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In this paper, we present the design and implementation of
a novel physical interactive interface, called LinkingPark
(Figure 1), which uses different sets of tangible and
ambient input-output mechanisms to facilitate interaction.
We present the findings from initial deployment, which
discuses the performance, limitations, and next steps for
LinkingPark as an engaging physical information system.
We also present our design recommendations for future
physical informative systems.

1. INTRODUCTION

A rapid increase in urban populations in the past few
decades has led to the emergence of the ‘smart city’
concept. The smart city focusses on meeting city dweller’s
needs by the optimum utilisation of resources through
creative technologies and better governance. The people of
the smart cities have a bigger role to play in making cities
‘smart’. Smart people are healthy, aware, better educated,
creative, and better informed people who use natural and
public resources wisely for both individual and social
benefits [26]. These characteristics can only be supported
through a better-equipped infrastructure.

2. LITERATURE REVIEW

In this chapter we look into the concept of smart cities and
smart people, and then explore audience behaviours in
public interaction and the challenges for public
engagement. Finally, we discuss the smart city vision of
QEOP to identify the design problem area for this project.

The Queen Elizabeth Olympic Park (QEOP) is being
regenerated as a future smart city after the 2012 London
Olympics. However, the engagement level of people with
the facilities is not sufficient and demands further
enhancement. This project aimed to design a physical
public interface that could enhance people’s informational
capacities for better decision-making. Public interfaces

2.1 Smart City

Currently, more than 50 percent of the world's population
live in urban areas and these numbers are expected to rise
up to 60 percent by 2030 [33]. With the advent of rapid
urbanisation, cities need to be better prepared by legislating
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‘smarter’ public policies, using technology efficiently, and
creating viable environmental and social platforms to
establish sustainable ecosystems that can meet the needs of
their swelling populations [40].

[12]. The functioning of a smart community depends on
infused connected intelligence and continuous learning
through an increased awareness and relevant information
from, and within, the city infrastructure. This collective
intelligence and social learning contributes to making a city
smarter [20]. Urban problems can be fixed by smart
communities by means of innovation, human capital,
cooperation between relevant stakeholders, and proficient
scientific ideas [12]. In summary, education, creativity and
continuous learning enhances awareness of public
infrastructure, assists informed decisions, and facilitates
collaboration to achieve city objectives to make people
“smart”.

2.1.1 Concept of Smart City

Researchers from the fields of technology, socio-economics
and architecture have projected their idea of a “smart city”.
Consequently, the term “smart city” is exercised in
inconsistent ways as it conveys different meanings.
O'Grady and O'Hare [30] argue that there is neither a
universal definition nor set parameters on which the
“smartness” of a city could be judged. Giffinger et al [12]
looked into the concept as a forward-looking initiative from
a wider perspective by formalising the characteristics of a
smart city into six main categories: (i) smart economy (ii)
smart people (iii) smart governance (iv) smart mobility (v)
smart environment and (vi) smart living. They define a
smart city as “A city well performing in a forward-looking
way in economy, people, governance, mobility,
environment, and living, built on the smart combination of
endowments and activities of self-decisive, independent and
aware citizens. Smart city generally refers to the search and
identification of intelligent solutions which allow modern
cities to enhance the quality of the services provided to
citizens.” Chourabi et al [9] simplified the concept by
proposing an integrated framework comprising three inner
factors - (i) management and organisation, (ii) technology,
and (iii) policy context, and five outer factors - (i)
governance, (ii) economy, (iii) built infrastructure, (iv)
people and communities, and (v) natural environment and
their symbiotic influence on each other towards the success
of a smart city initiative. Figure 2 shows a pictorial
representation of the framework. The vision of the smart
city emphasises pervading the information into physical
infrastructures in order to conserve energy; improve the
quality of water and air; facilitate mobility, conveniences
and efficiencies; identify problems and their remedies
proactively; recover quickly from disasters; collect and
share data to enable collaboration between actors and better
decision making; and utilize resources intelligently [27].
We understand the smart city as a platform that engages
various organisations of the city to build policies and create
innovative technology solutions by an optimum utilisation
of resources to empower people, improve public
infrastructure, sustain the natural environment, and enhance
the economy.

Figure 2. Integrated framework of Smart City by Chourabi et
al. [9]

2.2 Public Engagement

In the previous section, we discovered people’s decisive
role in shaping a smart city. Smart communities are formed
by people who are socially aware and connected, better
engaged with public infrastructure, make informed
decisions, and provide creative solutions. In this section, we
focus on ways of nurturing and improving these
characteristics to enhance public engagement.
2.2.1 Public engagement in urban space

A large number of public interfaces have been developed
under the HCI paradigm to support public engagement. The
scale of these public interfaces has ranged from extra small
tablet sized touch screens to very large media façades. For
the scope of this project, we explore some small to medium
scale installations from previous related work.

2.1.2 Smart people

The Interactive Wall Map [20] constituted three pairs of
flat-panel touchscreen monitors placed between three
vertically separated geographic regions (Americas; Europe,
Africa and Gulf countries; and Asia-Pacific) and 24 LEDtopped button switches placed over cities of potential
interest. These were embedded on a wall map 396cm x
264cm in size. Information related to location was
presented by detecting the users’ presence or by using the
LED button switches. The system’s objective was to spark

Smart people are a fundamental part of the smart city [12].
People’s physical, cognitive, creative, analytical, and
psychological capabilities are important factors for smart
cities [19]. The human factors dimension emphasises
creativity, social learning, and higher education [26]. The
attributes of smart people comprises components like
higher levels of qualification, affinity to continual learning,
social and ethnic plurality, flexibility to adapt, creativity,
increased participation in public life, and open-mindedness
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conversation and information sharing among the passers-by
on places and travel. The CoCollage system [10] was
deployed in a community-oriented cafe to support social
awareness and face-to-face interactions. The online profile
and media sharing tools of the system gave a platform to
cafe community members for online conversations. Shared
items on these tools were visualised as a continuously
updated collage on a large digital display in the café, whilst
prioritising items from members physically present in the
café.

•

Brignall and Rogers’s shared display, the Opinionizer [5]
utilized a large projection controlled by a laptop. The same
laptop was used for input of opinions and comments. It was
designed for informal gatherings and enabled users to enter
their opinions, observe, and comment on others. The
Opinionizer received positive a response from participants
as a medium to facilitate social interaction. SkyWords [4]
was deployed on the ground floor of Chicago City Hall for
ten days in April 2012 to give people the opportunity to
participate in policy making by gathering their opinions on
cultural preferences and aspirations. It was a two-sided
interactive installation consisting of digital screens and
mechanical inputs. On one side people could answer a
question by pressing physical buttons that were then
digitally packaged into a balloon shown on the screen. The
response could be registered by blowing up the balloon
using mechanical inputs like pumping the bellows, spinning
the pinwheel, or plunging the bike pump. On the reverse
side the user could reveal the answers from other people by
popping the balloons on the screen using a joystick. Sarah
et al.’s VoxBox [11] is a tangible system designed for
gathering public opinion at events which uses physical
controls like spinners, buttons, and sliders for answering
closed questions and a ‘traditional telephone receiver’ for
answering open ended questions. LEDs provide visual cues
by turning green when a block of questions become active
and ready to be answered. The back side of the device
provides real time visualisation of the data on multiple LCD
screens. The system also incorporates a ball tube which
functions as a progress indicator and pops a squeezy ball as
a reward for completion. VoxBox was successful in
drawing crowds in and gathering opinions in a novel way.

Spatial Model: Streitz et al [38] developed a spatial
interaction model based on three zones: an ambient zone, a
notification zone, and a cell interaction zone. Vogel et al.
[41] extended the original spatial zone model by bifurcating
the cell interaction zone into subtle and personal interaction
zones, and by repurposing the notification zone into an
implicit interaction zone. These models emphasised the
interactions offered and the information to be shown on the
display. Furthermore, they are primarily suited to support
single-user interactions. However, the movement of users
between these zones is not explained. The engagement
zones model by Memarovic et al. [21] looked beyond
relationships between viewers and displays and modelled
interaction into passive and active engagement zones. In the
passive engagement zone, people observe the interaction of
others or engage in passive interaction, such as reading the
content from a distance without directly engaging with the
interface. In the active engagement zone, people engage
directly with the interface. The core principle of the
engagement zone model is that it considers multiple userinteractions and allows for modelling inter-phase
movements.

•
•

Gather existing data to inform and improve public
services like healthcare and transport.
Increase social interaction to promote connectedness.
Collect new public data for improving operational and
planning decisions.

2.2.2 Public interaction models

Interaction with interfaces in public spaces has been studied
in depth in HCI. This has led to the development of
multiple models to support public engagement.

It can be inferred that apart from being efficacious civic
installations, these systems exhibit two common
characteristics:
•

•

The element of novelty – the choice of unconventional
or unique media for visualisations, simple yet
affordable input mechanisms, and inviting form
factors.
A universal appeal of play – the capability to elicit
playful and pleasurable interactions.

Furthermore, it is demonstrated that
installations can be effectively used to:

novel

public
Figure 3. Public Interaction Flow Model by Brignull and

Rogers [5]
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Figure 4. The Audience Funnel by Michelis et al [23]

Public Interaction Flow Model: Brignull and Rogers’
Public Interaction Flow Model [5] identified three spaces
(Figure 3) . In the peripheral awareness space, users are
aware of the presence of the display but are focused on
other activities. In the focal awareness space, users start
paying attention to the display, looking at it and talking
about it but not interacting with it directly. In the direct
interaction space, users explicitly interact with the display.
When users are motivated they cross the threshold from
peripheral to focal awareness, and when intuitive and
pleasurable interaction mechanisms are present they cross
the participation threshold. Support for multi-user
interactions and transition between the different spaces are
the key features of this model. However, it does not take
implicit interaction [38] into account.

Honeypot effect: The Honey Pot effect is very well
recognized phenomenon [5][23] around public interfaces
where people get attracted by users already interacting with
a device. Mueller et al. [23] reported that the Honeypot
Effect is a strong aid to attract attention and communicate
interactivity. The audience grows if interfaces manage to
attract passers-by at the early stages of deployment.
Landing effect: People often stop once they have already
passed the interface and can see an opportunity to interact
[23]. This effect leads to drawing fellow group members
towards the device who otherwise were not motivated or
missed it completely.
Sweet spot: The sweet spot is a small area positioned
centrally in front of the display at approximately 1.5 meters
distance from where users stop facing the display frontally.
In this way, they have the best perspective of the whole
interface. However, this effect is observed only in the case
of flat displays [3].

The Audience Funnel: Michelis et al’s [23] Audience
Funnel (Figure 4) focuses on observable audience
behaviour and attempts to model the probability of the
user’s graduation between phases. The model consists of
six interaction phases – (i) passing by, (ii) viewing or
reacting to the interface, (iii) subtle interaction, an
equivalent of implicit interaction discussed under spatial
model, (iv) direct interaction, (v) multiple interaction can
occur if user decides to use the interface more than once
either at same time or at a later point in time, (vi) follow-up
actions may include post-interaction tasks. For example,
signing-up on a mobile app related to the interface or
fetching a cup of coffee just bought on the interface.

2.2.4 Attracting audience

Typical public interfaces are used for general
advertisements and suffer from display blindness [25]. The
majority of people assume contained information is
unimportant or irrelevant, subsequently resulting in quick
glances (less than 2 seconds) or zero attention. Huang et al.
[14] proposed five design recommendations for public
interfaces to counter display blindness - (i) brevity of
glance – the intent of device should be determined within 23 seconds, (ii) the display position should be at eye height
to encourage glancing, (iii) present control over information
to be viewed, (iv) the direction of people’s movement
should be considered and attention can be maximized by
taking advantage of environmental objects, (v) the size of
display should be appropriate enough to balance exposure
and privacy. Moreover, factors of colorfulness, informative
and interesting content, aesthetic attractiveness, and
animations increase the possibility of attention [24].

This model is capable of measuring conversion rates and
thus provides parameters to evaluate success for public
display content or applications. However, the model does
not consider social interaction between viewers.
Furthermore, the model describes audience engagement as a
rather linear process in which people are unlikely to move
back and forth between the different stages and the model.
The models discussed here appeared to have certain
posititves and negatives over one another but it can be
deduced that all the models lack inclusivity in addressing
public interaction behaviours.

Another challenge for public interfaces is interaction
blindness – the unawareness of a system’s interactivity
[31]. Different techniques such as call to action through text
or analog signage, attractive sequences in the form of
videos or slideshows to show potential interaction
sequences during the ideal state of the device, invitations to
passers-by either from volunteers or users who have already

2.2.3 Audience behaviour

Audience reflect some commonly observed behaviours
when interacting with public interfaces. These behaviours
are discussed in this section.
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interacted with the device, and adoption of similar devices
that harken existing knowledge have been proposed as
potential interactivity cues in previous work to counter
interaction blindness.

They propose that the integration of tangible elements with
textures and shapes can attract passersby and stimulate
engagement. However, the appearance of the physical
device can influence the performance. An urban sensing
workshop by Jetter et al [16] found that plain and neutral
appearances (for example, box-like shapes) create rejection
and anxiety while anthropomorphic (human-like shapes)
and zoomorphic (animal-like shapes) appearances create
trust and greater visibility and engagement.

The Honeypot effect has proved to be effective in
overcoming both types of blindness [11]. In a recent
attempt, Houben and Weichel [13] demonstrated the use of
curiosity objects – curiosity-provoking entity, as a mediator
between the people and interactive displays. It reveals the
interaction possibilities with the displays, thus removing the
display and interaction blindness. They proposed that the
curiosity object has its own honeypot effect that can be
exploited to channel the audience to approach displays.

2.3 Queen Elizabeth Olympic Park – an emerging smart
city

The Queen Elizabeth Olympic Park (QEOP) is a public
multifunctional area in London, United Kingdom, which is
comprised of residential buildings, sports facilities, visitor
experiences, educational hubs, business complexes and
shopping centres. After the 2012 London Olympic games,
the area is being re-purposed as an example of a modern
urban smart space. As an emerging smart city, it has been
augmented with sensors that collect data about people,
buildings and the environment. The initiative to make
QEOP a smart city is being nurtured under the Intel
Collaborative Research Institute (ICRI) - Sustainable
Connected Cities program [37]. The vision of the program
is to manage and maintain the city to entail investigation,
development and deployment of adaptive technologies that
can optimize resources efficiency, and enable new services
that support and enhance the quality of life of urban citizens
and city visitors. Four themes of projects have been
identified to support the vision.

2.2.5 Motivating engagement

Michelis compiled a list of potential audience engagement
motivators[22]:
Challenge and control. People try to achieve a level of
competency to fulfill the challenges presented by the
system. If balanced well, challenge can be used to help
motivate users to interact.
Curiosity and exploration. Curiosity is one of the key
characteristics of human behaviour as it is used as a
mechanism to make sense of the world. If interactive
elements are novel and surprising but comprehensible, the
user can partially determine the interaction process and
discover the rest based on previous experiences.
Choice. The motivation for a particular behavior appears to
increase if, in the process, people can select between
alternatives in behavior.

City as platform: Techniques and schemes to establish an
elastic City Platform that offers scalable, safe, reliable and
cost-effective ways of monitoring, supporting and
enhancing urban infrastructures and ecosystems.

Fantasy and metaphor. Fantasy settings can induce a
motivating effect on behaviour. The ability in interactive
environments to inspire imagination of new possibilities
adds to their attractiveness and invokes interest in the
interaction.

Connecting the invisible city: Novel interaction techniques
to improve people’s engagement to recognize, leverage, and
visualise invisible information for optimization and
informed decision making. Here, invisible information
refers to out-of-sight, hidden or forgotten resources and
data flows of urban environments.

