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Abstract
Car-oriented transport infrastructure developments have had detrimental impacts on the public realm in terms of poor walk-
ability and fractured leftover urban spaces. To build integrated transport infrastructure and public space systems with con-
sidering non-motorized travelers’ behavior, we present an integrated methodology incorporating an agent-based simulation 
model, serious games, and co-design which provides opportunities to involve citizens into the urban design process. In this 
paper, we show this process for a case study in London Hackney Wick. Qualitative data collected from collaborative experi-
ments, cognitive and human needs mapping, interviews and conversations offer insights into people’s engagement with their 
environment and the public expectations. In parallel, an Agent-Based Model (ABM) informed by the gathered data is used to 
visualize local activities for the residents and to predict travel demand and spaces occupancy patterns of various designs. The 
prediction results indicate that a holistic design strategy is needed for planning attractive and pedestrian-friendly transport-
public space systems. Lessons learned also lead to a proposal to improve the model with more realistic human behavior and 
activity schedules. The coupling of ABM–Game–Design is a valuable tool for engaging the audience and providing both 
qualitative and quantitative supports to decision-making.

Keywords Co-design · Agent-based modeling · Transport infrastructure planning · Public space · Serious games

I hear and I forget. I see and I 
remember. I do and I understand – 
Chinese proverb

Introduction

Urban design issues

It has been shown that a lack of connectivity and walkability 
in transport systems, poor aesthetic design and low acces-
sibility of public space systems, along with low density and 
mixed-use of land use systems account for a decrease in 
physical activity (De Nazelle et al. 2011; Ewing and Cer-
vero 2010). In urban areas, public spaces play a significant 
role in supporting pedestrian and cyclist movements, as well 
as in stimulating social interactions. Having prioritized the 
efficiency of motorized travel for decades with neglecting 
the social impacts of transport infrastructure development 
(Buchanan 1988), urban researchers and practitioners become 
aware of the necessity for taking into account public realm 
in transport network planning. Due to the negative impacts 
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of transportation development on urban spaces and healthy 
behavior, it is generally accepted that an integrated design of 
Transport Infrastructure and Public Space (TIPS) systems is 
needed (Cervero 2009; Ravazzoli and Torricelli 2017; Wald-
heim 2012). In this regard, considerable research have been 
conducted in terms of Integrated Land Use Transportation 
planning (Bertolini et al. 2005; Maoh and Kanaroglou 2009), 
Shared Space practices (Ruiz-Apilánez et al. 2017), and devel-
oping design methods for drafting and evaluating transport-
spaces plan scenarios (Moughtin 2003; Van Dam et al. 2014). 
In order to build a holistic and sustainable TIPS environment, 
scholars have advocated engaging public participation and 
multi-disciplinary cooperation into the urban design process 
which includes site analysis, design procedure, plan assess-
ment stage, and decision-making (Nieuwenhuijsen et al. 2017; 
Yigitcanlar and Kamruzzaman 2014; Zhang et al. 2018).

Co‑design

Participatory design (or cooperative design) has its roots in 
Scandinavia in the 1970s. In recent decades, user participa-
tion has been encouraged in urban design and planning dis-
course to gain participants’ mutual understanding of design 
processes or to motivate the acceptance of a design initia-
tive (Vainio 2016). Public participation, which is not simply 
a “tokenism,” involves the community to define problem 
areas, to build up a strong sense of commitment, to generate 
a reliable source of information for spatial planning and to 
identify the needs of vulnerable groups in democratic deci-
sion-making (Lee 2008; Sanoff 1990; UN-Habitat 2016). 
On this basis, Ezio Manzini further extended the notion of 
participatory design to co-design. The co-design approach 
exceeds public consultation by creating equal coopera-
tion between citizens, influenced by, or intending to solve 
a problem. This approach expresses a fundamental change 
in the traditional designer–user relationship (Chisholm 
2017). Manzini highlighted that the roles of design experts 
in co-design processes are using their knowledge to con-
ceive focused design scenarios, to stimulate the non-experts’ 
ability of design, and to transform their ideas into realistic 
drawings, leading to new design knowledge (e.g., design 
tools) (Al-Kodmany 1999; Manzini 2015).

One prominent way of engaging the public is visualiza-
tion because it is the common language through which both 
experts and non-technical participants can communicate. 
Visual image, captured from the city appearance along with 
city models and media, plays a critical role in educating 
citizens on perceiving the real world and stimulating dis-
cussions regarding expected changes in their communities 
(Hanzl 2007; Lynch 1960). Such a visualized public engage-
ment method can be supported by various technologies, such 

as Geographic Information System (GIS), prototyping, 3D 
models, computer simulations, and photo manipulation dur-
ing different stages of the planning and design process (Al-
Kodmany 1999; Hanzl 2007).

