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The increased interactivity of digital simulation tools has offered a wide range of
opportunities that may provoke a paradigmatic shift in urban design practice.
Yet, research results did not provide any clear evidence that such shift seems to
exist. Further studies are required to examine the methods and impact of their
usage on decision-making and design outcome. To that goal, this research uses
the single-case study design that has been pursued in three phases: literature
review, online survey, and semi-structured interviews. The results have shown
inadequacies, inconsistency, and ineffectiveness of usage of the tools that are
most appropriate to the design activities of each phase and thus a limited impact
on critical areas of the decision-making. The impact of the tools` usage is found
to be correlated with not only the extent of their usage, but also with a variety of
procedural and substantive factors such as the plan methodology, extent of tool's
usage, choice of the appropriate tool, and planners' skills and capabilities in
using those tools.
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1. INTRODUCTION:
1.1. Research background
Literature suggests the emergence of a neo-planning
paradigm where urban design and planning tasks
are carried out through web 2.0 and combine data
sources in new ways via real-time collection, new
forms of interactivity, and new methods of data visualization (Hemmersam et al 2015). The ways and
modes of participation and decision-making processes are changing and the emphasis tends to be on
new tools and structures (Wallin et al 2012; Wiliamson
and Parolin 2012).

The ﬁeld of urban design encompasses very different design approaches, tools, and media (Billger
et al 2016; Marsall, 2015). Modes of representations
employed while designing frame designers‘ thinking
and have a strong inﬂuence on the scheme’s design
(Angelova 2015; Carmona et al, 2010). They would
inﬂuence how eﬀectively designers design, communicate, evaluate and represent design proposals (Carmona et al, 2010; Neto, 2006). Hence, the tools’
choice, integration, and pattern of usage through the
design process are of critical importance in urban design practice.

SIMULATION, PREDICTION & EVALUATION | Explorations - Volume 2 - eCAADe 36 | 539

The increased sophistication and interactivity of
simulation and visualization tools oﬀer a wide range
of opportunities for designers and public to visualize
and communicate the constituent plans, to conduct
sensitivity analysis, to increase design collaborations
and to enhance the quality of design and decisionmaking (Caliskan 2015; Derix et al, 2012).
There are a number of design theories, principles, and assumptions that are adopted intuitively
and developed after encountering numerous examples of successful and unsuccessful urban design
strategies. With the development of a reliable set of
simulation and analysis tools, many of the urban design theories, principles, and assumptions could be
evaluated for eﬀectiveness with much greater certainty than is currently possible, bringing a higher
level of rationale and rigor to the practice of urban
design (Besserud & Hussey 2011).

1.2. Research Problem
Planning departments will employ a wider scope of
simulation and decision-support tools that oﬀer interactive applications with a wide range of opportunities for designers and public (Derix et al, 2012). Despite the potential promised by the usage of those
tools to provoke a paradigmatic shift in urban design practice, research results did not provide any
clear evidence that such shift seems to exist. Instead,
they showed that same design steps were pursued
conventionally but with the support of IT tools and
that the interactive capabilities and dynamic simulation of the design decisions have not been eﬀectively
used. Thus, urban designers are expected to examine
the role of simulation technologies at various phases
of the design development process.
The gap in our understanding of how interactive simulation techniques could support the design
activities and decision-making has expanded to become a new area of inquiry with considerable room
for the expansion of knowledge (Kunze et al, 2012;
Lewis et al 2012). The empirical research literature on
the usage and impact of those tools on the design
decision-making in real urban design and planning

processes is sparse and rare (Billger et al 2016). Much
of the knowledge about potential outcomes comes
from studies that have narrowly focused on particular
technologies within a single scale or context (Kunze
et al 2012; Slotterback 2011). A few studies were focused on their impact on the design outcome, but a
systematic outlook on the impact of their usage on
decision-making and various design activities has to
be empirically examined (Derix et al, 2012).

