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ABSTRACT
Interactive multi-touch tabletops are increasingly making their way into public
spaces such as museums, galleries or visitor centres, aiming to provide access to
multiple users simultaneously, allowing for playful interaction between friends or
families. Although understanding human behaviours with such systems in real world
settings is of high importance, this issue has only begun to be investigated. This
dissertation presents findings from an in-the-wild study inside a museum. A 2-week
rapid ethnography was carried out to examine how visitors approached and
interacted with a multi-touch table installed there. This included observations of 784
visitors as well as opportunistic semi-structured interviews with 29 of them. The
data gathered were analyzed through thematic analysis to investigate whether and in
what way the tabletop attracted visitors’ attention. The impressions after the first
touch were also explored, along with the group interactions that took place on it –
noting several usability issues that people encountered. Honey-pot effect, latency
times and tabletop’s physical appearance were some of the main factors that
influenced visitors in noticing and approaching the table. The analysis of the data
also highlighted the importance of sound in attracting the attention and guiding the
interaction. Based on particular behaviors employed, visitors’ first impressions but
also their gestures and their expectations of the multi-touch table’s capabilities were
found to be affected by previous experience with similar technologies. Usability
issues evoke wrong interpretations of interactivity or accidental touches leading to
harmless interruptions. All in all visitors were observed adopting collaborative
interactive behaviours and getting highly engaged with the tabletop. According to
these findings, the dissertation provides potential directions in generating theories
on the use of multi-touch tables in real-world contexts. It also proposes useful
recommendations for implementing more engaging and usable applications in such
settings, aiming at enjoyable group experiences.

Word count: 14974
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CHAPTER 1.

INTRODUCTION

Interactive tabletops are increasingly making their way into public spaces, such
as museums and galleries (Geller, 2006), tourist information centres (Marshall et al.,
2011a) and other similar sites, aiming to support interactions between friends or
families. These interactive installations aim to provide access to multiple users
simultaneously, inviting “gathering around the table” and allowing for playful
interaction (Hornecker, 2008). The interplay around a multi-touch table between
groups of people in museums and visitor centres is an issue that has only begun to
be investigated.
Previous studies have explored the interactions around multi-touch tabletops
after having developed specific applications for the purpose of the study. For
example Marshall et al. (2011a) designed the Tourist planner application and Cao et
al. (2010) developed the TellTable, which were placed in a tourist centre and a
primary school respectively, for the purposes of their field studies. In the study
reported here, the use of an interactive multi-touch museum exhibit was studied that
had been built by a commercial company. Similar in-the-wild studies have been
carried out by Hornecker (2008) and Hinrichs and Carpendale (2011).
Although previous studies in public spaces have suggested several solutions for
improving user experience while interacting, different contexts and how the
application may integrate into them could result in totally different behaviours and
expectations from users (Hornecker, 2008). The work presented here focuses on the
effects of the spatial factor on people’s behaviours. It explores closely the
interactions between users of different age groups who gather around a multi-touch
table to interact simultaneously in a particularly constrained physical context: a
museum’s children-friendly room.
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1.1.

Research question

The objective of this dissertation is to explore design considerations in
developing applications for multi-touch tabletops for use in public space by diverse
groups of people of different ages. It aims to understand how applications could be
designed to invite and encourage people to start interacting, support and enrich their
interaction and engage their experience. In particular, the research question to be
explored is:
How do people, individually or in groups, approach, behave, organize
themselves and interact around a multi-touch table in a museum?
To address this question, a rapid ethnographic study (Millen, 2000) was carried
out in a museum. This included observations of 784 people who entered a specific
room of the museum individually or as members of groups as well as semistructured interviews with 29 of them. The data gathered from the ethnography were
analysed, corroborating many findings from past studies and resulting in several
new findings on aspects of interaction with a multi-touch surface in such a public
space.
Based on these findings, potential directions in generating theories on the use of
multi-touch

tables

in

real-world

contexts

are

discussed

and

several

recommendations are proposed to designers for developing more engaging and
usable applications for such systems that are located in public spaces and mainly
used by groups of people in different ages.

1.2.

Dissertation outline

The dissertation is divided into the following chapters:


Chapter 2 – Literature Review: presents an overview of previous research in
multi-user tabletops.
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Chapter 3 – Method: presents a detailed description of the setting, the
technology used, the methodology followed and the method in which the
data were analysed.



Chapter 4 – Findings: presents the main themes identified from data analysis
and discusses their relationship to previous research.



Chapter 5 – General Discussion and Conclusion: proposes implications for
designing applications for multi-touch tables in public spaces and general
suggestions to improve users’ experience. Concluding, it encapsulates the
key idea presented in this dissertation.
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CHAPTER 2.

LITERATURE REVIEW

In order to understand how multi-touch tabletops are used in public settings, it is
essential to review previous work in this area. Before that, differences between lab
and in-the-wild studies are discussed. Then, issues relevant to how people approach
an interactive tabletop and interact with it are described.

2.1

In-the-wild vs. lab studies
In this project an in-the-wild study (Rogers, 2011) was conducted to investigate

how people interact with an interactive tabletop during a museum visit. The
importance of studying interactive installations in a real environment has been
emphasised by several authors (Brignull and Rogers 2003; Hinrichs and Carpendale
2011; Marshall et al., 2011a; Peltonen et al. 2008; Rogers, 2011). In-the-wild studies
can demonstrate quite different results from those arising out of lab studies. The
main reason is that findings that are derived from lab research often do not map onto
the messy human computer interactions in the real world because people are much
more unpredictable in such settings (Rogers, 2011).
In-the-wild studies focus on evaluating new technologies in situ, moving
researchers from the usability lab to probe how interactions unfold in a real
environment (Rogers, 2011). Field studies for evaluation are especially useful in
identifying patterns of use, breakdowns, and appropriateness of technology (Bly,
1997), something that requires the researcher to be prepared in order to recognize
unexpected patterns and events that may be considered important.
Marshall et al. (2011a) highlight that people are often brought to the lab
knowing that they are participating in an experiment; they are provided with
instructions and someone explains the purpose and functionality of the application
to be evaluated. This kind of control is absent in-the-wild and several factors and
interdependencies might cause an effect, meaning that the researcher has to make
sense of data (Rogers, 2011). More importantly, in a field study the user’s attention
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is on the activity, rather than on the tool, and the context of the activity is in place
(Bly, 1997), therefore users can interact more naturally.
Most work in tabletops has been carried out under lab conditions, but studies in
real world environments are starting to emerge in real-world settings, such as a
school (Cao et al., 2010), the home (Kirk et al., 2010), a tourist centre (Marshall et
al., 2011a) and a museum (Hornecker, 2008). Ryall et al. (2006) also did
observations of DiamondTouch tabletop in four different contexts for two years.
Although these contexts differed in user community, applications and settings, some
common patterns of behaviour have emerged. However, this does not mean that
people always behave in a predefined way, nor that all applications designed for
such purposes should be based on particular specifications.

2.2

First approach
The way that people notice and approach an interactive surface in public may

differ from case to case. People for example, might first notice the surface while
others use it and then approach for further exploration (Peltonen et al., 2008).
Additionally, group members often arrive at different times to a tabletop interface
and some might leave while others continue interacting (Marshall et al., 2011a).
This may also be the case in a museum where large groups of visitors often split up
as they enter a room.
The honey-pot effect has been observed in several studies in public spaces
(Brignull & Rogers, 2003). This refers to a crowd of people who are gathered
around a display attracting the attention of others, making it much more likely that
they will notice and approach the technology. Similar effects have been observed on
studies of vertical interactive surfaces (Koppel et al., 2012; Peltonen et al., 2008).
Müller et al. (2012) argue that the honey-pot effect might be considered as a very
powerful cue to attract attention.
The physical layout in a public space might also influence the way that visitors
approach a tabletop and the kind of interactions that take place around it. Koppel et

- 10 -

al. (2012) argued that many factors should be considered in order to understand the
interaction between users and the system as well as interaction between users,
including the location of the display, the architecture of the room, the flow of
people, the type of population or the form factor of the displays. Marshall et al.
(2011b) investigated how the spatial environment of a specific public setting
enabled different kinds of social interactions. They suggested that different
configurations of interior design features could encourage or constrain social
interactions (cf. Kendon, 2010).
Finally, users of walk-up-and-use tabletops in a museum environment might
face problems that could be supported in more managed settings such as schools or
exhibitions (Marshall et al., 2011a). It is therefore important to identify the
particular challenges of walk-up-and-use tabletops in contexts where there is not
such a support.

2.3

Engagement
The first impression that a tabletop creates is critical to engaging users in public

spaces (Hornecker & Stifter, 2006). Marshall et al. (2011a) highlighted the
importance of the first touch in whether users continue to interact, suggesting that
they might not give a second chance to the interface if they do not immediately have
a successful interaction. Additionally, Hornecker (2008) suggests visitors in a public
space should be sure about the purpose of a tabletop; an important element is
immediate apprehendability (Allen, 2004). In other words, a walk-up-and-use
system should be self-explanatory so that people can engage with it without needing
instructions (Jacucci et al., 2010).
People might just be curious about how a tabletop works and not actually
interested in the content presented. Hornecker (2008) found that social interactions
around a table in a museum dealt mainly with ‘how to interact’ rather than to the
theme of the application. Similarly, Marshall et al. (2011a) found out that some
people approach a tabletop just because they are interested in the technology. It is a
challenge to encourage users to explore the more complex functionality of a walk- 11 -

up-and-use system and pay more attention to its content (Jacucci et al., 2010). In an
application that aims to provide additional information, such as those found in
museums, it seems important to establish ways of drawing attention to the content in
order to maximize the level of engagement.
Both Hornecker and Stifter (2006) and Hornecker (2008) reported that
installations might engage visitors at different levels of intensity: for example,
visitors can move into deeper engagement as the interaction gradually increases.
Studying successive engagement with multi-touch interaction could assist in
providing clear indications and invitations to interact with a tabletop, which is still
an issue for design (Hornecker, 2008). Moreover, studying current mechanisms of
engagement can result in a clearer understanding of how deeper engagement as well
as enriched and memorable experiences can be created.

