remains difficult to integrate open-ended learning into what is already
an overly dense, hugely broad, introductory package of courses [1]. We need to explore more
efficient ways of fostering open-ended creativity training for engineering students.

The teaching model explored in this paper exposes students to creative design processes as an
add-on benefit, whilst they are studying more traditional techniques of data visualization and



spatial site analysis. This study will ask whether a first exposure to design practices can be
effectively and efficiently introduced to engineers by embedding them into such spatial mapping
processes. It will test whether such training can provide students with preliminary strategic
approaches to design-thinking and whether, after such sessions, students will be better equipped
to approach similar open-ended design contexts, with the skills necessary to develop a more
divergent range of design options.

In this pre-test post-test experiment exploratory design techniques were integrated into a
workshop on basic Geographic Information Systems (GIS) mapping, itself part of an
introductory first-year engineering undergraduate course. The amended workshop was designed
to explore the potential for GIS and site mapping to support creative learning practices for
students through an embedded introduction to design-thinking processes.

Design and Engineering Education
Teaching Site Design in Engineering

Infrastructure design is land-design. Site design and community place-making grow out of the
deep patterns marked onto a site by its infrastructure networks: water systems, transportation
lines, communication systems, and physical structures. These systems are not static; flows of
site reveal the temporal qualities of that place. And all these patterns, the underlying bones of
place, mark the structure of our environment.

The process of marking the landscape through the design of its infrastructures is, in its essence, a
creative practice and its practitioners are civil and environmental engineers. The first step in a
site design is the thorough, thoughtful study of that place and its spatial attributes, a practice that
starts with map-making and the observation and documentation of a site’s physical, social and
perceptual networks. The knowledge and skills of creative design are integral to engineering site
practices.

The practice of creative design is rarely taught to civil engineers in early stages of their training.
While there is increasing documentation of the importance and value, for industry, for young
engineers to be both creative thinkers and innovators, and increasing agreement that such
strategic skills must be taught in engineering schools [1], [2], there remain reservations and
limits to the practical process of integrating such unwieldy content into the already over-
scheduled requirements of the engineering undergraduate [2]-[4].

Supportive teaching structures have been developed for first or final year design courses in
which students are introduced to idea generation and evaluation, idea sharing, team-work and
concept critique based on user-needs, all of which are tied to creative design processes [3], [5].
But the specific teaching and practice of idea-generation techniques, while common in artistic
fields such as music composition and dance, remain relatively rare in schools of engineering.



Even as design-thinking practices have emerged in a handful of engineering programs [6], [7]
such as Olin or the d-school, they remain little known in most departments of Civil and
Environmental engineering [1], [8], [9].

Integrating design-thinking into other coursework may be a useful strategy. Not only is it more
efficient to double-load teaching time by combining design teaching with technical GIS training
but, perhaps surprisingly, it also appears to be more effective. Mapping, as a context for
teaching design to civil engineers, may have advantages over more independent ideation
teaching techniques.

Design Creativity in Engineering Education

While early creativity literature focused on the personality traits of the creative individual,
creativity education focuses rather on the characteristics of creative practice, and the processes
which allow creativity to take place. Since Guilford there is broad recognition for the notion that
not only can individual creativity be improved but, as a skill, it can be taught and learnt [10]-
[12]. Specific creative stages in engineering processes have been identified, moving from
context study, idea incubation and cross-fertilization to production processes. During the early
phase of idea creation a divergent or open thinking phase is contrasted with that of convergent,
or critical assessment; idea development emerges from an iterative interchange between the two
[13]-[16] .

Engineers are accustomed to problem solving and some familiar creativity techniques, such as
TRIZ [17] build on creative approaches to such convergent thinking. The divergent process of
problem finding may be less familiar. However Sawyer, Guilford et al. argue that “divergent
production’ is a key process of creative thinking and that, as in brainstorming, the production of
a greater number and wider variety of ideas leads to higher possibilities of an optimum idea
emerging [18].