1.3. Research objectives
This research departs from the hypothesis that simulation tools may support design activities and result
in improving various aspects of the decision-making
process including participation, 2D, 3D and 4D design representations, and decision quality (Appleton
and Lovett 2005; McGrath, 2008; Carmona et al, 2010;
Bosselmann, 2008; Besserud &Hussey 2011; Kunze et
al, 2012; Derix et al 2012).
Urban Planning and Design departments that
have used computational tools in their practice may
help gathering evidence regarding this hypothesis.
This research has used the mixed-method approach
to examine the extents and methods with which
those tools have been used in the Department of
Planning in Portland, Oregon that has always been
cited it for its exemplary urban design practice.
The objective of this study is twofold. First, it
documents and assesses the extent to what urban
designers and planners are using urban simulation
tools in support of various phases. Second, it empirically investigates and assesses how various methods
and extents of usage of simulation tools may inﬂuence the design and decision-making process in an
attempt to establish a relation or a correlation between them.

2. RESEARCH METHODS AND DATA COLLECTION
This research has been pursued in three phases. In
the ﬁrst phase, a review of the related literature has
been pursued to construct theoretical propositions
to which the empirical results have been compared.
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In the second phase, a questionnaire survey was forwarded to all urban designers and planners working
at the Department of planning, City of Portland, Oregon, US.
The questionnaire consisted of four closedended questions and one open-ended question.
Question one asked planners to identify the extent
to what they used simulation and visualization tools
and techniques (SV tools hereafter) during the design process. The question listed twenty-nine techniques collated from reviewing related literature and
have been categorized into ﬁve main functions following the framework of Ryan (2007). Question two
asked designers to identify the extent to what they
used SV techniques at each phase of the urban design process. The questions listed four phases including their constituent design activities as described by
Cooper and Boyco’s model (Cooper and Boyco 2010;
Boyco, Cooper, Davey, and Wootton, 2006). Question
three asked designers to assess the impact of using
SV tools on decision-making and quality of the design outcome. In question four, the participants were
asked to assess the extent and the phase(s) at which
they use each of the fourteen SV tools that are commonly used in urban planning departments (Slotterback and Hourdos, 2009; Al-Kodmany 2002, Simpson
2005; Al-Douri, 2010). The survey has meant to explore two key substantive factors: the staﬀ’s level of
expertise in the SV usage, and the approach to its
usage. In the third phase, the semi-structured interviews have helped gather rich qualitative data that
have been used to triangulate the quantitative data
collected from the survey.
A total of 25 invitations were sent to all potential participants listed in the Department’s website.
The response rate was 64% among whom 40% were
self-identiﬁed as planners with the remainder consisting of people working in the related ﬁelds of research, GIS, and transportation planning. The distribution of responses for the staﬀ years of experience
and ﬁeld of practice, is comparable to the characteristics of planners in the US planning departments (Slotterback 2011), thus suggesting a relatively represen-

tative sample.
The empirical observations were compared to
the theoretical propositions and to the results of similar research to highlight any patterns and consistencies that could explain and justify the mechanism and
improvements in the design decision-making and
outcome. The comparison has helped drive conclusions about the usage of SV tools in planning departments and professional practice.