2.4

Awareness
Workspace awareness is the collection of up-to-the minute knowledge that a

person uses to capture another’s interaction with a shared workspace (Gutwin &
Greenberg, 1996). Workspace awareness might have subtle benefits that can
improve a group’s effectiveness (Gutwin & Greenberg, 1996) and support fluid
interaction and coordination (Hornecker et al., 2008). Despite its importance,
tabletop awareness has only really been explored in lab studies until now.
The main challenge that might hamper joint awareness is the fact that multitouch tabletops enable several participants to interact together at the same time. This
might lead users to act individually without being aware of what each other is doing
(Fleck et al., 2009); thus such behaviour might not be conducive to effective
collaboration. This relates to a finding by Marshall et al. (2011a) who highlighted
that complete strangers in a tourist information centre could join someone already
using a table, unaware it was to be used by a coherent group. This situation raises
the question of whether those interacting and observing have a shared point of
attention and common understanding and consequently whether multi-touch
functionality on a tabletop could have negative effects for awareness.
- 12 -

2.5

Gestures
Gestures on a multi-touch table can provide useful information about the ways

that people interpret the interactive elements of the table as well as the difficulties
that they might face while interacting. The multi-touch gestures people choose to
interact with, might also express their opinions and emotions (Hinrichs &
Carpendale, 2011).
Hornecker (2008) observed that different interface elements on a tabletop might
invite different types of gestures (pointing, caressing, tapping, etc.). Marshall et al.
(2011a) also point out that previous experience with multi-touch or other interfaces
can influence people’s initial ‘finger-tip’ gestures (whether for example they start
interacting by pressing or double tapping).
A recent study by Hinrichs and Carpendale (2011) presented a detailed
description of gesture variations and investigated the sequential nature of gestures as
well as the effects that the presence of and interactions by other people might have
on the use of gestures. People seem to demonstrate specific gestures to others, even
if they are strangers, or imitate gestures possibly while they are trying to learn how
to use a tabletop. They claim that these kinds of ‘information exploration’ through
gestures might shape visitors’ overall experience in exhibition spaces such as
museums.
However, Hinrichs and Carpendale (2011) also describe challenges relevant to
the use of gestures in public spaces: the short interaction times; the fact that visitors
are not instructed and have not previously interacted with the table; and the varying
expectations of users towards technology.
Physical actions seem to play a considerable role during interactions therefore,
observing the kinds of gestures that people use, might say a lot about their
understanding of the system in question.
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2.6

Interruptions
Interruptions are an unavoidable part of interaction around a multi-touch table

and worth examination to understand both the context in which they happen as well
as the effects they cause.
Fleck et al. (2009) argue that although certain disruptive behaviours, particularly
in educational settings, might appear negative, they might have a beneficial effect
for the ongoing collaboration. In particular, they pointed out that disrupting the flow
of interaction might facilitate joint awareness. Hornecker et al. (2008) also argued
that glitches that can be resolved quickly might be beneficial for awareness.
Additionally, in the CityWall study (Peltonen et al., 2008) conflicts between
strangers could encourage them to interact with each other. On the other hand, in
other contexts, interruptions from strangers might not always be perceived
positively. Marshall et al. (2011a) referred to cases where invasion of one user’s
personal space while interacting evoked frustration and social discomfort.
Studying interruptions during interaction might be especially important in a
museum where either groups of friends and families or strangers gather around a
table. In particular, it would be interesting to explore whether intrusions during an
interaction disrupt its flow; what the consequences are for users; whether they are
considered undesirable or beneficial (Fleck et al., 2009); and how users manage
them.
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CHAPTER 3.
3.1

METHOD

Setting

Overview
A rapid ethnography (Millen, 2000) on the visitor information centre in Kirkstall
Abbey, in Leeds, UK, was carried out. The study took place over a 12-day period at
the end of June.
Kirkstall Abbey is very popular with tourists and locals as one of the most
complete examples of a medieval Cistercian Abbey in Britain 1. Over the past seven
years, the Chapter House of the Abbey has become a visitor centre, which is used as
an exhibition place. It includes 3 separate spaces: an entrance hall with exhibits on
the life of the monks, a shop and a children-friendly room.
A Microsoft Surface1.0 SP1 2 has been positioned inside the children-friendly
room for fourteen months, presenting a collection of historical images of the Abbey
as well as objects that were used there via a playful application which enables
gestures from multiple users.

1

http://www.leeds.gov.uk/museumsandgalleries/Pages/Kirkstall-Abbey.aspx

2

http://technet.microsoft.com/en-us/library/ee692060(v=surface.10)
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Figure 1: Layout of the Visitor Centre, location of Microsoft Surface, possible paths followed by visitors

The centre has up to 300 daily visitors, of whom 1/3 typically enter the room
with the Microsoft Surface, since it is not necessarily on their way to the Abbey
(Figure 1). The 12 days, included two weekends which coincided with a deli market
and an ‘arts and crafts’ event around the Abbey during which the museum was very
busy. On other days it was quiet, mainly due to weather conditions. The number of
visitors observed varied between 14 and 109 daily.
Visitors were informed about the study through a poster at the entrance of the
room (Figure 2). This described the main purpose of the study and that unobtrusive
observations would take place (Appendix A).
- 16 -

Deployment of the table in the room
The room where the Microsoft Surface is located is used for children’s activities,
such as drawing, dressing up as a monk or building arches of bricks (Figure 2). It
also includes more exhibits describing the history of the Abbey and the lives of
monks who lived there 3.

Figure 2: Layout of the room

3

http://www.visitleeds.co.uk/things-to-do/Leeds-Kirkstall-Abbey-Visitor-

Centre/details/?dms=13&feature=1011&venue=1581272
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Figure 3 shows Microsoft Surface positioned in the room. It is placed at the far
side of the room next to exhibits A and B that present maquettes of Kirkstall Abbey.

Figure 3: Microsoft surface’s deployment on the room

There is little space around the Surface, meaning that visitors cannot
comfortably gather around all sides. The table is raised by approximately 10cm from
its initial coffee table height with the help of metal legs, enabling people to use it
either while standing or sitting. Most days, either two or four chairs are placed
around it for visitors’ comfort and to encourage them to sit and play for longer
periods of time.
The Surface Leeds application
The Surface Leeds application – designed to support group playful interaction –
was implemented on a Microsoft Surface 1.0 SP1, supporting a set of multi-touch
gestures commonly used on interactive surfaces such as dragging to move, rotating,
scaling and flicking.
- 18 -

An initial ‘attract’ screen illustrating a ‘pebble lake’ with sparse ripples (Figure
4a) draws visitors’ attention towards it. The ripples of the water are intended to
attract visitors’ attention and encourage their first touch. On pressing the surface,
more ripples are generated. At the same time, 4 access points appear in the corners
of the screen, representing Microsoft’s logo (Figure 4b) and a short sound associated
with the Microsoft Surface brand is played. The four corners keep shining and
making that sound every 10 seconds for the next 1 minute whether the users touch
the water or not, giving them a hint on where to press in order to start the
application.

Figure 4:
a) Initial screen, ‘pebble lake’

b) Shining corners after the first touch

When one of the corners is pressed, a screen appears with a representation of a
Microsoft Surface’s table in a box (Figure 5) informing users that this is the ‘Surface
Leeds’ and giving them the choice to either press this box to enter the application or
a small ‘I’m done’ bubble to close the application and return to the ‘pebble lake’.
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Figure 5: Surface Leeds 4

When the ‘Surface Leeds’ box is pressed a new screen appears with no
interactive elements (Figure 6). This screen informs the users that their journey is
being prepared while the application loads.

Figure 6: Loading the application

4

All gesture icons were obtained from http://gesturecons.com/.
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This screen is updated five seconds later to one with a photo gallery in the
middle and the words ‘touch here to experience’ on both sides of the screen (Figure
7). The photo gallery in the middle can be scrolled left or right to give an overview
of the photographic material that the application presents (Figure 8), but the images
cannot be selected. At this stage, users have to press the ‘touch here to experience’
(Figure 9) text to be transferred to the application homepage (Figure 10a).

Figure 7: ‘Touch here to experience’ screen

Figure 8: Scrolling photo gallery

- 21 -

Figure 9: ‘Touch here to experience’

The application’s homepage comprises a ‘flip view’ handle, a ‘show’ handle, a
‘tips’ bubble and a ‘timeline’ bubble. It also presents the Microsoft logo in the 4
corners that enable the users to close the application and return back to the ‘pebble
lake’. The ‘flip view’ handle changes the orientation of the material presented on the
table (Figure 10b).