Simulation models for co‑design

In general, simulation models are built for prediction, expla-
nation, theoretical exposition, description, or illustration 
purposes (Edmonds 2017). In planning and urban design 
domains, they can support the analysis and evaluation of 
alternative spatial configurations by representing physical 
infrastructures along with their users and predicting human 
activities and trips under a given transport network—land 
use layout. To support the co-design, Agent-Based Model 
(ABM) simulations are the most prominent ones (Edwards 
and Smith 2011; Vainio 2016; Van Berkel and Verburg 
2012). Though simulation models that incorporate human 
behavior are capable of understanding how people respond 
to their environment, these models need to be carefully set 
up to produce useful and reliable results. Validation is often 
cited as a challenge for ABMs—one solution is to compare 
model outcomes against empirical data (Gilbert 2007; Gil-
bert and Troitzsch 2005; Macal 2016). Validation of social-
science-based models through observation or survey has 
attracted much attention recently (Hahn 2013). Participant 
observation can provide precise information about individ-
uals’ interactions, their perceptions of the world, and the 
motivations underlying human behavior (Robinson et al. 
2007). One can also start building simulation models from 
survey data. For example, Bonabeau (2002) gives flow man-
agement as an area where surveys or observed movement 
patterns can provide input for the origin and destination pairs 
in agent-based modeling. Dia (2002) uses questionnaires 
completed by drivers to calibrate parameters that represent 
agent preferences and Liao et al. (2012) ask visitors to a 
building some questions to set parameters for agents that 
simulate occupancy patterns.

Serious gaming as a tool for gathering qualitative 
data

Another challenge of agent-based modeling is a lack of qual-
itative data in generating realistic agent behavioral rules, 
in line with a lack of accurate description of the environ-
ment that intimately affects and affected by human behavior. 
Games give a way to address such a challenge. As a useful 
tool to get a strong involvement of users (Jahangirian et al. 
2010), games can motivate people because they are fun. 
They can be used as a tool for communication (Duke 1980; 
Kelly et al. 2007) or instruction (Meadows 1999). Gosen 
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and Washbush (2004) used gaming for the exploration of 
policy effects. Serious games, differentiating from the games 
purely for entertainment, can contribute to the achievement 
of a pre-defined purpose-formulated by the designer. Seri-
ous gaming knows a long history of military applications 
(Smith 2010), but also business and management science, 
economics, intercultural communication, and healthcare 
(Escobar-Castillejos et al. 2016; Mayer 2009; Raybourn 
2007). Moreover, it offers an understanding of possible 
behavior in the real world, for instance to observe behav-
ior and extract behavioral rules (Van Os 2012). In recent 
decades, the worlds of entertainment games and serious 
games are more and more mixing/overlapping, for instance, 
by means of cross-platform game engines, such as Unity3D 
framework (Unity).

Gap and aims

However, in an attempt to achieve an integrated TIPS design, 
more work is needed to clarify the way of engaging the pub-
lic into the specific processes of project analysis, design, 
evaluation, and decision-making. Despite the growing con-
cern of using simulation models to support the stages of 
analysis and appraisal, it is still necessary to use qualita-
tive empirical data to inform, refine, or even validate these 
models to build a good representation of the real world. To 
bridge this gap, the paper aims to

• provide a co-design methodology for building integrated 
TIPS systems;

• create a computer model to engage the public and to sup-
port project analysis and scenarios appraisal;

• collect comments and expectations from the residents on 
problems they would like to address and gain insights in 
user behavior that could be included in the simulation 
model itself to make it more realistic.

To this end, the novelty of this paper lies in integrating 
agent-based modeling and serious gaming into the co-design 
process for engaging with citizens, informing the model 
development, and creating “collective knowledge” for urban 
design. A preliminary ABM of a research site presented to 
the participants allows them to construct a clearer image 
of the surroundings and incites discussions among them. 
This paper is an extended version of work presented at the 
Social Simulation Conference 2018 (Yang et al. 2018). We 
expand the earlier work by eliciting an integrated design 
methodology and feeding the qualitative data back into co-
design processes.