Collaboration. Collaboration occurs as a result of humanhuman interaction. People can influence the interactions of
other people.

Sustaining Sustainability: Technologies to entice
sustainable behaviours among city dwellers for long term
sustainability.

It is to be noted that all the motivators discussed here are of
an external nature. Individual characteristics like human
values, habits, memories, and interests can be potential
‘self-triggered’ motivators.

City as Experience: Technologies to present an opportunity
to innovate with emerging ideas of community, work,
leisure, place and identity, to encourage people to be better
connected with public life (each other, families, neighbours,
councils and local governments), and use utilities and
resources creatively.

2.2.6 Physicality is good for engagement

In the “2.2 Public engagement in urban space” section we
discovered that augmentation of multi or cross media
mechanisms of physical (ambient or tangible) nature can
amplify engagement levels. Physicality provides more ways
to engage users’ senses on how we interact with the
physical world so we know intuitively what to do [15]. It
encourages collaboration, creativity, movement, reflection,
learning and provides playfulness [4] [5] [10] [11] [20]. The
standpoint is further supported by Koeman et al [17] when
they present design implications for non-digital displays.

2.4 Summary of related work

In this chapter we explored the concepts and vision of a
smart city and the importance of city dwellers’ engagement
to support this vision. Notable public installations that
support different types of public engagement were
investigated and they unveiled similar patterns in the
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implementation of multi or cross media mechanisms of
digital and physical essence to attract and engage users. The
engagement of users with public interfaces has been studied
thoroughly in HCI and has been modelled by different
researchers to give directions for the design of these
interfaces. However, all the discussed models lacked
inclusivity that addresses all levels of interactions and
movement in the space. In general, people showcase some
specific behaviour that could be exploited for enhancing
engagement. However, attracting user’s attention and
motivating a sustained engagement remains the biggest
challenges in these installations, which can be countered to
a large extent by introducing ‘interactivity cues’. The
inclusion of physical elements can influence the audience
engagement. Embedding them into the device interaction to
support different sensory modalities can enhance
participation. Furthermore, we discussed the vision of
QEOP as a future smart city and the roadmap prepared
under the guidance of ICRI Cities to support it. Out of four
schemes formalised by ICRI Cities, the Connecting the
invisible city theme was chosen as the starting point for this
project.

maximising the use of non-digital mediums to meet user
needs while maintaining physical comfort and easy access.
Application: To support QEOP Smart City vision, the
project focused on finding a design solution for a problem
space under the project theme Connecting the invisible city.
3.2 Methodology

User Centred Design (UCD) is a design technique that puts
the user into focus, involves them in the process to
understand their requirements, and uses their input and
feedback to design the system. Norman points out the role
of UCD is to support the actions for the user, and to ensure
that use of the product is as intended and can be carried out
with minimum effort of learning [28]. He suggests four
guiding principles to meet UCD – ease of determining what
actions are possible at any moment; visibility of conceptual
model of the system, the alternative actions, and the results
of actions; ease in evaluating the current state of the system;
natural mappings between intentions and the required
actions, the resulting effect and the visible information; and
the interpretation of the state of the system. The key aspects
that UCD tries to address can be summed into three
questions: Who are the users? What are their expectations
and informational needs? What are their capacities to
perform the tasks? Keeping these questions at the heart of
the process while implementing suitable design techniques
helps to create a system that fulfills the needs of the target
user group [1]. This project utilises UCD in an iterative
process to create and evaluate the design solutions in each
iteration in order to achieve a viable design concept. Figure
5 shows a typical iterative UCD process. The figure
suggests a linear progress through four stages in UCD
process. Though depending on needs of the project, it can
be executed in non-linear fashion by skipping a stage in
order to reach next decision point of the project.

3. DESIGN PRINCIPLES AND METHODOLOGY

This section explores design principles drawn from
previous work and the methodology adopted to execute the
project.
3.1 Design Principles

This project used the learning from “2. Literature review”
section to lay out the design principles for creating a unique
physical public interface to address the design problem.
This section discusses the chosen factors:
Attractive: display blindness presents a major challenge to
the performance [25]. This project aimed at making the
design capable to grab audience’s attention through novel
techniques to minimise the display blindness.
Ease-of-use: This factor relates to the usability of the
system. ISO 9241-11 suggests that usability can be
measured on three parameters: effectiveness - the ability of
users to complete tasks using the system, and the quality of
the output of those tasks, efficiency – the level of resource
consumption in completion of task, and satisfaction - users’
subjective reactions to using the system.
Engaging experience: The aspect of playfulness in most of
the previous work discussed here accounted for their
success. Michelis’ [22] engagement motivators provide a
guidance to support engagement. This project aimed at
providing pleasurable and fun interactions while utilising
engagement motivators to sustain engagement with the
system.
Physicality: We discovered that inclusion of tangible and
ambient components can amplify attention and engagement,
and an important role is also played by the texture of the
material and shape of the system. This project emphasised

Figure 5. A typical iterative User Centred Design process
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Figure 6. Iterative UCD process adopted for the LinkingPark

Following the chosen project scheme of ICRI Cities,
Connecting the invisible city, the focus was to understand
the users’ level of engagement with the QEOP facilities and
then identify the design problems to be addressed.

survey[36]. To ensure the coherence of the survey, it was
peer reviewed before being launched (See Appendix A1.
Engagement Questionnaire for exact questionnaire).
However, the questionnaire was not launched online,
instead it was launched in-the-wild. Considering that online
questionnaires consume longer time to generate sizable
number of responses and taking advantage of free Wi-Fi
across the QEOP, the questionnaire were presented to the
visitors of the Park in-person via a tablet. A total of 40
responses were generated in 3.5 hours with each participant
taking 1-2 minutes to fill the questionnaire.

4.1.1 Attempt to interview in-the-wild

4.1.3 Analysis

4. DESIGN PROCESS

Figure 6 shows iterations of the UCD process adopted in
this project. Each iteration used various design techniques
to produce the design concept for the LinkingPark
prototype. This chapter discusses the design techniques
used during each iteration.
4.1 Iteration1 - Finding design problems

It’s important to clean collected data before making sense
of it. Not all users fill questionnaires sincerely and selection
of neutral choices to quickly complete the questionnaire is a
well known respondent behaviour [8].Four responses were
registered in this manner and were filtered out from the data
set.

It was important to know the subjective experience of users
with the QEOP facilities to find their level of engagement.
Short semi-structured, in-the-wild interviews (10-12
minutes) were conducted. In-the-wild consists of gathering
user data out in the real world. The focus was to approach
park visitors and ask questions on following aspects—
current involvement in activities, frequency of use and
awareness on available Park facilities, interest on other
activities and willingness to know more about those
activities, and sources of information they rely on. We
experienced that people are time bound when they visit the
QEOP and showed their unwillingness to be interviewed for
10-12 minutes. We were only able to conduct two
incomplete interviews during three hours. This turnout
revealed that in-the-wild interviews may not be the best
data collection technique in QEOP.

The filtered responses were analysed on the basis of aspects
discussed under 4.1.1 Attempt to interview in-the-wild by
synthesising data to into three types of analysis- age based,
area-of-residence based and overall. The overall
quantitative analysis gave the broader perspective on
engagement level. The age and area-of-residence based
analysis helped in building the correlation between different
aspects for residents from different areas and age groups.
4.1.4 Key outcomes

The complete questionnaire analysis can be found in
Appendix A2 Engagement questionnaire analysis .Here we
present the key outcomes:

4.1.2 In-the-wild questionnaire

The learning from failed attempt of in-the-wild interviews
demanded the adoption of a time efficient technique. An
online questionnaire was created by using the same set
questions designed for interviews but the questions were
remodelled with quantifiable responses. The order and
wording of the questions can influence the outcomes of the

•
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Apart from the emerged six popular activities- walking,
cycling, swimming, nature and wildlife, gardens and
athletics, involvement in the rest of the activities was
less than 10%.

•

•
•
•

25% participants solely relied on ‘word of mouth’ to
gather information on activities. One of the participant
mentioned that they like to explore park on their own
and look for things.
41.7% relied on QEOP website and 27.8% relied on
social media as one of the medium for information.
Out of people who reported low awareness, 69.3%
were frequent visitors.
There was a correlation between level of awareness,
choice of information medium, and interest in other
activities and knowing further about them.
o Out of people who reported low awareness,
76.9% showed interest in other activities and
84.65% showed willingness to receive
information.
o Out of people who felt that information is
readily not available to them, 50% relied only
on “word of mouth”, 37.5 % relied on nondigital mediums like posters and local
newspapers, 63.3% reported low awareness,
and 100% showed interest in other activities
and willingness to be informed about these
activities.

Figure 7. Sketch of the selected idea

awareness’ which was the deciding factor for selection of
this idea.
4.2 Iteration 2 - Discovering design features

This iteration aimed at determining the features to be
included in the selected idea and the information for the
display to show. Though there are more than 20 major
activities available in QEOP, there had to be a limit in
scope. To increase the feasibility of the design, 8 activities
were chosen based on their location and type. All the sports
activities in the radius of 3 miles from the QEOP residential
complex were chosen.

4.1.5 Selection of design space

We derived four most prominent design problems from the
questionnaire outcomes

4.2.1 Desk research

The chosen activities have dedicated QEOP sports facilities,
and related group sessions and events which are governed
by different organisations. As a result, all the information
about the activity of interest cannot be found from a single
source. Moreover, QEOP website presents information on
the basis of venues rather than activities. Figure 8 shows
the main navigation of QEOP website which shows links to
the venues. It is to be noted that there are number of
activities which could be performed in more that one venue.
People are forced to browse through the webpage/website
of all the venues to find the relevant information before
deciding on when and where to perform their activity of
choice. This indicates towards the issue of discoverability
of the information based on individual’s interest.

Information gap: Majority of participants showed interest
in learning more about activities which they were not
involved in and were willing to be informed about them.
Low awareness on park facilities: People were relatively
less aware about park facilities and how to use them for
their own benefits.
Low digital awareness: Large number of people,
especially residents of QEOP Village, relied heavily on
‘word of mouth’ for the information. Only 40% of the
respondents reported awareness about QEOP website.
Non-frequent users were less involved: Majority of nonfrequent users indulge in activities which are physically less
demanding, like Walking, Gardens, and Nature and
Wildlife.
The first two design problems emerged from overall
analysis and were more conclusive from the data collected.
These two problems were at focus to generate ideas through
sketching. The design principles for this projects were
revisited for the selection of idea. Moreover, factors like
feasibility and capability to address the design problems
were also considered
Figure 7 shows the sketch of the selected idea- the wooden
multi-touch interface. The idea focusses on providing the
spatiotemporal information on sport facilities, events and
group sessions for touched activity. The idea addresses
both the problems of
‘information gap’ and ’low

Figure 8. Main navigation of QEOP Website
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Information on availability, location, cost, contact and
booking for the venues, group sessions and events related to
selected eight activities was curated from three different
websites and was collated into a single database. This
database was used as the single source of reference from
this stage onwards.
4.2.2 AB Testing

The basic information associated with the activities were
collected during desk research. However, two questions
needed to be answered before building the interface— what
information to be presented and in what order. AB Testing
with potential users was used to find answers for these
questions. This technique uses two versions of a prototype
to determine the performance, along with the pros and cons
of each version.

Prototype A

Low-fidelity prototype: Considering the non-scalability of
physical interfaces, it was apparent that not all the
information about activity of interests could be presented at
once. This led to the introduction of a new feature into the
‘touch interface’ idea— the information retention on
smartphone. Moreover, during first iteration, time bound
nature of the people was exposed which hinted towards
‘availability’ as a factor of priority to choose an activity.
However, this may not be the priority for all the users. Two
fully interactive digital prototypes with different interaction
flow and presentations were designed for AB testing. These
prototypes were wireframed in Sketch software and the
interactivity was added using InVision app. Likewise, two
variations of mock-up screens were created for information
retention feature. Each prototype had features of multiple
selections to filter the information for chosen activities and
preferred days and timings, and the feature of map
visualisation to support spatial knowledge of the QEOP.
Figure 9 shows the prototypes used for AB Testing.

Prototype B
Figure 9. Prototypes used for AB Testing

Prototype A- The interaction flow for Prototype A started
from selection of activities of interest and then to selection
of preferred timings. The subsequent steps were signified
by using numbering system. It envisioned LEDs as the
medium for information visualisation to show availability
and QR code technology for information retention feature.
The phone screen classified information into two
categories— sports facilities and group sessions.

Figure 10. AB Testing in progress

Prototype B- The selection was reversed in Prototype B and
the subsequent steps were signified by using arrows. It
envisioned LCD screen as the medium for information
visualisation to show availability and a tapping
functionality for information retention feature. The phone
screen added another level of hierarchy in the form of a
chosen activity on top of classification used in prototype A.

The participants were given a clear explanation on the
motive of the study and were informed that the digital
prototype was used to simulate the interaction for to be built
large wooden interface. A large paper based non-interactive
prototype was used to complement the digital prototype.
These steps were taken to ensure that the digital prototypes
were not perceived as an app by helping participants to
visualise the probable magnitude of the device. Moreover,
the background of both digital prototypes were set to a
wooden texture to further simulate the experience. Figure
10 shows a participant interacting with the digital prototype
in front of the paper prototype during AB Testing.

Testing: A total of 10 participants from varied backgrounds
and age groups of 18-55 years were recruited. Out of this
pool, four participants were users of QEOP facilities. The
digital prototypes were presented on a tablet.
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Each participant was asked to complete a scenario based
task using both prototypes in a contextual inquiry session.
Below is the scenario used:

•

“You have decided to spend mornings of your weekends on
physical activities at Queen Elizabeth Olympic Park. How
would you find the information on your activity of interest
using this interface?”

•

Half of the participants started with Prototype A and other
half started with Prototype B. Participants were asked to
speak out loud about their cognition and actions while
accomplishing the task. Once, participants reached to the
stage of using ‘information retention’ feature, relevant
mock-up screen was shown on author’s smartphone. Open
ended exploratory questions related to their actions were
asked during the completion of task. The testing sessions
were voice recorded.

•

•
•

After the completion of the task, participants were asked to
fill a post-evaluation questionnaire. Questions on
participants’ age-range, involvement with QEOP facilities
in the past, priority on type of information needed to chose
an activity, feeling on utility of the device if installed at
QEOP, and knowledge of QEOP website and mobile app
were asked. See Appendix A4 Post evaluation
questionnaire- AB testing for exact questionnaire.

facilities as ‘overall availability’ and timings for group
sessions as ‘slots available for them’.
Half of the users didn’t use day and time filters
intuitively. Some argued that they don’t need to select
those options as they can already see that its available
on their suitable timings.
The map received appreciating comments from all the
participants.
The information retention feature received positive
response. However, users preferred Tapping function
over QR code. One participant stated “whenever I see
QR code, that means it wants to me to install an app. I
won’t use my mobile data to download an app when I
am outdoors”.
Phone screen used in Prototype A was favoured.
Apart from one participant who reported a neutral
response, all the participants agreed that the device
could help in finding the relevant information about
sports activities if installed at QEOP.

Figure 11 shows the evolved design concept based on
findings from AB testing.