3. EMPIRICAL FINDINGS AND JUSTIFICATION
3.1. Extent and methods of usage of simulation tools:
The simulation techniques listed under each category were sorted in descending order according to
their weighted average mean (table 1). The results
showed that those categories were employed with
a variety of extents at an average of [2.06] (ﬁgure 1).
In the collaborative & participation visualization category, all techniques have been used above average
level. The results show that simulation techniques
are being used more extensively for design reviews,
collaboration and data communication with design
participants and stakeholders. This is inconsistent
with the theoretical proposition that most urban information systems fail to create conditions for communication and constructive dialog between professionals and decision makers and thus remain to
serve only experts in the long-term (Angelova et al
2015). Their usage, compared to the results of previous studies, was higher in extent and eﬀectiveness of
supporting core design activities (Al-Douri 2013).
In the thematic mapping & visualization category, 8/10 of its techniques have been used at an
above-average level. The simulation tools have been
used more extensively and eﬀectively for analytical
techniques at early design phases such as the thematic mapping, analysis, and overlay analysis of spatial data when their potential role in decision-making
support is at the highest layers.In the data navigation & visualization category, 1/3 of its techniques
has been extensively used to generate visualizations
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of the proposed design. These results are consistent
with the theoretical propositions regarding the extensive usage of visualization techniques to represent design alternatives and visualize complexities of
the spatial structure at a variety of scales. In the urban
modeling category, 2/4 of its techniques have been
used at an above-average level for the assessment of
the environmental impact and visual impact of the
design solution on the study area (table 1, rows 3.13.2).
Finally, only 1/7 technique of the simulation &
visualization category is being used at an aboveaverage level for modeling and testing the proposed
zoning changes (table 1, row 4.1). Although the extent of their usage is markedly higher than the results
of previous studies (Al-Douri, 2013), there is a very
limited usage in real-time dynamic visualization and
simulation of the design decisions and changes over
time that could support the generation of design solutions (rows 4.1-4.7).
Subsequently, all techniques were sorted in descending order according to their weighted average
mean (ﬁgure 1). There were 17 techniques that have
been used above the average [2.2-3.8] and that may
be clustered in three levels A, B and C. The ﬁrst level
(A) includes one technique that is related to generating static 2D visualizations. The second level (B) includes 10 techniques that are being used at a high/very high level predominantly for design communication, collaboration, and analysis such as communicating design information and solutions with design
participants and stakeholders, reviewing the project
to get feedback from the public, and visual analysis and thematic mapping. The third (C) includes 6
techniques that have been used predominantly for
analytical functions at an above-average level. The
six least-extensively used techniques were related
to pursuing planning scenarios, animations, simulations, and real-time dynamic visualization.
This pattern of usage is in line with the argument regarding the planners’ preference to use conventional static 2D visualizations over their dynamic,
real-time 3D simulations (Ryan 2007). They suggest

that simulation techniques have been ineﬀectively
used in the planning process and that their capabilities appeared to have not been employed through
the design process. This is consistent with the literature premises concerning the low extent of usage of
simulation techniques in US planning departments.
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Table 1
Extent of usage of
IT techniques and
functions

Figure 1
Extent of usage of
IT techniques and
functions

3.2. Extent of usage of IT Tools at various
design phases
The results of question two were analyzed to highlight the patterns of simulation tools‘ usage at various design phases. The design phases and their
constituent activities were sorted in descending order according to the weighted average of tools’ usage (table 2).The overall extent of usage was aboveaverage [2.67] at phase 1, increased in phases 2 [2.73]
and phase 3 [2.72] but declined sharply in phase
4 [2.23]. The pattern of usage through phases 1-3
shows that the simulation tools have been used at
“sometimes”, “high”, or “very high” extents at all design activities, but they have been used either with
little, sometimes or high extents in phase 4 (Figure
2). This pattern is inconsistent with the results of a
previous study which showed that IT tools usage was
limited at the initial, analytical phase but increased
at the conceptual and design production phases (AlDouri, 2013). They are also inconsistent with the literature which suggests those tools are extensively used
at the initial design phase when their inﬂuence is potentially the highest and then gradually declines in
the following phases.
This pattern of usage is aligned with the results of
question 1. Phases (1-3) which featured the highest
overall usage involve require the usage of analytical
and communication techniques which were the most
extensively used techniques, and also require the usage of simulation and modeling techniques which
were the least eﬀectively used ones (table 1). Also,
phase 4 with the lowest overall usage, requires selective usage of simulation, visualization and modeling techniques which were the least extensively used
techniques. This pattern of usage is inconsistent with
the theoretical proposition that too much detail and
visual realism in visualizations at the initial stages of
the design process are often not necessary and can
even be misleading, as that information will not be
decided on until a later date (Billger et al 2016).
These results show that the visualization, communication, and analytical techniques are being
used eﬀectively in core design activities at the ini-