The remainder of this article is organized as follows. In 
the following section, we present the proposed integrated 
methodology along with a conceptual “banana” model, fol-
lowed by a description of the three-step serious game and 

the ABM designed for this research. In “Case study: London 
Hackney Wick” section, the coupled method is applied to a 
study area in London Hackney Wick. Afterwards, “Urban 
design – ABM evaluation – Redesign” section shows an inte-
grated TIPS scenario inspired by the empirical data derived 
from the engagement activities. Both the new plan and the 
baseline scenario are then tested in the ABM, leading to a 
redesign process for eliciting an ideal plan in terms of active 
travel demands and the use of public spaces. “Discussion” 
section demonstrates how the games (“games” refer to “seri-
ous games” in the following text) could be used to improve 
the model further and reflects on the lessons learned.

Fig. 1  A conceptual model of integrating ABM, games, and design

Fig. 2  An integrated design methodology for TIPS systems planning 
(the numbering and meaning of the black flows correspond to Fig. 1, 
dash lines in design blocks indicate the urban design process, dash 
lines in ABM blocks represent the modeling process). Adapted from 
Yang et al. (2019)
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Integrating agent‑based modeling, serious 
gaming, and co‑design

Figure  1 shows the conceptual model applied in this 
research, a “Banana” model, which combines the approaches 
of agent-based modeling, serious gaming, and co-design. 
From bottom to top in the illustration, games are conducted 
primarily to explore the association between human behavior 
and the built environment. By using methods of observation, 
interview, and drawings, qualitative data are collected dur-
ing this procedure and then put into ABM via flow 1. Here, 
the data indicate the users’ perceived environment that may 
assist modelers in representing an accurate TIPS system in 
the model. Such data also provide insights into crowd behav-
ior and human needs that contribute to adjusting the behav-
ioral rules of ABM. Moreover, games also gather informa-
tion about citizens’ expectations and ideas of changing the 
study area, which act as an inflow of “collective knowledge” 
(flow 2) to the co-design process.

Flows 3 and 4 display an iterative process from urban 
modeling to urban design. This process also combines 
with the co-design procedure in which simulation results 
can be shown to a range of decision-makers, who can then 
test potential interventions and design choices and receive 
feedback on this directly (Bunschoten 2018; Vainio 2016). 
Moreover, ABM supported by visualization tools can engage 
the game participants, educate them in understanding the 
latent social network, and facilitate conversations between 
participants. This feedback loop is represented by flow 5. 
Finally, there is a probable inflow of new urban plans to 
the game design process as shown in flow 6. For instance, 
it would be more participatory if game designers can show 
new planning scenarios and the projected simulation during 
the exhibition and interact with the actors, evaluating the 
alternatives in real-time. Since this study did not perform the 
final flow, it is represented as a dashed line in Fig. 1.

In Fig. 2, an integrated methodology for TIPS systems plan-
ning is presented with involving the steps in urban design and 

agent-based modeling; further information of the framework 
could be found in Yang et al. (2019). Apart from the flows 
shown in Fig. 1, this methodology links the expert design steps 
(i.e., context survey, problem analysis, scenarios design, rede-
sign, plan selection) with simulation-based system examina-
tion and assessment steps. ABM is used to examine and simu-
late the status quo system as well as to test and assess different 
scenarios to support designers in selecting clear-cut plans.

Goals of engagement with the residents and exploration of 
their behavior in this project are attained through a three-step 
Serious Game that is supplemented by an Agent-Based Model 
visualization. All of these processes, shown in the first row of 
Fig. 3, provided qualitative data that contribute to examining 
the impact of the TIPS environment on human behavior and 
people’s perception of their surroundings. The engagement also 
benefits the (re)design of the ABM as well as further under-
standing of the wishes of the individuals on local TIPSs. Sup-
ported by such data, the designers could draft targeted plans for 
the study area which are then tested and estimated by the model.

Serious game‑step 1:  Exploring Lawscape

In order to investigate the key indicators of the TIPS system 
impacts on crowd behavior, the first step of serious gaming 
is designed as a participatory experiment. Human behav-
ior in complex urban systems emerges following a series of 
principles which are interpreted as law in the theory of Law-
scape elaborated by Philippopoulos-Mihalopoulos (2014). 
Here, law1 is considered in its broader meaning, namely not 
just state and text-based law, but also embodied and material 
law, as well as general normativity and behavior. In order 
to break down the observation of the Lawscape into more 

Fig. 3  A flow chart of engagement with the public using serious games and agent-based models, with displaying the actions of participants and 
research aims of urban designers (acting as observers during the game). The color of each block reflects its corresponding meanings in Fig. 1