Figure 10:
a) Application’s homepage

b) Application’s homepage (flip view)

When users press the ‘tips’ bubble (Figure 11a) three tips are shown to illustrate
how to zoom in and out, pan and rotate the elements of the application (Figure 11b).
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Figure 11:
a) ‘Tips’ bubble

b) Tips

When the ‘timeline’ bubble is pressed (Figure 12), the digital timeline appears
which gradually displays a selection of images of the Kirkstall Abbey (pictures,
architectural drawings, paintings, etc.). These images are distributed across the table
in different orientations and grouped by historical period (Figure 13). The timeline
can be scrolled from both sides so users can have an overview of the images from
each period. The chronological zones include a specific number of images and if the
users try to move them in a different period, they automatically return to the zone
they belong to (Figure 13).

Figure 12: ‘Timeline’ bubble
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Figure 13: Digital timeline

Users can move and zoom any image to have a closer look (Figure 14a).
Additionally, if users tap an image, it flips showing the description. Many images
can be maximized simultaneously and they can also be rotated so any user around
the table can read their description (Figure 14b).

Figure 14:
a) Zooming in an image

b) Rotating descriptions
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In the digital timeline, there is also a blue ‘drag and drop’ circle (Figure 15a, b)
which compares two digital memories from the collection of the images. Users can
drag and drop two different images from any period (Figure 16), displaying both
descriptions simultaneously. This way, users can compare the two images through a
‘compare-o-meter’ (Figure 17). The text presented on the ‘compare-o-meter’ can be
scrolled and the ‘compare-o-meter’ can also be rotated so that all users around the
table can read the descriptions. Users can close the ‘compare-o-meter’ by pressing
the red ‘x’ circle to return back to the digital timeline (Figure 13). On this page,
users can press the back button and go back to the application homepage (Figure
10a).

Figure 15:
a) ‘Drag and drop’ circle

b) One image inserted in the ‘drag and drop’ circle
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Figure 16: Dragging images into the ‘drag and drop’ circle

Figure 17: ‘Compare-o-meter’
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The ‘show’ handle on the homepage can be pressed or scrolled (Figure 18a) to
reveal a new ‘imageline’ which can be hidden when the handle is pressed or scrolled
in the different direction (Figure 18b).

Figure 18:
a) Appearing ‘imageline’

b) Disappearing ‘imageline’

Again users can press the ‘flip view’ handle to change the orientation of the
‘imageline’ (Figure 19a, b).

Figure 19:
a) ‘Imageline’

b) ‘Imageline’ (flip view)

Users can scroll the ‘imageline’ up or down (Figure 20a) and when they select
an image (Figure 20b) an ‘image box’ appears with 2 green handles on both sides
(Figure 21).
- 27 -

Figure 20:
a) Scrolling down the ‘imageline’

b) Selecting an image from ‘imageline’

Figure 21: Selected ‘image box’
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Users can maximize the ‘image box’ dragging the green handles in different
directions (Figure 22a) revealing the contents: an image, a description and a
question card with answers from previous visitors (Figure 22b).

Figure 22:
a) ‘Image box’

b) Extended ‘image box’

Users can select, move, rotate and maximize all these elements (Figure 23a, b).
Additionally, some images on the ‘imageline’ include more pictures (Figure 24a, b).

Figure 23:
a) Moving and rotating image

b) Moving and maximizing description
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Figure 24:
a) More pictures in one ‘image box’

b) Moving, rotating, maximizing images and
descriptions

All images have a like button that if pressed, increases the number of likes
automatically (Figure 25).

Figure 25: ‘Liking’ an image
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On the question card, pressing the spacebar makes a keyboard appear which
enables users to write their own answer to a – relevant to the image box – question
(Figure 26a, b).

Figure 26:
a) Question card

b) Typing an answer to the question card

All the elements can be restored back to the relevant ‘image box’ when the area
of the box is touched (Figure 27a, b).

Figure 27:
a) Elements out of the ‘image box’

b) Elements back in the ‘image box’

Finally, users can simultaneously open several ‘image boxes’ and explore their
elements (Figure 28).
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Figure 28: Many opened ‘image boxes’

If one of the corners in a main or any other screen is pressed (Figure 29), the
current screen automatically appears scaled down, in the middle of the surface
(Figure 30). Users can either press the shrink screen to return back to the previous
status and continue interacting or choose ‘I’m done’ to close the application.

Figure 29: Example of main screen
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Figure 30: Shrink screen after pressing one of the corners

Pressing “I’m done” leads to a ‘closing everything’ bubble appearing (Figure
31a), which if pressed, closes the application showing a message that a new
experience is starting (Figure 31b). Immediately after that the ‘pebble lake’ appears
(Figure 4a).
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Figure 31:
a) ‘Closing everything’

3.2

b) Closing message

Rapid ethnography

Observations
Adults of all age groups as well as children were observed from the moment
they entered the room. Observations followed the main principles of ethnography
described by Blomberg et al. (1993).The observational strategy was ‘place focused’:
the researcher observed the activities at and around the multi-touch surface
(Blomberg et al., 1993). A guiding framework for the observations was developed
using findings from previous observations, including Ryall et al. (2006), Peltonen et
al. (2008), Marshall et al. (2011a) and Jacucci et al. (2010) (Appendix B).
Observation took place at an unobtrusive distance. The researcher was located at
different positions in order to observe closely or more discretely as well as to take
notes of interactions and conversations that could be overheard (Figure 32).
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Figure 32: Researcher’s observation spots

Field notes were taken of how people noticed, approached, gathered around and
interacted with the multi-touch surface. Atmospheric impressions were documented
with a series of sketches in the form of diagrams, representing movements around
and near the table relative to the setting, as well as visitors’ hand gestures. The
researcher also recorded the approximate time of each group’s interaction, each
visitor’s gender and approximate age as well as other types of important information
(for example whether the conversations between visitors were verbatim transcript or
paraphrase).
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The notes taken during observations were expanded each day, immediately after
the observation. Those expanded notes summarized in short paragraphs the
distribution of visitors within the room and what people were doing. The focus of
observations evolved overtime (Hammersley & Atkinson, 1995) as the researcher
noted each day’s observations, wrote thoughts and impressions of the day and
concluded on aspects to be further studied and observed the following day.
Another method that could have been used could have been video interaction
analysis (cf. Heath & Luff, 2000; vom Lehn 2010). However, it was not possible to
record the interactions between visitors. Apart from the fact that video recordings
cannot capture the “taste, smell and feel” of the activity, as Blomberg et al. (1993)
support, it seemed that video recordings were unnecessary. Being in the field and
observing was enough to capture the feeling of the events that were experienced.
Interviews
Observations were coupled with opportunistic interviews and informal
discussions that were intentionally unstructured and open-ended.
Before the beginning of the study, the researcher met with the museum’s
management team and staff and interviewed them, focusing on their own
observations of visitors’ interactions with table. During the study, 18 short semistructured interviews of 3-15 minutes length were conducted and analyzed with a
representative sample of visitors (couples, adult members of families or groups of
friends). Most interviews took place when visitors left the table but there were also a
few cases where interviewees kept interacting after the interview mainly because
after a short discussion with the researcher they had found out more about the table
and wanted to explore more. Most of the interviews were carried out individually
but when a group of people had interacted together, members of the group were
interviewed together. The total number of people interviewed was 29 adults.
Interviews were audio recorded with interviewees’ consent (Appendix C),
transcribed, and analyzed according to interview questions and emerging recurrent
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themes. Questions focused on: visitor’s motivation to approach the table, the
experience of interaction, difficulties, elements they found interesting and general
suggestions that could improve their experience. The framework used during
interviews is presented in Appendix D. Through time and as the researcher
understood better the setting, more structured and systematic interviews were
conducted (cf. Blomberg et al., 1993).
Gathered material
Overall, 328 pages of A5 written notes were generated, corresponding to about
62 hours of observation (~5 hours per day, for 12 days). Before the analysis of the
data, the notes were divided into sessions. Each session lasted from the moment a
single visitor, a pair of visitors or a group of three or more visitors entered the room
until they left the room. Even if visitors did not notice the table at all, those were
also counted as sessions, mainly to report whether the room’s layout influenced
people’s ability to notice the interactive display. When members of a group entered
at different times, whether they interacted or not with the table, this counted as one
session. The same applied when more than one group was around the table, even if
they had entered at different times.
There was an initial summary of those sessions where visitors:


entered the room but did not notice the table at all (68 sessions),



just noticed or glanced, but did not approach the surface, or passed by
without touching it (67 sessions),



approached and just played with the ‘pebble lake’ (51 sessions),



approached and tried to understand further what else the application does (23
sessions) and



successfully interacted with the application (84 sessions).

If just one member of a pair or a group of people interacted with the table, then
that was counted as a “successfully interacted with the application” session. So for
example, if a group of 4 entered the room and one member did not notice the table at
all, another just gave a glance, the third one just played with the water surface and
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the fourth one actually interacted with the application, that counted as a
“successfully interacted with the application” session.
Supplementing the descriptive sessions of each group’s interaction, sketches on
how people approached the table and moved around it as well as the kind of gestures
they used with particular interactive elements were collected, supporting the
recollection of events and enabling further and more in-depth analysis. For example,
typical types of documentary data included patterns of visitors’ positioning and
postures as well as visitors’ gestures (Figure 33).