Analysis: The voice recorded testing sessions were
transcribed and analysed by coding recurring See Appendix
A5 Excerpt from AB Testing. A top-down coding approach
was taken to find out what features performed well, what
features need to be improved, what features needs to be
discarded, and what new features needs to be added. The
questionnaire responses helped in revealing people’s
priorities when they seek information for their choice of
activity. It was also helpful to understand their response
towards the effectiveness of this ‘touch interface’ concept.
Key Outcomes: The key findings form the analysis are
listed below:
•

•

•

•
•

Figure 11. Evolved design concept after iteration-2
4.3 Iteration 3 - Finalising the concept

Priority on type of information- ‘Type of activity’
followed by ‘availability’ and ‘location’ were emerged
to be top three factors to decide on an activity.
The “include group sessions” button of Prototype A
created confusion. People found it difficult to
understand its functionality.
Users found that information shown in LCD screen
component of Prototype B were overwhelming to be
capture. Though the screen was display only, some
users tried to touch the screen and expected a feedback.
9 out of 10 users preferred arrows over numbers as
visual cues for next step.
Users found LED animations of Prototype A for time
visualisations to be fun. However, the animations
shown separately for group session created doubts for
people. Some users perceived it to be timings for sports

Although, design features were identified by the end of
iteration 2, there were two questions which were still
unanswered- what should be the form factor of the device?
and how much information users can possibly handle?
Expert review with four HCI peers were conducted with the
use of paper prototypes. The evolved concept after was laid
on two large paper based prototypes with one layout kept
horizontal and other as vertical. A cognitive walkthrough
of the design concept was provided to the peers by taking a
hands-on approach, where one of the peer was asked to
choose their activities of interest. Based on choices, the
author demonstrated the visualisations for timings and
location by using different coloured pens for different
activities. After the cognitive walkthrough their expert
opinion were asked on orientation and information
overloading. The pros and cons of features were discussed
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before coming to a mutual agreement. Figure 11 shows the
expert review in progress with a vertical paper prototype.

by implementing ergonomic methods of workspace design

Information overloading: The factors like short term
memory capacity and effect of situational demands on
information retention were discussed. All the peers agreed
that information visualisations for map was optimal while
for timings, they could be improved. Effect of volume was
considered and the extreme case scenario was discussed
when a user becomes interested in all the eight activities.
This leaves the user with 56 rows of opening time data to
remember and was considered to be too overwhelming of a
task. Subsequently, idea of multiple selection was dropped
making users to select only one activity at a time. It can be
argued that flexibility of the system was comprised. This
was countered by modifying the ‘information retention on
smartphone’ feature. It was decided, rather than providing
information related to only selected options, users will be
provided with control and freedom to chose options on
smartphone.

Figure 12. Expert review in progress5.1.1 Dimensions

Orientation: Considering the probable size of the interface,
both horizontal and vertical orientations had there positive
and negatives in terms of type of interactions and body part
movements involved. The horizontal layout supported
discrete interaction as all the features may not be visible at
once and users might need move to complete next set of
actions. On the other hand, vertical layout supported
continuous interaction as all the features were visible at
once but had issue of frequent up and down neck
movements to use the design feature. This movement could
have caused fatigue with longer use and was addressed by
rearrangement of design elements. All the visualisations
were placed upright on ‘visualisation panel’ and all the
controls were laid on an inclined ‘control panel’ providing
easy access to them with minimum neck movement.

Figure 13. Sketch of refined design concept after iteration-3

for individual use[32]. These methods use anthropometric
data of body measurements to design for physical comfort.

Each iteration had different focus on various aspects of the
prototype. The high-level design concept illustrating the
form-factor and features to be included is shown in Figure
12

It’s practically unrealistic to design for physical comfort for
all. Concept of identification of ‘limiting users’ proposed
by Pheasant and Haslegrave [32] in ‘Method of limits’
explains the way to accommodate 90% of the target
population. These 90% users are average users whose needs
are comparatively less exacting. The ‘limiting users’ are 5th
and 95th percentile users who fall on the boundary limits of
average user group. This project identified age group of 1865 as the target population and used anthropometric data for
UK population to determine the dimensions. It is to be
noted that body measurements for women have lesser
values when compared with men. Lowest possible value for
concerned body part’s measurement of 5th percentile
women users from the identified age group were used as
lower limit. Likewise, highest possible value for concerned
body part’s measurement of 95th percentile men users were
used as higher limit.

5. PROTOTYPE

The design process explained in chapter 4 helped in shaping
the high-level concept for the prototype. This chapter
explains in detail the development of the prototype and the
design features that enabled physical interactions.
5.1 Making of LinkingPark

The development of LinkingPark went through different
phases – determination of the dimensions of different
segments, technology exploration, fabrication, and
technological implementation. Once dimensions and choice
of technology were finalised, fabrication and technological
implementation phases were executed simultaneously.
Corresponding to physicality design principle, easy access
to design elements of the prototype was an important factor.
The dimensions of the different segments were determined

Width of the device: 500mm is considered to be the
minimum acceptable viewing distance [32]. The maximum
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width of the device was decided based on Optimally Visual
Zone(OVZ) [32] for 5th percentile women users at a
distance of 500mm. It is to be noted that this distance was
calculated from visualisation panel. The OVZ value was
found to be 770mm under which all the features were laid
out. However, including margins, the total width of the
device was calculated to be 800mm.
Ergonomic fitting trials: Fitting trials is a cost-effective
experimental study conducted with an adjustable lowfidelity mock-up to investigate users’ preferable dimensions
in degree of convenience. Once users record their
judgement in terms of acceptable, unacceptable and optimal
values, the area of common fit is determined by finding
common optimal values recorded by each participant. If a
common optimal value for all the participants is not
established, the acceptable values of 5th and 95th percentile
users are used giving precedence to normal users [42].

Figure 14. Ergonomic fitting trials with users of different
stature via foam-core based prototype

This project used fitting trials to decide the height of
visualization panel from the ground and the inclination of
control panel. The trials were simulated with a life size
foam-core based mock-up on a magnetic white board and
conducted with 5th percentile, normal and 95th percentile
users in two phases. First phase focused on determining
height of common fit. Height was varied by 5cm in each
turn and then users were asked to make judgement whether
it was ‘too high’, ’too low’ or ‘optimal’ to view the
visualisation panel without any physical discomfort.
Magnets were used to vary the height of the mock-up.
Figure 14 shows the ergonomic fitting trials with 5th
percentile, normal and 95th percentile users.

Figure 15. Sample 3D printed PLA and electric paint applied
wood used for testing capacitive touch

The height of common fit was determined to be 155cm. It is
to be noted that this height is associated with design
elements which were needed to be accessed during
interaction and thus, refers to the height of main labels of
visulisation panels from the ground. In the second phase,
the inclination of control panel was varied by 5° at height of
common fit and users were asked for comfort levels in
terms of wrist strain while tapping the panel. The
inclination of common fit was determined to be 30° from
horizontal plane.

The conductive paint is a graphite based material and is
water soluble where as conductive PLA is a water resistant
material. Considering that the device had to be deployed at
QEOP, the possibility of controls being touched by sweaty
or wet hands couldn’t have been ignored. Due to its
inconsistent resistivity and water soluble nature, conductive
paint was rejected as the medium for input. Figure 15
shows the both the materials used for testing capacitive
touch.

5.1.2 Technology exploration

In this paragraph we will discuss the technologies adapted
for input and output mechanisms of the device
Capacitive touch: We emphasised on not using the
traditional conductive materials such as metal and choose
novel material which can complement the wooden interface
well. Two mediums were tried for facilitating the capacitive
touch- conductive paint and conductive polylactic acid
(PLA). Capacitance of a sample of 3D printed sample of
conductive PLA and conductive paint applied on wood
were tested (figure). Though both materials performed well,
the conductive ink’s resistivity varied significantly
depending on the area of application.

LEDs: The Adafruit Neopixel strips were used to display
the opening times and locations on the visualization panel.
Each strip contains number of individually programmable
LEDS arranged in series with the flexibility of breaking the
strip into desirable sizes. This feature of Neopixel strips
was the deciding factor to choose them as medium for
information visualisation.
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Export of information on the smartphone: This project
considered the more sophisticated technologies for tapping
functionality such as proximity beacons which can detect
the smartphone devices from a distance and populate data
on phone browser. However, due it’s configurable
complexities an alternative in Near Field Communication
(NFC) tag was used. NFC tags are easily configurable
stickers which can store a web address and open it in a new
tab of web browser when a NFC enabled device comes into
contact.

5.1.4 Technological implementation

An Arduino Uno was used to control and program the
electronics for this project. Initially, the circuit was laid out
on foam core based life-size visualisation panel.figure 18
The circuit of the LinkingPark used 147 Neopixel LEDs
distributed in nine different strips- Seven opening time
strips for seven week days with 17 LEDs each, one control
panel strip with 10 LEDs and one Location strip with 18
LEDs. This distribution was created to modularise the
programming for each strip on Arduino. An Sparkfun
MPR121 capacitive touch sensor controller was used to
regulate the touch sensing of 3D printed buttons. The
MPR121 chip can control up to twelve individual electrodes
and negate the fluctuations in sensitivity of the material,
thereby providing more reliable output for the touchBased
on the touch value, LEDs were programmed to lit up. See
Appendix A10 Arduino Code for the Arduino Code. On
completion of Arduino programming, the circuit was
integrated with the fabricated material

5.1.3 Fabrication

Digital fabrication techniques of Laser cutting and 3D
printing were used to define the form factor of the device.
The wood has same stress-reducing effects as nature. Its an
inviting material as it fosters positive reactions both
physiologically and psychologically [39]. Due its inviting
nature and significant strength, wood was preferred over
other rigid laser-cut suitable materials such as metal and
acrylic. The textual information and map was engraved, and
slots for LEDs and buttons were cut on 3mm wooden ply.
To allow dispersion of LED lights, housings were created
on 3cm think Polystyrene sheets. The touch buttons were
3D printed using conductive PLA (figure 16) Furthermore,
transparent laser-cut acrylic was used to cover the LED
slots.

To make the detailed information webpage adaptable to the
different mobile resolutions, it was developed on Bootstrap
responsive framework and then, was hosted online using
open source cloud hosting. The NFC tag was configured
with the link to the webpage by using NFC Tools mobile
app. Figure x shows overall architecture of LinkingPark
system.

Since, the prototype was planned to be deployed at the
QEOP for evaluation, it was important to make the device
rigid and robust enough to survive any misuse. A wooden
frame was created to support the form and provide strength
to the device (figure 17)

Figure 16. 3D printed touch buttons
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distance. Further, sharp edges could have potentially caused
injuries on collision. Since the device had to be deployed in
the Park, apart from defining the shape, the curves across
the device were also created to minimise health and safety
concerns.
Wordings and signifiers: To maintain the fun element in
the design, it was important to use a language which is less
formal and inviting. For example, “Where should I go?”
was used as a label for map visualisation instead of
“Location”. The font-type was also selected to be less
formal to complement the language. The arrows used on the
control panel were implemented as visual cues to guide
towards next step.
Header: The large font-size of the header text was to
increase the visibility and was intended towards attracting
audience from distance. The figures on either side of the
“Let’s get active!” are 2012 London Olympic mascot. They
were included as they symbolise active life, and are
representative of QEOP space which people could relate to.

Figure 17

Figure 18

Figure 19. Header

Touch buttons: Around two-third of UK adults own a
smartphone [43]. It can be inferred that majority of people
are familiar with touch based interfaces. Considering
people’s large exposure on these interfaces, it was deduced
that touch buttons can match their mental model without
being felt as an alien feature. To add further affordance, the
button surface was designed to be 7mm higher than wooden
surface for easy touch. Relevant icons were used to enhance
the perceptibility and identity of correct activity.

5.2 Features and functionality

This section discusses the rationale behind included design
features and then explains the flow of interaction
5.2.1 Design features

Shape: This project tried to emulate the design
recommendation by Jetter et al [16] to use anthropomorphic
(human like shapes) to create trust and support better
visibility and engagement. LinkingPark was given a facelike shape without compromising on salient design features
and ergonomic considerations. The intention was to
enhance ability to attract attention, especially of users at
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Visualisations: This project aimed at visual representation
of otherwise less interesting digital information through
physical mediums to make it more accessible and enjoying.
The engraved map and timing slots were used as novel way
to present spatiotemporal information on touched activity.
Circle cut out, star cut out
Figure 20. Flow of interaction
5.2.1 Flow of interaction

The physical interaction with the LinkingPark consists of
four simple steps which are explained in this section
through figure-x
1.

2.

3.

Initialisation: The Start button initialises the system
by activating the control panel. The indication of
activation is provided by backlighting the Start and
activity buttons with white colour.
Selection: Once Buttons are activated, activity of
interest can be selected by touch relevant button. Each
activity has a specific colour code assigned. On touch
of an activity button, the backlight changes from white
to the colour code of that particular activity, thereby
providing the feedback for selection
Visualisation: On selection of an activity the opening
times, and location of sports facilities and meeting
points for group sessions are shown through LED
illuminations in assigned colour code for the particular
activity. Each relevant LED slot starting from
‘Monday’ row of ‘opening times’ panel to ‘map’ panel
gets illuminated with a subsequent delay of 3o
microseconds, thereby creating an animated effect.

Information retention: The tap functionality gets
activated on the touch of first activity. When NFC tag
on top of tap function gets in contact of a NFC
enabled smartphone, it opens the activity webpage
with detailed information on a new tab of phone
browser. The webpage presents details on sports
facility and group sessions under each activity tab.
These details contain information such as brief
description, opening times, location, and link for
booking or to know more. The tabs can be used to
switch between activities. Figure-21 shows the layout
of the webpage on a smartphone.
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Interviews: From the initial experience of data gathering at
the QEOP, we learned that people are very time bound
when visiting the Park. As a result, it was important to keep
the interview short yet insightful. The post-interaction short
(average 1 min 48 sec) exit interviews were conducted with
users who had direct interaction with the device. The openended questions asked in the interview are listed below:
1.
2.
3.
4.

Why did you decide to approach the device?
What did you learn from the device?
Can you describe your experience with the device?
Can you remind of any instance of physical discomfort
while using the device?

The first question was aimed at determining factors that
attracted the passerby. The second and third questions
aimed at exploring the user’s experience with the device,
and the fourth question aimed at knowing the level of
physical discomfort, if any. The questions were
purposefully designed to be open-ended to collect a broad
range of exploratory yet credible responses from the
participants.

Figure 21

6. EVALUATION

This chapter discusses the methods implemented to
evaluate the design concept for the physical public interface
and the findings of these evaluation studies that can
potentially be used in refinement of the concept and design
implications for similar deployments in the future.

6.2 Apparatus

Two cameras were used in parallel to record people’s
movement and behaviour in relation to the device. A Sony
Handycam was mounted on a tripod and placed at a
distance of approx. 1.5 meters near the side entrance to
record people’s direct interaction with the prototype and
their conversations during usage. A GoPro Hero4 was
placed behind the device to capture a complete front view
of the café. Figure x shows the apparatus used during the
evaluation studies. The online questionnaire was presented
on an iPad to the participants. Interviews were recorded on
Sony voice recorder.

6.1 Method

The evaluation study used two components. The in-situ
technique was used to record users’ interaction and
movement in the space. The post-interaction evaluation
consisted of a usability questionnaire and an exit interview.
This was conducted with users who had direct interaction
with the prototype.
6.1.1 In-situ deployment

6.3 Procedure

The in-situ deployment was to observe or video record user
interactions with prototypes in ‘real’ environments [35].
These deployments can be most revealing techniques as
they can disclose the micro details of user behaviour and
demonstrate the use of the technology. In particular, they
have revealed how people interpret and appropriate
technologies for their own situated purposes [34]. To
understand people’s behaviour with the device,
LinkingPark was deployed in a café at QEOP for a day.

The prototype was installed against the wall near one of the
side entrances. It was placed at 2 meters of distance from
the door and left approximately 4 meters of area at the front
and on the other side to allow enough space for free
movement and to support the anticipated audience
behaviours of sweet spot, honeypot effect, and landing
effect. (See figure for set up). The video recording was
started at 12PM and continued until 4PM. While in-situ at
the deployment, a hands-off approach was taken, observing
from a table from the other side of the café to ensure that
the set-up was not disturbed or vandalised during the study,
to facilitate assistance to participants, if required, and to
identify the participants for the post-interaction study. After
users had finished interacting with LinkingPark, and had
moved away some distance, they were approached for the
usability questionnaire and the exit interviews. Participants
were briefed about the project and the in-situ set-up, and
asked for consent before initiating the post-interaction
study.