Attempts to measure increases in creative approaches towards an engineering problem are
complex and have spawned a range of tests and metrics, both of the creator and, following
Amabile, of the product that ensues [14], [19]. Bringing together definitions from over 50
studies, Dean et al. have extracted an overarching consistency from such studies, in which
creative work is measured using four scales where the originality or novelty of an idea must be
balanced by its flexibility or workability, its relevance to the solution set, and its specific
elaboration [20]-[22].

In this study, however, we are less interested in the eventual creative product and more interested
in the self-efficacy, or change in design confidence gained by student engineers through the
workshop process. While the metrics described above may serve to uncover changes in creative
qualities of consecutive designs, they will not necessarily reveal changes in a student’s creative
approach, their confidence in approaching open-ended work or their self-perceived ability to
engage in design. Unlike artists, engineers and engineering students tend to be more confident



working in a deterministic process, in which a final target gives a direction and limits
uncertainties [23]. Such an approach encourages early exclusion of divergent thinking and tends
to lead not only to a narrower early set of design ideas but also supports a tendency to select and
stick-with an early stage idea, or design fixation. Criticism of the use of CAD as a design tool is
precisely its tendency to support, rather than reduce, engineering students’ propensity for idea
fixation [24], [25]. This study, then, will explore creative practice from the point of view of the
students themselves. Following the workshop teaching experience do students approach design
work with greater confidence? Are they more open to divergent approaches, and do their new
skills and tools lead to any reduction in idea fixation?

GIS Mapping as the context for Design-Thinking

Spatial and visual explorations play a vital role in design; sketches and diagrams allow designers
to visualize, abstract and manipulate their spatial processes [26], [27]. In a quick sketch an idea
can be captured, recorded, and remembered in a loose structure that remains open to re-
interpretation and exploration. Critical of the lack of teaching of sketching skills, researchers
have explored ways to introduce such diagrammatic tactics into engineering education [28]-[30].

Maps, we propose, can also function for designers as spatial and diagrammatic structures that are
able to reflect ideas. Beyond its expressive visualization and communicative role the map allows
the designer to construct a simplification and abstraction of space, manipulating image and idea
in the process of exploration [31]. Like diagramming, map-making is a subtractive process
implying a fixation on one aspect of the world, be it roads, geology, or fluid current [32], [33].
Through observing and marking the map, decisions are made of what is seen and what omitted.
Strategic thinking is embedded in such work, an active thinking process which can serve as an
exploratory design tactic.

Furthermore, the designer’s engagement in two active processes of map-making, observation and
annotation, add additional value. Through careful observation and gathering of site data, the
map-maker’s own vision of the site and environment is broadened and often altered, allowing the
development of a more divergent set of views [34]. Through mapping and visualization of
apparent or hidden quantitative and qualitative site data possibilities emerge for moments of
inspiration. But can engineering students learn to exploit and harness this by-product of the site
visualization process and to uncover such inspiration in the diagrammatic phase of active
mapping, when it is so often overshadowed in the path towards the completed map-product?

As a diagrammatic structure, a system that isolates and reveals only certain aspects of a reality, a
map can serve as a tool for re-visioning and re-framing. Such conceptual processes of mapping
have been identified by architects and landscape architects as valuable devices for creative
agency and used to reveal abstract qualities of site, an uncovering that becomes a strategic tool
enabling innovative approaches to spatial design [31], [35]. Yet such powerful process have not
yet been similarly taken advantage of by engineers. Not only could engineers profit from such a
creative tool; furthermore the process appears to give greatest support to early stages of creative



thinking and to divergent thinking, that phase of creative research for which engineers
traditionally have fewest models [18], [22], [36].

Finally, for engineering students, many of whom are more confident with technology than with
visual exploration, the familiar systems-based structures of GIS may allow them to approach site
design with greater daring than they might if exposed to design-thinking or even spatial mapping
in a less structured studio environment [37].

Tactical Tools for Design Exploration

Familiar to painters who develop techniques to confront the paralysis of Van Gogh’s blank
canvas [38], similarly dancers, musicians and writers develop strategic tools for stepping out into
the creative process of composition. Sets of composition or design heuristics, gathered into
collections of methods or approaches and frequently packaged as a deck of cards, are somewhat
familiar tools for facilitating creative processes in the arts. Precedents can be found in dance, for
example, with Wayne McGregor’s ‘Mind and Movement Process’ [39], and in design where the
d-school ‘Bootcamp’[40] has been shown to support the often frightening process of jumping
into the unknown. Daly, Yilmaz, et al. have developed a large, encompassing set of design
heuristic cards for the design context of mechanical engineering and have argued convincingly
that such heuristic tools can assist engineering students with both design confidence and in
developing divergent design solution sets [25], [41].