Figure 33: Sketches from observations during session “Group of People No.47”
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3.3

Analysis
The method used to analyze the qualitative data was thematic analysis, following

recursively the six phases as presented by Braun and Clarke (2006).
Through thematic analysis, specific patterns and themes within the data were
identified, coded, analyzed, and reported. This aimed to accurately reflect the
content of the entire data set through a rich overall description.
Initially and in order to get familiarized with the data (1st step) all the notes and
sketches collected each day were examined, to identify meanings and issues of
potential interest. Therefore, during the study, some initial ideas and potential
coding schemes had already started taking shape. After the completion of the data
collection all interviews were transcribed into written form to compare with the
observations as well as deduce further possible themes.
The next step after having recorded data, was the generation of the initial coding
(2nd step) by organizing the data in meaningful groups, identifying potential patterns
and themes and then sorting the different codes into these themes (3rd step). Each
theme that was identified was intended to capture something important in relation to
the overall research question.
When a collection of themes and sub-themes were identified, the 4th step was the
refinement of those themes. This was achieved through exclusion (where there were
not enough data to support them) or merging two separate themes into one (where
there was no important difference). The aim was to create themes that were
identifiably distinct one from the other (external heterogeneity) and at the same time
included data that cohered together meaningfully (internal homogeneity) (Patton,
1990).
After refining the themes and deciding how they fit together, the 5th step was to
determine what aspect of the data each theme captures, in order to start defining and
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naming them. A factor that guided the naming of each theme was the fact that they
had to fit into the research question.
The 6thstep involved the final analysis and writing up of findings. The analytic
description used arguments related to the research question, providing vignettes to
explicate each theme, as well as making contrasts with previous research.
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CHAPTER 4.
4.1

FINDINGS

General findings
Within 293 sessions, 784 visitors were observed, staying in the room from a

couple of seconds up to 60 minutes. 90 individuals entered the room, as did 222
visitors in pairs (111 sessions) and 472 visitors in groups of three or more (92
sessions). 241 visitors in 68 out of 293 sessions did not even notice the table,
whereas 252 visitors in 84 out of 293 sessions managed to interact with the
application. The rest 291 visitors would either notice the table from a distance or
just play with the ‘pebble lake’. The mean length of interaction lasted for 7.5
minutes, ranging from a little less than a minute up to 30 minutes. Only 7 sessions
lasted 20-30 minutes and most of them lasted for about 3-5 minutes. A small
number of visitors were observed coming back to interact some more with the table.
For those, the total length of the session was the aggregate of their separate
interactions.
Interestingly, most of the visitors who stayed more than five minutes around the
table and were able to play and actually read some of the content of the application,
would immediately leave the room after having interacted, without being interested
in looking at other visual signs or exhibits in the room.
Both adults and children especially enjoyed the ‘pebble lake’; they were
observed ‘throwing water’ to spatter one another, lying on the table to see if they
could get a feeling of the water or even blowing on the water to generate different
representations of ripples on the surface.
Visitors were observed often using a combination of ‘social learning’ techniques
(Jacucci et al., 2010) to understand how the table works. For older people, it often
took some time to familiarize with it before starting interacting, using a ‘passive
observation then attempt’ technique: initially watching how the rest of the group
was interacting. Children joined in faster, usually with ‘imitation’ techniques. That
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technique was particularly common where novices were trying to mimic experts’
gestures. However, most visitors would gradually understand the purpose of the
application through ‘individual exploration’or ‘cooperative exploration’ (Jacucci et
al., 2010):
“We had to have a little play around at first (to understand the purpose of
the application), didn’t we? (Male, 25)
“Well… in some ways I think that these kind of things are a kind of a nice
exploratory experience, well I’m not really afraid of technology and I sort of
like to adopt, fiddle around… my daughter is the same too…” (Female, 45)
From an ergonomic point of view, two main restrictions were observed: the
absence of knee space and the height of the table. Quite a few visitors were observed
sitting uncomfortably on chairs with their waists twisted. Visitors who did not use a
chair, on the other hand, were observed leaning over the table to interact.
Surprisingly, only a few interviewees mentioned those ergonomic issues as
problematic during their interaction and those were mainly visitors who stayed
around the table for quite a long time:
“Actually for me, it was getting sufficiently close with the knees, without
having knees space. A flat screen with a leg room underneath would be very
exciting… but you know… you have to put the machinery somewhere…”
(Male, 70)
“…the height of the table was number one (ergonomic issue)… I had a few
issues mainly with by back. I realized many times that I was trying to stretch
myself so maybe I should have initially taken a chair.” (Male, 28)
Those two issues seemed to be also restricting for a couple of wheelchair users who
were observed being totally excluded from interaction, unable to approach the table.
A female interviewee mentioned her concern on that issue:
“The only thing was… would it be easy for a wheelchair user? Because I’m
thinking of a friend who is severely disabled in a wheelchair and he is an
adult actually… but for anybody, even a child in a wheelchair it might need
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to be at the level of the wheelchair or maybe even sort of adjustable heights
for everybody to access…” (Female, 45)
Generally, the application was perceived positively by the majority of visitors,
who were observed enjoying the interactions and experiencing high levels of
engagement. Interviews suggested that the table successfully integrates educational
and informative content into a playful application, achieving at the same time its
purpose as a multi-touch technology:
“It’s… learning something but also just fun…” (Female, 55)
“It’s definitely informative and uses a good language.” (Male, 55)
“That's very engaging way to show information and attract people who
might not necessarily read them on a wall… especially younger who perhaps
might be more attracted by the table.” (Female, 20)
In the following sections, a series of the main themes that were identified
through the thematic analysis are provided, along with relevant vignettes illustrating
in detail how visitors noticed, approached, gathered around and interacted with the
Microsoft Surface. 5

4.2

Noticing and approaching the table
241 of 784 visitors (30.7%) did not notice the table at all. In many of these cases

people would head towards the other side of the room and then leave without
noticing it at all (63%). There were also quite lot visitors who walked in front of it
or approached exhibits A or B, without seeming to noticing the table at all or
without paying much attention to it (37%). Examples of the paths that visitors in
those categories followed are illustrated in Figure 34.

5

The figures are represented in two different kinds of representations, depending on the level of

details that needs to be highlighted.
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Figure 34: Example paths followed by visitors who did not notice the table

Of the 543 visitors (69.3%) who noticed the table, the most common behaviour
observed after entering the room was noticing the table and immediately heading
towards it (45.5%). A smaller number of visitors (25.9%) would head in the other
direction to the other side of the room and notice the table after a while. An even
smaller percentage (19.1%) would notice the table only when they were getting
closer, whereas a few (9.5%) would just give a glance from a distance. Again
examples of these paths are presented in Figure 35.
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Figure 35: Example paths followed by visitors who noticed the table

A small number of people turned out to be aware of the table’s existence in the
museum; 5 out of 28 interviewees reported that they had visited the museum in the
past and 3 of them suggested that the main aim of their visit was to play with the
table or show it to other friends or members of family:
“I have (seen it), when I came a while ago…” (Male, 35)
“No (it’s not the first time I’m seeing it), we’ve been here before quite a few
times. We’ve seen the table about 3 or 4 times…” (Female, 45)
Enthusiasm – Curiosity – Reservation
It seemed that either enthusiasm or curiosity attracted people to the table. Mainly
children would approach it expressing enthusiasm, whereas older adults would
mostly approach it out of curiosity, in an exploratory way and definitely more
reserved than younger ones.
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Enthusiasm was expressed through interjections of admiration:
“Mate, look at that!”
“Oh, a surface!”
“Oh! An interactive table!”
Different enthusiastic reactions were observed such as running towards it
immediately after having noticed it or immediately after the visitors who were
already around it were leaving.
Most of the interviewees, mentioned that its physical appearance motivated them
to approach it:
“…and cause it is so modern compared to everything else in this room, it
made it stand out…” (Female, 25)
“To me it looked like a big iPad or something like that…at the beginning it
looked like a table game…” (Female, 27)
“I liked the water image in the top!” (Female, 65)
Curiosity was expressed through different kinds of queries:
“Is this an iPad?”
“What’s this? Let’s see…”
“What is this supposed to do?”
…or through a visitor’s puzzled approach which was mainly manifested by intense
glances on the table while walking slowly towards it.
A few interviewees reported that they approached it out of curiosity:
“…I also wondered why it was in here for.” (Female, 25)
“I just wanted to try it.” (Male, 28)
In several cases, mainly older adults seemed reserved in approaching the table;
they would stand at a distance or even right in front of it with their hands crossed on
their chest or behind their back, looking at the screen or smiling awkwardly to other
members of their group. Such behaviour was something that a member of staff
confirmed as well:
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“Just because it is not something that they (older adults) are completely
comfortable with, they might have not seen before… not knowing what to do
with it… whereas younger people know that you just get started and have a
go… Most of younger people are really fascinated by it instantly and want to
have a go whereas interesting is that older people… is not something that
they are used to.” (Female, 55)
Honey-pot effect
The honey-pot effect (Brignull & Rogers, 2003) describes a situation where
people are attracted to a technology because other people are around it. In this case,
the table attracted the attention of a large number of visitors both when people
around it were familiar or strangers. When strangers were around it, a considerable
number of visitors would not even notice it, meaning that the honey-pot effect was
not working at all times.
i.

Honey-pot effect with familiar people

At least 106 visitors were observed noticing and getting motivated to approach
the table because other members of their group created a honey-pot. From those,
69.9% noticed it because familiar people were already around and interacting with it
(Figure 36) whereas 30.1% noticed it because they saw other members of family or
friends noticing and approaching it first (Figure 37).