1 The Oxford Dictionary defines law as “The system of rules which a 
particular country or community recognizes as regulating the actions 
of its members and which it may enforce by the imposition of penal-
ties.” It is demonstrated that the law not only refers to “statute law 
and the common law,” but also has a broader meaning of “something 
regarded as having binding force or effect.”
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manageable units, the Lawscape is split into three aspects: 
the “symbolic” (e.g., road signs), the “material” (e.g., bol-
lards) and the “atmospheric” (e.g., the tension of two con-
flicting neighborhoods) (Barnett et al. 2017). In this experi-
ment, the voluntary participants were requested, first, to 
comply with the “symbolic” Lawscape, to break the restrains 
of the “material” Lawscape, and to attempt to construct a 
space of spatial justice (a just “atmosphere” of collaboration 
and negotiation), which different users could share without 
conflict. Data were collected by employing both digital tech-
nologies (such as documentary, social media posts, and GPS 
tracking) and traditional sociological research methods (such 
as observation and documentation).

Serious game‑step 2: Cognitive mapping

After exploring the built environment, the participants were 
then asked to draw a cognitive map of the area for revealing 
the perceived TIPS system in human minds. Lynch (1960) 
put forward the concept of Cognitive Map, which is rooted 
in the theory of environmental psychology, and pointed out 
that five key elements construct people’s image of a city. 
One of them is “nodes” which could enhance social encoun-
ters, and the most representative “node” is public spaces. 
Two other elements, “paths” and “edges,” may cause social 
cohesion and segregation at a neighborhood scale. Interest-
ingly, transport infrastructure that takes the role of “path” 
at a city scale could also become an “edge” in neighbor-
hoods. For instance, a river could be a “path” for inter-city 
or inner-city shipping but also an “edge” separating different 
neighborhoods. Consequently, the assembled cognitive maps 
are beneficial for designers to figure out and repurpose the 
transport infrastructural “edges,” to optimize the intensively 
used public “nodes” and transport “paths” through the lens 
of user perceptions.

Serious game‑step 3: Needs mapping and co‑design

Based on an awareness of the Lawscape, the personal cog-
nitive maps, and the hidden social layer (revealed by the 
ABM), the public was invited to write down their needs 
and wishes on a map. These mapping data are a significant 
source of input for the “problem analysis” step in urban 
design (see Fig. 2, top-left corner). Human Needs theories, 
evolved from psychological studies of human behavior, have 
been introduced into urban design and planning practices to 
balance the conflicts between economic development and 
quality of life. It is proved that human needs-based con-
struction provides opportunities for sustainable development 
(Jackson et al. 2004; Steinfeld and Maisel 2012). Therefore, 
the qualitative data yielded from human needs mapping 
could support sustainable TIPS planning. Aiming at inspir-
ing the individuals’ design capabilities and assembling the 

collective creativity, we asked them to present their design 
directly on the physical settings, e.g., drawing on the roads 
using chalks.

Agent‑based model

In an attempt to get more input from the residents and visi-
tors, an exhibition equipped with a video of an agent-based 
simulation model was performed which triggered intense 
discussions among the audience. Simultaneously, interviews 
with the game actors were carried out. Such an interactive 
interview inspired participants to think of the social layer 
(e.g., crowd behavior) under the physical environment, 
which they had explored in the first two steps of the game, 
and therefore stimulated them to consider the overall social 
requirements when satisfying their own needs. Here, an early 
prototype of the ABM gave the public an impression of how 
the model could help designers and what the locals and visi-
tors could get out of this.

The model was adapted from the Smart-City Model dem-
onstrated in (Bustos-Turu 2018; Yang et al. 2019; Van Dam 
et al. 2017), which includes a road network layer and a land 
use layer in GIS, and heterogeneous agents with their activ-
ity profiles. In earlier work, a synthetic population was gen-
erated to represent the entire population. Using socio-demo-
graphic data (e.g., household size), and geographical data 
from the local government, agents were created randomly 
according to the population density of each residential land. 
Afterwards, an activity schedule (i.e., the time-specific 
sequence of human activities) in a weekday was assigned 
for agents which differ among workers, non-workers, and 
visitors. Here, human activities were categorized referring to 
the three kinds of basic human needs, i.e., personal, social, 
and ecological needs (Mallmann 1980). Five types of agent 
activities—residential, industrial, commercial, cultural, and 
leisure activities—were also attached as a parameter to the 
land use layer. Furthermore, a pavement network was pro-
vided to agents for transport. On this basis, agents firstly 
choose an activity schedule, and then find a series of loca-
tions to visit according to the activities provided by each 
place. To travel from the origins to destinations, agents 
choose the shortest route over the road layer.