6.1.2 Post-Interaction evaluation

Usability questionnaire: The System Usability Scale
(SUS) by John Brooke [7] was used to measure usability
and learnability [18]. The SUS is a proven tool as a quick
and reliable way of measuring the usability of a wide range
of products and services [6]. It is a Likert scale consisting
of five positive-worded and five negative-worded usability
questions arranged alternatively in a ten item questionnaire
with five response options for respondents; from Strongly
disagree to Strongly agree [Appendix x].

17

single set of data for the users who directly interacted with
the LinkingPark. Figure (x) shows the mapping for the
participants who had direct interaction and of those who
took part in post-interaction studies.

6.4 Ethical Considerations

The study was approved by the UCL Interaction Centre
Ethics Chair, under the project UCLIC/1415/005/ICRI/
Roger/Capra/Houben. An information sheet detailing the
motivation of video recording and people’s privacy rights
was fixed on the tripod (See Appendix A7 Notification for
video recording). The participants were provided with
printed copies of a participant information sheet for the
post-interaction study that described the purpose and
procedure of the study. They were also asked to sign the
informed consent form (See Appendix A6 Informed consent
for final evaluation) These steps were adopted to comply
with data protection and privacy policies.

The closed coding technique was used for quantifying video
data to answer questions such as how many people looked
at LinkingPark, and out of those, how many approached it
and went on to interact with it either actively or passively.
Additionally, predefined hypothised audience behaviours
such as multi-user interactions, multiple interactions, sweet
spot, honeypot effect, and landing effect were also coded.
The open coding technique was used on both video and
interview data to group similar behaviour themes of users to
analyze such things as how people interacted with
LinkingPark and its different controls; their reactions and
comments; and any issue faced during usage. The themes
identified were then reviewed corresponding to Braun and
Clarke’s six phase thematic analysis process{Citation}.
Table x shows analytical activities during each phase that
led to emergence of these themes.
Stages of Analysis and Corresponding Themes Phase
Activities Result Familiarity: examination of study insights
Sorting of insights from theoretical sampling / constant
comparison during situated study Affinity diagram Coding
and initial themes Line-by-line coding of snippets, diaries
and interviews using in-vivo or descriptive codes 160 codes
and initial themes Collation and Categorisation Codes and
themes grouped into conceptually-related hierarchies,
compared to earlier insights Themes consolidated to highlevel categories Definition and naming of final themes
Categories reviewed, final themes and concepts defined
Five main themes defined: triggers, positive/conducive
factors, negative/distracting factors, barriers to use,
methodology and apparatus (see full results in chapter 5)
Table 4.3: Coding and thematic analysis phases

6.5 Data Analysis

Data analysis was conducted in two parts. The
questionnaire responses were analysed separately from
Video and interview data.
Questionnaire responses: The SUS scoring system [7] was
used for calculating the usability performance score for
participants.
Video and Interview data: A combination of ‘closed’ and
‘open’ coding techniques were used to analyse the video
and interview data. The interview recordings were manually

6.6 Findings

LinkingPark witnessed 198 passersby as potential users
within 4 hours of observation. Close to 35% users looked at
device briefly but didn’t approach. Around 25% interacted
with the device. There were more than twice as many
(n=30) direct interactions than subtle interactions (n=13).
We analysed how LinkingPark was used to understand in
detail: (i) the user experience with the LinkingPark, that
includes what people thought when approaching the device,
whether they enjoyed doing so, what were their reactions,
and whether they had any privacy concerns; and (ii) the
capabilities of LinkingPark as an information system, that
includes
whether
information
presented
was
understandable, useful and relevant to the users.

Figure 22
transcribed. (figure x) shows the template created to analyse
the video data, to time stamp the interactions, to note
interesting incidents, and to map the footage of users who
participated in the post-interaction study. The mapping was
important to analyse both video and interview data as a

As an outcome of the thematic analysis process, the
findings are categorised into four major themes: validation
of design principles, technology experience, behaviour
patterns and abuse. It is to be noted that these themes are

18

the product of a simplification of complex patterns for
representational purposes that otherwise may overlap with
each other, and may fit into more than one category. For
example, engaging experience can be suitable for audience
behaviour category as well.

- P22(interview)
We determined that children played big role in triggering
these effects. Attention in the case of almost one-third
(n=12) of total interactions (n=43) was caused by honeypot
effect and landing effect induced by children.

6.6.1 Validation of design principles

In this section we discuss the performance of LinkingPark
measured against the design principles formalised for this
project.

Kid of P2- “Dad, look at that thing over there!”
- P2 (video)
“I think my kids were playing with it so just went to see
what it was”
- P15(interview)

Attractive: Overall, LinkingPark was successful in
catching the attention of around 60% of potential users.
Interview responses for the question why did you decide to
approach the device? were analysed to understand attention
catching factors. Participants cited one or multiple factors
that generated curiosity to approach the device. The most
popular factor to emerge was physical features, the
honeypot effect and the landing effect, and the knowledge of
space.

Some participants also stated that the device was something
‘new’ they saw in the space and that urged them to
approach it. However, this factor was observed only in
people who knew the café well.
“…because I know this place well, the Timberlodge, I was
tempted to know what’s the display about…”
- P21(interview)

Some participants got attracted to the overall build of the
prototype and material used. The wooden material enticed
users to interact.

“Just curiosity, what was it about really. It was something
new that I haven’t seen here before."
- P35(interview)

“It looked kind of interesting from the distance because the
way it’s made, the whole kind of material, because of the
wood it looked kind of friendlier than something which is
plasticy, which is boring”
- P28 (interview)

Engaging experience: The LinkingPark was capable in
sustaining continued engagement. The average time for all
individual/group direct interaction instances (n=24) was
59.38 sec, which was well above the average time
calculated for a ‘detailed’ single interaction, 11.2sec
(section 4.x implementation). 71% of cases of direct
interactions showed traits of multiple interactions, they
were interested in knowing about more than one activity. In
general, users who actively interacted with the device spent
a longer time doing so. Moreover, many approving
reactions like “Wow!” and “That’s cool” appeared during
video analysis. The participants reflected positive
experience during post interaction interviews.

One user indicated towards pressing buttons as pleasurable
experience in addition to his affinity towards wooden
material.
“I was passing by, the system looked pretty interesting,
everything on wood and there were buttons. Humans like
pressing buttons!”
- P38 (interview)
Some participants mentioned LinkingPark’s design features
such as the header and animated LED’s as attractors.

“I think it’s very very good and enjoyable. It beats a
‘board’. Do you know what I mean? Like a piece of paper
or a poster. You interact and because you’re interacting it
makes it very very interesting.”
- P35(interview)

“Well, I saw those ears, and “Lets get active” then I
thought, Okayyyy…”
- P10 (interview)
“Coloured lights, we got attracted by lights, I guess”
- P9 (interview)

One participant related his experience to his childhood
memories of museum visits, thereby connecting with
pleasurable experience of their past.

As per theories explored in related work, we expected
people to get attracted by other people’s usage. The
honeypot effect and landing effect appeared to be prominent
phenomena to attract.

“I like the interactions, the way they are presented. It
reminds me of lot of museum exhibits from 10-20 years ago,
has got bit of retro look”
- P21(interview)

“We were walking out and saw the guy using it. It showed
different things where they are in the park.”
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Ease-of- use: The SUS scores were used to measure the
usability of LinkingPark. A score in excess of the 68%tile is
considered good performance[7]. All the participants found
the device easy to use, this is demonstrated by the fact that
the lowest score secured was the 70%tile with the highest
being the 100%tile. Figure * shows the LinkingPark’s
usability performance indicators for the respondents. The
respondents also stated about simplicity and user
friendliness in the interviews:

- P27(interview)
People also mentioned about knowing new activities in the
QEOP that they never knew existed. Of those, the regular
visitors showed emotions of shock and surprise over their
unawareness. Ice Skating and Horse Riding was a regular
feature amongst ‘hidden activities’.
“I learned something new today and I think ‘this’ should be
everywhere… See, I never knew there was Horse Riding.
And ‘I’ work in Stadium, and obviously I have been around
the park for 5 to 6 years. I work in construction and I have
seen the whole park being built right in front of my eyes… I
think it’s a really good idea.”
- P35(interview)

“I love that there is no screen, very basic, somewhat
traditional … like in screen interface you have so many
thing, you get lost, but you don’t get lost here, its very
simple to use. Its good.”
- P28(interview)
“I think its very nice idea, it’s very interactive and it’s very
easy to use it.”
- P11(interview)

However, two local residents registered some concerns on
utility. One local resident had doubts on reliability of data:
“I tell you what because I live in East Village, I just wanted
to see the information is true, what you’re showing. I was
pressing and I knew what the regular answer would be… I
was surprised when I saw ice skating because I thought it’s
not the season for ice skating that’s why I am asking you
that question, if I go to the Ice Centre will I be able to ice
skate there?”
- P11(interview)1

Physicality: The design principle of physicality was
injected to further enhance the attraction and engagement
capabilities. Therefore, the results of physicality related to
these aspects were already reflected under the findings for
ability to attract and engaging experience. In this paragraph
we discuss the response for the question “Can you remind
of any instance of physical discomfort while using the
device?”. A unanimous ‘no’ was recorded as the response.
Participants didn’t feel any physical discomfort while using
the LinkingPark. However, two participants indicated that
the contrast for visualisation could be improved. However,
it was noted that both of them interacted when sunlight was
falling directly on the device from a rooftop window.

Another local resident had an ideological conflict with the
concept of LinkingPark:
“I didn’t really use it much. We live 9 minutes away from
here so we are kind of local. I kind of know what’s going on
in the park anyway. I think that I know most of what it
would probably want to tell me anyway. And I can always
go to the website to find out more. If you’re passionate
about a sport, you'll find it anyway”
- P21(interview)

“May be for some people, the contrast. I mean the
background is quite light. It was ok for me. But may be for
some people, if it had more contrast, it would be more
inclusive”
- P17(interview)

6.6.2 Technology Experience

“…the lights are not bright enough, may be because it very
sunny today…”
- P27(interview)

In this section we discuss the experience of users with the
features and functionalities of the LinkingPark.
Touch Buttons: The use of touch buttons showcased two
different behaviours during video analysis. Almost one
third of users contradicted expectations and pressed buttons
instead. It was observed that these users didn’t read the
labels. One user admired the icons used for buttons.

Utility: Complying to the ICRI cities’ project theme of
“connecting the invisible city”, the LinkingPark aimed at
minimising the information gap about sports facilities at
QEOP, thereby raising the awareness amongst people to
make informed decisions to utilise the facilities effectively.
Participants appreciated the concept and gave positive
feedback on the utility of the device.

“Its straightforward. Even if a foreigner who would come
here and couldn’t speak English, could use that. Because
you got those diagrams in there, that’s what the best, isn’t
it!”
- P22(interview)

“I just think its quite clever, because I come to Olympic
park a lot, so the people who don’t know where they are
going to be able to see where they want to go and what they
want to do. You can tell straight away what’s happening.”

Information retention on smartphone: Users showed
diverse reactions to tap functionality and almost half of the
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active users hesitated or didn’t use the functionality. Apart
from the absence of technology in the user’s phone, various
other factors emerged as the reason for not choosing to
‘use’ the NFC.

its very nice idea, it’s very interactive and it’s very easy to
understand it.”
- P11(interview)
“If somebody wants to know anything about the park they
can easily find out the information from there, what day its
on...all info is on there. So, just by pressing the buttons,
different lights come on and it’s quite easy to work out
what’s going on”
- P35(interview)

People have different perceptions about technology. One
user stated that NFC drains phone battery. The argument is
partially true because it does not consume battery when it is
not connected to another NFC device
“I didn’t try NFC, because it drains battery, I won’t bother
trying NFC unless it’s something really really urgent.”
- P21(interview)

Static information: Users didn’t show any concern on
imagery, and language and font-style of labels both during
video analysis and interview coding. However, one
respondent suggested an increase in font-size for opening
times.

NFC in iPhones 6 and above works with a restricted set of
applications and can’t read standalone NFC tags. An iPhone
6S user perceived it as a fault in their device.

“I would say, the font-size of the opening times could have
been bit bigger”
- P10(interview)

“No I didn’t try. I should have actually tried. But its just
because I have tried on several other things and it never
works. I think something is wrong with my phone, I suppose
its not compliant with the technology”
- P17(interview)

6.6.3 Behaviour patterns

The audience exhibited some recurring behaviour patterns,
some expected and some unexpected. These patterns are
discussed in this section

People are not fully aware about the NFC technology. One
respondent understood it to be used through an app.
“But how do you do it?... So it’s an app?”
- P28(interview)

Appropriation: Users were creative in finding new,
unintended yet constructive tasks. They appropriated the
map visualisation and Start button of LinkingPark for their
own purposes.

Two users didn’t carry their phone but were eager to
explore the function:

Some users used the map visualisation to improve their
spatial knowledge of QEOP and find next location to visit.

“I wish I had my phone with me because I could then
connect with it. Because I was quite curious to find out how
it works” - P35(interview)

"Hmm we didn't go there. Do you wanna go to the Olympic
Ring?"
- P19 (video)

For users who tried but didn’t succeed and for those who
showed interest, the functionality was demonstrated on the
author’s phone. It is important to note that NFC was used as
a medium to evaluate the information retention feature on a
smartphone. The participants who experienced the feature
either by themselves or through a design walkthrough by
the author showed positivity in adapting and using the
feature.

Some users used the Start button as an emergency button.
When they were stuck or encountered unexpected results,
they used the Start button.
Learning: Participants had learning experiences by
acquiring information about exact timings, new activities,
and the locations.

“I did give it a try, for some reasons it was always showing
me Swimming but I’ve just figured out that I could select
other sports on website as well. I think it’s pretty handy, I
think I’ll make use of it if I visit again, see I’ve already
bookmarked it!”
- P22(interview)

“I think it was very helpful. For example, I didn’t know I
could do Ice skating here. It showed me times and
everything.”
- P16 (interview)
“I didn’t know there were specific timings, I thought it’s a
park so should be open all the time. It was good to know all
the timings”
- P27 (interview)

Visualisations: The video analysis reflected that users
enjoyed LED animations for data visualisation and touch
feedbacks. Favourable comments were received from users:
“I think it’s very interactive, because the way you have
shown the map, the colours, the effects, the buttons. I think
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Collaboration: The LinkingPark supported multi-user
interaction in one-fourth(n=9) of the total instances of
interactions(n=34) where people collaborated in groups of
two or three to use the device. Additionally, it also served
collaboration between people from different groups. One
such instance was observed during P21’s usage when P22
and P23 overlooked the interactions.

based on it. It also discusses limitations and challenges
related to the design and evaluation of LinkingPark, and
finally defines the scope of future work.
7.1 Physical interface

The physical nature of LinkingPark had good reactions
from the audience in addition to finding areas for
improvement in the choice of materials, shape, and inputoutput mechanism.

P22- What’s this?
P21- It’s new information point!
P22- It’s interesting! Isn’t it?
P21- Yeah
- P21, P22, P23 conversation (video)

The 3D printed touch buttons created fun experiences but
the mental model of users for the buttons is to ‘press’. With
the increased usage of touchscreen devices in daily life, an
adaptation to touch buttons was expected by the audience.
Considering people’s prior knowledge of touch based
interfaces, it was predicted that a touch based physical
interface could map with their mind set for touch buttons.
The assumption was contradicted as users touched only
when they read the textual information before initiating the
interaction. Intuitively, they ‘pressed’ buttons. Moreover,
materials with texture such as wood and rubber are
considered to be more inviting when compared with
materials like metal or plastic [39]. The wooden surface of
LinkingPark played a decisive role in attracting the
audience.