Building on these models a deck of thirteen tactical geo-design cards was created, over the
course of three semesters by, and for, an engineering graduate course in GIS mapping and
interdisciplinary research at SMU. Each card describes a strategy for using a GIS toolset or
technique as a creative heuristic and illustrates that strategy with an example project completed
by students in previous classes. The deck serves new students as a tactical set of possibilities
helping to spark engineers to reach out towards an unfamiliar direction, giving clarity and
confidence to their process and potentially widening their mapping design solution set.
Introduced into the short context of the undergraduate workshop in this study, the primary
intention of the cards was to serve as illustrations of GIS inspired creative site-mapping, but with
some potential to inspire design exploration with spatial data-sets. Recognizing that their role
remained minor both in the workshop and this study we were still interested to find out if the
cards might, even in this context, assist students towards contemplating a broader range of
mapping than otherwise imagined. While the role of the cards as design heuristic tools was
neither fully explained nor developed for these undergraduate students nevertheless they may
have served as idea triggers towards a more divergent set of design possibilities.

The teaching model proposed, then, is the integration of design-thinking techniques into a GIS
mapping workshop such that the teaching of divergent approaches, as well as the introduction of
specific GIS-based design tactics, are wrapped within the framework of the spatial mapping
exercise.



Research Focus

After a workshop focused on design process one would expect to uncover two independent,
measurable results; first, that students show improvements in design confidence, that is,
confidence in approaching design with strategic understandings which could be used in their own
work beyond this exercise. Secondly, that independent of the student one would be able to
assess whether the creative quality of the post-workshop work itself is more effective. [14]
Isolating these two goals, this paper chooses to defer the second to a later study and focus
primarily on the first, that of confidence and approach in creative design.

The experiment thus explores a skills-based outcome: is there any change in students’ attitude
and approach which impacts their confidence in undertaking creative design work? We seek to
assess the impact of specific GIS spatial and site-specific practices on these outcomes. Less
interested in the designed products themselves this study focuses on changes in students’
methods and approach uncovered through pre- and post-test surveys of their workshop
experiences. How do they describe their motivation and apprehension? Do the words they use to
describe their approach change?

Research Methods
Participants

A cluster sample was formed of 46 undergraduates from two different iterations of an
introductory Civil and Environmental Engineering course. Although the sample is convenient it
is also relevant as precisely the population whom the research intends to serve. Early in the
semester students were introduced to sustainability in the context of civil and environmental
engineering, discussing the interaction between ecological, social, economic and technical
solutions to issues such as transportation and urban water supplies. Late semester a guest-taught
workshop introduced sustainable site design through a hands-on exposure to geo-spatial data,
digitizing and spatial analysis tools. The experiment was slipped into this workshop setting.
Sampling bias was minimized by asking students about previous GIS or design exposure; while
11% of students (5) had some previous GIS none had design training. Of the 46 undergraduates
who completed the experiment there was an equal ratio of men to women with 76% being 17 to
19 years old.

The workshop structure in which students were led through open-ended explorations of site
meant that the GIS and creativity training were inextricable, with the mapping itself introduced
as part of the design experience. Any impact of the inherent spatial qualities of mapping on
student creativity was thus inseparable from the explicit design-exploration built into the
workshop. Further, since GIS was taught as part of all students’ coursework there was no control



group who attempted the post-test study without GIS training. These elements would be both
interesting to attempt to isolate and explore further in order to uncover the extent to which spatial
mapping alone, as well as the learning experience of test repetition, might impact post-test
results.