Figure 36: Anna and Bob enter first the room, move towards the table and start interacting. Jack enters
later, notices the rest of the family around the table and approaches too.
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Figure 37: A group of 5 enters and goes to the other side of the room. They all stand for 30 seconds away
from the table and chatting when Lucy notices the table and moves towards it. Then her dad, Mark
follows her noticing the table as well. Mark and Lucy start interacting. The rest of the group notices the
table when Lucy and Mark approach it so they approach gradually.

Interviewees confirmed the honey-pot effect that members of their group created
to them, when asked what motivated them to approach it:
“I saw the family using it…” (Female, 30)
“My son (motivated me to approach it). I watched my son on it so I thought
to come over and have a look and see what it is about.” (Male, 45)
A member of staff reported that adults notice the table and get motivated to
approach it, just because they are usually following the younger members of their
group who tend to firstly notice and approach it:
“…young people and children are those who go there first and just dive in
and have a go and then the adults are joining in…” (Female, 55)
The engagement after the first touch seemed to be too strong for those who had
already started interacting, so it was fairly rare to invite other members of their
group to join them (Figure 38). This was observed only 13 times where either an
adult would invite a child:
“Come to the magic table!” (Female, 35) to Girl, 4
“Look! It tells you things about the Abbey!” (Female, 30) to Boy, 5
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…or a child would invite an adult:
“Mum come and take a look!” (Boy, 13) to Female, 40
Sometimes an adult would invite another adult to join:
“Do you want to play? It’s great fun!” (Female, 60) to Male, 60

Figure 38: A couple enters the room in different times. Mary notices it first and approaches. She looks at
it for 10 seconds and goes to the entrance to call George. They both approach and start interacting.

ii.

Honey-pot effect with strangers

Sometimes, people would notice the table when strangers were around it but
would not easily approach it to have a closer look. 55 visitors were observed being
attracted by it while it was used by strangers. 50.9% of them discretely observed
from a distance, whereas 36.3% approached closely (Figure 39). Only 12.7% started
interacting without any hesitation. This behaviour usually created awkwardness
between strangers, resulting in a group’s reposition (Azad et al., 2012) (Figure 40,
Figure 41) and rarely lead to a friendly interaction (Figure 42). It was notable that
visitors were more encouraged to approach and start interacting with strangers when
there were fewer people around it, typically just 1 or 2. Nevertheless, in most cases
visitors would approach only after the previous group had left the table.
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Figure 39: A family of 3 is interacting. A group of 4 people notices them from the entrance and
approaches. Only Arthur approaches closely and observes for 5 seconds the family who is interacting. The
other 3 observe from a distance.

Figure 40: A couple, Nick and Barbara, opens the application and is ready to start interacting. At the
same time Jon and his son James enter the room. They notice Nick and Barbara around the table and
approach it, standing between the couple. Nick and Barbara look at each other, smile awkwardly and
leave.
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Figure 41: A couple, Eric and Joanna, is interacting when two children, Rick and Greg approach the table
and start playing too. Eric and Joanna stop interacting and immediately turn around to exhibit B.

Figure 42: Pablo is interacting for 10 minutes when a stranger boy, Jeremy, enters the room, grabs a
chair, goes immediately and sits on the other side of the table and starts talking to Pablo and interacting
with him. They both stay and play around the table for 10 minutes, having a friendly chat while
interacting.

Latency times
Latency times seemed to influence whether visitors would interact with the table
and most importantly whether they would notice and approach it. As already
mentioned, when groups of people entered the room in different times, the later ones
would be usually attracted by it since familiar people were around it (honey-pot
effect). Similarly, there were occasions where due to latency, visitors who entered
last, would either give a quick glance (Figure 43) or would not even notice it (Figure
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44). Instead, they would immediately move towards the other members of their
group, possibly on the other side of the room.

Figure 43: Two friends enter the room in different times: Javier enters first, sees exhibit A and then goes
to exhibit B. Richard enters later and goes towards exhibit B, gives a quick glance to the table while
walking next to it, he quickly looks behind it and finally goes away, following Javier who moves towards
the other side of the room.

Figure 44: Lucas enters and gives a quick glace on the table but he goes on the other side of the room.
After a while Diana enters and goes on Luca’s side without noticing it at all.

Due to long delays, the late arrivers would sometimes not notice the table at all,
even if other members of the same group, who had entered first, had already seen it
- 52 -

or interacted and they had now moved away from it to see other exhibits of the room
(Figure 45).

Figure 45: A couple, Oliver and Eva enter in different times. Oliver enters first, approaches the table and
starts interacting. He leaves a few seconds later to see exhibit B. Eva enters the room and immediately
goes next to Oliver without noticing the table at all.

Natural walking path
Koppel et al. (2012) suggest that the natural walking path is an important factor
that strongly influences whether people will notice an interactive display.
Furthermore, as Müller et al. (2010) argue, public displays are installed in contexts,
where they compete for visitors’ attention with other stimuli (like other signs or
exhibits).
A considerable number of visitors who entered the room, especially those in
groups, followed different walking paths as they were attracted by several stimuli in
the room. A typical behaviour was observed by the younger members of a group
who would normally run towards the other side of the room, either towards the
tables to do some drawings or towards the toys and the wardrobe to play and dress
up (Group A in Figure 46), whereas adults would often be attracted by exhibit A
(Group B in Figure 46).
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Figure 46: A family enters and splits up: Paula (35) with her baby in her arms moves towards exhibit A,
whereas Kate (6) moves towards the other side of the room to play with the toys.

Nevertheless, that splitting would typically end up with the members of group B
approaching the Microsoft Surface and attracting the attention of the other members
of group A (honey-pot effect with familiar people).
Due to the children-friendly nature of the room, a considerable number of people
without children would stand in the entrance of the room and after a quick glance
leave, probably thinking that the room was aimed at children.
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4.2

Configuration around the table
This section illustrates through diagrams the behaviours of users around the

Microsoft Surface.
The configurations that people adopted around the table followed a similar
arrangement in most cases. Azad et al. (2012) refer to initial formations around a
display at the beginning of interaction and settled formations for the majority of
interaction time. The initial formations around Microsoft Surface were those
exploratory formations, which would normally last no more than ten seconds and
they were almost every time in standing positions along the W-side of the table
(Figure 47). Most of the times, those first ten seconds seemed to be enough to
provide an incentive to visitors to continue a longer exploration of the table
(Hornecker & Stifter, 2006). Therefore, the settled formations along the L-sides of
the table, where visitors could sit in chairs, would normally be stable for the rest of
the interaction (Figure 47). An example of such configurations is illustrated in
Figure 48.

Figure 47: Initial and Settled formations around the table
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Figure 48: Mike and Andrew enter the room and immediately approach the table. They are both standing
in the W-side at first. After having played with the ‘pebble lake’ for a few seconds they open the
application so Mike moves to L-side and sits in a chair. Andrew sits on the other side and they start
interacting.

Often, those who were sitting on the L-sides of the table would seem more engaged
and would typically interact more than those who were standing on the W-sides of
the table (Figure 49), possibly because the orientation of the main features of the
application was towards the L-sides.

Figure 49: Julia and Dan both sit in the chairs opposite to each other and start interacting. Nicole, who
enters later, approaches them and moves right and left along the W-side of the table to have a better view
of images and descriptions but she does not interact with them.

Few cases only involved visitors changing their settled formations during the
interaction by reconfiguring themselves around the table. That happened, mainly
when people would want to read a text at the same time (Figure 50).
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Figure 50: Toma moves to Kelly’s side to read a description together.

4.3

First touch and impression
The first impression of the table by the first touch seems to play an important

role in whether people will continue to interact (Marshall et al., 2011a). The first
touch seemed exploratory for the majority of those visitors who approached the
table and wanted to give it a go, followed by surprise and enjoyment. They were
observed smiling or getting enthusiastic and intrigued by it:
“…I touched it straight away and thought: “that’s good!”” (Male, 65)
“It (the first impression) was quite cool! It was good, user friendly...”
(Female, 30)
“It (the first impression) was quite intrigued actually; I was wondering what
it was.” (Male, 45)
Out of 543 visitors who noticed and approached the table, 125 (23%) were only
able to play with the ‘pebble lake’ without being able to explore the application
further, either because they were not interested or because the Surface did not
indicate a clear enough hint for them on how to start the application. For example,
one visitor was overheard saying: “It’s just water… I don’t know how it works…”
From those, 86 visitors (68.8%) gave up relatively quickly, with a mean length
of time around the table of 14.4 seconds, ranging from a couple of seconds up to 2
minutes. A small number of those 125 visitors seemed more interested in
investigating further whether the table had any other functionality beyond the
‘pebble lake’: 39 visitors (31.2%) did not give up immediately after the first touch
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and gave it a second chance, but without any success. The mean time around the
table for those 39 visitors was 37.5 seconds, ranging from 8 seconds up to 2
minutes. So, there were definitely cases where visitors would not give a second
chance to the interface, not because they could not immediately interact successfully
(Marshall et al., 2011a) but mainly because they had expectations from the tabletop
that were not met relatively quickly after that first touch. A negative effect of this
inability to start the application was that visitors would often feel awkward and
embarrassed, possibly thinking that they are doing something wrong.
A small number of visitors (only 21) seemed to be curious in understanding how
the Microsoft Surface works, especially how the ripples were generated in the
‘pebble lake’. Most of them were looking under the table or on the roof probably
searching for a switch or a projector, asking the researcher or asking other members
of their group whether they had any idea “how this water thing happens”.
Sound re-attracting attention
The short audible sound that the table generated when somebody was touching the
water surface resulted in novel findings particularly in attracting visitors’ attention
and making them to notice the corners and open the application. Even when visitors
had already left the table without being able to open the application, the sound
which was repeated every 10 seconds, provided a clue that attracted their attention
back to the table (Figure 51, Figure 52).
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Figure 51: Martin and Alfred touch the table once and try to understand what it does. They look at each
other confused and leave after 5 seconds. As they are walking away from it, Alfred listens to the sound
and turns his head but nothing has changed so he keeps walking.