Case study: London Hackney Wick

In July 2017, a team of researchers and practitioners came 
together to embark upon a month-long situated research resi-
dency based at Arebyte Gallery in Hackney Wick, East Lon-
don. Connecting visual, digital, and performance art prac-
tices with contemporary scientific research, law, and urban 
design, the Crowd Control project explored the mechanisms 
of collective behavior through observation, simulation, and 
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experimentation (Barnett et al. 2017). Arebyte commissioned 
the project as part of their 2017 Arts Council England funded 
program on “systems of control,” inviting artist Heather Bar-
nett to take a month-long residency at the gallery. Extending 
the invitation, Heather was joined by Andreas Philippopou-
los-Mihalopoulos for his contributions on law and spatial 
justice. The project included a series of spatial games and 
experiments, as well as site-specific art shows. The output 
of interest here is the experimental game Escaping the Law-
scape as thought by Andreas Philippopoulos-Mihalopoulos 
and Liu Yang, in collaboration with artist Julius Colwill.

Hackney Wick is located close to London’s Queen Eliza-
beth Olympic Park (see Fig. 4). The region has undergone 
dramatic ecological, economic, and social changes accom-
panied by conflicts between “development and protection,” 
“outsiders and insiders” in the process of transforming from 
an industrial zone into a vibrant community of artists and 
residential areas. The area has changed and gentrified rapidly 
with new housing developments and investments in pub-
lic space, partly as an effect of the Olympic Park develop-
ments, which leads to fears that the existing community will 
be priced out. The site contains a mixed type of transport 
infrastructures: a railway line and a station, canals, mix-used 

streets, and paths (for cyclists and pedestrians without sepa-
rated cycling lanes). Mainly, there are four types of public 
space here: (1) the Olympic Park for cultural-leisure usage, 
(2) the Victoria Park for leisure usage, (3) canal-side restau-
rants and bars for commercial usage, and(4) locations along 
the canal for leisure usage, in addition to some small squares 
and city greens throughout the area.

Serious game‑step 1: Escaping the Lawscape

As a part of the Crowd Control project, an experiment enti-
tled Escaping the Lawscape was carried out on two groups 
of people (50 local residents, divided into small groups of 
3–4) in 2 days, preceded by game-testing activities over 
different groups of volunteers over 2 days. The experiment 
had not done before in the specific format. The experiment 
was designed as three stages. Firstly, search and document 
(by uploading on dedicated social media platforms) signs of 
the Lawscape and hyper-comply with them by exaggerating 
their legal demands; say, sign reading STOP, and everyone 
had to stop doing what they were doing. Secondly, search 
and document (through uploading on dedicated social media 
platforms) signs of the Lawscape and resist their demand. 

Fig. 4  The case study site, including the Hackney Wick neighborhood and a part of Queen Elizabeth Olympic Park in London. Adapted from 
Google map
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Finally, occupy a space (a real legal case locus of the Gains-
borough School Bridge linking the school across the canal, 
access to which was disputed by various sides) and explore 
the possibilities of spatial justice.

Figure 5 shows the participants were trying to pass over a 
fence when they were asked to break the rules of the material 
Lawscape. Eleven participants posted their group findings 
of the symbolic and material Lawscape in Hackney Wick on 
Twitter, Facebook, and Instagram. On the whole, 23 posts 
related to the participants’ hyper-compliance behavior, and 
26 posts depict how they resisted the Lawscape. It is evident 
from the posts that the symbolic Lawscape of signs (includ-
ing road signs, caution/warning signs, information boards) 
instruct, prohibit, or direct individuals’ movement. The 
material Lawscape of roads (including the surface, curbs, 
bollards) could separate different road users and direct walk-
ing behavior. Public spaces (the floor, slides, benches, walls 
with graffiti) along with plants could attract people to stand, 
sit (even lie down), and do recreational activities.

Therefore, it could be concluded that human behaviors 
are instructed, restricted, and directed by the transport-pub-
lic space system through the design of signs, roads, public 
spaces, and vegetations. On the other hand, human behaviors 
also have impacts on the transport-public space system that 
individuals may not use public space in the way inscribed 
by the designers. For instance, the participants may perceive 
the streets as a place for lying down, benches for standing 
on, and fences for climbing. These behaviors will probably 
break the symbolic law, damage public facilities, and even 
lead to a redesign of the system.