Description of Project and Data Collection Methods

After an introduction to the project themes and consent process students were given a pre-test
site design exercise. A local site was introduced through maps, images and a description of civic
and civil issues. Students were given a base map and a set of site-planning building blocks
drawn to scale including roads, structures, drainage systems, trees etc. and a stack of transparent
paper and colored markers. After four minutes to ‘investigate and think about ideas’ the students
had 35 minutes to draw site-plan ideas. (Figure 1) Asked to ‘do as many different design ideas
for the site as you can in the time’, “‘write notes on the drawings’, and ‘move on to new ideas
when you are ready’, the exercise context was purposefully casual and accompanied by
conversation and laughter. Afterwards, a one-page survey assessed student approach to the work
and their confidence in their own design process.

The second session was a hands-on workshop structured around an introduction to ArcGIS and
mapping in which students were introduced to GIS data layering, attribute isolation, feature
drawing, buffers and the inter-connectedness of spatial and social datasets. As part of their
exploration students were introduced to the possibility of using GIS in their creative process and
given a deck of ‘geo-design cards’. These design-process cards, originally created for an upper-
level GIS course, help students apply creative exploration tactics using GIS processes. (Figure 2)
Although the undergraduate students taking the workshop would clearly master neither the use of
the cards nor GIS in this short exercise, the intention was to expose them to tactical strategies in
which GIS and mapping could be used creatively. Working in pairs students playfully explored
both GIS and site design; they tested the use of at least one geo-design tactic and shared it in an
open design review.

The post-test exercise at the third session was structured as the first; with a similar local site
presented with context, history and, in this case, geo-spatial data. As before students were given
paper site maps, the site-element set, and tracing-paper mapping tools. However, they also had
GIS laptop access to assist their exploration and a deck of ‘geo-design cards’. Use of either was
optional. The forty minute exercise was somewhat more structured than the pre-test, loosely
developed from aspects of the d-school crash course model worksheets [7] with the instructor
encouraging casually timed segments. Similarly, additional process structure was provided;
where before students had been asked to ‘write notes’ now they were offered optional design-
process boxes on the back of their map-sheets to fill out with observations and insights to assist
their design reflection process. Most wrote at least a little in these boxes. (Figure 1) A one-page
survey again asked students for self-assessment of their confidence, approach, and requested
information about their opinions and use of the tools. (Figure 3)



To sum up, students experienced their post-test exercise armed with three new site design
strategies. First, and with greatest time having been dedicated to it, was the GIS teaching spatial
ways of working with the site and community data. Methods of working with GIS layering and
isolation enabled students to re-visualize site issues in new diagrammatic ways. Second, at post-
test, students were given some design-process structure in which pauses for re-thinking
parameters gave the opportunity for them re-focus their impetus for design iteration. Although
fully integrated into the exercise structure this methodology was not explicitly emphasized in the
teaching process. Finally, students were given the set of ‘geo-design cards’, open ended
heuristics for spatial design providing them with alternative ways to jump-start their design
ideas.

The total number of map drawings produced by each student was summed, both pre-and post-
test. All other data was gathered through the two surveys. Beyond the simple nominal and
Likert scale data gathered from student survey responses data was also gathered from students’
written responses to open questions about both their process and their projects. This data was
coded into comparative thematic groupings which emerged from the qualitative text answers and
the numbers of responses within similar thematic groups were compared, pre and post-test.
Finally, responses to two questions were passed through Voyant, a web-based text-analysis tool,
which allowed comparison of pre and post-test word use and frequency; extracted words were
then related to the categorical groups.

Data Analysis & Discussion

Three specific aspects of design approach were analyzed. The first was any change in self-
assessed creative confidence when approaching design work. Second, we measured any
increased value students gave to idea evolution; that is, any move away from design fixation
towards multiple divergent options. Finally, through text analysis of the students’ self-
assessment we attempted to determine to what extent students had become more self-aware of
their design process and of their own ability to manage it.

Creative Confidence

Students self-assessed their general or overall design confidence consistently, retaining a solid
level of 65% both pre- and post-test, with a reduction post-test (from 7 to 4) only in the small
number of students who reported no confidence at all. (Figure 4a) More suggestive was the
confidence change students reported for ‘today’s workshop’. During ‘this specific design
process’ those who felt at least somewhat confident increased from 62% to 79% post-test (17%
change). While a low level of confidence in the first exercise might be partially explained due to
lack of familiarity with this type of site planning exercise, even if we compare this result to the
general 65% overall confidence level reported, we find a solid design-confidence improvement
of 14%. This more modest result is interesting since it reveals greater student confidence in



approaching the second site design than other engineering design work based, presumably, on
the GIS mapping tactics, even though no actual site-design teaching had taken place.