Figure 52: Pedro, Joanna and Lara play with the ‘pebble lake’ for 7 seconds and then go away altogether
at the same time. Mario also follows them. Pedro hears the sound of the table and turns around but he
does not go back. Joanna, Lara and Mario are already on the other side of the room and do not even hear
the sound.

From these examples, it seemed that the existing sound was not effective
enough. As the representation of the ‘pebble lake’ had not changed dramatically
from its previous status (Figure 4a, b) and no other salient feedback was represented
to give a clear indication of what was happening, visitors did not understand how to
react. People mentioned that they could hear the sound but could not interpret it:
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“Oh! We were listening to the noise but we couldn’t understand what we
should do. We gave up because we couldn’t understand what was
happening.” (Female, 75)
“…I also heard the noise and couldn’t understand what was happening…”
(Male, 70)
“I thought that it was something beautiful that was just making noises…”
(Female, 50)
Comparison to familiar technology
Visitors’ impressions of the table would often be based on their knowledge of
other similar technologies; they were often overheard comparing Microsoft Surface
to similar technologies they had seen before:
“I’ve seen something similar on the floor.” (Female, 45) to Female, 60
“There is another one where you can catch a golden fish!” (Male, 60) to
Female, 70
A couple was overheard talking about a movie which presented a similar
technology, two females were talking about tablets, whereas another couple was
discussing about the ‘ground display’ they had seen in another museum. In another
case, after reading the ‘Microsoft Surface’ logo on the table a male turned to his
wife saying: “Oh, yeah, I’ve heard of that before, it’s Microsoft’s version of a big
iPad…”
Interviews confirmed that most of the visitors were familiar with similar
technologies:
“Yes, we have (used something like this before) in another museum. Not the
specific one but similar to this one.” (Male, 45)
“I've been using touch screens with school students… Not as sophisticated
as that one…” (Female, 60)
“(I’ve used smaller displays)…definitely a mobile phone, an iPad as well
and also in small screens but I don't think on a table…Actually yes, on a
table as well, yes! …it was only by one user…” (Male, 28)
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Some of them were overheard comparing the interactive techniques with those
they use in other systems:
“It’s like playing with iPad, right?” (Female, 40)
…and most of the interviewees reported that the interactive techniques they used as
well as their gestures were coming from their previous experience with similar
systems:
“Well I didn’t know (how to open the app), but it’s pretty much like a
phone...” (Female, 25)
“I was expecting it to work like an iPad.” (Male, 70)
“…the principles seemed to be similar to some of these tablets. Cause I’ve
used one before so…” (Male, 50)
“I managed to enlarge (the images) because I have an iPod so I’m quite
used to touch screens.” (Female, 45)
“I thought it (the keyboard) was quite easy to use… like a phone key
pattern…” (Female, 20)
“It’s quite good that it’s not just one finger… it’s better than a phone…”
(Male, 35)
In comparison to Ryall et al. (2006) who suggested that “Users do not view an
interactive tabletop as a computer”, it seems that today’s users may compare
particular elements to computer functionalities. For example, a male (50) was
overheard talking to another male (40) who was approaching: “Have you seen the
water? It’s like a screensaver.” Through discussion during interviews, many visitors
made the same comparison:
“Ah! So, the water screen is something like a screensaver?” (Female, 65)
“At the beginning I didn’t know whether the water was something like a
screensaver…” (Male, 40)
Even when visitors were taking a closer look of the table and interacting with the
application, they would still make such comparisons. A female who had already
used it few minutes ago, came back with her friends and pointed at it saying: “This
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is a sort of computer here…” In a similar situation, a female opened the application
saying: “Ah! It’s a computer!”
The comparisons to familiar technology and especially to interactive devices
which operate similarly resulted in critical judgments from users. So for example,
visitors would report the Microsoft Surface’s resolution as an issue that could be
improved:
“Maybe the resolution could be better...” (Male, 25)
“What I would have liked to be able to see there, is high resolution copies of
those pictures that would allow me to zoom in to the details.” (Male, 70)

4.4

Interaction between visitors
The number of visitors who actually interacted with the application during the 2-

week period was 252 (32.1% of all visitors and 46.4% of those who noticed the
table). Interaction time varied between 1and 30 minutes; visitors would commonly
interact for about 3-5 minutes.
Generally all members of a group who gathered around the table would interact
at some point. There were only a few cases where one person of a group would lead
the interaction (Azad et al., 2012) (Figure 53). In such cases, the more active ones
would not always try to motivate the rest of the members to join in, mainly because
they seemed too engaged. That is also supported by Heath and vom Lehn (2008)
who state that people’s engagement in the ‘same’ activity does not necessarily
encourage co-participation and collaboration.
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Figure 53: A group of 6 gathers around the table but only Zoe interacts. The rest of the group is watching
her.

Interactions between adults and children
Three different interactive behaviours between adults and children seemed to
occur around the table:
1. Adults would want to explore table’s functionality, but younger members would
not let them:
At least 17 adults were observed being more interested in exploring the
application than the younger members of the group:
Dan (5) plays with the water surface. 10 seconds later his dad, John (45)
approaches and sits on the opposite side. John asks Dan to stop touching the
surface for a while so he can understand how to open the application but
Dan keeps pressing randomly the surface, without letting John explore.
Some of them were even getting annoyed by younger members of the family who
did not let them interact they way they wanted:
Jack and Daniel (4) are interacting with their father, Marcus (50) and his
friend, Jonathan (40). Daniel starts pressing images on the surface and
shouting: “It doesn’t work!” Marcus is getting frustrated and responds: “It
does work! You just keep touching it…”
David (5) is interacting with his mum, Kate (30), when he is getting bored
and asks her: “Ok, now go to the fishing thing…” Kate tries to find a way to
- 63 -

go back but she cannot so she keeps reading descriptions. David finds a way
to close the application and Kate gets frustrated: “No! Don’t do that!”
A couple of interviewees supported that by reporting:
“Well because they are too young, they think it’s a game… I wanted to read
it and it was difficult to interact with a two year old.” (Male, 50)
“I was more interested in reading whereas they were more interested in
playing… I mean I’d have more fun on my own… but that’s the nature of
having the children with you…” (Female, 50)
“Sometimes it’s difficult to sort of all do it together because the children
always get so excited with the touch screen and they are just pressing all the
things and sometimes you have to say to them to slow down.” (Female, 45)
“…I got a little bit frustrated (with my kids) because I wanted to read what
was on…” (Male, 50)

2. Adults would perceive the table as a toy for kids so they would not pay much
attention and let the kids interact mostly:
At least 21 cases were observed where adults completely ignored the table and
let the kids play; probably assuming it is a game (Figure 54, Figure 55):

Figure 54: Alex (14) and his mum, Cathy (50) are around the table. Cathy just stands in front of the table
without paying much attention and without interacting at all. Alex tries to motivate his mum to interact:
“Mum, if you want to do this yourself just press the tips and see how to do it!” and throws smoothly the
Tips bubble to her, but she leaves.
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Figure 55: Patricia (20) and Trevor (4) enter first and approach immediately the table. Patricia sits
Trevor on a chair and goes on the other side. Trevor starts playing with the water. Patricia opens the
application and they both start interacting. Their mum, Lyn (45) enters, approaches them and observes
them for a while without touching the table. Then she moves to see what is behind the table.

Only a couple of interviewees admitted that they initially perceived the table as a
game for kids:
“… I thought it was something just for children.” (Female, 40)
“We thought it was a game for kids…” (Male, 40)

3. Adults and children would collaborate and help each other to interact:
There were cases where adults would help younger members of the group
interact, by motivating them, giving instructions or hints and guiding them. In the
following, 2 different vignettes illustrate such mediating behaviours (Figure 56,
Figure 57):
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Figure 56: Lily (40) rotates and moves an image towards her daughter, Ciara (6) saying: “Guess what this
is!” so that she can start interacting as well.

Figure 57: Malcolm (55) sees the ‘touch here to experience’ and says to Lesley (5): “Touch here!” pointing
it at him. Lesley opens the application.

Interestingly, there were also cases where children would indicate to adult
members of the group how to interact (Figure 58):
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Figure 58: Gordon (10) calls his dad, Keith (50) who comes with Jef (7). Keith and Jef do not touch the
surface for a while and no one talks. Gordon starts indicating them how to use it.