Display blindness: The display blindness is one of the
major challenges for any public interface and is difficult to
avoid completely [25]. Almost 40% of the total passers-by
were display blind. The video analysis revealed that a large
number of these people were somewhat preoccupied by
different activities such as indulging in group conversation,
and immersed in their smartphones. Additionally, people
came with predefined priorities to the café such as to order
food at the counter, to visit the toilet, and to rest. Therefore,
they straight-away headed to their areas of interest.

The “face like” shape of the device was adopted to attract
an audience from a far distance. However, the findings did
not produce much evidence of a contribution from the
anthromorphic shape of LinkingPark in attracting attention.
However, it could be argued that the majority of the
audience who noticed the device and were then
interviewed, were present inside the café. One participant
who noticed the device from outside the café stated their
identification of ‘ears’ – “Well, I saw those ears”(P10). It
could be understood that the results are inconclusive on the
“face like” shape and the feature could have been better
tested if the LinkingPark was deployed in an open space.

Should I use it? Around 35% of passers-by had a brief
look at the LinkingPark but they didn’t approach. Some of
them showed similar common characteristics of their hands
being occupied by different activities while passing by the
LinkingPark. These activities included holding babies and
sports equipment, and carrying tray and baby strollers.
These factors might have acted as an initial barrier to
interaction but it could be inferred that these people were
less motivated to try the device.
6.6.4 Abuse

Due the playfulness of the LinkingPark, it attracted a large
number of children. However, children were not a part of
target user group, they used the device extensively but as a
‘toy’. During their usage they sometimes abused the system
by hard pressing the buttons, even slapping the buttons at
times. Moreover, parents who stayed in the café for longer
period soon realised it as a medium to engage their kids.
P21 had put a stool for their 1-2-year-old to use the device
for some time. We decided to leave the stool as it was for
an hour. Two more parents followed in the footsteps of P21.
The child of P15 played with the device for 20 minutes
while they waited for their friends to come, thereby
blocking the device unknowingly.

The LED visualisations were important to LinkingPark’s
playful nature and in general, received good response from
the users. However, two users pointed out weak contrast,
which should not be ruled out. The LEDs, even on highest
brightness, may not perform exceedingly well on brighter
days, especially if the deployment is outdoors. An
alternative medium should be explored for the next
iteration.
7.2 Public engagement

The findings from the design evaluation validated our
design principles to create a physical public interface. The
LinkingPark succeeded in providing enjoyable user
experiences while addressing the problem of an information
gap related to sports facilities at QEOP. The video analysis
affirmed corroboration with people’s movement and
interaction levels (subtle, single and multiple) pertaining to
public interfaces discussed in “Section 2.2.2 Public
interaction models”. Users reflected the expected
behaviours of situated learning, collaboration, social

7 DISCUSSION

The findings from the evaluation study revealed that
LinkingPark as a physical interface helped users to be better
informed about sports facilities at the QEOP through an
enjoyable experience. This section retrospectively discusses
the findings and presents the design recommendations
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interaction and the appropriation of technology for their
own use. Moreover, people also exhibited the phenomenon
of display blindness, honeypot effect, landing effect and
sweet spot. Figure x shows the spots where these effects
were observed during the design evaluation. However, the
phenomenon
of
interaction
blindness
remained
undetermined. It was noted that 35% of passers-by had a
brief look at the device but they did not interact. There is a
probability that some of these users might have suffered
from interaction blindness but this was incalculable in
video analysis.

7.3 Design recommendations

Based on our findings from deployment we derive two
design recommendations for installations similar to
LinkingPark in the future.
Appropriate affordance: Physical elements encourage
affordance by better modality support. While the inclusion
of affordances can improve interaction, we observed that it
could also lead to non-ideal usage as well. The touch
surface of buttons was designed to be 7mm higher than the
wooden surface to increase the affordance. However,
although it encouraged participation, users’ instinctive
behaviour revealed an unintended action of pressing. We
recommend that these physical entities used in design
should be crafted carefully to maintain appropriate
affordances.
Children as persuading agents: The UCD focusses
heavily on the needs and expectations of target users but
people showcase collaborative behaviour when using public
interfaces and people accompanying them can largely
influence their interactions. The findings demonstrated that
children influenced more than one-third of the direct
interactions. Naturally, children are more curious and
exploratory when compared with adults. We propose
utilising this behaviour of children to the advantage of
physical public interfaces like LinkingPark. Interfaces,
when installed in third places, should include optimum
playfulness to attract children as they can persuade adults to
try the device at least once.

Honeypot effect

7.4 Limitations

This section discusses the limitations and challenges related
to technologies implemented, design techniques adapted
during different phases of this project and the deployment.

Landing effect

Deployment: The performance of LinkingPark could have
only been tested in a ‘real’ environment. The project had to
go through a health and safety approval from the governing
body of QEOP for the deployment which eventually got
delayed by few weeks. This imposed time constraint only
allowing for one round of in-situ deployment, thereby
affecting the generalizability of the results.
It is to be noted that the project used design techniques such
as observations that are better performed when conducted
by a group of researchers. As this project was completed
individually, many opportunities to approach people who
used the device were missed when the author was busy
conducting the post-interaction study with other users. This
resulted in shrinkage of sample size for the post-interaction
study.

Sweet spot
The ergonomic considerations were introduced to make the
system specific for adults but unintended usage by children
was difficult to avoid. However, the rigid design of
LinkingPark survived abuse from both children and adults.
It is to be noted that solidarity of the device should be given
much importance in in-situ deployments. Additionally, the
usage of a ‘stool’ by some parents led to the device being
used as ‘fun-toy’ by children could have been avoided if the
deployment was outdoors. It can be considered as a
potential disadvantage of the installation into public places
like a café. This opens up the question for evaluating the
effect of spaces on LinkingPark performance in the next
iteration.

Evaluation methods: The evaluation technique used to
measure the engagement took two factors into account: time
spent at the device and number of multiple interactions. A
similar method has been adopted in the past [11]. However,
the reliability of the method can be argued against. O’Brien
and Toms [29] proposed a quantifiable and more reliable
process to measure engagement with interactive systems.
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They laid out a roadmap to create a questionnaire for the
measurement that could be as long as 33 items. Considering
the time-bound nature of users experienced in the initial
phases of the project, inclusion of this method was
compromised to keep the study short.

systems can be built to increase awareness about other
activities to make people more informed about the public
infrastructure.
8 CONCLUSION

The project followed UCD techniques, in which the design
concept was iteratively refined by the creation and
evaluation of prototypes of different fidelities. We aimed to
harness the information about sports facilities at QEOP
from different sources and then make them available to the
audience in a simple and playful manner to bridge the
information gap. It was shown through an initial
deployment that LinkingPark was capable in grabbing the
attention of users and provided an engaging learning
experience. We discussed the rationale behind the design
choices made during each iteration, and the successful
implementation of our design principles that were validated
by findings from the deployment. This project fulfilled its
objective of creating a physical public interface to improve
informational capacities and awareness of public
infrastructure at the smart city platform of QEOP, thereby
empowering people to make informed decisions in
choosing and engaging with the facilities. On the basis of
our findings we propose design recommendations of
measured affordance before including the physical elements
and children’s potential role in persuading adults to interact.
The future work for LinkingPark includes - implementation
of more efficient technologies for different design features,
adapting the concept for other activities, and deployment at
other areas of the QEOP.

The project aimed at validating the design principles
identified for the LinkingPark and thus, focussed on
analysing the experience of users who interacted with the
device. The people who had a look at the device but didn’t
interact, either actively or passively, were not approached.
It could be understood that these people were not
‘motivated’ but ‘Why they were not motivated?’ was not
answered in the evaluation.
Technology: The NFC technology was used to export
details on smartphones. The technology lacks compatibility
across all smartphone platforms but is a quick method
supporting information transfer between heterogeneous
mediums. The aim for the use of this technology was to
test the feature of information retention on smartphones and
a better equipped technology should be considered in future
iterations to support this feature.
The information presented on both physical interfaces and
the webpage of Linking Park contained static yet updated
data. One user questioned the reliability of data “… it’s not
the season for ice-skating that’s why I am asking you that
question if I go to the Ice centre will I be able to ice skate
there…”. Embedding the real time data into the
LinkingPark system can help in improving the accuracy and
avoiding the unnecessary confusion amongst users.
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7.5 Future work

In the previous section, we discussed the challenges faced
and limitations of the techniques adopted during this project
and their impact. It led to the discovery of factors that need
to be looked into in further iterations. We focus on
extending the list of these factors in this section but
primarily included the aspects that were not defined within
the scope of this project.
Effects of location: As the LinkingPark was deployed only
in one location; it is difficult to predict whether one device
can fit in all scenario and locations at QEOP. Both physical
space and social context can concurrently effect the
engagement with an interactive interface in public [2]. It is
important to determine the effect of these factors on the
performance of the LinkingPark and deployments in areas
other than the café, especially outdoors, should be
considered.
Application: The LinkingPark is the outcome as an MVP
for a physical public interface to improve informational
capacities of QEOP visitors on the park’s sports facilities.
The application of the LinkingPark is limited as it serves as
an information system for only eight types of sports
activities. Considering the capability shown by the device
and the diversity of activities to do at the QEOP, similar
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A2. Engagement questionnaire analysis

Responses: 40
After data cleaning: 36 (4 didn’t fill sincerely)
Demographic
Age: 18-35 (Young Adults) account for 54% of participants
36-55 (Mid-Age Adults) account for 43.3% of participants
Location: 44.4% of participants were Olympic park village residents
-------------------------------------------------------------------------------------------------------1. Overall breakdown
Activities:
•

•

Most popular
o Walking – 88.9%
o Cycling – 58.3%
o Swimming - 44.4%
o Nature & Wildlife – 44.4%
o Gardens – 36.1%
o Athletics – 25%
Involvement in other activities were less than 10%. Least popular
o Angling & Fisheries – 0%
o Horse riding – 0%
o Sailing and Watersports- 0%
o White water activities – 0%
o Canoeing – 2.7%

Usage of park
•
•

Daily usage -15.8%
At least once a week- 69.5 %. Out of these
o Involvement in activities
§ Walking- 80%
§ Cycling – 60%
§ Swimming – 52%
§ Nature- 40%
§ Gardens- 24%
§ Athletics – 24%
o Location
§ Village - 44%
§ Other areas - 56%
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Source of information•
•
•

word of mouth is the most popular medium followed by QEOP website and social media
Other info includes- flyers, posters
13.5 % don’t look for info (Out of these 60% are interested in other activities and want information about it)

Feeling about availability of information for the activities they are already involved in –
•
•

73.7% feel that its readily available
Those who feel that its not available readily (out of these 50% are village residents, 50% are from other areas)

Awareness on Olympic Park activities
•

•
•

Low awareness – 36.2%
§ No awareness – 5.6%
§ Little aware – 30.6%
Medium awareness- 25%
High awareness – 38.8%
§ Mostly aware- 27.7%
§ Completely aware- 11.1%

Interest in other activities
•
•

78.4% showed interest
21.6% are not interested (out of these 50% are village residents, 50% are from other areas)

Willingness to receive information about these activities•
•

71.1% said yes
28.4% are not interested (out of these 50% are village residents, 50% are from other areas)

Key Insights:

•
•
•
•
•
•
•
•
•

Walking is the most popular activity by large margin
Apart from Six most popular activities involvement in rest of the activities is less than 10 %
Overall usage of park is good
Usage of gardens among frequent users is relatively low but involvement in other activities reflected similar pattern
as overall result
25% participants solely rely on word of mouth (one of them mentioned that they like to explore park on their own
and look for things)
41.7% rely on QEOP website and 27.8% rely on social media as one of the medium for information
Out of people who reported low awareness, 69.3% are frequent visitors 76.9% showed interest in other activities,
84.65% showed willingness to receive information
Large majority is interested in other activities and receiving information about them
There is a correlation between level of awareness, choice of information medium and interest in other activities and
further information.
o Out of people who reported low awareness
§ 76.9% showed interest in other activities
§ 84.65% showed willingness to receive information
o Out of people who felt that information is readily not available to them
§ 50% relied only on “word of mouth” and 37.5 % relied on non-digital mediums like posters and
local newspapers
§ 63.3% reported low awareness
§ 100% showed interest in other activities and willingness to be informed about these activities
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2. Age based Breakdown
A) Young adults (18-35) – 50% of participants
Residence
50% in Village, 50% in nearby area
Involvement in activities
Walking – 87.5%
Cycling – 55%
Swimming- 35%
Nature and Wildlife- 35%
Gardens- 30%
Athletics- 33.3%
Usage
At least once a week- 65% (frequent users). Out of these
•

•

Involvement in activities
o Walking- 77%
o Cycling -53.8
o Swimming – 46.5%
o Nature- 30.7%
o Gardens- 30.7%
o Athletics- 27.8%
Location
o Village - 46.2%
o Other areas - 53.8%

Source of information
•
•
•

27.8% rely only on word of mouth which is similar to overall results.
38.9% rely on QEOP as one of the medium
38.9% rely on social media as one of the medium which is significantly high when compared with overall
breakdown

Feeling about availability of information for the activities they are already involved in 33.3% young adults feel that
information is readily not available to them. They all
•
•
•

relied only on “word of mouth” and non-digital mediums like posters and local newspapers. Only one instance of
‘social media’
reported low awareness
showed interest in other activities and willingness to be informed about these activities

34

Awareness
Low awareness- 38.9%
Medium awareness- 33.3%
High awareness- 27.7%
Interest in other activities
77.8% are interested
Willingness to receive information about these activities66.6% said yes
B) Mid age adults (36-55) – 50% of participants
Residence
43.8% in Village, 56.2% in nearby area
Involvement in activities
Walking – 80%
Cycling – 50%
Swimming- 37.5%
Nature and Wildlife- 43.75%
Gardens- 18.75%
Athletics- 18.75%
Usage
At least once a week- 75% (frequent users). Out of these
•

•

Involvement in activities
o Walking- 83.4%
o Cycling – 58.3%
o Swimming – 50%
o Nature- 41.7%
o Gardens- 16.7%
o Athletics- 8.3%
Location
o Village - 50%
o Other areas - 50%

Source of information
•
•

31.2% rely only on word of mouth which is slightly higher than average result.
33.3% use QEOP website and 16.7% use social media as one of the medium

Feeling about availability of information for the activities they are already involved in
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Only 18% mid age adults feel that information is readily not available to them. They all
•

showed interest in other activities and willingness to be informed about these activities

Awareness
Low awareness- 37.5%
Medium awareness- 18.7%
High awareness- 43.7%
Interest in other activities
81.5% are interested
Willingness to receive information about these activities87.5% said yes. Significantly higher than Overall result

Key insights (Comparisons made by keeping overall breakdown analysis as benchmark)

•
•
•
•
•
•
•
•

Involvement of young adults in Nature and Wildlife is relatively lower
Usage of swimming facilities in young adults are comparatively high for frequent users when compared with non
frequent users
Except for Nature and wildlife, involvement of mid age adults in other activities is slightly lower when compared
with overall breakdown
Usage of cycling and swimming facilities is higher, and athletics is lower amongst mid age adults who are frequent
users when compared with non-frequent mid-age adults
Consumption of social media as a source of information is higher in young adults and lower in mid age adults
Usage of QEOP website as a source of information is lesser amongst mid-age adults
Highly aware individuals are less in young adults and more in mid age adults
Relatively high number of mid-age adults feel that information they look for is readily available to them