One intention in introducing the GIS mapping was to assist students’ exploration and their ability
to expand divergent design possibilities. Pre-test, a consistent 60% reported usually finding it
hard to get started on creative work. However, when asked about ‘today’s’ post-workshop
experience there was an 18% reduction (to 46%) in those who said they got stuck on preliminary
ideas with 81% reporting that the new GIS mapping process helped them get started. (Figure
4b) Such an increase, regardless of design quality, is a vital stage leading to divergent processes.

Building on the idea of computational creativity support, it was hoped that technical comfort
with the GIS system might assist student design confidence in addition to its primary role as a
tool for assisting in open design exploration. Responses showed, for example, that even if they
didn’t really enjoy the creativity exercise fully 93% of the students quite enjoyed the GIS
mapping, appearing to confirm, at least, a level of digital comfort.

While pre-test explorations were drawn with layered maps on tracing paper, the GIS workshop
introduced both analogue and digital technologies. In the final exercise students were invited to
use both technologies to develop their design, submitting their final sketches on paper.
Interestingly, 54% of the students did use the computer when given the option, a high percentage
given the new tool’s complexity. Although only 19% primarily used digital GIS to develop their
ideas another 35% combined digital and paper mapping processes. The system’s greatest value
seems to have been as a tool for re-visualizing; whereas only a fifth used the GIS to draw, two-
thirds used layering or isolations tools.

Asked to assess the value of the different elements of their toolbox 21% of students found the
digital GIS tools very useful to their process (54% somewhat useful) and 23% ranked the “design
tactics cards’ as useful (62% found them somewhat useful). Most powerfully 45% found the
combination of both the design cards and GIS to be very useful in their design process, with a
combined 93% of the students reporting the combined set at least somewhat useful. It’s
interesting not only that the response was so positive but that bringing the two tools together
seems to have helped students find greater value than in either one separately. In the future, it
would be valuable to redo this exercise with a wider range of control groups; while the cards
cannot be used without GIS the map process could certainty be taught without the cards.

Of the thirteen cards, most students used the two which introduced revisualization methods,
exposing unexpected site visions through manipulation of GIS layers, and 67% found the cards
at least somewhat fun to use. Interestingly, 70% found the card tactics open enough that they
added their own process ideas to those discovered in the cards.

Design Fixation or Idea Evolution

An average of 3.92 site design maps were drawn by each student post-test, compared to 1.60 pre-
test. (Figure 5) This result that appears to powerfully confirm students’ move away from design



fixation, however, it must be taken cautiously. Although in both cases students were asked to
‘draw as many ideas as you can’, in the post-test exercise students were offered more design-
thinking structure as they worked. They were invited to pause, think through issues and return to
drawing. This imposed framework, although optional, may have influenced their creative pace
and, in addition to repetition, be credited for some of the post-test change in quantity.

More interesting, perhaps, is the design evolution that students appear to have integrated into this
process. Beyond creating more designs students started to experiment and, moreover, to give
value to their experimentation process. In pre-test 81% (39) described their first effort as their
favorite design; by post-test only 23% liked their first or even second design best (5 preferred
1st, 6 2nd). The biggest group (63%) now preferred their 3™ or 4" drawing, (13 liked 3%, and 17
4™ and a small group (11%) liked one even later in the process.

Looking deeper, when asked why any particular design was their favorite, post-test answers
show, for some, a change in attitude focused on the site design less as a solution to a problem
and more as an exploration of ideas. Pre-test (for those with more than one map) favorite
designs were selected for three reasons. Most enjoyed the way their site design responded to
environmental quality: 36% (15) focused on open space: “I put in more landscape in a very urban
area” and “bike path creates community attraction to exercise in a good environment”; while
12% (5) prioritized community. Another 17% focused on measurable issues such as
organization, or drainage. “I was able to introduce an appropriate green to grey ratio in terms of
houses and open areas”. Voyant text-mining of this pre-test data [42] confirms that students’
comments focused heavily on site qualities, the highest frequency word extracted from the
response text files being ‘park’, followed by ‘community’, ‘green” and “pond”.