The following citation indicates how a lady was assisted by her daughter to interact
properly:
“What I’ve learned from my daughter is that I have to put some pressure on
the picture to enlarge.” (Female, 45)
Surprisingly, the indicative behaviour of one visitor towards another did not only
happen between parents and children. In the following vignette a male was already
interacting and a boy who he did not know and who had arrived later started
indicating to male how to interact:
When Jeremy (10) approaches, he opens an image and maximizes it for
Pablo (28). He then closes the application and opens it again showing the
corners to Pablo: “It opens if you press here”. He then starts explaining
some functions and later on he opens the tips and rotates them so that Pablo
can read them.
When interviewed, the male admitted that the boy had helped him discover more
functionalities of the table:
“…he (the boy) came and I was trying to maximize a picture at that point
and he actually picked it and he showed me how to do it… I mean the boy
came and he actually explained to me the whole reason of that machine
there, of that table… how it works…” (Male, 28)
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Of course helping behaviour around the table did not only occur between an
adult and a child but also between two children:
Sarah (5) is playing with the water in the ‘pebble lake’ when her brother,
Son (9) approaches, opens the application and starts explaining to her how
to interact.
…or two adults:
Tina (35) is exploring the application when her friend Jackson (40)
approaches her and stands next to her, just looking. Tina starts explaining to
him how the application works by zooming in and rotating images.
As an interviewee admitted, her friend helped her interact:
“…we had trouble on making them (the images) grow, but M (65) knew how
to do that.” (Female, 65)
The “collaboration”
The multi-touch table led to collaborative interactions and more importantly
contributed to collaborative thinking. Visitors were able to interact, look at things
together, read and write collaboratively. In certain cases, members of a group would
even create incentives through the application in order to motivate other members to
join the interaction.
Generally, many visitors commented on the images, showing one another
interesting facts on the application and chatting:
Kate (40) interacts with her daughter, Paula (13). Paula reads descriptions
to her mum and shows her interesting images. They chat while interacting on
different images and Paula talks to her about the timeline.
Two friends reported during interviews:
“I think that, the first time we both just read the description of a picture by
ourselves and then we were like: “Oh! Look at this picture!” we turned it
around and showed it to each other. That’s cool stuff I think...” (Male, 25)
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“We were also talking, like “Look at this, is still standing after so many
years…yeah, kind of analyzing the images” (Male, 25)
“Yeah, sharing the experience of the pictures!” (Male, 25)
Other interviewees also supported the playful interaction between the members of
their group:
“Yeah (we were commenting), we found some images that we liked,
especially for the early years and we were discussing on them…” (Male, 35)
Even a couple of visitors who were not able to interact within a group, supported the
table’s possibilities in collaboration:
“…in a screen of that size the potential is pretty good for collaboration...”
(Male, 70)
“I’d imagine a group of people interacting, approaching it, particularly a
group of younger people, playing with it, having maybe a dynamic dialogue
between them.” (Male, 27)
Collaborative reading:
The application enabled collaborative reading, which most of visitors in a group
would usually do, instead of reading the same text separately. The following
vignettes illustrate how the collaborative reading worked between members of
groups (Figure 59, Figure 60):

Figure 59: A family is around the table and opens the comparing bubble. Tony rotates it in a comfortable
orientation for all so they can all read the text collaboratively.

- 69 -

Interviewees also reported their ability to collaboratively read the descriptions of the
application’s images:
“She (my wife) was finding different photos, I was finding different photos
and then we were both reading the descriptions.” (Male, 35)

Figure 60: Pablo opens a description of an image: “Have you read all these?” asks Jeremy. Jeremy says:
“No” and smiles. Pablo rotates and maximizes the description so they can both read it. They twist their
heads and start reading.

In the previous vignette, the Male mentioned:
“…because he (the boy) was on the other side, the only way that we could
both read it (the description) was if it was vertically for both of us.” (Male,
28)
Collaborative writing:
It was rare, but two members would even type comments collaboratively (Figure
61, Figure 62):
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Figure 61: Two girls, Esther and Linda start typing together comments.

Figure 62: Colin (6) types an answer in the question card. Alec (45) looks at it and corrects his mistakes.
Alec tries to type the correct answer with the keyboard upside down: “Put the capture!” says to Colin.
They type the answer collaboratively. Alec keeps typing upside down, struggling, huffing: “Now do it
yourself” says to Colin. He checks if Colin does it right and he corrects him. Colin types pretty slowly and
Alec rewards him: “Good”. They zoom in the answer to see if it’s written correctly.

Motivation through collaboration
Even if the application could motivate those members of the group who were not
interacting to start doing so, only a limited number of such instances were observed
(Figure 63):
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Figure 63: Alexa pushes an image from her side to Ron’s side and then to Alice’s side, motivating them to
start playing.

Playful collaborative incidents
Sometimes, when members of a pair or a group were interacting altogether,
funny collaborative incidents would happen, leading to an even more enjoyable
interaction (Figure 64):

Figure 64: Hope wants to move a picture but because Canon is touching it with his elbow on the other
side, it is getting maximized so they both start laughing.

A couple also mentioned:
“We were both dragging pictures together, just playing around really…”
(Male, 25)
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Collaborative thinking
Through the application, members of a group were able to reinforce their
collaborative thinking abilities:
Michael (50) reads a description to 3 other members who are around and
then reads a question. “So, what’s the answer?” he asks. The rest of the
group starts thinking and reading the description again to find the answer.
An interviewee also described an incident where a particular element of the
application enabled him and a young stranger to work together and think of different
ways of interaction:
“We tried to put more pictures (in the comparing bubble), more than two,
but you couldn't. So he (the boy) put one and I put one at the same time and
immediately when both went there, it showed us the comparison.” (Male, 28)
Unsuccessful collaboration
Only a few cases were observed where the collaboration between users did not
turn out well and that happened especially between brothers and sisters or friends
(Figure 65):

Figure 65: Michael (10) and Orla (8) approach the table. They start fighting on who is going to play first.
Eventually Orla leaves and Michael stays and starts playing alone. 2 minutes later Orla comes back,
saying: “It’s not fair! It’s my turn now!” (It did not cross their minds that they could both interact
simultaneously). Orla starts pressing images and bothering Michael’s interaction. Michael is getting
frustrated: “What are you doing? Stop it!” He closes the app and leaves after 20 seconds. Orla takes a sit
and starts interacting.
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In another similar case, two friends were not able to interact collaboratively:
Jim (8) and Peter (10) are interacting together when Jim says to Peter: “I’m
going to do the timeline! Don’t do anything!” Peter leaves the table and lets
Jim interact alone.
A couple of interviewees shared their impressions of group collaboration suggesting
that it would probably not be easy to work perfectly at all times:
“I think it's more intended for one person to be moving things to start with…
if there are too many people you can't move everything.” (Female, 20)
“I think it's nice when it's quiet… but if you have a lot of people around, a
lot of hands… it gets confusing.” (Male, 25)
Interruptions during the interaction
In general, the interruptions observed during interactions were not particularly
harmful for the group interaction. Occasionally, a member would, either
accidentally or by curiosity, touch one of the corners while other members were
exploring the application. This led the current screen to shrink. Most of the times,
people were surprised by this reaction but would quickly recover from the ‘accident’
and go back to continue what they were doing. Examples of such incidents are
presented in the following vignettes (Figure 66, Figure 67):

Figure 66: Ron presses one of the corners probably out of curiosity and the screen shrinks. Alexa
immediately presses the shrink image to go back again and they all keep playing.
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Figure 67: Brian presses one corner of the application by mistaken with his elbow but he quickly finds the
way to go back.

There were other cases where such kind of interruptions led to confusion at first
(Figure 68):

Figure 68: Agnes wants to bring an image closer to her but she accidentally moves a description that
Barbara is trying to read, so Barbara is getting surprised. Agnes: “Oh! Sorry!”

Two ladies, Christine and Emily interact together when Christine touches
one of the corners with her elbow by mistake. This minimizes the screen and
she exclaims: “Oops! What have I done?” She presses the shrink image in
the middle, 2 seconds later so they both keep interacting.
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Other kinds of interruptions tended to end up being funny interjections that were
considered playful rather than frustrating (Figure 69):

Figure 69: Ron maximizes an image and covers the other images that Alexa and Alice are looking at. They
all laugh and carry on maximizing images.

An interviewee even suggested that those kinds of interruptions were particularly
enjoyable for the interaction. When asked why she was laughing during her
interaction, she said:
“Oh, that was when he (boy) started turning around the pictures and I was
trying to read them…!”(Female, 40)
Nevertheless, there were a few cases where interruptions would lead to
frustration (Figure 70, Figure 71):

Figure 70: Graham throws pictures here and there: “That’s fun!” Jo: “I’m trying to do something!”
[frustrated]
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Figure 71: Sebastian is reading a description when Adam and Philip start rotating it and moving it to
tease him. Their father, Matt: “Stop doing that! He’s trying to read!” [frustrated]

Interruptions were also commented on by interviewees who mentioned how hard
the interaction could get, especially when lots of people were around the table and
trying to interact altogether:
“It can be quite complex to do it. Somebody might want to do something and
when your picture is bigger it might disappear… and that might lead in
conflicts...” (Female, 30)
“…I think the size of it… it’s difficult for people to use it… who do not have
the same interests, at the same time.” (Male, 50)
“Yes, I think it (the group interaction) was a little bit difficult, cause my son
was trying to do the timeline… and his little sister was tapping everything, so
I think it’s more difficult if there is a couple of you in different ages and you
are all trying to do something, because the temptation just to tap, especially
if you are little, is just too high. …I think he would have eventually done it
but his sister was just getting in the way.” (Female, 40)
“What if there was a group of children, that one child might have snapped
the picture away from another child? And I think that it could lead over a
tension, because it’s very easy to do that! And it’s impossible to stop it!”
(Male, 60)
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At least 22 cases were observed where an interruption from one member of the
group would result in the end of interaction for another. People would typically
follow the members of their group who would leave the room, withdrawing
unexpectedly from the interaction, even if they wanted to play more.
Another stronger interruption that prevented the continuity of interaction was
when a member would close the application, forcing the other member to leave:
Leila (7) wants to stay and play with the table but her parents are ready to
leave the room, so she asks them: “Let me get the water first!” and she keeps
playing. Her father, Marcus approaches and closes the application, taking
Leila by the hand and they all leave the room.
Finally, there were also some cases where little children would interfere,
stopping their parents from interacting, leading to the older member of the group
giving up and leaving (Figure 72):

Figure 72: Charles is enjoying the interaction when Benjamin comes and starts moving the images
randomly. Charles cannot interact so he leaves.

