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Figure 1. The process of the crowdsourcing study. The figure gives an insight of the participants, design strategies,
process and results.
ABSTRACT

consequence, these vertical displays are not able to be
effectively or efficiently used to provide information and
guidance. In this situation, how to effectively attract and
direct people’s attention and guide people to the exhibits?
A current promising solution is to engage people by using
horizontal interactive floors as the secondary, peripheral
displays to direct people’s attention to the primary exhibits.
In this paper, we explored the possibilities of taking
advantage of illuminated floors to grasp people’s attention
and guide people to the main exhibits. To achieve this goal,
nine different types of dynamic floor visualisations have
been studied. These peripheral dynamic floor visualisations
were evaluated by a crowdsourcing study. This research
crowdsourced 80 participants’ feedback. The main interest
of the research is to understand how people interpret and
understand different visual patterns and how these patterns
can be exploited to induce behavioural change in proxemic
interactions. The results divided the nine dynamic visual
patterns into mainly three categories, 1) the comprehensible
patterns which could be used to provide intelligible
guidance, 2) the attention-grabbing patterns which could be
used to direct people’s attention and 3) the motivating
patterns which could be used to encourage further

Vertical public displays have been widely used for
interactions in various situations, such as museums, trade
shows, shopping centres, etc. In these situations, public
displays are frequently utilised to introduce highly valued
exhibits and provide guidance. For instance, public displays
in the museums can provide information about major
collections to the visitors or guide people to pay attention to
a highly valued masterpiece. However, visitors and
customers tend to pay less attention and even overlook the
displays around them due to display blindness. As a
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engagement. By conducting the crowdsourcing study, this
project extends the visual language of interactive floors.
The outcomes could be effectively applied in exhibition
environments.

motivating. The data analysis shows that 1) the most
comprehensible visual patterns are the dynamic single
arrows and question marks; 2) the most attention-grabbing
patterns are the game character, the frames, the question
marks and the illuminated road; and 3) the most motivating
markings are same to the attention-grabbing patterns plus
the twinkling lights. The results also show that 1) the game
character was identified as the most effective strategy to
direct people’s attention and motivate people to interact
with the display directly. 2) The arrows, which were
identified as the most comprehensible pattern among all the
visual markings, were actually the least motivating pattern.
3) Combining the above results, the relationship between
motivation and interactivity was revealed.
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The contributions of this research are 1) identifying the
patterns which can be used to effectively attract people’s
attention, direct people’s movements and guide further
behaviours and interactions with floor displays, and 2)
extending the visual vocabulary of in situ floor visualisation
strategies by evaluating these visual patterns. Furthermore,
3) identifying the strategies which could be used in
museums, shopping centres and trade shows to highlight
primary exhibits. The examples of real-world applications
can be seen in the discussion.

A video has been made to illustrate the prototypes and the
findings. The link is https://www.youtube.com/watch?
v=DnBmtC_JSz0&feature=youtu.be
1. INTRODUCTION

Vertical public displays have been widely used for
interactions in various situations, such as museums, trade
shows, shopping centres, etc. In these situations, visitors,
customers and attendees can interact with the public
displays to obtain essential information and guidance [3],
such as the introduction and the location of highly valued
exhibits.

2. RELATED WORK

This section gives an insight of several relevant areas which
influenced the research and study design. First, the section
discusses the wide use of interactive floors as the primary
and secondary displays. Second, it explains how people
interact with public displays. Then the section gives an
overview of how the visual strategies in this study were
grounded and why the crowdsourcing method was used.
Lastly, it provides a closer look at the design of the
crowdsourcing study.

However, it is difficult to capture people’s attention because
people might not notice these displays [21]. People tend to
pass by instead of paying attention. As a consequence, the
vertical displays in the public settings cannot be effectively
or efficiently used to provide information or guidance. A
current promising solution to this problem is to engage
people by using interactive floors. The horizontal floor
displays can be used as a secondary display to guide people
to the primary exhibits.

2.1 Interactive Floors

Interactive floors have been used as primary interactive
interfaces in different contexts. In regard to educational
contexts, Grønbæk et al.[18] introduced the technique of
using interactive floors in children learning environments.
The kinaesthetic interaction encourages children to learn
and explore. Moreover, interactive floors are also novel
platforms for games and entertainment. With the limb-based
interaction technique, iGameFloor [17] supports multiplayers to play social games, thereby encouraging social
interactions. iFloor [37] is an example of how interactive
floors can be used in the library. Visitors can browse
information, ask questions and provide answers using the
shared cursor on the interactive floor. The design is playful
as well as educational. Immersive Cinema [28] is an
example of using floor-based multimedia to support
interactions in museums with minimal disturbance of the
artworks. Figure 2 shows the 6 groups of sensors under the
display surface. The system would work and reveal
information when three people are detected at the same
time. The above projects are the examples of using
interactive floors as primary interactive interfaces. In these
situations, the primary purpose is to interact with the floor

To explore the effective strategies of guiding people’s
attention to the primary exhibits and motivating them for
engagement, nine dynamic floor patterns, which are frames,
alternative ways, the game character, lines, single arrows,
double arrows, twinkling lights, illuminated road and
question marks, were grounded from previous literatures
and current commercial products as the potential strategies.
In this paper, the interactive floors are used as the
secondary, peripheral display to guide people’s attention to
the primary exhibits. Figure 1 summarises the process of
the crowdsourcing study. 80 participants from European
countries, Asian countries and American continent were
recruited to interpret and evaluate these patterns on the
crowdsourcing platform Prolific. They firstly explained
their understanding of the visual patterns, and then talked
about their follow-up behaviours caused by the visual
markings. Finally, they evaluated the visual markings from
mainly three perspectives, comprehension, attraction and
motivation.
The research studies nine patterns separately and reveals
which patterns are comprehensible, attention-grabbing and
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display itself. While in this paper, the main interest is to
take advantage of interactive floors as the assistive displays.

!
Figure 3. the Audience Funnel [33]
!

Michelis and Müller [33] built a model, the Audience
Funnel (see Figure 3), which addresses different phases of
the interaction between people and public displays. In the
paper, they mentioned that passers-by need to pass the
thresholds between different stages. For instance, when
passers-by start to look at the display, they pass the first
threshold. The second threshold can be passed when people
have a subtle interaction with the public display. Then the
next threshold would be passed if people are motivated to
interact with the display directly. The last threshold is the
motivation of interacting with the display for multiple
times.

Figure 2. The whole picture is revealed when six sensors
are activated at the same time [28] .
In this paper, the interactive floors serve as the assistive
displays which guide people to the primary exhibits. The
exhibits could be another display, a commodity, a piece of
art, etc. A project called Follow-the-Lights [38] was
designed to encourage people to use stairs instead of using
elevators. The project was aimed to use LEDs in a pleasant
and artistic way. The LEDs were connected to the carpet
tiles. When people approach, the LEDs would twinkle in
front of people and form a path to guide people to use
stairs. These bright lights can attract people’s attention and
encourage people to follow the LEDs.

Streitz et al.[40] identified the space as three different
zones, which is the ambient zone, the notification zone and
the interactive zone. In the ambient zone, the information
shown on the display is the background contexts to the
passers-by. In this zone, people are not required to be
present. In the notification zone, people start to approach
the display, where people show their interests in the display.
They might observe or talk about the interactive display.
Finally, the place where people interact with the display
directly is identified as the interactive zone.

Vermeulen et al. [43] explored the design of dynamic visual
markings on interactive floors for guiding people’s further
interactions. The interactive floor in their research serves as
a secondary display to aid users in communicating with the
primary installation. They studied different functions of
several visual elements, such as halos, lines and trails.
These elements can be used to provide visual information,
guide opt-in & opt-out, encourage spatial movements and
follow-up interactions.