Post-test, however, a new primary category of response emerged revealing students’ new
awareness of design as a process leading to multiple solutions, in which 38% of students (as
opposed to 10%) now gave greater value to their range of site design proposals and posed one as
a preferred rather than an ideal solution. Of their favorite design students wrote, “the most
complete drawing, [it] incorporates most of my ideas”, or “it has more ideas, several that carried
over from earlier designs.” Thus even when selecting favorites we find new awareness of the
rich potential of combining ideas into alternate visions. While half the students did retain a
tangible focus (26% on the environment, 14% on technical solutions, and a slight increase to
17% on community) the powerful change was in the other students increased focus on the
abstractions of design and form. Voyant post-test text-mining similarly confirms this greater
focus on process; when submitted for analysis, the word ‘ideas’ was extracted as the most
frequent followed by ‘incorporates’, a word intriguingly linked to the GIS concept of
overlapping layers.

In pre-test descriptions of their creative process many were unsettled; “never done [this] before
and not sure if any design could actually work”, and very few mentioned time as part of their
creative process. Four actually wrote they were not creative. Pre-test 30% (14 students)



described their creative process as a single intuitive moment: “Hope a cool idea just comes to
me”, or “sometimes good, sometimes not”, and 65% identified their most creative moment as
their first sketch.

Post-test, not only did GIS mapping processes seem to have helped them get started but
responses made clear that student thinking about their creative approach was affected by the
workshop. Some revealed struggles, their process was “forced, difficult” or “needs
improvement.” For others new notions had emerged. Creative work was “a bit more fast paced”
or “random, because what I'm inspired by changes each time” and even “browsing, random,
trying things; this has changed!” Powerfully, 48% of students (23) now included the issue of
time and design-development in their post-test descriptions, an increase of 17%, writing “it takes
several times to get a solid idea” and “come up with an idea and then build off that until more
ideas pop-up.” Some even referred to the training, “it is hard to make up designs, the toolbox is
helpful” and “I start with analyzing present physical features then build around”. Only 21% (10)
reported that their design process had not changed at all.

Several described changes to their structure: “process has changed a little bit, most ideas at first,
then slowly build” and “step by step, yes, it has changed”. Others referred to particular tactics
taught; “Yes. The tools help you come up with new ideas as your design progresses” or
“browsing, random, trying, yes, this has changed.” In a beautiful description, one student wrote,
[the process is] “abundant, and has changed to be more logical with respect to design and
mapping.” Post-test, when asked about idea development fully 73% reported having more ideas
later in the process, revealing a clear move away from design fixation towards idea development.
It appears that at least some aspects of the new multiple tool-set: the GIS techniques, the design
cards and a measured process, clearly assisted students to expand creative explorations.

Self-awareness of Process

When asked what they ‘loved’ about their set of project designs pre-test student response focused
overwhelmingly on tangible content, specifically the design’s connection to nature. Ecological
issues excited 66% (23) of those who responded. [I loved] “all the parks!!” and “I want to live by
the pond.” Only 14% (5) focused on the creative design challenge itself. “I like that everything
is included in one drawing”, “they are my own ideas and there were no boundaries, | can design
anything.” (Figure 6)

We were interested in assessing whether the GIS based teaching model might help students
become more aware of their own control of the design process, something which might be seen
in a discussion focused less on site content and more on process. Such self- awareness could
impact their approach to future design efforts even beyond the specifics of this exercise.
Attention to nature and water did, however, retain the majority of students’ primary interest post-
test. They were focused on “the big green recreational parks & pavilions, the bike trails were
pretty cool too”, and “the use of water as a feature.” However the proportion who responded
thus was reduced from 66% to 46%, with a slight increase in focus on human-centered issues



(28% up from 20%). Most interesting in terms of this study, however, was the post-test increase
in the proportion of students who, when asked what they ‘loved’, now chose to describe spatial
or methodological aspects of their design-process. While remaining the smallest group overall,
an increased 26% (from 14%) of students described “the wide variety of ideas and unlimited
amounts of generators [l was] able to produce”, and that “[my designs] give the same goals with
different layouts”.