3. Area based Breakdown
A) Olympic park village (44.4% of total participants)
Age range
18-35 (Young Adults) – 43.8%
36-55 (Mid-Age Adults) – 56.2%
Involvement in activities
Walking – 81.3 %
Cycling – 56.25 %
Swimming- 43.8
Nature and Wildlife- 50%
Gardens- 18.7%
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Athletics- 18.7%
Usage
At least once a week- 68.8% (frequent users). Out of these
•

•

Involvement in activities
o Walking- 72.7%
o Cycling – 54.5%
o Swimming – 54.5%
o Nature- 63.6%
o Gardens- 9%
o Athletics – 9%
Age range
o Young adults – 45.4%
o Mid age adults – 54.6%

Source of information
37.5% rely only on word of mouth which is higher to overall results. 50% use QEOP website as one of the medium. 25%
social media
Feeling about availability of information for the activities they are already involved in
31.2% Olympics Village residents feel that information is readily not available to them. Out of these
•
•
•

80% relied only on “word of mouth”. Rest 20% used website as only medium
80% reported low awareness
all of them showed interest in other activities and willingness to be informed about these activities

Awareness
Low awareness- 37.5%
Medium awareness- 12.5%
High awareness- 50%
Interest in other activities
75% are interested
Willingness to receive information about these activities68% said yes

A) Other near by areas
Age range
18-35 (Young Adults) – 45%
36-55 (Mid-Age Adults) - 45%
55+ (elderly) – 10%
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Involvement in activities
Walking – 95%
Cycling – 60%
Swimming- 45%
Nature and Wildlife- 40%
Gardens- 50%
Athletics- 30%
Usage
At least once a week- 70% (frequent users). Out of these
•

•

Involvement in activities
o Walking- 92.9%
o Cycling – 64.3%
o Swimming – 50%
o Nature- 21.5%
o Gardens- 35.7%
o Athletics- 35.7%
Age range
o young – 50%
o mid – 42.3%
o elder – 7.7%

Source of information
20% rely only on word of mouth which is slightly less as compared to overall breakdown. 35% use QEOP website as one of
the medium. 30% use social media as one of the medium.
Feeling about availability of information for the activities they are already involved in
20% participants from other nearby areas feel that information is readily not available to them. Out of these
•
•

all of them showed interest in other activities and willingness to be informed about these activities
No clear pattern was exhibited on level of awareness and source of information

Awareness
Low awareness- 35%
Medium awareness- 35%
High awareness- 30%
Interest in other activities
80% are interested
Willingness to receive information about these activities70% said yes
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Key insights (Comparisons made by keeping overall breakdown statistics as benchmark)

•
•
•
•
•
•
•
•

Involvement of participants from village is comparatively lower in Walking, Nature and Wildlife and Athletics, and
significantly lower in Gardens
Usage of swimming, nature and wildlife facilities are higher and walking, gardens and athletics are lower amongst
frequent users in Village
Involvement of participants from other near by areas is comparatively higher in Walking and Gardens. But frequent
users from other near by areas shown significantly lesser interest in gardens, and nature and wildlife
For Village residents, reliance on word of mouth as single source of information is significantly higher and on
QEOP website as one of the medium is relatively higher
For residents from other areas, reliance on reliance on word of mouth as single source of information is significantly
lower and on QEOP website as one of the medium is relatively lower
QEOP website appears to be more popular amongst Village residents
There’s an increase in number in terms of high awareness amongst Village residents when compared with overall
result. Although low awareness percent remains same.
Awareness level of residents from nearby areas is similar to overall awareness. Although, there’s slight decrement in
percentage of highly aware individuals.

Most prominent emerged design spaces:
1.
2.
3.
4.

Information gap - People showed interest in Knowing more about other activities and are willing to be informed.
Relatively low awareness on Park activities -People are relatively less aware about park activities. They can be
made aware through an interactive device
Low digital awareness - Large number of people, especially residents of Village, rely lot on ‘word of mouth’ for
the information. Digital awareness could be increased.
Large percentage of non-frequent users indulge in activities which are physically less demanding, like Walking,
Gardens and Nature and Wildlife. They can be enticed to try other activities.

Preferred theme
Combination of top two design spaces.
Reasons
1.
2.
3.

Evidently more conclusive from data analysis. High majority of people across different age groups and locations are
interested to know more about other activities and are willing to receive information
Among people who reported low awareness
a. 76.9% showed interest in other activities
b. 84.65% showed willingness to receive information
Among people who felt that information is readily not available to them
a. 100% showed interest in other activities and willingness to be informed about these activities
b. 50% rely only on “word of mouth” as single source of information and 37.5 % relied on non-digital
mediums like posters and local newspapers
c. 63.3% reported low awareness on park activities
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A3. Informed consent for AB Testing

Informed Consent Form for Participants in Research Studies
(This form is to be completed independently by the participant after reading the Information Sheet and/or having listened to
an explanation about the research)
Title of Project: Physical public interface to enhance community engagement with Olympic Park facilities
This study has been approved by the UCL Research Ethics Committee as Project ID Number:
UCLIC/1415/005/ICRI/Roger/Capra/Houben
Participant’s Statement
I…………………………………………......................................
agree that I have
• read the information sheet and/or the project has been explained to me orally;
• had the opportunity to ask questions and discuss the study; and
• received satisfactory answers to all my questions or have been advised of an individual to contact for answers to pertinent
questions about the research and my rights as a participant and whom to contact in the event of a research-related
injury
• understand that my participation will be taped/video recorded, and I am aware of, and consent to, any use you intend to
make of the recordings after the end of the project.
• understand that the information I have submitted will be published as a report. Confidentiality and anonymity will be
maintained, and it will not be possible to identify me from any publications.
I understand that I am free to withdraw from the study without penalty if I so wish, and I consent to the processing of my
personal information for the purposes of this study only and that it will not be used for any other purpose. I understand that
such information will be treated as strictly confidential and handled in accordance with the provisions of the Data Protection
Act 1998.
Signed:
Date:
Investigator’s Statement
I …………………………………………………………………….. confirm that I have carefully explained the purpose of
the study to the participant and outlined any reasonably foreseeable risks or benefits (where applicable).
Signed:
Date:
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Information Sheet for Participants in Research Study
You will be given a copy of this information sheet.
Title of Project: Physical public interface to enhance community engagement with Olympic Park facilities
This study has been approved by the UCL Research Ethics Committee as Project ID Number:
UCLIC/1415/005/ICRI/Roger/Capra/Houben
Name- Navneet Patle
Address- UCLIC, 66-72 Gower Street, London
Contact- navneet.patle.15@ucl.ac.uk

I would like to invite you to participate in this research project. You should only participate if you want to; choosing not to
take part will not disadvantage you in any way. Before you decide whether you want to take part, please read the following
information carefully and discuss it with others if you wish. Feel free to ask if there is anything that is not clear or you would
like more information.
Queen Elizabeth Olympic Park has been envisioned as modern urban living space. This research is to understand the
engagement of local community with the facilities and services available in the Park. Based on our findings from initial
survey majority of Park users reported interest in activities which they have not been involved with in the past and showed
willingness to receive information on those activities. With this evaluation we are trying to understand what type of
information Olympic Park users look for and its importance in choosing the activity.
It is up to you to decide whether or not to take part. If you choose not to participate, you won't incur any penalties or lose any
benefits to which you might have been entitled. However, if you do decide to take part, you will be given this information
sheet to keep and asked to sign a consent form. Even after agreeing to take part, you can still withdraw at any time and
without giving a reason.
All data will be collected and stored in accordance with the Data Protection Act 1998.
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A4. Post Evaluation Questionnaire – AB Testing

Which age group you fall into?
•
•
•
•
•
•

18-25
26-35
36-45
46-55
55-65
65+

If any, please mention the sports and fitness activities you’ve been involved in the past at London Olympic Park
__________________________________________________________________________________
Based on importance of the information to decide on involvement in an activity, please provide a priority based unique
ranking, with ‘1’ being highest, to the type of information mentioned below
•
•
•
•
•
•

Type of activity
Location/Address
Timings
Detailed description about activity
Cost
Other _____________________________________________________________________

Have you ever used Queen Elizabeth Olympic Park Website to gather information on sports and fitness facilities available in
the Park?
• Yes
• No
Have you ever used Queen Elizabeth Olympic Park Mobile App to gather information on sports and fitness facilities
available in the Park?
• Yes
• No
“Lets get active” device, if installed in London Olympic Park, could help you with finding relevant information about sports
and fitness activities in the Park.
•
•
•
•
•

Stongly disagree
Disagree
Neither agree nor disagree
Agree
Stongly agree
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A5. Excerpts from AB Testing

I’ll probably start with left part of it because it says “what?” I can see the cycling and swimming part so I would tap one of
them as that’s what I want to do
It says’ “include coordinated sessions” which I don’t understand what its really about. I’ll probably not read rest of it. I think
they aren’t related to me at the moment. I’ll now press swimming
I pressed swimming and then I realized that I need to press Start. I didn’t even notice that “Start” was there.
Now I don’t know whether I should select the Swimming first or read the rest of it I’ll probably have a glance at rest of the
chart.
So, lot of information which is not related to me at the moment. Now, I’ll select swimming. I can see the schedule I’ll check
schedule first and then look at the map and try to find out where exactly I can do swimming.
Logically, I wanted to find how to get to swimming pool but I don’t know how to do that here.
I thought that we can chose only one activity at a time
I am not too sure about these flags. I suppose they show the places for what I have chosen but it says “sports facility” which
sounds too generic to me.
Now, I am not sure about third part because I don’t really know what to scan here.
I am not too sure … I’ll probably try to remember the part of schedule that I am interested in because I don’t know about
those flags whether they are showing the directions I am looking for
Schedule is pretty clear when it opens. It shows time period for certain things and sessions when they open. Except may be I
would put the scale here at the bottom as well. Coz its kinda difficult to trace it
May be it could have coordinated me more saying “pick mornings or evenings” I would have been sure about what to do
next.
May be the buttons shown could be made more pushable. It looks like drawing to me. May be highlighted in a way to make
pay attention to them.
I think there’s lot more information to grab when first look at it. I don’t feel I would look at all the information and try to get
everything on the chart. I will just get the basics that you know, are relevant.
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Or may be I’ll spend some more time because park would be gigantic and I don’t want to get lost. So, I’ll try to grab as much
as I can.
Can I add something, may be I wan’t to know where I am right now. And also if the map can be shown on smartphone as
well, it would help me to get the directions.
May be buttons could be made more activated or flashing or something.
I could have said “show group sessions” or something. I think for people who go there for the first time might not want to
what’s happening there what’s group session and all they want to do is say cycling or tennis.
I would not need it, I might be wrong. I believe more important is to know time and location. I would not be interested in
finding everything at once from this chart. Can I also say that, “Get this information phone” would make more sense to me
than “Find out more”
I think its very concise and comfortable to use. Except a map would be really helpful. Also, see here it’s very easy to look at
group sessions as separate thing. Its lot easier to find out where I should be heading.
I guess previous one was more prettier (Prototype1) and interactive but this one is more concise. I can see all the relevant
information on screen. Although, I would agree it’s bit boring.
The arrows were not there in the previous one (Prototype1). I guess they are helpful. Like I struggled to find “Start”. To me at
least arrows are better than numbers
Oh there’s “Start”. Do I need to or its just instructive? Oh! I need to.
Yeah I wasn’t sure whether that was like a label or …
I am terrible for not reading so I tend to go for most obvious things. That why I went for clicking on list.
I am wondering how its gonna send it to my phone. Do I need to give phone number or something?
That’s a great idea to get it on phone because you walk away and you forget
I didn’t find it challenging but I tend to not read things which was probably not helping me
You got the arrows which are really useful but they should have been more explicit because I confused what was label and
what was interactive
I liked the map. But what happened on the map? Was there anything happening. I didn’t notice
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I suppose cost is something I would wonder about. I don’t know if somehow it could fit in there
It’s kinda complicated to remember all the things I was so focused at what I was doing, didn’t look at the map
I can see its numbers which is cool. It tells me that I need to follow these steps. As soon as you see numbers you know what
to do next
Time table there looks good, I can quickly see slots available because its nice and visual. Made me easy to know and
mentally think, ok, what time I should go.
The group sessions. I don’t want to know about group sessions. I won’t be doing it anyway.
This one (prototype-2), I don’t know. There’s information there. There’s “booking and more info” but that’s gonna end up on
my phone so I don’t need it here.

I’ll touch morning first because that’s in the middle of the screen. But that didn’t work so I’ll touch swimming now.
So I touched swimming and I can see all the bars saying that these are the opening times for the facility which is I guess 6AM
to 10 PM but I am not too sure so I’ll try clicking the date and I realized that it doesn’t work
So I’ll try cycling then and I can see that nothing really changed. To be honest if you thing about it, the closing time for
cycling doesn’t make sense, you can do it anytime.
My problem is that I don’t know where the swimming pool is. But it seems like it should be in the sports facilities so it
should these two blue flags. So I’ll try clicking on them but no it doesn’t work
It seems like they are events, like group events. I don’t know, like synchronized swimming or lessons probably
To me, I have already found out what’s the opening hours. So, location … let’s say I wan’t to do swimming. So it makes lot
of sense to me that it’ll be in aquatic centre. That should be it, right?
I guess, I am not that systematic when I look at something I’ll touch whatever is most salient to me. That’s why I kept on
touching those bars. I didn’t realize that I could touch those buttons.
I think with this QR code I can download an app. Oh no! (laughs) … whenever I see a QR code, I think its an app. I tend
towards not to use it. Because whenever I am outside, I don’t want to waste my data on this. I didn’t read that. I was like, it’s
a QR code so must be an app.
I think this is pretty informative (phone interface). I didn’t know what activity was going on. It only showed me time. But
here I can see the group sessions and all.
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It’s good that it prompts me when a button is not clickable which is really helpful.
I am not sure, because it’s a physical set up. But in digital, you can do step by step
I’ve realized that white buttons can be clicked, we can toggle around with them
I don’t know if I’ll use it because I don’t have QR reader on phone
I have not been to the place before so that map looks bit scratchy to me. Could have been made more clearer
I think its more systematic, it prompts you to go step by step, especially those arrows.
You know what, these days If I want to keep information with me I’ll take my phone out and just snap a picture because this
“tap” part where I have to tap my phone is not very intuitive to me. So I’ll just click picture of the screen
One more thing, “include coordinated sessions”. To me sometimes I think like what is it? Do I really have to include this. I
feel that I don’t really need it right away. I might be interested but miss out because I was too focused on looking at activities.
In the first one (prototype1), may be because this was my first time to interact with this kind of interface, I was clicking all
over and I got frustrated. But this one is well directed. So I know that only these are my options to select.
on the weekends.obviously start.enter the passage of this , i am gonna go for tennis. it sets the time. i wanna do swimming
but then..so this is about saturdays.
because thats what i am best for. i want swimming. i m confused, because here i go back!so all i ve tried is saturday and i ve
selected swimming.
i am thinking about the group sessions.
this i didnt look actually, if i had selected panel, i might directed to the arrear where i could find where we are, that might be
good . & then i'd probably be late to go to that and this would be good if you just wanna just more refreshment and fun. it
gives me more access to the information.yeah booking & discounts.i mean that might show off the things avaialble in a
coffee shop.
no really. i didnt find it challenging. no its simple.
yeah the info is sufficient. Is that a pre-booking facility or can we book a no.of sessions? Could i wanna do may be weekends
.
so thats good , you can access more on your phone, individual on map.Thats good!
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yeah.its clear & inrteresting.
yeah the language is understandable.Its good. All the ways are available here. (filling quesstionnare)
then it would be what this is plyist, because if its round, if i can't find this.its gonna be actually on board ,so it gonna be place
where people could play.and it would be good .
i love this. oh yes now is see. something else that might be more standing.
this one is more user friendly ,more if i like lounge,based on things thats actually side view a calander. and its good.
i think i prefer this because of more information.
i would say this is an advantage over the other. Because i think this is clear, gives more information.It might need another
time. I think its really good and for particular levels, because you might get the generation although and its clear. Simple to
see , simple to understand.But you need to get one of these advice on touch.
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A6. Informed consent for post-interaction evaluation – Final study