Compared to Streitz et al. [40]’s framework, a more explicit
framework was brought up by Brignull and Rogers [11].
Their model of public interaction flow shows the thresholds
between different phases. In the first phase, passers-by who
engage in unrelated activities would have a peripheral
awareness of the display. In the next phase, people would
raise the focal awareness. In this phase, they would engage
in the activities related to the display. For instance, they
might watch the display being used. The last phase is the
direct interaction between the participants and the display.
Two thresholds are identified during this process. 1) Focal
awareness threshold. At this point, people start to notice or
pay attention to the installation. They become bystanders
from passers-by. 2)Participation threshold. People would
move forward and interact with the installation actively
after overcoming participation threshold. They start to be
the active users rather than bystanders. This model is most
relevant to this paper as it mainly focuses on two main
thresholds. The paper would explore how to use interactive
floors to overcome these thresholds.

A commercial example [47] of using the interactive floor to
guide movements is Nokia Interactive Navigation. The
floor was made to meet the requirement of creating the
navigation without having a physical object inside the
museum. The design used the floor display as a virtual
signpost which can effectively attract people’s attention and
save space.
Previous studies show the examples of using the interactive
floors as the primary or secondary displays. This paper
extends previous research by exploring the usage of
interactive floors as the secondary displays.
2.2 Interacting with Public Displays

Large public displays have been used to provide
information and support activities. Previous research
explored people’s behavioural changes around public
displays.

2.3 Identifying Visual Strategies

As mentioned above, the study focuses on how to attract
people’s attention, direct the attention and encourage further
interactions and behavioural changes. Various strategies
were identified from related studies and current commercial
products, including the frame, the alternative ways, the
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concept of gamification, the lines, the arrows, the twinkling
lights, the illuminated road and the question marks.

the most commonly used symbols to guide action in
everyday life.

Frame. Beyer et al. [6] investigated how public displays
can actively influence the audience. They found that a
visual rectangular frame can be effective to regulate
people’s positions. They used some animations to
encourage people to interact with the public display. At the
same time, some frames were shown on the display. Users
in their study tend to interpret the visual stimulus instantly
and instinctively. They positioned themselves following the
frame instead of choosing a position actively. In this way,
the frames motivate people to move towards to the expected
positions.

Twinkling lights. The previous study proved that the
sudden appearance of new objects and the luminance
contrast of items which stand out from the surroundings can
influence priority in visual search and capture attention[12].
Luminance changes indicate the potential need for further
attention. An example can be seen in Rogers et al. [38]’s
experiments. The twinkly lights on the floors trigger the
behavioural changes. Participants in their research tend to
follow the attention-grabbing lights which successfully
distracted people from their intended activities.
Illuminated road. Boys and Green [8] proposed a concept
of illuminated road-studs in 1996. The flexibility of the
design allows a variety of highway control options. These
highly controllable lights could be switched on and off at
will. The intelligent road-studs can be effectively used to
guide the traffic. Figure 4 shows the usage of the
illuminated road at night. The lights increase the safety by
revealing the road at night.

Alternative ways. If people have the chance to select
between alternatives, their motivation for a behaviour
would increase according to the previous study [34]. The
motivation could be caused by the increase of the sensation
of autonomy [25]. Offering interaction alternatives is
identified as a strong motivating factor which encourages
follow-up interactions [34].
Vermeulen et al. [43] studied how the dynamic floor
visualisations could be used to reveal and mediate
proxemics interactions. They argued that the footsteps
visualisation which begins in front of the users can suggest
next action possibilities. They mentioned this method can
be used to encourage spatial movements. On the basis of
this hypothesis, the visualisation of alternative directions
was designed to test whether footstep markings and choices
can motivate people for interactions.
!

Figure 4. Illuminated road-studs shining at night (the
National Transport Award 2016 [48])

Gamification and Reflection. “Gamification’s guiding
idea is to use elements of game design in non-game
contexts, products, and services to motivate desired
behaviours [13].” One advantage of gamification is that it
leverages both motivations and engagement, which can be
used to amplify the intrinsic motivation. Another advantage
of using the method of gamification is the effect of
reflection. Previous research argued that when a new form
of interaction is linked to a familiar object or element, it
would be easier for people to carry over already established
behaviours [2].

Question marks. Question marks are generally related to
uncertainty. According to Müller et al.’s [34] research, the
unclear, undefined and incomplete stimuli can evoke
people’s curiosity. It is natural for people to look for
possible explanations in their surroundings when they feel
uncertain. As a consequence, they would be motivated to
utilise the exploration skills to avoid the feeling of
uncertainty and insecurity. When designing for interactive
floor markings, SILA [47] use question marks shown on the
interactive floor to attract people’s attention and motivate
them to conduct further interactions with the question
marks. Figure 5 is a photo of the question marks being
shown on the interaction floor. These question marks would
reveal more information and feedback during the
interactions.

Lines. Yarbus [41]’s experiments of eye movements
demonstrated that people tend to trace the lines smoothly
without saccades. A similar strategy is widely used in the
area of photography, where photographers use lines to
direct people’s attention to the main subject of the photos
[29]. It is natural for human beings to trace what is
connected to the lines. An example could be seen in Nike
window display, where designers connected lines with the
commodities to direct people’s attention from the moving
lines to the main exhibits [23] .

Inspired by previous research and projects, this paper
studies the effect of these visual strategies used on the
interactive floors. This project extends previous research by
extending the visual vocabulary of floor visualisations.

Arrows. Hommel et al. [20] ’s research shows that
arrowlike stimuli can be more effective to direct people’s
attention to specific peripheral locations compared to words
, such as “left” and “right”. This strategy has been widely
used in various situations, such as museums, public
transportations, libraries. The uninformative arrow is one of
!4

crowdsourcing the best-designed t-shirts through an online
competition. Members of the company can rate the designs.
The t-shirts with the highest marks would be produced and
sold on the website. The last approach, distributed human
intelligence tasking approach, tasks crowd with the analysis
of a large dataset, where human intelligence is more
efficient compared to computer analysis.

Figure 5. Question marks on interactive floor (Designed
by SILA [47])

The crowdsourcing study in this paper falls into the third
category, the Peer-Vetted Creative Production Approach.
Participants were supposed to interpret the visual markings
on the interactive floor. The most popular explanations
would be identified during this stage. Then several fivepoint Likert scale questions would be used to examine the
design in different aspects.

2.4 Crowdsourcing Studies

2.5 Designing A Crowdsourcing Questionnaire

Crowdsourcing is a relatively new concept. Researchers
defined crowdsourcing in different ways. Heer and Bostock
[19] defined crowdsourcing as a new platform in which
people complete small tasks online for micro-payments.
Kleeman et al. [27] described it as an open call for
contributions from the public to solve a problem or finish
tasks which require mental work. Crowdsourcing platforms
are promising tools to conduct different kinds of user study
tasks, such as evaluating rapid prototypes and measuring
the usability and user performance in a quantitative way.

Although crowdsourcing platforms are promising tools,
many studies argue that special care is required to harness
the capabilities of the crowdsourcing research. Two
problems were identified by Kittur, Chi and Suh [26]. The
first problem is that some opportunistic participants provide
nonsense answers to save time and thereby increasing their
rate of rewards. Especially for the questions without
“correct” answers, it is difficult to identify the irresponsible
answer [26] . The second problem is that the lack of
demographic information and unknown expertise, which
leads to the doubts about the data collected [26]. Therefore,
to increase the reliability of crowdsourced answers, various
design implications have been proposed by previous
studies.

!

There are advantages and disadvantages of using the
crowdsourcing method. A distinct advantage is the easy
recruitment on the crowdsourcing platforms. Hundreds of
target users can be recruited for low costs within a few days
or even minutes [26], which can fill the information gap
instantly. On the other hand, the challenge of conducting
crowdsourcing studies is to develop trusted sources. The
crowdsourcing research is operated under the assumption
that most people are telling the truth [16]. While the fact is
that it is common to receive malicious responses in this
kind of large-scale research.

One extremely significant strategy is to have explicitly
verifiable questions in the task. Kittur, Chi and Suh [26]
argued that one of the most useful and effective questions is
to ask participants to write down some keywords for the
content. In this way, the keywords could be the criteria of
reliable answers. Moreover, generating keywords forces
participants to process the content. It would be easier for
the researchers to identify malicious responses.