A comparison between pre- and post-test responses to a question about the ‘next step’ they
would take provides similarly revealing evidence of change in design-process thinking. Nervous
about stepping into open-ended design pre-test, many students proposed a swift move into more
familiar technical aspects of their project. The majority, 73%, proposed “after this rough design
I would calculate materials needed & find proper drainage patterns”, “design drainage systems”
and, “see if my idea made sense with the environment and was possible.” (Figure 7)

Although still focused on technical development as a logical next step post-test student visions
revealed more process-oriented consideration: “I'd relate infrastructure like roads, water,
management” or “I would include drainage systems, schools and roads”; a layered description of
structure perhaps influenced by GIS. A slightly greater focus on human-centered issues such as
“plan out how it would best fit with the existing community”, reveals a more holistic site
approach. However the tendency towards abstraction is most powerfully confirmed in the
increase from 4% to 13% in the number who proposed ‘next steps’ in strict design terms,
wanting to “[add] something in the right side”, “rearrange structures/ design to use space better”,
and “try to bring all the ideas together”. Voyant text-analysis [42] finds that while words related
to the development of water and roads remain primary in the both pre and post-test descriptions,
heightened awareness of the inter-relatedness of issues is revealed through the post-test
frequency of words like ‘community’ and ‘systems’, preoccupations which may have emerged
through the layering of diverse data sets as well as new design processes.

Conclusion
Design Confidence

Open-ended design can be a leap into the unknown for engineering students. One way to make
this leap less daunting is to help students become familiar, early in their educational experience,
with strategies and tactics to support creative processes. Practicing site design gives students an
opportunity to work through such strategies as they explore ways in which the development
patterns of infrastructure networks impact the design framework of an urban proposal.

Creative thinking in GIS itself has mostly taken place within the context of the specific creative
map-product. Kwan’s groundbreaking geographic work on qualitative GIS and, within
engineering, visual exploration of dynamic time-space interactions have begun to stretch GIS
mapping possibilities [43], [44]. However these explorations have not yet been exploited for the



creative potential they might bring to exploratory processes beyond map making. Researchers in
the digital humanities, such as Travis, have started to explore GIS’s potential to suggest
unexpected directions, however such processes remain firmly literary, not straying into spatial
design [45]. Most critically, few of such explorations have made their way into engineering or
civil site design. This is perhaps surprising given engineering students’ confidence with
computing technology. Certainly digital creativity support tools have been studied extensively in
the context of game design and computation [46], however there has been little exploration,
beyond some studies of the graphic capabilities of CAD, of the potential for digital spatial
systems to serve as support tools for creative thinking in civil and environmental engineering.

In this teaching model both digital and analogue GIS mapping were brought into the laboratory
as tools. They were presented as additional tactics not just for map-making but for design
exploration. Familiar in the context of computational creativity support, the role of the technical
tool is not only to open up creative exploration but, in its technological familiarity, to support
students on the path towards design confidence. Although our students’ self-assessment of their
long-term creative confidence didn’t change they did report having developed greater confidence
in approaching this particular kind of site design process. Such a result, of course, could be
biased due to the duplication of the exercise post-test. A further control group, while
educationally difficult to arrange, could help clarify this.

However, if we take the notion of no longer ‘getting stuck’ at a project’s start as a confidence
measure then the results are more powerful. Survey evidence confirms that the availability and
use of two new tools for divergent exploration, the GIS mapping and the design cards, increased
student confidence in “starting-off” by 18%. This finding is particularly important because the
wider exploration of divergent concepts can be the first invaluable step in developing more
creative solution sets and a step that is difficult for engineering students, who tend to have been
better trained in convergent, critical analysis.

