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Abstract 
This paper presents the outcomes of an experiment to compare the usefulness of two user interfaces 
for a traffic simulation program. We asked 50 students to generate and evaluate alternatives for the 
design of a traffic plan for the centre of a mid-sized city. 25 students used a function-based 
spreadsheet interface and 25 students used a structure-based map interface. The outcomes of the 
experiment show that neither interface is superior over the other. Therefore, we suggest that 
developers of traffic simulation programs provide a hybrid solution by combining both forms of 
interfaces.  
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1 Introduction 
Simulation tools should not only support the evaluation of ready-made design alternatives, but also 
the fluid modelling of new alternatives. To do so, simulation tools need to provide user interfaces that 
allow designers to search the solution space for specific design problems. At the same time, 
simulation tools need to visualize the simulation results of specific alternatives within the solution 
space and allow for the easy comparison of the results between different alternatives. So far, we know 
little about how to design user interfaces that meaningfully allow for this duality of functionality and 
it is still very cumbersome to use most commercially available simulation programs to quickly model 
and evaluate different design alternatives. To advance our knowledge in how to design meaningful 
simulation user interfaces, we present the outcomes of a lab experiment that we conducted with a 
class of 50 students. We asked the students to generate a traffic scheme for the centre of a mid-sized 
city in the Netherlands and to evaluate the scheme using a simple traffic simulation model. To support 
the students in developing new alternatives as simulation input and to evaluate the simulation outputs 
we offered two different user interfaces to interact with the simulation algorithm. Half of the students 
used a function based spreadsheet tool that allowed users to understand the working of the underlying 
simulation algorithm while modelling alternatives and analysing simulation outcome. The other half 
of the students used a geographical information system that allowed users to model new alternatives 
by directly interacting with a street map of the city centre and that overlaid the simulation outcomes 
on the same street map. We call this type of interface a structure-based interface because it is designed 
to support users in understanding the structure of the simulated design alternative. The paper 
compares these two different user interfaces with respect to how many alternatives students were able 
to generate in a specific time frame and how well those alternatives scored according to the simulation 
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output. The paper starts with a brief introduction about the use of visualization and simulation tools in 
the design process. 

2 Simulation and visualization and the design process 
Designers converse design information from conceptual to detailed until they arrive at a final design 
for the production of a new product by iteratively cycling through three phases: Analysis, synthesizes, 
and evaluation (Cross 1994, p. 34). During the analysis phase, designers identify the requirements of 
the product they want to design. These requirement comprise principle requirements – requirements 
that the product must have or must fulfil – and evaluation requirements – less tangible requirements of 
varying importance that designers have to weigh against each other (Pahl & Beitz 1996, pp. 193-195). 
In the syntheses stage designers then find possible solutions that fulfil all principle requirements and 
that provide a good balance of fulfilling the various evaluation requirements. During syntheses 
designers search the set of all possible solutions that fulfil the principle requirements to identify a 
number of potentially good solutions. To find such feasible alternatives, designers use implicit or 
explicit heuristics. In the final evaluation stage, designers evaluate the accuracy of the identified 
solutions and select the alternative that best balances all the evaluation requirements.  

Simulation and visualization tools promise to support designers during synthesis and evaluation by 
offering the possibility to quickly model different alternatives and by offering the possibility to 
conduct computational experiments that can indicate whether the modelled alternative fulfils the 
principle requirements and how well it balances the evaluation requirements. To offer the best 
possible support while searching for and evaluating found alternatives, simulation tools need to 
provide user interfaces that allow designers to quickly model different alternatives and that allows 
them to timely assess how well an alternative balances the evaluation requirements. Additionally, user 
interfaces should offer designers the possibility to compare different alternatives with each other. In 
general, user interface designers can develop user interfaces in two different ways. On one hand, they 
can develop function based user interfaces that allow users to interact with the simulation tool 
according to the logic of the underlying simulation algorithm. On the other hand, they can develop 
structure-based interfaces that follow the logic of the underlying simulation model. Up to now, little 
empirical research exists to understand how well these two basic strategies to develop user interfaces 
for simulation tools support the modelling, evaluation, and comparison of alternatives.  

This paper presents the results of an experimental evaluation of the effectiveness of these two 
general strategies for the development of simulation user interfaces for Geographic Information 
System (GIS) based urban planning tools. These tools visualize historical and simulated data about 
several aspects that are related to urban planning, such as automobile traffic data, or environmental 
data mainly using tables and maps (Wang 2005). The next chapter will describe the set up of the 
experiment we conducted. 

3 Experimental setup 
We conducted a lab experiment that revolved around a real world urban planning problem. The 
experiment’s task was to develop a plan for the inner city traffic of Enschede – a mid-sized Dutch city 
with a population of around 160’000 inhabitants – that mitigates the planned massive construction 
activities in the city’s center that will occur in the next four years. In particular, we asked the 
participants of the experiment to create a traffic plan for the area that reduces nuisance for all 
stakeholders related to the following evaluation requirements: 

• Maximize travel speed, 
• Minimize travel distance, 
• Minimize travel time, and  
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• Maximize parking possibilities. 
 