Brabham [10] identified four dominant crowdsourcing
types, the knowledge discovery and management approach,
the broadcast search approach, the peer-vetted creative
production approach, and distributed human intelligence
tasking. The first one is knowledge discovery and
management. In the tasks of knowledge discovery and
management, participants are supposed to find and collect
information and report problems. This type of
crowdsourcing is generally used to create collective
resources. A related project is Peer-to-Patent [36] run by
U.S. Patent and Trademark Office. It encourages citizens to
search art reference during the patent examination. The
second type is broadcast search approach. This type is
associated with solving empirical problems where a
provable, empirically correct answer exists, however, the
answer is not known by the researchers. Broadcasting the
problem can draw in potential answers or solutions. The
third type is Peer-Vetted Creative Production Approach. It is
a search for the dominant ideas among a huge number of
potential answers. It is the system where a “good” answer is
also the popular answer. An example of this approach is
Threadless [9].This online t-shirt company has been

It is also helpful to have alternative ways to find suspicious
responses [26]. For subjective answers and submissions,
there are also certain patterns to identify the malicious
responses. For instance, an obvious short task completion
time and repeated answers to multiple questions can be an
indication of suspicious responses.
Ipeirotis et al.[24]. emphasised the techniques which
evaluate the quality of online workers. The technique
allows people to reject or block low-performing
participants. Gadiraju et al. [15] also mentioned the same
technique, the pre-screening method, which allows
researchers to filter the ineligible workers and restrict their
participation.
Another suggestion is that when designing a question,
researchers should ensure that the question is not
ambiguous. It is important that the understanding of the
question should be highly consistent among all the
participants. Researchers should avoid the use of
professional terms without explanation. The questions
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should be as precise as possible and should use clear words
which can be easily understood by all online workers [1].

The previous research strongly supports the usage of video
prototypes in the crowdsourcing study. This paper used the
video prototypes to understand how people interpret
different visual patterns.

Except the above techniques to increase the reliability of
submissions, a previous research identified another
effective strategy to ensure the quality of crowdsourced
data, which is to reduce worker frustration [31]. Compared
to other methods, this technique is relatively difficult to be
applied.

3. METHODOLOGY: CROWDSOURCING STUDY

This section describes how the crowdsourcing study was
designed and refined to further understand different visual
patterns. It gives details of how the study used the
methodologies and guidelines which were introduced in the
related work.

Psychometric approaches could also be used when
designing for a crowdsourcing questionnaire. A useful
method is to restrict malicious activities by rephrasing the
same question and cross-checking whether the participant
gives the same answers to the questions [15].

3.1 Participants

In this research, the participants were recruited from a
British crowdsourcing platform Prolific. Following the
strategy of Gadiraju et al.[15], only participants with an
approval rate (the percentage of studies for which the
participant has been approved) of higher than 95% are
eligible to participate the crowdsourcing study, which
potentially minimised the effect of malicious answers. The
final dataset contains the data from 80 participants (40
females, 40 males) with ages ranging from 18 to 58
(M=29.3, SD=8.15). The participants were from three
geographical areas, European countries (n=40), Asian
countries (n=20), and American continent (n= 20) with
varied occupations such as teachers, students, assistants,
managers, developers, etc. The majority of the participants
(n=74) indicated that they were familiar with digital
technology.

Various strategies and methods in previous research were
mentioned above. These strategies could be effectively used
to ensure the quality of the crowdsourcing study. Following
the guidelines and strategies above, the crowdsourcing
questionnaire could minimise the effect of malicious
answers.
2.6 Video Prototypes

Making prototypes is one of the most effective ways to
evaluate designs. Low-cost representations enable designers
to communicate ideas with the target group at an early
development stage. Methods such as paper prototyping
[7,35],Wizard of Oz [22,32], storyboards [4,5] and video
prototyping [42,44] have been widely used to contribute to
the design.

3.2 Study Design

A crowdsourcing questionnaire has been designed to
research how people understand different visual patterns. To
begin with, the questionnaire consists of demographics
questions about gender, age, occupation, nationality and
then asks about how familiar the participants are with
technology. The questions are used to obtain an insight of
the backgrounds of the participants. Nine video clips of the
visual patterns are shown in the survey. On each page of the
questionnaire, the participants were asked to watch the
video twice before answering the questions. Then by
clicking the button “next”, the participants can see another
video on the next page. The same set of questions was
given for each video, including multiple-choice, Likerttype, open-ended questions, which were designed to
understand how people interpret the visual markings and
how people understand them.

Videos are powerful tools which can be used for idea
generation, design exploration and system evaluation [30].
The highly refined video prototypes enable both designers
and users to visualise interface ideas. Video prototypes can
simulate the mechanics of the real physical systems.
Designers can produce a number of design alternatives in
the same length of time which would take to implement one
design [44]. Moreover, programming is not required when
using this method.
Woods, et al. [45]compared live interactive prototypes with
video prototypes in Human Robot Interaction scenarios.
Their study confirms that results from video-based research
have a high degree of agreement with the results obtained
from in-person studies in a real-world setting.
An experiment of using video prototypes in crowdsourcing
study was conducted by Sirkin and Ju [39] . They provided
several reasons why using video prototypes in
crowdsourcing studies can be an effective strategy. Firstly,
designers can find the most important factors before
actually building a working and fully functional system.
Secondly, videos prototypes can control the study better
compared to in-person trials, because the consistent
stimulus and same interactions are shown to all the
participants. Lastly, researchers are more likely to recruit
local participants for in-person trails. While a much more
diverse audience is available using the method of video
prototypes.

Two open-ended questions were the key questions which
directly ask about their interpretation and possible
consequential behaviours:
• How do you understand the visual marking?
• If you were the person in the video, what would you do?
and why?
As Chi and Suh [26] argued, one advantage of open-ended
questions is that these questions force participants to
process the content. It is almost impossible for participants
to provide a reasonable answer without watching the video.
Some malicious responses could be instantly detected by
this question.
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Besides these open-ended questions, participants were also
supposed to answer three sets of follow-up questions. One
of the sets asks how comprehensible the visual markings
are. The related statements are “The visual marking grabs
my attention.” and “The visual marking stands out from the
surroundings.” The method of rephrasing the same question
in different ways is used to restrict malicious responses
[15]. These two questions use a five-point Likert scale,
which allows participants to indicate that to what extent
they agree with the statements, ranging from strongly
disagree (1) to strongly agree (5). The second set of
questions was designed to evaluate how motivating the
patterns are. The related three questions are “how likely
would you notice the visual marking?”, “how likely would
you stop and observe the visual marking?” and “how likely
would you try to interact with the visual marking on the
interactive floor?”. Participants were asked to specify how
motivating they felt, using a five-point Likert scale ranging
from never (1) to definitely (5). The third set of the
questions asks how comprehensible the visual markings are
and how fast the participants can understand the markings.
The only multiple-choice question in the questionnaire is
“Which object(s) in the video is(are) most likely to have a
connection to the visual marking (s)?”. Participants were
given the options of all the objects shown in the video. The
questionnaire is shown in Figure 6.

visual design. The hypothesis would be given at the end of
each pattern.
Pattern 1: Frame. Following the research of [6]，the
design of frame was transformed from vertical public
display to horizontal interactive floor in this study. A
twinkling rectangular frame is shown next to the main
exhibit (a statue) in the video. The design hypothesis is that
the marking can give the clue to where to stand. Following
the study of the Puppeteer Display [6], we assumed that
people would regulate their positions by moving forward
and standing in the frame. In this way, the visual marking
would encourage people to view the main exhibit. Figure 7
shows the screenshots of the video prototype.

!
Figure 7. The twinkling frame displayed on the
interactive floor
Pattern 2: Alternative choices. As [43] suggested, the
footstep visualisations which begin in front of the users can
suggest next action possibilities. Inspired by their work, two
possible ways are shown in front of the user in the video.
As [34] argued, providing choices is a strong motivating
factor for users to take actions. The visual markings in the
video represent two directions a person can go from that
point onwards. The hypothesis is that people would be
motivated by the alternative ways to step forward and use
the two self-service machines. Figure 8 shows the
screenshots of the video prototype.