Informed Consent Form for Participants in Research Studies
(This form is to be completed independently by the participant after reading the Information Sheet and/or having listened to
an explanation about the research)
Title of Project: LinkingPark Design of public interface to enhance community engagement with Olympic Park
facilities
This study has been approved by the UCL Research Ethics Committee as Project ID Number:
UCLIC/1415/005/ICRI/Roger/Capra/Houben
Participant’s Statement
I…………………………………………......................................
agree that I have
• read the information sheet and/or the project has been explained to me orally;
• had the opportunity to ask questions and discuss the study; and
• received satisfactory answers to all my questions or have been advised of an individual to contact for answers to pertinent
questions about the research and my rights as a participant and whom to contact in the event of a research-related
injury
• understand that my participation will be taped/video recorded, and I am aware of, and consent to, any use you intend to
make of the recordings after the end of the project.
• understand that the information I have submitted will be published as a report. Confidentiality and anonymity will be
maintained, and it will not be possible to identify me from any publications.
I understand that I am free to withdraw from the study without penalty if I so wish, and I consent to the processing of my
personal information for the purposes of this study only and that it will not be used for any other purpose. I understand that
such information will be treated as strictly confidential and handled in accordance with the provisions of the Data Protection
Act 1998.
Signed:
Date:
Investigator’s Statement
I …………………………………………………………………….. confirm that I have carefully explained the purpose of
the study to the participant and outlined any reasonably foreseeable risks or benefits (where applicable).
Signed:
Date:
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Information Sheet for Participants in Research Study
You will be given a copy of this information sheet.
Title of Project: Physical public interface to enhance community engagement with Olympic Park facilities
This study has been approved by the UCL Research Ethics Committee as Project ID Number:
UCLIC/1415/005/ICRI/Roger/Capra/Houben
Name of Researcher- Navneet Patle
Address- UCLIC, 66-72 Gower Street, London
Contact- navneet.patle.15@ucl.ac.uk
07459411677
I would like to invite you to participate in this research project. You should only participate if you want to; choosing not to
take part will not disadvantage you in any way. Before you decide whether you want to take part, please read the following
information carefully and discuss it with others if you wish. Feel free to ask if there is anything that is not clear or you would
like more information.
Details of the study
Queen Elizabeth Olympic Park has been envisioned as modern urban living space. This research is to understand the
engagement of local community with the facilities and services available in the Park and how it can be enhanced through
technology.
• You’ll be asked to fill a questionnaire which will be followed by few questions about your experience with the device
• The session will take approx. 10 minutes
• There is no harm or risk for the participant when agreeing to take part in this study.
It is up to you to decide whether or not to take part. If you choose not to participate, you won't incur any penalties or lose any
benefits to which you might have been entitled. However, if you do decide to take part, you will be given this information
sheet to keep and asked to sign a consent form. Even after agreeing to take part, you can still withdraw at any time and
without giving a reason.
All data will be collected and stored in accordance with the Data Protection Act 1998.
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A7. Notification for Video Recording

Recording in progress!
This device is a part of postgraduate research project at University College London for which details are given below
Project: Design of a public interface to enhance community engagement with Olympic Park facilities
This study has been approved by the UCL Research Ethics Committee as Project ID Number:
UCLIC/1415/005/ICRI/Roger/Capra/Houben
Name of Researcher- Navneet Patle
Address- UCLIC, 66-72 Gower Street, London
Contact- navneet.patle.15@ucl.ac.uk
07459411677
As part of the research, your interactions with the device is being recorded on video camera. This footage will be treated as
strictly confidential and handled in accordance with the provisions of the Data Protection Act 1998. For the recordings,
confidentiality and anonymity will be maintained, and it will be used for this research purposes only. It would not be possible
to identify you from any publications.
Should you have any concern, please contact the researcher.
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A8. Post-interaction questionnaire – Final study
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A9. Transcripts for post-interaction interviews

Post evaluation interview transcript
I: What made you approach to the device?
P9: Coloured lights, we got attracted by lights I guess
P10: Well, I saw those ears, and “Lets get active” then I thought, Ok.. yeah
How was the overall experience?
P9: umm, Its quite clear, its visibly clear the timings and all
P10: I would say, the font-size of the opening times could have been bit bigger.
What all features did you explore?
P9: We didn’t use smartphone feature, we didn’t have time to
P10: Actually, we didn’t think of, probably because we were in hurry, we should have given it a go
Did you ever feel any sort of physical discomfort while using the device?
P9: No
P10: No
P11
Interviewer: What made you approach towards the device?
P11: To be honest with you, I don’t know actually what attracted me on the first place, may be the size of the buttons
something that attracted me. May be because I know this place well, the Timberlodge, and I was temted to know what’s the
display about.
I think it’s very interactive, because the way you have show the map, the colours, the effects the buttons. I think its very nice
idea, it’s very interactive and it’s very easy to understand it. So, why I was attracted… may because of my kids. They were
playing with it. I don’t know I don’t know
Interviewer: Did you learn anything from the device?
P11: I tell you what because I live in East Village, I just wanted to see the information is true, what you’re showing. I was
pressing and I knew what the regular answer would be, in terms of the lights. I was surprised when I saw ice-skating because
I thought it’s not the season for ice-skating that’s why I am asking you that question if i go to the Ice centre will I be able to
ice skate there.
Interviewer: Yes
P11: Ok, then you’ve provided me the valuable information that I didn’t know
Interviewer: How was your overall experience?
P11: I find it attractive… and it was very easy to use and quite interactive.
Interviewer: Did you find anything physical discomfort while using it?
P11: No. But yeah, it’s bit wobbly (laughs)
I: What made you approach to the device?
P15: I think my kids were playing with it, I wanted to see what it was.
P16: Yeah. Same
How was the overall experience?
P15, P16: ummm.. pause
I mean did you learn anything from the device?
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P15: Well, it was handy if you wanted to know when those things are open. It was handy to know. It wasn’t particularly
relevant to my trip here today but it’s quite handy thing. Although, I do wonder.. if you’re here, you’d have probably already
found the details out. I don’t whether you need to know those details. Do you know what I mean!
Yeah, that’s interesting. How about you?
P16: I particularly don’t agree with my wife. I think it was very helpful. For example, I didn’t know I could do Ice skating
here. It showed me times and everything.
What all features did you explore?
P15: Oh yeah. I tried different sports but I didn’t try NFC. I don’t have NFC in my phone.
P16: I did give it a try, for some reasons it was always showing me Swimming but I’ve just figured out that I could select
other sports on website as well. I think it’s pretty handy, I think I’ll make use of it if I visit again, see I’ve already
bookmarked it.. (laughs)
Did you ever feel any sort of physical discomfort while using the device?
P15: No
P16: No

P17
I think we saw Swimming, we’ve just been swimming, so we thought let’s check when else can we swim.
P18
Yeah. Yeah
Experience
P18 It very easy to use. Its attractive to look at. Umm … and its straightforward.
P17 For me that NFC function is a usable bit. But they never recognize my device. I don’t know why
Did you try it?
No I didn’t try. I should have actually tried. But its just because I have tried on several other things and it never works. I think
something is wrong with my phone, I suppose its not compliant with the technology
What phone do you have?
Iphone
NO
May be for some people, the contrast. I mean the background is quite light. It was ok for me. But may be for some people, if
it had more contrast, it could be more inclusive.
P21: I think, my kids were playing with it so I just went to have a look.
Overall experience
I didn’t really use it much. We live 9 mins away from here so we are kind of local. I kind of know what’s going on in the
park anyway. I think that I know most of what it would probably want to tell me anyway. And I can always go to the website
to find out more. If you’re passionate about a sport, you'll find it anyway.
Apart from that its pretty straightforward, you press the button and it tells you when and where to go.
Features
I didn’t try NFC, because it drains battery, I wouldn’t bother trying NFC unless it’s something really really urgent.
But I like the interactions, the way they are presented. I reminds of lot of museum exhibits from 10-20 years ago, has got bit
of retro look.
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I don’t think so. No
P22, 23
What made you approach to the device?
P: We were walking out and saw th guy using it. It showed different things where they are in the park. We know the horse
riding, we have been over there and Ice skating rink is right next door in the Leyton, where we come from. We thought we
were not connected to here, we thought we were separate but now I know its all one. We come here everyday. We walk to the
orbit and come back here. We sit for a bit and then we go back(home).
Did you find anything physical discomfort while using it?
P: No no no. Its easy. Even kids are using it (laughs)
Interviewer: How was your overall experience?
P: It was very informative, the way things are over it. Its straightforward. Even if a foreigner who would come here and
couldn’t speak English, could use that. Because you got those diagrams in there, that’s what the best, isn’t it!.
P24
Looks friendly, it has got lights coming on. But mostly, because our friend’s daughter was playing with it.
We come here quite often. I didn't know about the horse riding actually, but aside from that I knew about most of the
activities.
No
P27
Interviewer: What made you to approach to this device?
Interviewee: Because it looks nice, Its wooden. And my daughter wanted to use it, she wants to be in Olympic games when
she’s older.
Interviewer: Did you learn anything from the device?
I didn’t know that there were specific timings, I thought it’s a park so should be open all the time. It was good to know all the
timings.
Interviewer: How was your overall experience?
It was good. In the beginning when we pressed start, we didn’t know what it was doing. We were waiting for something to
happen. Then we saw “touch an activity” and it was fine. May be also, the lights are not bright enough, may be because it
very sunny today. But overall its very nice, nice wooden thing.
P28
Interviewer: What made you to go to the system?
Interviewee: It looked kinda interesting from the distance because the way it’s made, the whole kinda material, because of
the wood it looked kind of friendlier than something which is plastic, which is boring. Yeah, and then I kinda started clicking
on different pieces so its kind of user friendly in that sense. Yeah and I guess, I never knew there was horse riding in the park
so that was interesting. It told me something new which was nice.
Interviewer: So this is the new thing that you learned from the system today?
Interviewee: I think so. The table (time slots) is kind of interesting. But I would say its not extremely useful, what would be
useful is the tap so you get more information on your device.
Interviewer: Did you try?
Interviewee: No. I was holding my daughter. But how do you do it?
Interviewer: So, if you just turn on your NFC and tap it, it should work.
Interviewee: So it’s an app?
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Interviewer: No no no, it’s a technology, Near Field Communication (NFC), you don’t need an app. You just tap your phone
and it’ll appear on your screen. I can show you after this conversation.
And other thing is did you find any physical discomfort while using it?
Interviewee: No, you made it yourself or a group of people.
Interviewer: Just me
Interviewee: Just you
Interviewer: It shouldn’t influence your answer.
Interviewee: Yeah yeah yeah. You know who push the button it doesn’t really push. Like when you click the mouse, it
creates that click sound, or kinda… just the feel that you’ve actually done. Because you’ve pushed it but you’re not really
sure whether you’ve actually made it. The the one thing which I would say was lacking, otherwise it was kinda all good.
Interviewer: Anything else you want to add in overall experience. Do you think something missing or you want to add
anything?
Interviewee: No. I think I like it. I love that there is no screen, very basic, somewhat traditional. Ahh, it has limited use but
that’s what nice about it… designed to do one thing that its supposed to do. Like in screen interface you have so many things
you get lost but you don’t get lost here, its very simple to use. Its good.
P35
Interviewer: What made you to walk to the device
Interviewee: Just curiosity, what was it about really. It was something new that I haven’t seen here before.
Interviewer: Like never seen before means in the park or going in the café.
Interviewee: Around the area. And obviously my daughter was curious because she likes to interact as well with the things
like that. She wanted to use it as well.
Interviewer: Alright interesting. Did you learn anything from the device.
Interviewee: yeah, I never knew that there was obviously few things that I never knew like horse riding. If somebody wants
to know anything about the park they can easily find out the information from there, what day its on.. all info is on there. So,
just by pressing the buttons, different lights come on and quite easy to work out that what’s going on
Interviewer: Did you use all the features.
Interviewee: I just used few bits and pieces. It was more my daughter. I think it’s a very good idea. It’s a very very very good
idea.
Interviewer: How did you describe your overall experience.
Interviewee: Very good. I learned something new today and i think these should be everywhere. If you got the selection for
what is going on the park, you press the button and see the lights come on and you see what days they are on and where its
happening. I think it’s very very good and enjoyable. It beats a “board”. Do you know what I mean? Like a piece of paper or
a poster. You interact and because you’re interacting it makes it very very interesting.
Interviewer: Its very insightful. Did you find any discomfort while using it.
Interviewee: No, not at all. I wish I had my phone with me because I could then connect with it. Because I was quite curious
to find out how it works.
Interviewer : I can show you if you want.
Oh wow! This is so so good. This is so so good. See, I never knew there was Horse Riding. And ‘I’ work in Stadium, and
obviously I have been around the park for 5 to 6 years. I work in construction and I have seen the whole park being built right
in front of my eyes. But this is the first time I’ve come with my daughter. I drive to the park everyday. Because when you
come to work, you just go home-to-work home-to-work and you never notice these things. I think it’s a really good idea.
P38
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I was passing by, the system looked pretty interesting, everything on wood and there were buttons. Humans like pressing
buttons!
I just pressed few buttons, I could see the timings and the places to go. But nothing more than that. The lights were pretty
cool. I didn’t use the green one, I guess it was for someone with hearing problems
It was comfortable to use. Very friendly
Interviewer: What made you to approach to this device?
P42 I think it was the aesthetics. We were talking about (with his partner) the laser cutting methods. We have both seen it
(laser cut materials) before. I was just interested in touching the etched up surface. But mainly electronics, the lights and all.
P43 I just think its quite clever, because I come to Olympic park a lot, so the people who don’t know where they are going to
be able to see where they want to go and what they want to do. You can tell straight away what’s happening.
Interviewer: Did you learn anything from the device?
P42 – You press buttons and you see things happening. You could see the times and places. That’s all I learned. Probably, if I
could have spent more time I might have learned more… they were anyways going to close café soon.
P43- Same thing
P42 – We just start pressing buttons.
How was your overall experience
P42 – when you start using it, because you know you focus on one thing right, the lights. So when use buttons , you don’t
know whether you push it or touch it. So, if you start pressing, the wood starts flexing a bit. But I think as a concept its great.
P43- I think its quite easy to use
P42 - May be some more, because when you got electronics, you can do more than lights, you can play with lot many things.
That’s technical aspect of it. I would like you to stick to the features of the device.
P42 – Well, its quite difficult to put everything in there. I think keeping it simple makes it really good. And I think you’ve
done it well.
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A10. Arduino Code