tial design phases when the impact of their usage on
the quality of the design process and product is at its
highest. Conversely, the simulation, dynamic visualization, and urban modeling have been ineﬀectively
used. Their declining usage in phase four which typically requires extensive and eﬀective communication
and outreach is inconsistent with the mission of the
planning department that emphasizes outreach to
the community and stakeholders. Hence, all design
activities were sorted in descending order according
to their weighted average (ﬁgure 2). There were 7
design activities that involved an above-average usage of simulation and visualization techniques with
a weighted mean average that ranged from [2.693.06] and there were 6 activities that involved belowaverage usage of those techniques with a weighted
mean that ranged from [1.88-2.56]. Ironically, environmental impact assessment and testing design alternatives were among the activities that involved
the lowest usage of those techniques.
These inadequacies may be due to a variety of
procedural and substantive issues. First, the planners’ limited capability and skill of usage of the simulation techniques that are most appropriate to each
design phase. Second, the results have been inﬂuenced by the methodology of the development process. The conjecture-led cognitive nature implies
that the analytical work in urban design practice does
not represent the ﬁrst and foremost phase in urban design thinking. Instead, it runs in parallel with
the other consecutive steps: conjecturing, modeling,
and testing in design (Çalışkan, 2012). In addition, designing by alternative is not always applied in practice; alternative thinking in design is not taken as a
cognitive tool to make design synthesis. Instead, it is
utilized as a communication tool to enhance the original design argumentation either against the external
stakeholders or within the design group itself.
Finally, the results may be interpreted in light of
a study that was pursued to compare the beneﬁts of
the 3D methods of information interrogation over alternative 2D methods. The ﬁndings showed that the
2D resource allowed faster and more accurate deci-
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sions to be made, even though the 3D resource allowed a greater understanding of more speciﬁc information. The users believed that 3D resources allowed
increased spatial awareness and subsequent understanding of information, and would, therefore, allow
them to make quicker decisions (Ryan 2007). Hence,
it is essential for urban designers to use a combination of both 2D and 3D resources during the design
process.
Thus, it is critical to choose, align, and eﬀectively use the techniques that are most appropriate
to each design activity and phase. Similarly, the planners’ skills of usage of advanced tools and techniques
are critical to contemporary urban design and planning practice. Hence, the alignment of the nature of
the design methodology with the available tools and
techniques opens a wide range of possibilities to support designers in core design activities.

3.3. Overall Impact of usage on the design
process and product
The results of question three were analyzed to assess
the impact of SV tools usage on the design process
and product. The areas of impact were sorted in descending order according to their weighted average
of response (table 3). The results show three levels of
impact: high, medium and low. The highest level includes areas 1 and 3 where the impact of all sub-areas
but one is above-average. The medium level includes
area 5 where the impact of 50% of the sub-areas is
above-average. The low level includes areas 2 and 4
respectively (ﬁgure 3). These results are aligned with
those of question 1 and 2 regarding the extensive
usage of analytical and communication techniques
in phases 2 and 3. They are consistent with the notion that the highest impact of visualization tools is
its ability to represent contextual complex data (AlKodmany 2002).
The medium impact on the decision-making
process (area 5) particularly activities 5.5 and 5.6 (table 3) is a discrepancy that is due, in part to two factors: ﬁrst, the inappropriate choice of tools that are
relevant to the design activity, and second, the planner’s limited capability and skill of using the available range of dynamic techniques. Those factors
would restrict the planner’s analytical vision and the
urban analysis that is predominantly pursued with
conventional 2D maps rather than 3D dynamic tools
(Ahmed and Sekar, 2015). These results are consistent with those of questions 1 and 2, which showed
that the simulation, real-time dynamic visualization
have been ineﬀectively used to support the relevant design activities (rows 2.4-2.5, table 1) and thus
may not support eﬀective communication and design decision-making. Ineﬀective communication
does not allow professionals and decision-makers to
combine eﬀorts and collaborate at all design phases,
particularly the early phases, and hence will not lead
to the desired impact on the quality of the plan (Angelova, 2015; Kunze et al 2012; Billger et al, 2016).
Hence, all areas of impact were collapsed and
sorted in descending order according to their
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Table 2
Extent of usage of
IT techniques and
functions at each
phase of the design
development
process