!
Figure 8. The alternative ways on the interactive floor
Pattern 3: The game character. Another pattern of
dynamic floor markings was inspired by the idea of
gamification. A virtual character Pacman was selected to
be displayed on the interactive floor due to the popularity
among the public. The character would move forwards in
front of people and lead towards to the target location (the
flower bed in the video). As discussed above, when new
forms of interaction are linked to familiar traditions, it is
easier for people to continue to apply the already
established behaviours [34]. It is likely that people would
connect the game Pacman with “movement” and

!
Figure 6. The screenshot of one of the questionnaire
pages
3.3 Pattern Design

Nine patterns of visual markings on interactive floors were
grounded from previous studies and commercial projects
mentioned in section 2.3. This section would describe each
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“interactivity”. The hypothesis is that the character would
guide people’s movements in space. Figure 9 shows how
the game character automatically moves in front of passersby.

people to approach the statue. Figure 12 shows the
twinkling lights next to the statue.

!
!
Figure 9. The game character moves in front of people

Figure 12. Twinkling lights on the interactive floor

Pattern 4: Lines. Following the research of [46] and [29],
red lines are designed to guide people’s attention. Several
red posters are connected with the lines in the video. The
assumption is that after noticing the lines on the floor,
passers-by would trace the line and draw attention to the
posters on the window, which might encourage people to
follow the markings and take a look at the posters. Figure
10 shows the video prototype of the red lines.

Pattern 8: Illuminated road. Inspired by [8], the design of
illuminated road was made to guide movements. There are
a number of visual markings on the floors, then the
markings reveal a road when people approach by turning
off some of the lights. The markings open a path for the
user. The hypothesis is that people would follow the road to
use the recommended device. Figure 13 shows that the road
is guiding the user to the second device from the left.

!
Figure 13. Illuminated road on the interactive floor
!

Pattern 9: Question marks. A pattern which consists of a
group of question marks was designed inspired by [47].
Several question markings are displayed on the interactive
floors close to the main exhibit (the statue) in the video.
The markings are twinkling when people approach. The
assumption is that these question marks could evoke
people’s curiosity. The curiosity would trigger follow-up
interactions such as observing the statue or interacting with
the visual markings. Figure 14 shows that the question
marks are shining on the interactive floor.

!

Figure 10. The moving lines which are connected with
several red posters
Pattern 5 & 6: Single arrows and two-way arrows.
Following the research of [20], two different types of
arrowlike stimuli were designed. In the two videos, the
single arrow markings are pointing to a shop, and the
double arrow markings are pointing to a specific computer.
The assumption is that the arrows can guide people’s
attention to a specific object. Figure 11 shows the
screenshots of the video prototypes of the arrows.

!

!
!

Figure 14. Question marks on the interactive floor

Figure 11. The designs of two types of arrows

As mentioned before, online workers would feel tired and
frustrated after doing repetitive micro-tasks. One strategy of
minimising the negative effect is to decrease participants’
frustration and boredom thereby increasing the quality of
responses [31]. When making the video prototypes of these
visual patterns, various scenarios were selected. Comparing
to using the single scenario to show all the patterns,
different scenarios might decrease participants’ boredom.

Pattern 7: Twinkling lights. Following the research of
[38], the video prototype of twinkling lights was used to
evaluate the effectiveness of this pattern. The twinkling
lights in the video are shown on the interactive floor next to
the main exhibit (a statue). The hypothesis is that the lights
can significantly draw people’s attention and possibly invite
!8

3.4 Refinements of Study Design through Pilot Study

mentioned that “it is nearly impossible to understand it
instantly.”

Before running the large-scale crowdsourcing study, 6 pilot
studies were conducted to review the crowdsourcing
questionnaire. 5 participants were invited for the pilot
interviews. A small-scale crowdsourcing study was then
conducted after the 5 pilot studies, the responses from 29
online workers were analysed to improve the questionnaire
and the design. As [1] suggested, the questions were
improved to be precise and clear, which allows online
workers to understand quickly and effortless.

Pattern 14 was removed after pilot studies. When making
the video prototypes, the most significant principle is that
the person in the video would not react to the visual
patterns. The video itself would not give any clue or hint for
the crowdsourcing participants in order to avoid bias. While
reviewing the videos, the person in the video of border
pattern (14) was found to react to the border by stopping at
the line. As a consequence, the video was also removed
from the list.

3.4.1 Rephrasing the Key Questions

Nearly all the questions in the questionnaire were rephrased
several times before being published on the crowdsourcing
platform. The first question is “How do you interpret the
visual cues on the floor?”, which is the most crucial
question in the study. In the first pilot study, the participant
(A non-native speaker) found it difficult to understand the
word “interpret”. Then the question was modified to “What
do you think is the purpose of these markings?”. The new
version was still not clear enough to the participant (a
native speaker) in the second pilot. After the pilot study
with the third participant, the question was then changed to
“How do you understand the visual markings?” with an
annotation to explain what the visual marking is. For
instance, “The visual markings in this video is the green
frame”.
The secondary important question was “How would you
describe the dynamic markings?”. The ideal answers would
be “the flashing markings are attracting my attention” or “it
is inviting me to stand into it”. However, the answers to this
question in the pilot studies generally described the
appearance of the visual markings, such as “it’s flashing”,
and “it is green”. Therefore, this question was revised to “If
you were the person in the video, what would you do and
why?”. The final dataset confirmed that the participants can
understand the question effortless in the proper way.

!
Figure 15. Other patterns which are not included in the
final version of the questionnaire.
Before conducting the large-scale crowdsourcing study, the
crowdsourcing questionnaire was sent to a small sample of
participants. The results showed that the shadow (11) , the
trails (16) and the real-time halos (13) were identified as
confusing and unnoticeable markings by most participants.
Comments such as “I would not notice it (trails) as it is
behind me”, “It is a footstep counter (real-time halo) but
what’s the point” and “just shadow (shadow)” were
common in the responses. On the average, around 65% of
participants cannot understand the three patterns. Therefore,
these visual patterns were then excluded from the largescale crowdsourcing study.

3.4.2 Newly Added Questions

The design of the visual patterns would be evaluated using
Brignull and Roger’s [11] framework for analysing public
interaction. The three phases in the framework are 1)
peripheral awareness of display, 2) focal awareness and 3)
direct interaction. To fit into the framework and
demonstrate the effect of the visual markings in different
phases, three more questions were added. These questions
ask participants how likely they would 1) notice, 2) stop
and observe and 3) directly interact with the visual
markings. Therefore, the question “To what degree do you
think the markings are motivating” was deleted since this
question was covered by the above three questions.

3.4.4 Minimising the Effect of Malicious Data

3.4.3 Refinements of the Patterns

Following the strategies mentioned above [26] [15], the
data were pretreated to ensure the quality before analysis.
There are three types of participants who were suspected
during this stage.

Initially, 16 visual patterns were designed to be evaluated
(see Figure 15). The twinkling circles
15
and the
silhouette 12 were removed due to the high similarity
to the twinkling lights and the shadow patterns. The
grouped circles (10) were rejected during the first pilot
study, because this pattern was the most difficult design to
understand according to a participant, and the participant

1) The participants who provided meaningless or irrelevant
responses to the open-ended questions. For instance, one
participant used the single word “very” to answer all the
open-ended questions. This kind of answers were all
removed from the final dataset. 2) The participants who
gave all same ratings or repeated answers to different
videos were also suspected. Considering their short task
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completion time, the answers provided by these people
were then excluded from the final dataset. An example is
that several participants provided all same ratings to the
Likert scale questions with an obvious short completion
time (11~13 minutes). The average task duration was
around 20 minutes. The answers provided by these
participants were deleted. 3) The participants who provided
significantly different answers to the two questions with the
same meaning but using different wording. For instance,
one participant disagreed that “the visual markings stand
out from the surroundings”. Meanwhile, the participant
strongly agreed that “the visual markings are attentiongrabbing”, which means the participant thought the visual
marking is unnoticeable and attention-grabbing at the same
time. The participant was also removed from the final
dataset.

most frequently used words mentioned by the participants,
which give an insight of how people interpret and
understand different visual markings. The examples of
using this method would be seen in the results.