Serious game‑step 2: Cognitive mapping

The participants’ cognitive maps indicate that the canal in 
the site, the River Lee, and the bridges over it form a funda-
mental structure of people’s image of this area. They act as 

both edges and paths between blocks (see Fig. 6 as an exam-
ple). Interestingly, the accessible bridges over and boats on 
the water could also be public spaces, i.e., nodes in the site. 
Some people outlined the open areas and restaurants along 
the river in their maps that tend to take transport infrastruc-
ture and linear urban spaces as a holistic system. It is worth 
noting that though the railway is a huge construction that 
could have attracted people, it did not appear in the cogni-
tive maps. This may be due to the lack of accessibility and 
directivity of the under-constructed train station, which does 
not have a distinct entrance.

Watching agent‑based simulation and interviews

Current visualization techniques tested in this area around 
Queen Elizabeth Olympic Park focus on displaying the 
physical layer, such as the interactive digital maps created 
for the Park (Parkmap). However, the ABM simulation in 
our project reveals the social layer by visualizing pedes-
trian movement. Based on the adapted Smart-City Model 
mentioned above, this model used socio-demographic data 
provided by the Hackney Wick Council and geographical 
data from Ordnance Survey through an online map and data 
delivery service (Digimap). The prototype of the model is 
a representation of the status quo TIPS system and was 
displayed on a large screen in the exhibition space (see a 
snapshot in Fig. 7). Figure 8 presents an interactive inter-
view performed during watching simulation animation. 
One member of the audience said “I never thought about 
people’s movement in this area. Every Londoners live their 
own lives and even does not know their neighbors. The 
computer model shows me a hidden Hackney Wick.” Play-
ers talked over with each other about the on-screen places 
(the green parts in Fig. 7) they have just visited and found it 
quite vivid to see their walking behaviors being represented 
by the movement of orange cubes in the simulation model. 

Serious game‑step 3: Needs mapping and co‑design

Local residents and visitors wrote down their demands and 
anticipation on stickers using colorful pens and pasted them 
to specific places on two site maps, see Fig. 9 as examples.

To summarize, their needs and wishes for the TIPS 
system could be grouped into three types: (1) open public 
space, (2) streets and path, and (3) public amenities. Initially, 
they demanded more diverse types of open spaces along 
the river and main roads, such as public boats for meet-
ing place, various kinds of plants, exercise facilities, shel-
ters, and quiet location. As for the road network, it seems 
that canal-side paths were the most attractive but should be 
equipped with more street furniture and be more accessible 
to the entire neighborhood. A provision of bicycle infra-
structures and safety improvement for different road users 

Fig. 5  Escaping the Lawscape experiment: Participants were break-
ing the restrains of material. Copyright: Luka Radek
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were also highlighted. Finally, the users raised their need for 
both indoor and outdoor public amenities, such as indoor 
markets, outdoor cinema, public toilets, and restaurants. As 
a conclusion, the riverside areas are the most attractive part 
of the site that are expected to be more accessible, diverse, 
and safe. Moreover, two individuals commented on the rail-
way line and the station, with requiring an increase in trans-
parency and safety. The above needs and wishes were then 
positioned on data format shapefile for GIS software.

On the same physical maps, individuals were asked to 
draw their designs for the region. One of their creative ideas 
is to regard rivers as a public realm to enhance social cohe-
sion. Furthermore, the players are asked to design directly 
on the field using colorful chalks. Figure 10 shows a partici-
pant who was trying to create a sense of spatial justice on a 
crowded riverside path.

Afterwards, we performed an online survey as a retro-
spective study to understand how the participants heard 
about this project and related activities, whether it met their 
expectation, and what did they gain by attending/what did 
they like most. We received four answers to the final ques-
tion, listed as below:

It was nice chatting to the other people, looking at 
London in a slightly different way…
Learnt a new technique for engaging my students on 
field trips…
The insight, the experiential learning, the way the 
games made people wear many hats and see the world 
from different points of view.
I enjoyed meeting new people, two of which I am still 
in touch with … learning a bit more about Lawscape.

Urban design – ABM evaluation – Redesign

In view of the above, a new Hackney Wick design was gen-
erated by utilizing both the qualitative data gathered from 
the public (the aforementioned three types of needs and 
wishes) and the expertise of urban designers. In the base-
line scenario (see Fig. 11), there is only one street along 
the canal—on the right side. In the integrated design sce-
nario (see Fig. 12), we increased the connectivity between 
the river and neighborhoods by adding new riverside trails 
and bridges. To quantitatively analyze the pedestrian net-
work Connectivity, we calculated the Connected Node Ratio 
(CNR) of the road network in GIS which is defined as fol-
lows (De Nazelle 2007; Dill 2004):

Fig. 6  Participants’ cognitive mapping of the site
Fig. 7  A snapshot of the ABM simulation

Fig. 8  Engagement with participants using ABM. Copyright: Luka 
Radek
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  where a higher value of CNR means that there are relatively 
few dead-end streets, and probably a higher level of con-
nectivity. The CNR in the base case is 98.03%, while that of 
the plan I is 98.10%. Simultaneously, the current riverside 
leftover spaces were changed into accessible multi-purpose 
places on the land use GIS layer to meet the needs of Café, 
restaurants, greenery, etc.