Figure 2
Extent of usage of
IT techniques and
functions at each
phase of the design
process

Table 3
Assessment of the
impact of IT tools
usage on the design
outcome and
decision making

Figure 3
Assessment of the
impact of IT tools
usage on the design
outcome and
decision making:
grouped in areas

Figure 4
The impact of IT
tools usage on the
design outcome
and decision
making

weighted average, 10 of which were above the average with a weighted mean that ranged from [3.694.15], and 13 that were below the average [3.0-3.62]
(ﬁgure 4). These areas of impact were clustered into
three groups A, B, and C. In the high-impact group
(A) (rows 1-10, table 3), almost all survey participants
replied with either [strongly agree] or [agree] of the
impact of the simulation tools on increasing the effectiveness of visualization, the eﬃciency of communication, and the understanding of the relation
between the urban system and its constituent subsystems. In the average-impact group (B), (rows 1118, table 3) nearly 50% of the survey participants
replied with either [strongly agree] or [agree] of the
impact of the simulation tools on increasing the efﬁciency of the design and decision-making process.
In the low-impact group (C), (rows 19-23, table 3)
only 25-30% of survey participants replied with either
[strongly agree] or [agree] of the impact of the simulation tools on cost-eﬀectiveness and management
of the plan and the urban systems and subsystems.
These results provide evidence that simulation
tools could support designers in various design activities, and they would allow them working at various
scales, levels of abstraction, and hierarchical order of
the urban subsystems that may result in increasing
the equality of design decision-making and product.
To do so, it is imperative to address the inadequacies
that led to the ineﬀective usage of those tools and
techniques along the design process.
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3.4. The IT tools used across design phases
The simulation tools were ranked in descending order according to their weighted average mean of usage and were clustered into four groups, A through
D; extensive, high, average and low respectively (table 4). In group C, Sketchup has been used at an
above-average level [2.17], whereas real-time and dynamic simulation and 3D modeling have been used
at a moderate or little/very little usage by 5/12 of
the survey respondents. In group D, urban simulation/virtual reality [0.92] and Revit/AutoCAD [0.64]
have been used at a little or very little extent or not
used by 10/13 of the survey respondents.
The results of questions 4.1 and 4.2 were combined in one chart to relate the extent and consistency with which each tool was used along the design phases (ﬁgure 4). The results show that some
tools such as Desktop GIS and the Internet were used
with high extent but predominantly in two phases
(2 and 3) (rows 1-4, table 5). Some tools were used
at an above-average level at all phases but predominantly in only one phase, whereas other tools were
used very ineﬀectively at one or two phases.
The results show three patterns. First, the most
eﬀective usage occurred in phase 2, but the least
eﬀective was in phase 3, which involves developing and selecting the plan. Second, the analytical
and communication tools, such as the GIS, the Internet, and Google Earth have been used extensively
and consistently at the appropriate phases. Third,
SketchUp and urban modeling tools have been used
at an above average level at all design phases but predominantly in phase 2 whereas the urban simulation
and VR have been used at a below-average level only
in the ﬁrst two phases. They could have been used in
other phases to support a variety of visualization and
decision-making activities (Table 4 and 5).
These results show that the usage of 6/14 of the
SV tools was ineﬀective and inconsistent. These results are aligned with those of question 1 regarding the high usage of analytical and communication
techniques and the average usage of the decision
making and visualization techniques (Table 1, Fig-