3.5 Analysing the Data

4.1 The Interpretation of Each Pattern

The data were divided into two parts, the qualitative data
and the quantitative data. The qualitative data are the
responses to the open-ended questions “how do you
understand the visual markings” and “What would you do if
you were the person in the video.” The answers were
analysed using tags and key words.

All the qualitative and quantitative data of each pattern
have been analysed. The results show how people
understand the patterns and how they would behave after
noticing the patterns. The results also show how
comprehensible, attention-grabbing and motivating the
patterns are for the participants.

3.5.1 Tags

4.1.1 Pattern 1: Frames

The answers to the open-ended questions were analysed
using tags by categories. Table 1 shows an example of how
to use tags to group the answers. For instance, the answer “I
would go and stand in the box” and “I would step onto the
visual markings to see what happens” have the same tag
“Stand in”. By tagging the answers, the behavioural
changes would be categorised into several groups. Then the
number of the participants in each group would be counted.

95% of 80 participants recognised the
relationship between the rectangular
marking and the main exhibit (the
statue in the video). Table 2 shows the
five major viewpoints on the visual
markings, which are “standing in”,
“stepping forward”, “observing and looking”, “staying
back” and “ignoring”. Figure 16 shows the number of
different viewpoints. The participants generally identified
the frame as “an invitation to stand in the area”, even “the
best place to stand in front of the statue.” While a small
number of participant (10 %) had the opposite idea, they
thought it was “a place where people are not meant to
enter”, and “an alarm will go off” if people stand there. The
orange and light orange bars in Figure 16 show that nearly
70% of the participants would be motivated by the
markings and regulate their positions by moving forward or
standing into the markings. The hypothesis was confirmed
that the frame pattern on the floor displays can regulate
people’s position by inviting the passers-by to stand into it.

The quantitative ratings were analysed using Excel. The
graphs and comparisons of the quantitative results would be
explained in the results as well.
4. RESULT

This section shows the results and findings of the
crowdsourcing study. The results contain two part, 1) the
qualitative part gives an overview of how the participants
interpret and understand each pattern. 2) the quantitative
part shows the scores of each pattern, thereby revealing the
most comprehensible, attention-grabbing and motivating
patterns among the participants.

If you were the person in the video,
what would you do?
TAG
Step forward to see more

Step
forward

Do not stand in the frame

Stay back

I would go and stand in the box, because I
am curious
Stand in
I will be very curious to stop and look
what it is all about
Observe
I would ignore the visual marking as it is
not very useful
Ignore
I would step onto the visual marking to
see what happens.
Stand in

Key Words

Statements from the participants

Stand in

“It is an invitation to stand in the area and
possibly interact with the exhibit.” (P60)
“Stand in the green square assuming that
it will help me to interact or get
info.” (P55)

Stand in the green box to see what
happens.
Stand in

“That you're being invited to stand in the
visual marking.” (P44)

Table 1. Using tags to group similar answers.
3.5.2 Keywords

The qualitative answers would also be analysed using the
method of keyword frequency. The method can find the
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Step
forward

Figure 17 shows the quantitative scores given by the
participants to all the visual patterns. The yellow bar of
“Frame” shows that the frame pattern has a lower score
than the average score of all the patterns, which means that
the frame pattern was relatively less comprehensible to the
participants compared to other patterns. On the other hand,
the orange bar and green bar of “Frame” show two higher
scores than the average performance (the grey bars). The
frame was identified as an attention-grabbing and
motivating pattern among all the visual markings.

“inviting you to step forward to
look.” (P58)
“Step forward to see more” (P48)

Observe and “I would not step on the area and wait for
look
other people and observe what they
do.” (P22)
“Look at the marking and leave.” (P54)
Stay back

“Stay back from it.” (P19)

Ignore

“I would ignore the visual marking as it is
not very useful.”(P16)

4.1.2 Pattern 2: Alternative Ways

All the participants associated the
visual markings with the main
installations (the machines in the
video). Table 3 shows the
frequently used words by the
participants. It shows that most
people identified the visual
markings as “directions” and “choices”. Figure 18 shows
that 76% of participants treated the two-way markings as
equally important choices. The visual markings use
“different colours to point towards two different machines”,
and they “mark pathways to the machines”. “One
corresponds to the vending machine, and the other one
corresponds to the coffee machine.” Six of these
participants mentioned that “red line is guiding towards hot
drinks and white line is guiding towards cold drinks.”
However, other participants thought the visual markings
were associated with one specific machine only. This type
of participants usually emphasised the colour difference.
16% of participants thought the markings “draw the person
into the vending machine on the right”, because “the
vending machine is working, the coffee machine isn't.”
Another participant mentioned that “the red colour means
that I should not use it”. Overall a quarter of participants
were influenced by the colours.

Table 2. The key words in participants’ responses to the
question “How do you understand the frame?” and
“What would you do?”.

!
Figure 16. What people would do when seeing the frame
markings on the interactive floor. Most people chose to
stand into the frames when noticing the markings.

Figure 17. The quantitative scores of all the visual patterns. The three columns represent the three characteristics,
which are “how comprehensible”, “how attention-grabbing” and “how motivating” the patterns are. The grey bars
are the mean value of all the 9 patterns.
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Key Words

Statements from the participants

Choices

“Given choice of direction” (P77)

comprehensibility. The visual markings were less attentiongrabbing compared to other patterns. One reason mentioned
by the participants is that the markings are shown near to
the two vending machines in the video. The users might
already have a preference buried in the mind，so the
people would ignore the markings. However, when the
visual markings were associated with “availability”, the
participants are more likely to choose the “working”
machine. Some participants related the availability of the
machines with the colour of the visual markings. These
people would generally chose to follow the white markings,
because the red colour indicates an unavailable machine in
their opinions. As mentioned before, the assumption of this
pattern is that alternative choices could be a strong
motivating factor for users. With a score of 3.4, the visual
markings showed a limited motivation in this situation.

“It indicates a choice between the vending
machine and the coffee station.” (P35)
“follow one of the markings making a
choice.” (P72)
Directions

“It’s a direction to follow if you want to
use either of the machines.” (P52)
“They are indicating the direction of each
machine by type of machine.” (P5)
“I believe it outlines the two directions this
p e r s o n c a n g o f ro m t h a t p o i n t
onwards.” (P10)

Follow

4.1.3 Pattern 3: The Game Character

“I would follow both of the markings and
see what each one does.” (P35)

Table 4 shows the key words in the
participants’ responses. Participants
expressed that they would be willing to
“follow” and “look” at the game
character. Overall about 80% of the
participants were motivated to observe
where it leads to or even follow the
Pacman marking (see Figure 19). An
interesting finding is that a large proportion of participants
would follow the Pacman without thinking even they didn’t
figure out the purpose of the markings (see Figure 20).
Participants were significantly encouraged by the markings.
Responses such as “I would follow the Pacman to the
flowers, I enjoyed this game as a young person”, “I would
definitely play along and see where it leads to, because
that's pretty cool and creative” and “I would try to follow
the Pacman figure, because I would want to see what
happens” show a strong interest and motivation caused by
the game character.

“I will follow the red mark to grab myself
a cup of coffee.” (P37)
“follow the white dots for the snack
machine.” (P32)
Ignore

“I would look and then ignore, because
these markings are vague.” (P73)
“Ignore the markings and make my
choice.” (P60)
“I think I would ignore it as presumably
I'm already interested in one of the vending
machines.” (P57)

Table 3. The key words in participants’ responses to the
question “How do you understand the alternative
ways?” and “What would you do?”.