Because students were given three new tools to assist them in their site design process it is
difficult to assess the independent value of the parts. The primary focus of the workshop was the
GIS mapping itself and the layered spatial thinking which emerges from its use. Both the
workshop timing process and the geo-design cards were developed as secondary teaching tools
to help students strategically better access the GIS as a creative tool. Neither the design process
nor the cards can be used without the GIS mapping. At the very least, with the help of these
devices, evidence shows that GIS mapping used tactically can indeed allow engineering students
an improved degree of design confidence. Supporting this statement is the evidence from
students’ value assessments; that almost all students found the GIS, the geo-cards and most
especially the combined set of tools, to be useful in their creative exploration.

Design Fixation

Evidence of increased idea iteration confirms that the GIS workshop tactics did impact student
design processes. Certainly, we must be cautious of giving too much credence to merely



increased numbers of site designs produced. Student responses, however, support the claim that
the process taught students to generate not only more, but more thoughtful collections of solution
sets. Design fixation evident pre-test in which 81% preferred their first effort was eclipsed by
the more than 68% who, post-test, were instead delighted by their 3%, 4™ or later iteration. Such
a finding might be even more valuable longer term if student confidence were found to grow
further once iteration is practiced. Another future impact of such reduction in design fixation
might be quicker starts: first ideas are less daunting if they aren’t expected to be the right answer.
Finally, their comfort level with technology may explain, to some extent, the high 81% who
reported that the GIS mapping process helped in this struggle to get started. Rather than
criticizing students’ reliance on technology this methodology reveals an opportunity to exploit it.

Self-awareness of Process

While unable to contribute to research into student idea development beyond primary ideation
this study does explore the potential for students to begin to become self-aware of their own
design process, a vital cognitive step in design-thinking. Stepping outside a narrow focus on
numbers of ideas this study attempts to evaluate broader impacts on students’ developing
abilities to question their work and their processes [47]. Not only did students become aware
and give greater value to the iterative, ‘browsing’ nature of design but they began to move away
from site-based design descriptions to more process-based discourses. While the total number of
students who had taken this step towards abstraction was small, post-test evidence does seem to
show a tendency towards broader spatial design aims. It would be very interesting to follow up
on the extent to which the spatial qualities of GIS play a role in this change. Can the shift from
site-specific ideas to more abstract notions of idea transformation be facilitated by the spatial
nature of the GIS framework and its tendency towards abstraction through layering? The place-
based abstraction of a GIS map may be helpful for engineering students to the extent to which it
remains tangibly grounded to site and data while at the same time allowing transformative idea
exploration.

Limitations and Future Work

The short nature of the workshop severely limited this study. Not only was the GIS skill level
obtained very minor but even student familiarity with the site design process was low, given that
they were in early stages of their engineering degree. This population had been purposefully
selected in order to test the value of this methodology as an introduction to design-processes for
early stages in the engineering curriculum. However, such a population also imposes limits on
the results. It would be interesting to test student responses were these same tools to be
introduced to, say, final year civil engineering students or to those with GIS expertise but little
design experience.



This paper chooses to focus specifically on the extent to which certain tools and teaching
methodologies allowed students to improve specific design skills including design confidence,
openness to iterative practices and self-understanding of their design process. What the study
has not tested is the effect that these processes and tools had on the design work itself or any
outcome showing improvement upon the ensuing site design project. It also did not test the
possibility for using such tools in a collaborative design environment, another aspect of student
learning which has been shown to support creative practice. Both of these issues would be worth
following up in future research.

In more conceptual terms, a powerful aspect of GIS and mapping and, indeed, of several of the
specific geo-design card methods is the extent to which GIS may be able to assist students’
creative exploration through an abstraction of social and civic data by taking such tangible site
structures into the realm of spatial transformation. It would be interesting to further explore this
aspect of spatial abstraction and to uncover the extent to which student designers might be able
to conceptually separate spatial explorations from the specifics of actual site plans. One can
imagine that it could be precisely the potential spatial abstraction of non-visual site data that
could give mapping, like diagraming, an increasingly powerful role on the path to more creative,
divergent idea sets. An analysis of these kinds of exploratory design processes, however, would
require a more detailed focus on specific steps, ambitions and tools used by individual designers,
and a longer, narrower qualitative study of the ways in which student engineers can learn to
navigate the spatial design process.
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