ure1). They are also aligned with the results of question 2 regarding the extent of support those tools
provide for a variety of design tasks. They may explain the medium impact on the areas of decisionmaking and comprehensiveness of work (Table 2, Figure 2). These ﬁndings provided evidence that the impact of SV usage is not correlated only with the number of tools used in each design phases or the extent
of their usage but also with the choice of the tool (s)
that is/are most appropriate for each design activity
and phase. This highlights the importance of increasing the planners‘ knowledge and skills of the capabilities, potential, and methods of the tools’ usage to
support the variety of design activities along the design process.
Table 4
The extent of usage
of each IT tool and
technology

Table 5
Design phases at
which each IT tool
land technology
was used the most

4. Conclusions
The research provided evidence that SV tools could
support designers in pursuing core design activities
that would ultimately aﬀect decision making and the
quality of the design product. The ﬁndings showed a
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wide variety of extents of usage across the ﬁve categories of techniques and across the four phases of the
design process. The urban modeling and simulation
& visualization that could support the generation and
assessment of design alternatives were the least extensively used categories at a below-average level.
In particular, there was a very limited usage of animation, real-time dynamic visualization, and simulation of the design decisions and changes over time.
These results suggest that the capabilities of simulation techniques have been ineﬀectively used through
the design process.
The pattern of the SV tools’ usage has involved
inadequacies and ineﬀectiveness in the extent of usage, inconsistency across design phases, and inappropriate choice of the tools that are most relevant to
each design activity. Thus, the impact of their usage
on design and decision-making process and comprehensiveness of work was at an average and belowaverage level respectively. In particular, they have a
very limited impact on critical areas namely, the time
used for generating alternative design strategies, the
number of those strategies, and the assessment of
the environmental and visual impact of those strategies on the urban system. Instead, they could have
been employed to generate, test, and evaluate, for
eﬀectiveness and performance, a greater number of
alternative strategies with certainty and rigor that
could have ultimately improved the design outcome
and decision-making process.
The considerations that are typically addressed
in urban design practice are expanding to include
issues such as environmental sustainability, health
and well-being, security, and economic and social
vitality that require an eﬀective usage of the increasing amount and diversity of information using
performance-based criteria for evaluation and assessment. Similarly, the shifting paradigms in contemporary urban design practice requires challenging or examining the applicability of the existing
urban design principles, models, and approaches.
Thus, the methodology of the plan development
plays a pivotal role in the eﬀective employment of

simulation and visualization tools to support designers and planners in pursuing those activities and
tasks. The methodological issues need to be addressed early in the development process and requires a comprehensive framework for simulation
tools usage.
Therefore, it can be inferred that the impact of usage pf SV tools on the decision-making and outcome
is correlated not only with the extent of their usage
but also with a variety of procedural and substantive
factors particularly the following:
• The planners’ choice of the tool with the appropriate technical capabilities to the nature
of the design activities.
• The capability of the available digital tools to
visualize and represent diﬀerent kinds of data
with the level of realism and detail that best ﬁt
a speciﬁc purpose.
• The planners’ level of expertise with the capabilities and methods of usage of the variety of
IT tools including data handling and representation,
• The consistency and eﬀectiveness with which
SV tools are used across the design process.
• The planning and development methodology
employed.
Yet, among those factors, the design methodology is
the most inﬂuential one that can aﬀect the eﬀectiveness of computational support in design decisionmaking. Thus, it is strongly recommended that urban planners and designers examine how the alignment of the appropriate simulation and visualization
tools with the design activities and phases and with
the nature of the design methodology could eﬀectively support the decision-making process and ultimately help transform the group work from one way
to multiple ways and aﬀect the design outcome. On
the other hand, the emerging geospatial technologies such as GPS, remote sensing, BIM, cloud computing, wireless communications, and parametric modeling may be used to support a wide array of design
activities. Their role, methods of usage, and potential
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support to urban designers at various phases of the
design process have yet to be examined.
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