Key Words

Statements from the participants

Follow

“I would follow the visual marking to the
end, in order to find out if there's anything
of interest.”(P38)
“It is as if the markings require you to
follow them but I don't know why” (P55)
“I think the markings are telling you which
path to follow to find a particular type of
flower.”(P32)

Look

“Take a look in the flowers to see if
something is in there.” (P9)
“Look to see the direction of the
marking” (P21)

!
Figure 18. The two dominative understandings of the
alternative ways. Most people regarded the alternative
ways as two choices.

“Look where the Pacman ends” (P24)

Figure 17 shows how people rate the pattern. The design of
alternative ways is at the average level regarding
!12

Fun

“It looks like just a fun display that has no
purpose whatsoever.” (P13)
“…and this could potentially mean
something fun and interactive” (P71)
“It's a fun Pac Man animation where it
follows where you are walking to as if
you're playing the game.” (P75)

Ignore

“I would ignore them and continue with
my work as the markings have no
use.” (P20)
“I'd ignore the markings as I wouldn't
understand why they were leading me to
what is effectively a dead end.” (P32)

Table 4. The key words in participants’ responses to the
question “How do you understand the game character?”
and “What would you do?”.

!
Figure 20. What people would do after noticing the
game character on the interactive floor if they do not
associate the visual markings with the exhibit. Most
participants chose to follow the game character.
Even the game character was not as comprehensible as
other visual patterns according to the data analysis in Figure
17, the Pacman character was described as strongly
attention-grabbing and motivating. The assumption that the
game character would guide people’s movements was
proved to be true. People tend to make an instant decision
to follow it and see what would happen in the next.
4.1.4 Pattern 4: Lines

All the 80 participants found that the
visual markings were related to the
window display and the red posters in
the video. Table 5 shows people’s
attitudes towards the line markings.
Many participants were encouraged to
“read” and “look” at the posters and
markings on the floor. Nearly all the
participants realised that the visual
markings were trying to get people’s attention and
highlighting the posters in the shop window. The
assumption that people would trace the lines was
confirmed. Around 65% of people would be actually
motivated to read the posters (see Figure 21).

!
Figure 19. What people would do after noticing the
game character on the interactive floor if they associate
the visual markings with the exhibit. Most participants
chose to follow the game character.

Key Words

Statements from the participants

Read

“They're indicating you should read the
signs on the window.” (P44)
“I will stop and read the posters attached
to the visual markings.” (P37)
“I would read the posters as they might be
interesting.” (P16)
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Look

the single arrows and double arrows. Only a few
participants mentioned that the double arrows could
indicate a data transfer, while most participants regarded
these markings as the common guidance symbols. Whether
the participant would follow the markings depends on their
intention at that moment. For instance, most participants
(72%) would follow the markings because “the arrows
point there”, while some participants would ignore the
arrows simply because “I am not a fan of shopping” (The
arrows were pointing to a store in the video). From the
analysis of people’s comments, the influence caused by the
arrows depends on the contexts. The assumption that arrows
could guide people’s attention was confirmed.

“I would stop and look at the markings
and see that they were used for.” (P54)
“I would look at the visual markings and
read the posters they are
connected.” (P14)
“I'd look at them (the red lines) as I
walked past them, because they are eyecatching.” (P63)

Ignore

“I would just ignore them, because it looks
uninteresting.” (P6)
“I'd assume it was just an ad like neon
lights and ignore them.” (P15)

Key Words

Statements from the participants

Use (double “I will follow what the marking is pointing
arrows)
at and use the machine.” (P37)

Table 5. The key words in participants’ responses to the
question “How do you understand the lines?” and
“What would you do?”.

“I think the marking is going to tell you
which computer to use.” (P79)
“Use the indicated terminal since it seems
that's what you're supposed to do.” (P57)
Look (single “I probably will look inside the
arrow)
store.” (P79)
“I'd take a look at the store to see if it
interests me.” (P35)
“You ought to look in the shop window the
arrows are pointing to.” (P44)
Table 6. The key words in participants’ responses to the
question “How do you understand the arrows?” and
“What would you do?”.

!
Figure 21. What people would do after noticing the line
markings on the interactive floor. Most participants
would read the posters.
While the visual markings could be attention-grabbing to
the participants even the score is lower than the average.
With a score over 4, the participants generally agreed that
the line markings were attention-grabbing (see Figure 17).
However, with the lower scores in the other two aspects, the
lines were identified as not enough comprehensible and
motivating to the participants.
4.1.5 Pattern 5 & 6: Single and Double Arrows

The single arrow markings and the
double arrows markings were shown
in two scenarios. The single arrows
were pointing to a shop, while the
double arrows were pointing to a
computer. Table 6 shows that people
would take actions after noticing the
arrows. Figure 22 shows that both the
single arrows and double arrows were
identified as the guiding marks by nearly
all the participants. There is no significant
difference between how people understand

!
Figure 22. How people understand the purpose of the
single arrow and double arrows in the video. Nearly all
the participants related the visual markings with a
specific object.
Both single and double arrows are identified as extremely
easy to understand (see the yellow bars in Figure 17). The
widely used arrows in the everyday life prove that people
have no difficulties in understanding arrows. However,
arrows were relatively not attention-grabbing and
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motivating for the participants. The reasons would be
discussed below.
4.1.6 Pattern 7: Twinkling Lights

Most participants associated the visual
markings with the main exhibit (the statue
in the video). Table 7 shows that the most
frequently mentioned words are “stand”
and “observe”, which indicates that the
people were motivated to observe the
markings or stand on the markings. Figure
23 shows that 46% of the participants
were motivated to move forward by the flashing lights.
Some participants even identified the lights as the “an
indicator that the statue is best viewed (in that position)”.
Only less than 10% of participants thought the twinkling
lights were warning that “people are not allowed to get too
close to the statue”. The assumption that the twinkling
lights have the effect of motivating people was confirmed.
However, compared to the game character, more
participants choose to observe firstly after noticing the
twinkling spots rather than take an action instantly.
Key Words

Statements from the participants

Stand

“Stand on the display for
information.” (P48)

!
Figure 23. What people would do after noticing the
twinkling light in the interactive floor. Most participants
chose to move forward and observe.
The results are consistent with the previous research followthe-light [38] . Twinkling lights can effectively capture
people’s attention. They can also motivate people to move
forward and observe the related objects. This type of
uninformative symbol itself was not easy to understand,
while the pattern can be interpreted effectively in the
contexts. In this video, nearly all the participants knew that
the twinkling lights were directing people’s attention to the
neighbouring statue.

“the markings are requesting you to stand
here.” (P73)
“Stand in the flashing square.” (P28)
Observe

“I would observe the marked area and the
statue for a while. If nothing happened I
would try standing in the marked
area.” (P57)

4.1.7 Pattern 8: Illuminated Road

About 80% of the participants
associated the visual markings
on the floor with the digital
devices on the desk. The first
and second key words in Table
8 show that most participants
would “go” to use the
computer which seems to be “available” to them. While
people tend to have significantly different ideas of which
computer is available. There are three distinct
interpretations of this pattern (see the yellow, red and blue
bars in Figure 24). 1) 31% of participants believed that the
visual markings were “indicating which computers are
free.” They would “choose a computer with the lights in
front of it”, which means they would choose one from the
first, third and fourth computer. While 2) 26 % of
participants thought the visual markings “open the path to
which computer I should use”, so they have “no choice but
to go to the second computer”. 3) However, 18% of total
participants would “use any one of the machines as the
markings are implied”.

“I'll observe what's happening.” (P36)
“It's marking out the statue as something
to go and observe.” (P19)
Table 7. The key words in participants’ responses to the
question “How do you understand the twinkling lights?”
and “What would you do?”.
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Key Words

Statements from the participants

Available

“I think the marking indicates which
computer is available.” (P79)

4.1.8 Pattern 9: Question Marks

Table 9 shows the words frequently
used by the participants. Combing the
first key word “stand” and the second
key word “information”, it indicates
that people would be generally
motivated to stand on the markings
for more information about the
primary display. Nearly all the
participants identified the question markings on the floors
as the invitation for them to come closer. Figure 25 shows
that 80% of them would be motivated to go closer even step
on the visual markings and wait for further interactions. The
participants mentioned that they would “approach the
display and try to find out why it wants my attention” and
see “what information is going to be given”. From their
comments, it can be seen that their curiosity was triggered
by the visual markings. The assumption that the question
marks could trigger curiosity thereby encouraging people to
take actions was proved to be true.