#include <mpr121.h>
#include <Adafruit_NeoPixel.h>
#include <Wire.h>

int irqpin = 2; // Digital 2
boolean touchStates[12]; //to keep track of the previous touch states
Adafruit_NeoPixel control_strip = Adafruit_NeoPixel(10, 3);
Adafruit_NeoPixel location_strip = Adafruit_NeoPixel(18, 4);
Adafruit_NeoPixel mon = Adafruit_NeoPixel(17, 5);
Adafruit_NeoPixel tue = Adafruit_NeoPixel(17, 6);
Adafruit_NeoPixel wed = Adafruit_NeoPixel(17, 7);
Adafruit_NeoPixel thu = Adafruit_NeoPixel(17, 8);
Adafruit_NeoPixel fri = Adafruit_NeoPixel(17, 9);
Adafruit_NeoPixel sat = Adafruit_NeoPixel(17, 10);
Adafruit_NeoPixel sun = Adafruit_NeoPixel(17, 11);

void setup(){
pinMode(irqpin, INPUT);
digitalWrite(irqpin, HIGH); //enable pullup resistor
Serial.begin(57600);
Wire.begin();
mpr121_setup();
control_strip.begin();
control_strip.show();
location_strip.begin();
location_strip.show();
location_strip.setBrightness(150);
mon.begin();
mon.show();
mon.setBrightness(128);
tue.begin();
tue.show();
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tue.setBrightness(128);
wed.begin();
wed.show();
wed.setBrightness(128);
thu.begin();
thu.show();
thu.setBrightness(128);
fri.begin();
fri.show();
fri.setBrightness(128);
sat.begin();
sat.show();
sat.setBrightness(128);
sun.begin();
sun.show();
sun.setBrightness(128);
}
void loop(){
uint32_t white = control_strip.Color(255, 255, 255);
if(!checkInterrupt()){
//read the touch state from the MPR121
Wire.requestFrom(0x5A,2);
byte LSB = Wire.read();
byte MSB = Wire.read();
uint16_t touched = ((MSB << 8) | LSB); //16bits that make up the touch states
for (uint8_t i=0; i < 12; i++){ // Check what electrodes were pressed
if(touched & (1<<i)){
if(touchStates[i] == 0){
//pin i was just touched
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}else if(touchStates[i] == 1){
//pin i is still being touched
}
touchStates[i] = 1;
}else{
if(touchStates[i] == 1){
switch (i) {
case 0:
clearstrip();
for(uint8_t i=0; i<10; i++) {
if(i<9){
control_strip.setPixelColor(0, 255,255,255);
control_strip.show();
}
else{
control_strip.setPixelColor(i, 0,0,0);
control_strip.show();
}
}
break;
case 1:
uint32_t color = control_strip.getPixelColor(1);
clearstrip();
activityWhite();
for(uint8_t i=0; i<10; i++) {
if (i== 1){
control_strip.setPixelColor(i, 0, 0, 255);
control_strip.show();
colorFillMon(0, 17, mon.Color(0, 0, 255));
colorFillTue(0, 17, tue.Color(0, 0, 255));
colorFillWed(0, 17, wed.Color(0, 0, 255));
colorFillThu(0, 17, thu.Color(0, 0, 255));
colorFillFri(0, 17, fri.Color(0, 0, 255));
colorFillSat(0, 17, sat.Color(0, 0, 255));
colorFillSun(0, 17, sun.Color(0, 0, 255));
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for(uint8_t i=0; i<18; i++) {
if (i== 1 || i== 2 || i== 6 || i== 7){
location_strip.setPixelColor(i, 0, 0, 153);
location_strip.show();
}
else{
location_strip.setPixelColor(i, 0, 0, 0);
location_strip.show();
}
}
}
else{
return false;
}
}
}
case 2:
clearstrip();
activityWhite();
for(uint8_t i=0; i<10; i++) {
if (i== 2){
control_strip.setPixelColor(i, 255, 128, 0);
control_strip.show();
colorFillMon(3, 16, mon.Color(255, 128, 0));
colorFillTue(3, 16, tue.Color(255, 128, 0));
colorFillWed(3, 16, wed.Color(255, 128, 0));
colorFillThu(3, 16, thu.Color(255, 128, 0));
colorFillFri(3, 16, fri.Color(200, 128, 0));
colorFillSat(2, 16, sat.Color(255, 128, 0));
colorFillSun(2, 15, sun.Color(255, 128, 0));
for(uint8_t i=0; i<18; i++) {
if (i== 2 || i== 12 || i== 13 || i== 6 || i== 7){
location_strip.setPixelColor(i, 255, 128, 0);
location_strip.show();
}
else{
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location_strip.setPixelColor(i, 0, 0, 0);
location_strip.show();
}
}
}
else{
control_strip.setPixelColor(i, 255,255,255);
control_strip.show();
}
}
break;
case 3:
clearstrip();
activityWhite();
for(uint8_t i=0; i<10; i++) {
if (i== 3){
control_strip.setPixelColor(i, 180, 0 , 255);
control_strip.show();
colorFillMon(2, 17, mon.Color(180, 0 , 255));
colorFillTue(2, 17, tue.Color(180, 0 , 255));
colorFillWed(2, 17, wed.Color(180, 0 , 255));
colorFillThu(2, 17, thu.Color(180, 0, 255));
colorFillFri(2, 17, fri.Color(140, 0, 255));
colorFillSat(2, 15, sat.Color(180, 0, 255));
colorFillSun(2, 15, sun.Color(180, 0, 255));
for(uint8_t i=0; i<18; i++) {
if (i== 7 || i== 10){
location_strip.setPixelColor(i, 180, 0 , 255);
location_strip.show();
}
else{
location_strip.setPixelColor(i, 0, 0, 0);
location_strip.show();
}
}
}
else{
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control_strip.setPixelColor(i, 255,255,255);
control_strip.show();
}
}
break;
case 4:
clearstrip();
activityWhite();
for(uint8_t i=0; i<10; i++) {
if (i== 4){
control_strip.setPixelColor(i, 255, 255, 0);
control_strip.show();
colorFillMon(1, 16, mon.Color(255, 255, 0));
colorFillTue(1, 16, tue.Color(255, 255, 0));
colorFillWed(1, 16, wed.Color(255, 255, 0));
colorFillThu(1, 16, thu.Color(255, 255, 0));
colorFillFri(1, 16, fri.Color(200, 255, 0));
colorFillSat(1, 16, sat.Color(255, 255, 0));
colorFillSun(1, 16, sun.Color(255, 255, 0));
for(uint8_t i=0; i<18; i++) {
if ( i== 5 || i== 6 || i== 7 || i== 16){
location_strip.setPixelColor(i, 255, 255, 0);
location_strip.show();
}
else{
location_strip.setPixelColor(i, 0, 0, 0);
location_strip.show();
}
}
}
else{
control_strip.setPixelColor(i, 255,255,255);
control_strip.show();
}
}
break;
case 5:
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clearstrip();
activityWhite();
for(uint8_t i=0; i<10; i++) {
if (i== 5){
control_strip.setPixelColor(i, 0, 255 , 128);
control_strip.show();
colorFillMon(0, 17, mon.Color(0, 255 , 128));
colorFillTue(0, 17, tue.Color(0, 255 , 128));
colorFillWed(0, 17, wed.Color(0, 255 , 128));
colorFillThu(0, 17, thu.Color(0, 255 , 128));
colorFillFri(0, 17, fri.Color(0, 255 , 110));
colorFillSat(0, 17, sat.Color(0, 255 , 128));
colorFillSun(0, 17, sun.Color(0, 255 , 128));
for(uint8_t i=0; i<18; i++) {
if (i== 0 || i== 1 || i== 2 || i== 3 || i== 4 || i== 6 || i== 7 || i== 14 || i==15 | i== 16 || i==17){
location_strip.setPixelColor(i, 0, 255 , 128);
location_strip.show();
}
else{
location_strip.setPixelColor(i, 0, 0, 0);
location_strip.show();
}
}
}
else{
control_strip.setPixelColor(i, 255,255,255);
control_strip.show();
}
}
break;
case 6:
clearstrip();
activityWhite();
for(uint8_t i=0; i<10; i++) {
if (i== 6){
control_strip.setPixelColor(i, 255 , 0 , 128);
control_strip.show();
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colorFillMon(6, 10, mon.Color(255 , 0, 128));
colorFillTue(6, 14, tue.Color(255 , 0, 128));
colorFillWed(6, 10, wed.Color(255 , 0, 128));
colorFillThu(6, 10, thu.Color(255 , 0, 128));
colorFillThu(15, 17, thu.Color(255 , 0, 128));
colorFillFri(6, 14, fri.Color(200 , 0, 128));
colorFillFri(15, 17, fri.Color(200 , 0, 128));
colorFillSat(4, 6, sat.Color(255 , 0, 128));
colorFillSat(7, 9, sat.Color(255 , 0, 128));
colorFillSat(15, 17, sat.Color(255 , 0, 128));
colorFillSun(4, 6, sun.Color(255 , 0, 128));
colorFillSun(7, 9, sun.Color(255 , 0, 128));
for(uint8_t i=0; i<18; i++) {
if (i== 7 || i== 9 ){
location_strip.setPixelColor(i, 255 , 0, 128);
location_strip.show();
}
else{
location_strip.setPixelColor(i, 0, 0, 0);
location_strip.show();
}
}
}
else{
control_strip.setPixelColor(i, 255,255,255);
control_strip.show();
}
}
break;
case 7:
clearstrip();
activityWhite();
for(uint8_t i=0; i<10; i++) {
if (i== 7){
control_strip.setPixelColor(i, 180, 0, 0);
control_strip.show();
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colorFillMon(1, 16, mon.Color(180, 20, 20));
colorFillTue(1, 16, tue.Color(180, 20, 20));
colorFillWed(1, 16, wed.Color(180, 20, 20));
colorFillThu(1, 16, thu.Color(180, 20, 20));
colorFillFri(1, 16, fri.Color(140, 20, 20));
colorFillSat(1, 16, sat.Color(180, 20, 20));
colorFillSun(1, 16, sun.Color(180, 20, 20));
for(uint8_t i=0; i<18; i++) {
if ( i== 6 || i== 7 || i== 10 || i== 11){
location_strip.setPixelColor(i, 180, 20, 20);
location_strip.show();
}
else{
location_strip.setPixelColor(i, 0, 0, 0);
location_strip.show();
}
}
}
else{
control_strip.setPixelColor(i, 255,255,255);
control_strip.show();
}
}
break;
case 8:
clearstrip();
activityWhite();
for(uint8_t i=0; i<10; i++) {
if (i== 8){
control_strip.setPixelColor(i, 0, 180, 0);
control_strip.show();
colorFillMon(1, 15, mon.Color(20, 180, 20));
colorFillTue(1, 15, tue.Color(20, 180, 20));
colorFillWed(1, 15, wed.Color(20, 180, 20));
colorFillThu(1, 15, thu.Color(20, 180, 20));
colorFillFri(1, 15, fri.Color(20, 180, 20));
colorFillSat(2, 13, sat.Color(20, 180, 20));
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colorFillSun(2, 13, sun.Color(20, 180, 20));
for(uint8_t i=0; i<18; i++) {
if ( i== 7 || i== 8){
location_strip.setPixelColor(i, 20, 180, 20);
location_strip.show();
}
else{
location_strip.setPixelColor(i, 0, 0, 0);
location_strip.show();
}
}
}
else{
control_strip.setPixelColor(i, 255,255,255);
control_strip.show();
}
}
break;
}
//pin i is no longer being touched
}
touchStates[i] = 0;
}
}
}
}
// Fill the dots one after the other with a color
void activityWhite() {
for(uint8_t i=0; i<9; i++) {
control_strip.setPixelColor(i, 255,255,255);
control_strip.show();
}
}
void colorFillMon(uint8_t j, uint8_t k, uint32_t color) {
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for(uint8_t i=j; i<k; i++) {
mon.setPixelColor(i, color);
mon.show();
delay(20);
}
}
void colorFillTue(uint8_t j, uint8_t k, uint32_t color) {
for(uint8_t i=j; i<k; i++) {
tue.setPixelColor(i, color);
tue.show();
delay(20);
}
}
void colorFillWed(uint8_t j, uint8_t k, uint32_t color) {
for(uint8_t i=j; i<k; i++) {
wed.setPixelColor(i, color);
wed.show();
delay(20);
}
}
void colorFillThu(uint8_t j, uint8_t k, uint32_t color) {
for(uint8_t i=j; i<k; i++) {
thu.setPixelColor(i, color);
thu.show();
delay(20);
}
}
void colorFillFri(uint8_t j, uint8_t k, uint32_t color) {
for(uint8_t i=j; i<k; i++) {
fri.setPixelColor(i, color);
fri.show();
delay(20);
}
}
void colorFillSat(uint8_t j, uint8_t k, uint32_t color) {
for(uint8_t i=j; i<k; i++) {
sat.setPixelColor(i, color);
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sat.show();
delay(20);
}
}
void colorFillSun(uint8_t j, uint8_t k, uint32_t color) {
for(uint8_t i=j; i<k; i++) {
sun.setPixelColor(i, color);
sun.show();
delay(20);
}
}
void clearstrip() {
for(uint8_t i=0; i<18; i++){
location_strip.setPixelColor(i, 0,0,0);
location_strip.show();
mon.setPixelColor(i, 0,0,0);
mon.show();
tue.setPixelColor(i, 0,0,0);
tue.show();
wed.setPixelColor(i, 0,0,0);
wed.show();
thu.setPixelColor(i, 0,0,0);
thu.show();
fri.setPixelColor(i, 0,0,0);
fri.show();
sat.setPixelColor(i, 0,0,0);
sat.show();
sun.setPixelColor(i, 0,0,0);
sun.show();
}
}
void mpr121_setup(void){
set_register(0x5A, ELE_CFG, 0x00);
// Section A - Controls filtering when data is > baseline.
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set_register(0x5A, MHD_R, 0x01);
set_register(0x5A, NHD_R, 0x01);
set_register(0x5A, NCL_R, 0x00);
set_register(0x5A, FDL_R, 0x00);
// Section B - Controls filtering when data is < baseline.
set_register(0x5A, MHD_F, 0x01);
set_register(0x5A, NHD_F, 0x01);
set_register(0x5A, NCL_F, 0xFF);
set_register(0x5A, FDL_F, 0x02);
// Section C - Sets touch and release thresholds for each electrode
set_register(0x5A, ELE0_T, TOU_THRESH);
set_register(0x5A, ELE0_R, REL_THRESH);
set_register(0x5A, ELE1_T, TOU_THRESH);
set_register(0x5A, ELE1_R, REL_THRESH);
set_register(0x5A, ELE2_T, TOU_THRESH);
set_register(0x5A, ELE2_R, REL_THRESH);
set_register(0x5A, ELE3_T, TOU_THRESH);
set_register(0x5A, ELE3_R, REL_THRESH);
set_register(0x5A, ELE4_T, TOU_THRESH);
set_register(0x5A, ELE4_R, REL_THRESH);
set_register(0x5A, ELE5_T, TOU_THRESH);
set_register(0x5A, ELE5_R, REL_THRESH);
set_register(0x5A, ELE6_T, TOU_THRESH);
set_register(0x5A, ELE6_R, REL_THRESH);
set_register(0x5A, ELE7_T, TOU_THRESH);
set_register(0x5A, ELE7_R, REL_THRESH);
set_register(0x5A, ELE8_T, TOU_THRESH);
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set_register(0x5A, ELE8_R, REL_THRESH);
set_register(0x5A, ELE9_T, TOU_THRESH);
set_register(0x5A, ELE9_R, REL_THRESH);
set_register(0x5A, ELE10_T, TOU_THRESH);
set_register(0x5A, ELE10_R, REL_THRESH);
set_register(0x5A, ELE11_T, TOU_THRESH);
set_register(0x5A, ELE11_R, REL_THRESH);
set_register(0x5A, FIL_CFG, 0x04);
set_register(0x5A, ELE_CFG, 0x0C); // Enables all 12 Electrodes

set_register(0x5A, ELE_CFG, 0x0C);
}

boolean checkInterrupt(void){
return digitalRead(irqpin);
}

void set_register(int address, unsigned char r, unsigned char v){
Wire.beginTransmission(address);
Wire.write(r);
Wire.write(v);
Wire.endTransmission();
}
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