Afterwards, ABM simulation was utilized to evaluate 
different scenarios. One evaluation example is pedestrian 
demand estimation, which is a key indicator of active travel 
planning. Figure 13 shows the simulated travel needs of the 
base case and Fig. 14 displays that of the integrated design 
I. The two figures visualize pedestrian demand through the 
shade of red lines (representing road lanes), i.e., the darker 
the red, the more demand on that lane. Apparently, in this 
integrated scenario, people would more likely go to the 
riverside. Another investigated domain is the agents’ occu-
pancy of public spaces and public buildings. In the same 
figures, the result of occupancy was displayed through the 
shade of green tracts (representing the public areas), i.e., the 
greener places are more used. 

By comparing the results, it can be found that the two 
schemes only differ slightly. This may because these repur-
posed open places are too small compared to the existing 
dominant open spaces such as the Victoria Park. This find-
ing is consistent with the work of Sugiyama et al. (2010), 
which indicated that increasing the size and attractiveness of 
certain public places is more significant than just raising the 

CNR

=
The number of intersections

The number of intersections + the number of dead ends
× 100%,

number of open spaces. In this respect, we then redesigned 
the integrated plan.

To make the canal-side areas more attractive, in scenario 
II (see Fig. 15), a continuous linear public space system 
was designed alongside the water. Such a system consists of 
multi-use public buildings, gardens, and public use boats. 
Additional streets were built to join the cul-de-sacs on the 
south of the river, and the CNR in this scenario rose to 
98.19%. As shown in Fig. 16, the canal-side places in this 
revised plan appeal to pedestrians. A detailed analysis of 
people’s daily use of each public buildings and civic spaces 
could be found in Figs. 17 and 18.   

Fig. 9  Participants’ needs and wishes mapping: a Map 1. b Map 2

Fig. 10  Participants’ redesign of a path to create sexual justice in 
civic spaces
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In Fig. 17, the violet plot areas represent public places 
and the citizens’ usage of each area was displayed by the 
clock faces on it which are divided into 24 equal parts (indi-
cate the 24 h)—the black half indicates night time and the 
white half means day time. The radius of the clock face 
means the number of users, and the vertex of the yellow-
blue polyline signifies the number of people staying there at 
the corresponding time. Furthermore, we could get insights 
into the most appealing places by comparing the radius of 

the dials. As shown in Fig. 18, the six most attractive sites 
feature a highly mixed land use, i.e., an assembly of com-
mercial (com), industrial (ind), culture (cult), leisure (leis), 
and residential (res) usage. A well-connected and accessible 
public space system is also capable of raising the popular-
ity of new areas. The simulation model can thus be used to 
experiment with different designs of the built environment.

Fig. 11  Baseline plan of the study area

Fig. 12  An integrated plan I of the study area

Fig. 13  ABM evaluation of the baseline scenario

Fig. 14  ABM evaluation of the integrated plan I
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Discussions

With the basic ABM implemented and shown to the citi-
zen at an exhibition as part of the Crowd Control project, 
qualitative information was acquired that can be incorpo-
rated into the model. Continuing research will optimize the 
model from three aspects: (1) a refined model of the human 
behavior in spaces for route selection, (2) more realistic 
destination choices and activity schedules, and (3) agents’ 
detailed response to the Lawscape such as signposts and 
street furniture. This section explores firstly how this could 
be achieved.

Cognitive maps, drawn by participants, represent their 
view of the district while the simulation model uses the real 
geographic location of buildings and infrastructure. The 
cognitive mapping, thus, reveals how those on the ground 
see these locations, distances, and barriers and how human 
recognition system is different from the simple shortest-
path algorithm (based on Dijkstra’s algorithm Skiena 1998) 
employed in the model currently. To take this into account, 
the pathfinding algorithm could be updated to not only con-
sider distance (or travel time) but add additional factors that 
represent the ease of using a route and attractiveness of the 
space. This index can be added as attributes to the road layer 
which is read during initialization of the ABM, and the path-
finding algorithm updated accordingly.