“all the computers are available” (P50)
“white markings pertain to available
computers.” (P47)
Go

“Go in area.” (P68)
“I will check first and go at any
PC.” (P39)
“Go to the second computer.” (P74)
“I would go to a computer with the lights
in front of it.” (P7)

Fun

“Move from place to place and have some
fun with it.” (P70)
“try to step in other spots. just for
fun.” (P3)
“Looks like it would be fun to play around
with, so I'd step around the area.” (P54)

Key Words

Statements from the participants

Stand

“See what happened by standing where
indicate.” (P48)

Table 8. The key words in participants’ responses to the
question “How do you understand the illuminated
road?” and “What would you do?”.

“Stand on the markings and see what it
triggers.” (P51)
“I would go and stand on the visual
markings to see if something happened like
the exhibit talking or moving.” (P32)
Information

“Markings probably will give information
about the object in the window display.
“(P13)
“The markings provide information about
the statue.” (P17)
“I think it is supposed to show some
information about that statue.” (P9)

Attention

“It grabs your attention to look at the
statue.” (P15)
“…to draw people's attention for the
exhibit around the corner.” (P50)
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“It's to draw your attention to the exhibit
that you might not normally notice since
you are unable to see it from the direction
the woman approached from.” (P57)

Figure 24. What people would do after noticing the
illuminated road next to the four devices. There are
three distinct opinions.
Considering the various understandings of this pattern, it is
not surprising that the participants might find it relatively
difficult to interpret. On the other hand, the illuminated road
was regarded as one of the most attractive and motivating
patterns (see Figure 17). The third key word “fun” in table 7
might explain why the participants think the markings are
motivating. Besides, the shining lights covered a large area
of the ground surface, which could also be a possible reason
why the pattern was attractive to the passers-by.

Table 9. The key words in participants’ responses to the
question “How do you understand the question marks?”
and “What would you do?”.
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Figure 26. The comprehensible scores (from most to
least)
Contrary to the single arrow and the question mark, the
game character Pacman was identified as the least
comprehensible pattern. A large number of the participants
cannot understand the reason why the Pacman character is
shown there. In the answers to the question “how do you
understand the visual markings (Pacman)”, some
participants mentioned they know “ it's Pacman”, but “ It
makes no sense (on the interactive floors)” .The comments
show the difficulty of interpreting the Pacman pattern.
However, even the participants cannot understand it, they
showed enthusiasm about “trying and figuring out the
purpose of the markings”.

!
Figure 25. What people would do after noticing the
group of questions marks on the interactive floor. Most
people would be motivated to move closer to the visual
markings.
As the only pattern with three higher scores in every aspect
(see Figure 17), the question marks could be one of the
most noticeable strategies among the nine patterns. The
third key word in Table 8 is “attention”, which indicates
that this pattern can effectively attract people’s attention.
Results show that question marks were identified as highly
comprehensible, attention-grabbing and motivating at the
same time, and it shows a strong potential to be applied in
real-world contexts.
4.2 The Most and Least Comprehensible Patterns

Figure 26 shows a comparison of all the patterns. The single
arrow and the questions marks were identified as the most
comprehensible patterns on the average rated by the
participants. Arrows are widely used in everyday life.
Various arrows have been used to trigger effective orienting
in public settings such as universities, museums,
restaurants, etc. This kind of symbol has integrated into the
society for a long period of time. It is natural for people to
identify it as the most comprehensible pattern considering
the frequent usage. The question mark is another pattern
identified as easy to understand. The question mark itself
represents “curiosity”, “uncertainty” and “exploration”. The
interesting fact is that people generally can associate the
question mark with the above words, which actually makes
the symbol easy to understand. To most participants it is
intuitive to realise that there is something unknown to be
discovered when they notice the question marks at the first
place.
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Figure 27. How fast people can understand the visual
markings. (1-“ It took me a long time”, 5-“In an
instant”. A higher score represents a faster speed of
interpreting. )
The follow-up question is also a five-level Likert scale
question which asks how fast people can understand the
visual markings. Figure 27 shows the results of the
question. A high mark represents a high processing speed.
The results are consistent with the last question, which
means the more comprehensible the patterns are, the faster
people can understand them. Around half of the participants
can understand the arrow markings instantly, which makes
the arrows the most comprehensible symbol. Over 60% of
participants indicated that they need a relatively longer
period of time to understand the Pacman character. Overall,
the comprehensible patterns are generally the patterns
which can be processed quickly by people.
4.3 The Most Attention-grabbing Patterns

Figure 28 and 29 shows the responses to the question “To
what extent do you agree that the visual markings stand out
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from the surroundings” and “To what extent do you agree
that the visual markings are attention-grabbing.” The two
questions have the same meaning but with different
wording. As mentioned above, these two questions were
used to identify malicious behaviours. After removing the
malicious answers from the dataset, the results of these two
questions show a high consistency. The most attentiongrabbing patterns are the game character, the question
marks, the frame and the illuminated road.

could be the reasons why people notice these two patterns
instantly at the first time.
4.4 The Most and Least Motivating Patterns

[11]’s framework named two thresholds when people
interact with public displays. The first one is awareness
threshold. By conducting the related activities around the
public display, people overcome the awareness threshold.
The second threshold is interaction threshold. Once people
start to interact with the display directly, they pass the
second threshold. The motivating patterns are the ones
which can gain people’s focal awareness even motivate
people to have direct interactions.

!
Figure 28. To what extent participants agreed that “The
visual markings stand out from the surroundings”. (1Strongly disagree, 5-Strongly agree)
!
Figure 30. The likelihood of stopping and observing
different visual markings (from most to least)
A five-level Likert scale question asked the participants that
“How likely would they stop and observe the visual
markings if they were the person in the video”. Five
patterns were implied to have a great potential to be
immediately noticed (see Figure 30). The five visual
patterns are the game character (Pacman), the frame, the
assemblage of question marks, the twinkling lights and the
illuminated road. These five patterns were identified as the
most effective strategies to motivate people to overcome the
awareness threshold. People would slow down and observe
the visual markings on the interactive floor.

!
Figure 29. To what extent participants agreed that “The
visual markings are attention-grabbing”. (1-Strongly
disagree, 5-Strongly agree)

As mentioned before, the game character is an example of
gamification. People might feel fun and show an interest in
its movements. It is likely for people to stop and observe it.
From the results of the comprehension question, a large
number of participants cannot understand why the Pacman
appears on the interactive floor. Their curiosity could be
another potential factor which leads to the further
observation. Similar to the game character, the question
marks might also trigger the same feeling of curiosity.

The Pacman markings were identified as the most attentiongrabbing visual pattern. One possible reason is that the
Pacman always moves in front of people. Franconeri and
Simons’s experiments [14] shows that moving stimuli can
capture people’s attention. It could explain why the pattern
significantly attracts people’s attention.
The next attractive pattern is the green frame. Both the
frame and the twinkling lights are shining from bright to
faint over and over again in the video. While the frame
pattern was more attractive to the participants. The potential
reason could be the colour difference. The green colour has
a higher luminance contrast from the surroundings when the
marking is twinkling.