Next to these evaluation requirements the participants had to consider a number of principal 
requirements for the traffic planning system to mitigate the construction activities: 
 

• Possible alternatives for the traffic plan had to account for an increase in the number of cars 
that travel to and from the center by 400 per hour.  Next to the impact of the additional traffic 
on the evaluation requirements each alternative had to allocate parking for all additional cars 
within the area.  

• Possible alternatives had to account for the fact that some of the construction work will 
occupy existing parking space. In particular, each alternative had to relocate 235 cars to other 
parking space in the city centre.  

• Finally, as construction work requires the closure of one street that borders one of the main 
construction sites, we asked the participants to close at least one direction of this two lane 
street and to find an alternative route for cars through the city that avoids the closed road lane. 
 

To support the participant’s with this planning task we provided two different simulation tools: one 
with a function based user interface and one with a structure-based user interface. Both tools use the 
same simple underlying traffic simulation algorithm that is able to calculate numerical indicators for 
the above stakeholder criteria. The first tool represented an Excel spreadsheet that allowed students to 
input all necessary data and to review all output data in a numerical spreadsheet format. Due to the 
easy possibility that the Excel spreadsheet offers users to trace the underlying functionality of the 
implemented algorithm, we consider this spreadsheet interface as function based. The second tool is a 
web-browser based traffic simulation and global information system (GIS) software DigiMap that 
also implements the same traffic simulation algorithm we used for the Excel spreadsheet. DigiMap 
allows users to enter simulation input and it visualizes simulation output by using a GIS based map of 
the respective area for the traffic simulation. Due to the possibility to quickly and easily understand 
the underlying structure of the modeled alternative we consider the interface of DigiMap to be 
structure-based. Error! Reference source not found. shows a screenshot of the structure-based user 
interface of the DigiMap software.  

It was not completely possible to model DigiMap’s existing traffic simulation algorithm in Excel. 
One example of the difference between the function based and the structure-based character of the 

Figure 1: Structural based user interface of DigiMap
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two interfaces is, for example, the calculation of critical paths as part of the simulation algorithm. In 
Excel we hard coded all shortest paths to all destinations, while DigiMap automatically calculated the 
shortest paths. Participants that wanted to change traffic patterns in the Excel spreadsheet had to 
change these hard coded shortest paths manually. Of course, this meant some more work for the 
participants that used the Excel spreadsheet. At the same time, this, however, also offered the 
participants the possibility to easily understand the functionality of the traffic simulation algorithm 
around shortest paths. 

The experiment’s participants were comprised of forty-eight undergraduate students enrolled in the 
design methods and strategy class of the civil engineering program at a Dutch university. Participation 
to the study was not voluntary and part of the official grade of the class. In this way, we were able to 
make sure that all participants tried to solve the experiment’s problem with a considerate amount of 
effort. To understand demographics and the skills and background of the participants, we started the 
experiment by conducting a survey with all participants asking them about their previous experiences 
with the DigiMap software and with Excel. Table 1 summarizes the survey results. We randomly 
assigned approximately half of the students to use the DigiMap software to find alternatives for the 
traffic routing problem that score well on the different traffic indicators, while we assigned the other 
half of the students to use the Excel spreadsheet to work on the same task. We asked all participants to 
develop a number of alternatives for the problem and save all the developed alternatives either within 
the Excel spreadsheet or the DigiMap software. All participants had an hour time to complete the task.  
 
Table 1. General characteristics and demographics of the experiment's participants. 
Survey question Answer percentage
Gender 91.23% Male, 8.77% Female 

How much time per week do you spend using a 
computer? 

< 10 hours: 3.5%; 10-20 hours: 42.11%; > 20 
hours: 54.39% 

Did you ever see DigiMap before? 
 

Yes: 29.82%; No: 68.42% 

Have you ever used DigiMap yourself before? Yes: 0%; No: 100%
 
How would you rate your Excel skills compared 
with your fellow students? 

 
Significantly below average: 1.75%; Below 
average: 3.51%; Slightly below average: 19.30%; 
Average 42.11%; Slightly above average 19.30%; 
Above average 12.28%; Significantly above 
average: 1.75%

 
After the experiment, we checked each of the alternatives the students had generated on whether they 
fulfilled all the principle requirements. We did not consider any alternatives that did not fulfill the 
given requirements in our further data analysis efforts. Overall, the students developed a total number 
of 34 valid alternatives in Digimap and 20 valid alternatives in Excel. After this first evaluation step, 
we consolidated the alternatives from DigiMap and the spreadsheet tool. To make sure that all 
manually updated shortest paths in Excel represented the version that the DigiMap software 
algorithmically calculated we normalized all Excel results by entering and re-calculating all 
alternatives participants developed with Excel in DigiMap. This resulted in a comparable set of 
indicators from all alternatives despite the difference in the two simulation algorithms that we 
described earlier. We then calculated averages and deviations of all indicators. The next section 
describes and discusses the results of our analysis.  
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4 Results, findings, and discussion 
In Table 2 we summarize the overall outcome of the experiment with the mean and standard 
deviations of the number of feasible alternatives the students were able to develop in each of the 
different software programs and the scores of these alternatives on the different indicators.  
 