The cognitive maps also tell us that the location assign-
ment algorithm, used in the model to link activity with a 
location on the map, should be improved and that we need 
an additional weighting parameter to favor central locations 
identified by participants over less attractive nodes. Activ-
ity schedules play a significant role in the ABM, as they 

generate the start and end point of journeys over the trans-
port network. In the current work, surveys were only used 
to collect the participants’ comments on the experiment; 
in future, however, additional surveys could be conducted 
to understand individuals’ activity schedules. In such, we 
would no longer have to use only a high-level schedule based 
on generic time use surveys which include waking/sleeping 
patterns and commuting times but can tailor this to the loca-
tion. A challenge remains in getting a representative sample 
as the number of participants was small compared with the 
population of the area, not to mention visitors from outside. 
However, the already collected data will be an improvement 
which can be refined in further settings if needed. Calibra-
tion with measured data (e.g., GPS trajectories got during 
the Escaping the Lawscape) can further support this work.

The serious games signified another gap in the current 
model, namely that details in the infrastructure such as street 
furniture, vegetation and wayfinding signs which all play a 
crucial role in how some people navigate and use the space, 
particularly for recreational walking (when shortest route 
is less important). The model currently does not represent 
this kind of behavior, and this is also the most difficult to 
incorporate. One way of doing this is to have different agent 
classes. One class symbolizes people who are thoroughly 
familiar with the local infrastructure (residents and regu-
lar commuters) and make decisions based on path length. 
The other class represents those who are unfamiliar and rely 
more on queues and nudges in the infrastructure to choose 
their routes and destinations. The second class would not be 
as dependent on activity schedules so another module needs 
to be designed which will simulate the agent’s decisions 

Fig. 15  An integrated plan II
Fig. 16  ABM evaluation of the integrated plan II
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Fig. 17  An illustration of using ABM to predict the use of public spaces and public buildings during a workday
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mechanism on exploring the city. Apart from the insights 
about model optimization, more lessons could be extracted 
from the case study.

On the one hand, based on the feedback from participants, 
the demonstration of a social simulation model to the partici-
pants accompanied by a series of participatory games proved 
to be an effective way to engage and inspire the public and 
to encourage them to share their thoughts. In addition, the 
three-step gaming reveals how private or privatized proper-
ties interfere with both the residents’ actual movement, their 
sense of belonging, and community cohesion. For example, 
the Gainsborough School Bridge though being one of the 
main pedestrian arteries crossing the river was closed to the 
public at the time of the experiment. This was particularly 
evident in the “atmospheric” stage of the Escaping the Law-
scape game, where the space of justice was proven elusive.

On the other hand, the simulation results indicate that 
increasing the street connectivity and providing more public 
spaces alone can hardly attract people to walk to or attend 
recreational activities in these new places (the integrated 
plan I). In an attempt to build an attractive and pedestrian-
friendly TIPS system, a holistic strategy is needed which 
includes an increase of street connectivity and public space 
accessibility, in line with providing a series of well-designed 
public spaces that are continuous, networked, and mixed-use 
(the integrated plan II).

Finally, the integrated design methodology proposed in 
this study turns out to be a valuable decision-support tool 
for designing integrated TIPS systems. The method allows 
design experts to take advantage of the qualitative data 
deduced from public engagement activities and the quan-
titative estimations generated by agent-based modeling in 
problem analysis and plan evaluation. On this basis, they can 
utilize their expertise in urban design to draft targeted sce-
narios. For example, the model helps designers estimate the 
use of streets by pedestrians and the potential use of public 
spaces during a day in a planned TIPS system.

Conclusion

We have presented a new joint methodology that integrates 
agent-based modeling and serious gaming with a co-design 
approach to involve citizens into the design of an integrated 
TIPS system. By conducting a three-step serious game and 
a prototype ABM visualization, this study achieves the goals 
for collecting public ideas on the needs and wishes for the 
existing TIPS system, and for gaining insights of users 
behavior in open spaces and mobility infrastructures. Fol-
lowing the research on ABM-aided and participatory design, 
our study further indicates that game-informed ABM simu-
lations are compelling tools for evaluating various urban 
design alternatives and engaging the users into the design 
process. In a case study in London Hackney Wick, the itera-
tive model development and early prototyping proves suc-
cessful and holds opportunities for building more realistic 
social simulation models in the next phase. In addition, by 
estimating the walking demand and public space usage under 
different integrated plans, the simulation model shows that 
a holistic and systematic strategy is needed for building an 
attractive and walkable TIPS system. We expect this cou-
pled Design–ABM–Game method to open up a new way of 
co-design creating walkable, aesthetic, and connected urban 
transport networks and public space systems for motivating 
healthier behavioral changes in urban areas.
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