The second motivating pattern is the frame. There are two
possible reasons why people were attracted by this pattern.
The first reason is that the frame indicates the next
movement. By showing a rectangular on the interactive
floor, users can be encouraged to stand into it. The results
showed that 70% of participants would regulate their
positions by moving forward or stand into the markings.
The frame gives a clear clue to the follow-up behaviours.
The second reason is that the twinkling effect effectively
attracts people’s attention, and the participants identified the
twinkling effect as the signal of an invitation. Similar to the

The pattern of the question mark consists of a larger
number of question markings. The pattern of the
illuminated road is formed from plenty of shining spots.
The high density and the massive amount of markings
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frame, the twinkling lights were also regarded as an
invitation which attracts people’s attention. The difference
between the frame and the twinkling lights is that the
twinkling lights do not provide enough information about
what to do next.

that these patterns are dynamic but not interactive, which
makes these patterns the least motivating designs.
5. DISCUSSION

This section would first discuss the crowdsourcing method
and then have a closer look at the cultural difference in this
study. After that the section would give some design
implications at the end.

The arrow was regarded as the least motivating pattern by
the participants. It is not surprising that people would
choose to not pay attention to the arrows since the symbol
usually serves as the non-interactive guidance in everyday
life. While an unexpected result is that people are less likely
to be attracted by the single arrow compare to other
patterns. One potential reason is that considering the
widespread usage of arrows in daily life, the symbol might
not as attractive as the other fancy patterns, such as the
Pacman character and question marks.

The crowdsourcing study is a relatively new platform for
scientific research. The easy recruitment makes the
crowdsourcing method a highly efficient research method.
In this study, 80 participants completed small tasks online
for micro-payments. A large number of participants
provided various interpretations of the visual patterns,
which is valuable and helpful to understand people’s
viewpoints. The participants from different regions were
recruited, which increases the validity of the findings.
Overall, the crowdsourcing method is effective to gather
data of the target participants in a short period of time.
This method also has its limitations. Although the platforms
can find diverse participants from all different countries, the
bias is still existing when recruiting the participants. For
instance, the British crowdsourcing platform Prolific was
used in this study. The participants need to understand
English to access the website, resulting in the exclusion of
the people who cannot speak English. Ideally, this crosscultural research could have been done differently if the
questionnaire could be translated into different languages
used by the target participants, such as Chinese and
Japanese for the Asian participants. It could help with
obtaining a more representative sample.

!
Figure 31. The likelihood of direct interactions with
different visual markings (from most to least)
The second threshold is interaction threshold. To identify
which patterns promote direct interaction, participants were
asked to answer the question “how likely would they
interact with the visual marking(s) ” if they were the person
in the video. The results show that the most motivating
patterns are the game character, the question mark and the
illuminated road (see Figure 31), followed by the frame and
the twinkling lights.

5.1 Cultural Difference and Behavioural changes

The participants are from European countries, Asian
countries and American Continent. When analysing the
results of several patterns, the different behavioural changes
were associated with people’s cultural backgrounds.
In regard to the Pacman character, which was identified as
the most motivating pattern, was not that motivating to the
participants with Asian cultural backgrounds. 11 of 20
Asian participants had a passive attitude to the pattern. “I
would ignore them and continue with my work as the
markings have no use”, “I would probably not follow the
visual markings” and “I would think before going there
where it is taking me to.” The Asian participants were more
cautious compared to the European participants. These
Asian participants in the study were more likely to think
and observe before taking any action. Compared to the
European participants, Asian participants tend to overlook
the game character instead of following it.

One common feature of these five patterns is that these
patterns have potentialities of further interactions, which
means these visual markings are highly interactive patterns
to the participants. For instance, the Pacman game could
motivate the participants to follow it. The participants
“wonder what the Pacman is trying to tell me”. The
participants would follow it because they look forward to
seeing more feedback. Similarly, the participants look
forward to interacting with the question markings and “try
to figure out what it is trying to show me”. They believed
that “something would be triggered by standing where
indicated.” As for the pattern of the illuminated road, some
participants would “walk to the left and right computers, in
order to see if the markers also disappear” or “walk in
many directions to see what happens to the visual
markings.” In regard to the frame pattern, several
participants believed that more information would be
revealed if they stand on it. These comments infer that the
potentialities of further interactions encourage people to
directly interact with the patterns. While as for the other
visual patterns such as arrows and lines, people might feel

Question marks are also one of the most motivating patterns
which could encourage 75% of the participants to move
forward even step on the visual markings for further
interactions. However, 9 of 20 Asian participants showed a
cautious attitude towards the pattern. Instead of taking
actions, Asian participants tend to observe and think first.
They would “see what information is going to be given”,
“wonder what those question marks for” and some people
!19

would “avoid that area and move on”. The results show that
the Asian participants are relatively more cautious about
taking actions.

objects around. Secondly, the actual effect of the visual
patterns depends on the contexts. For instance, the frame
was generally regarded as a place to stand in. While when it
was shown next to a statue, several people would consider
it as the place to kneel on. Lastly, interaction designers need
to consider the cultural difference when using
uninformative visual symbols. Users with different cultural
backgrounds might have different responses to the same
design.

5.2 Design Implications in Real-world Contexts

In this paper, nine visual patterns are evaluated and
compared from different perspectives. The frame, the game
character, the question marks and illuminated road were all
identified as the effective strategies to direct people’s
attention and invite for further engagement. These strategies
could be used in real-world contexts to achieve different
goals. Several real-life examples would be given to
illustrate the applications of the visual patterns.

6. CONCLUSION AND FUTURE WORK

The crowdsourcing research studied and evaluated floor
visualisations on the interactive floor for directing people’s
attention, guiding people’s movements and promoting
further interactions. The study shows the potential of using
floor markings to achieve certain goals, 1) using arrows,
question marks to provide intuitive and comprehensible
information, 2) using the game character, frames, question
marks and illuminated road to attract and direct people’s
attention and 3) using the game character, frames, question
marks, twinkling lights and illuminated road to motivate
people for further engagement. These strategies could be
used on the interactive floors to provide interaction cues in
the real-world contexts.

In the trade shows or any kind of exhibition shows, it is
common that the businessmen or designers would invite
visitors to try their products. These people usually stand
around their exhibits, introduce their designs or products,
and invite bystanders to have a try. The frame pattern would
be suitable in this situation. With a small-scale interactive
floor near to the exhibit, the twinkling frame on the floor
would attract more people’s attention and automatically
invite people to come for further communications and
interactions. Even more, the twinkling lights and the
illuminated road could also be potentially effective
strategies in this context. The usage of these visual patterns
on the interactive floors could attract people’s attention and
increase exhibitors’ competitiveness.
Some strategies could also be used in museums. To
highlight certain exhibits or collections for visitors and
tourists, the game character could be a fascinating as well
as a practical method to direct people’s attention and
provide guidance. If visitors walk into an exhibition room
where there is a masterpiece, the game character could
appear and start to provide guidance by motivating people
to follow it. Moreover, if the interactive floors could be
connected to the Internet, the game character can even serve
as a personal guide. The unique advantages of interactive
floors are the flexibility and interactivity, which trigger
interactions and behavioural changes.

During the data analysis, an assumption of motivation and
interactivity was brought up. The results show that the
patterns which have high potentials of interactivity also are
the patterns which can motivate people for further
engagement. The assumption is that there might be a
positive correlation between interactivity and motivating
effect. This could be an interesting direction for the future
work. Furthermore, participants from different cultural
backgrounds seemed to take different actions when noticing
the visual markings. For instance, European participants
tend to follow the game character instantly while the Asian
participants tend to observe and think before taking any
actions. A potentially promising direction for the future
research could be exploring the effect of cultural
backgrounds on the interactions with the visual patterns on
interactive floors.

In the shopping centres, a promising strategy could be using
the question marks on the floor to attract customers’
attention. Products could be put on the interactive floor
with the question marks shown under the products. The
shining question markings could encourage people to step
on the interactive floor and possibly obtain more feedback
by interacting with it. For instance, after stepping on the
question marks, more information about the product could
be displayed on the interactive floor. Moreover, the frame
pattern could also be used to reveal information about the
products when people stand into the rectangular.
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These are only a few examples to show how the strategies
in this study could potentially be used in different contexts.
However, when applying these strategies in the real world,
there are several factors need to be considered. First of all,
all the patterns were evaluated in the situations where the
visual markings are the only luminous objects. It is
unknown whether the visual patterns would still be
attention-grabbing or motivating if there are other shining
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