Table 2. Outcomes of the Experiment. Means and standard deviations of generated alternatives and indicator 
scores  in Excel and DigiMap. 
 Feasible 

Alternatives 
per Participant 

Car 
Speed 

Extra Travel 
Distance 

Extra 
Travel Time 

Extra Parking Lot 
Occupation 

DigiMap 
Mean 

1.26 33.00 3.33 105.21 41.21 

DigiMap Std. 0.98 4.47 7.47 9.19 7.79 
Excel Mean 0.80 32.20 0.50 103.15 46.25 
Excel Std.  1 3.12 1.54 5.61 4.66 

 
An evaluation of the data shows that the participants that used the DigiMap software were on 

average able to generate more alternatives than the participants that used the Excel spreadsheet. 
Looking at the indicators, however, it seems as if the means of the developed alternatives on the 
different indicators does not show much difference between the participants that used DigiMap and 
those that used the Excel spreadsheet. Only the indicator ‘Extra Travel Distance’ shows an apparent 
difference between the means.  

There are two possible explanations for this effect. First, one of the 34 design alternatives in 
DigiMap fulfilled the design objectives, but represented an extreme outlier with a value of 42% of 
“Extra Travel Distance”. The mean average “Extra Travel Distance” without the outlier is 2.06 with a 
standard deviation of 2.78. However, even with accounting for outliers, the data shows a large 
difference. A closer analysis of the shortest paths for traffic routes of the different alternatives can 
provide an explanation for this still large gap. The participants who used DigiMap did design a 
number of shortest path routes for the traffic that got stuck on a roadblock. While these alternatives 
still are feasible they significantly increased the “Extra Travel Distance”. It seems like participants 
that used the street map interface of the DigiMap software were not able to plan well for shortest 
paths and blocked roads, while participants that used the function based interface of Excel were better 
able to do so.   

Next to the little overall difference in the mean values, the difference between the standard 
deviation of the scores of the different alternatives on the indicators is much higher for the 
participants that used the DigiMap software. We can analyze this higher standard deviation from two 
different stand points. On one hand, a higher standard deviation means that participants that used 
DigiMap were on average able to more broadly evaluate the possible search space of all alternatives. 
This more broad evaluation then led to scores on the indicators that were significantly higher and to 
scores that were significantly lower. At the same time, the smaller value in the standard deviation for 
participants that used the Excel spreadsheet might also mean that the spreadsheet’s function based 
interface allowed the meeting participants to search for possible alternatives in a more efficient 
manner. This second argument is further supported by the little difference in the mean of the scores 
between the two groups of participants. 
The above findings suggest that designers should use a balanced visualization approach to support 
their design solution search with visualization tools. Because of the possibility to quickly generate 
more alternatives and to more widely search for possible alternatives designers should use a structure-
based visualization tool. Our data supports this recommendation, by showing that experiment 
participants that used the DigiMap software were able to generate more alternatives that did spread 
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across a larger area of the solution space as was evident by the larger standard deviation of the 
indicator scores. On the other hand, we suggest that after initial conceptual solution space searches 
using a structure-based visualization, designers should then switch to a more function-based interface 
to continue searching the solution space in a more targeted way to optimize several alternatives that 
scored well during the initial broad search of the solution space using a structure-based visualization.  

5 Conclusion 
This paper presents the results of an experiment that we conducted to compare two different user 
interfaces, a function-based spreadsheet interface and a structure-based map interface, to design a 
traffic plan for the city centre of a mid-sized city. The outcomes of the experiment show that the map 
based interface allowed participant to generate more alternatives during the synthesis phase. However, 
the scores on a number of evaluation criteria according to which we asked the participants to optimize 
their solution for the traffic plan showed no significant difference. According to the outcomes of the 
experiment it seems that neither user interface is superior above the other. Therefore, we suggest that 
developers provide a combination of function-based and structure-based user interfaces. In this way, 
we hope that users will be able to reap the benefits from both methods while they are able to avoid the 
disadvantages of the other.  

In continuation of this initial research efforts, we suggest that researchers extend the here described 
experiment by evaluating other user interface methods, such as the provision of graphs to allow for 
visual comparison of alternatives. Additionally, we suggest that researchers look at the effects of more 
complex design problems than the one we used for this experiment.  
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