Gestures
The gestures that visitors used on the multi-touch table were similar to those that
have been already observed in similar studies on multi-touch surfaces (Hinrichs &
Carpendale, 2011; Hornecker, 2008).
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The design elements of the interface did not invite special types of gestures so
users would typically use gestures already known from previous experience with
similar interfaces. Some of them would double tap on several elements, probably
believing that double tap works like double click:
“I was just double clicking to flip the pictures and see the descriptions.”
(Female, 30)
“I tried touching the… there was a spacebar… I tried to double click it…”
(Male, 27)
The interaction gradually unfolded with visitors usually starting interacting with
very subtle movements and then increasing the expressiveness of their movements
(cf. Müller et al., 2012). The gestures people choose to interact with, express their
opinions, emotions (Hinrichs & Carpendale, 2011) or even insecurities about the
technology. So for example, the smooth, exploratory first gestures would reveal
novice users’ initial reservation towards the surface, whereas the expressiveness of
their gestures, a few seconds after the first touch would express their enthusiasm
towards the possibilities of the application.
A wide range of different gestures were observed, only a couple of which were
particularly novel. So for example a girl (15) who interacted for about 10 minutes
was observed using many different gestures, the most peculiar of which was moving
images and descriptions with her elbow. Another boy (15) was observed moving
and pressing images using his thumb at an awkward angle for the majority of his
interaction time.
Many visitors wanted to try out their gestures either out of curiosity or because
they needed to practice them: a female (65) was observed rotating a picture by doing
many little circles with her forefinger; another female (27) was observed trying
different gestures on the water to see if it responds differently; and a male (28) was
observed maximizing an image 5-6 times, “working on his gestures”. When he was
asked, he claimed:
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“…after a couple of… or more than a couple of tries, I felt confident to do it
easily and maximize, minimize pictures, move them around…” (Male, 28)
There were quite a few cases where users would be more interested in playing
around, using different kinds of gestures and testing table’s reactions to those. So
they were observed moving around, rotating, zooming in or out many times the
different elements of the application without paying much attention on what they
were looking at. That was what children would typically do, as a member of staff
explained: “…kids like exploring with their hands.” but that behaviour was also
observed in a few cases by adults as well:
A group of 6 students stayed around the table and did not seem interested in
reading the content or exploring the images. They just enjoyed trying out
different gestures and throwing images here and there to one another.
Some of the interviewees referred to the ease of interaction with reference to the
intuitiveness of their gestures:
“I would also do that with a paper like this (he moves and rotates at the
same time a hand paper with two fingers to demonstrate the easiness of
interaction). It’s close to the physical world, like if you had pictures lying on
the floor or on a table you would move them exactly like this (moving the
paper with his fingers)… without the zoom function obviously…” (Male, 25)
“We were intuitively doing the right thing to make it grow…” (Female, 65)
People were observed using either one or both hands to interact, probably
depending on the control they wanted to have on the element they were
manipulating. Some visitors were observed using both hands to resize the images
(Figure 73a, b):
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Figure 73:
a) Adrian zooms in an image using her forefingers

b) Polly zooms in opening all her fingers in
different orientations.

Whenever users had difficulties in moving or rotating an interactive element with
one hand, they retried using both hands (Figure 74):

Figure 74: Catherine tries to rotate an image with one hand but she can’t do it, so she tries with both
hands.

The interviewees’ opinions varied on whether it was easier to interact with one
or both hands:
“I think sometimes when I tried to spin something with my fingers I didn't
know whether I should use two hands or two fingers… and in the end I found
out two fingers the best way of rotating” (Male, 28)
“I initially tried with two hands and it wasn't working 100%. With one hand
it was working much better.” (Male, 28)
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There were cases when people would demonstrate specific gestures to other
members of their group or even strangers, implicitlydemonstrating their knowledge
(Figure 75, Figure 76):

Figure 75: Ralph zooms in an image in an exaggerating way, using his both hands, saying: “Huuuuge!!” to
Gwen.

Figure 76: Matt shows to Sebastian how to rotate an image: “You just twist it!”

Collaborative gestures that assisted collaborative interaction were also observed.
Some of them are illustrated in the following vignettes (Figure 77, Figure 78):
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Figure 77: June holds an image from one side and Harry from the other and they maximize it
collaboratively.

Figure 78: Sue, Vena and William interact collaboratively, touching altogether the same picture, moving
it around or resizing it.

4.5

Usability issues
Even if visitors did not initially report any severe usability problems while

interacting, through observations and interviews, several usability issues were
identified.
The general impression of the visitors on the use of the multi-touch table seemed
to be positive:
“It was really easy to use…” (Male, 45)
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“I could quickly do the gestures, so… make them bigger, smaller, rotating
them around…” (Male, 35)
“Enlarging and moving around the pictures is pretty easy, it’s like
intuitive.” (Male, 25)
There were only a few cases where users admitted they were having difficulties
on interacting, like a male (45) who mentioned that it was not so easy for himself
and that his daughter was probably using the table more easily or a couple who were
overheard chatting on the table’s usability.
Responsiveness
The main usability aspect that appeared to annoy users was related to the
response of the table.
Two instances were observed with a female who was trying to move an image
but she kept continuously failing, so she started ‘talking’ loudly to the image:
“What?? MOVE!” and with a girl (10) who tried to move some images but the
surface did not respond well, so she got disappointed and gave up: “This so hard to
use!”
Many users wondered why the table could not always recognize their gestures:
“It’s not so easy… it doesn’t recognize my moves at all times.” (Female, 75)
“I don't think it was particularly sensitive… it seems to… it works but… you
know… you try to do one thing and you need to do it a couple of times…”
(Male, 20)
“I suppose I expected the screen to be a little bit more sensitive…” (Male,
35)
Others would compare its response to that of other similar devices:
“Apple would do it more fluid… when you push something around is not
quite as smooth as an iPhone.” (Male, 35)

- 84 -

“...and its sensitivity wasn’t quite what the iPad sensitivity is, so I found that
to my expectations its responsiveness was somehow different. So actually it
did what I expected it to do once I’ve got my pressure right.” (Male, 70)
Only one interviewee suggested that the responsiveness was good:
“I felt it was very kind of responsive and quick.” (Male, 35)
The responsiveness appeared to be a more serious usability issue at the
beginning of the interaction. Many users were observed trying to press the corners in
the ‘pebble lake’ screen to start the application but due to the fact that they did not
put the appropriate amount of pressure, the system did not recognize their touch. A
couple of interviewees confirmed that:
“…that’s what I tried (to press the corners) but it didn’t work… When I first
tried (to press the corners) nothing happened…it didn’t quite respond to my
fingers.” (Male, 35)
Accidentally touching elements
Users were observed accidentally pressing several interactive elements, resulting
in unexpected outcomes. Some of them would be harmless and ‘part of the
interaction’ whereas others would create confusion, tenseness and frustration to
users.
As observed by Ryall et al. (2006), tabletop users tend to lean on their elbows or
arms while interacting with such devices. This was frequently observed for visitors
who, as mentioned earlier in section 4.4, sometimes accidentally pressed the corners
of the table. Interestingly, one visitor made a comment on the bevel, pointing out
that at first he was not sure whether it was interactive or not:
“The only thing was that I wasn’t sure if the whole table (pointing at the
glass bevel around the screen) was interactive…” (Male, 45)
Those accidental touches would also happen with other interactive elements,
especially when the surface was cluttered and many users where trying to interact
simultaneously. In most cases, people would enjoy and laugh at these false
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detections rather than get annoyed by them. However there were some cases where
people would get disappointed when they accidentally pressed somewhere and lost
the element they were interacting with (Figure 79, Figure 80).

Figure 79: Laurie and Simon open the comparing bubble but Simon presses accidentally the ‘x’ button
and it disappears. Laurie: “Oh! It’s gone!” Simone presses on the empty comparing bubble 4 times to
bring it back but nothing happens.

Figure 80: Stephan tries to zoom in a description but he accidentally taps the ‘image box’ and everything
goes back so he misses the description. Stephan gets annoyed: “Argh...”

Accidental touches would result in additional usability issues when users
discovered new elements of the application by chance and were not able to make
them reappear again. That was something that annoyed some users:
“I actually accidentally found out that ‘clicking’, putting your finger on the
image, it would show the information, the description. So that happened
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accidentally. And after that, I couldn’t really figure out how to do it again.
…a couple of actions are kind of hidden I think.” (Male, 25)
Expectation of interactivity
Users often had wrong expectations about the interactivity of particular
elements. People were observed trying to move or maximize an element that could
not be moved or maximized or pressing a non-interactive element. People usually
persevered, pressing an element with greater force two or more times before trying
to press somewhere else. The following vignettes illustrate such behaviours (Figure
81, Figure 82, Figure 83, Figure 84):

Figure 81: The ‘Leeds Surface’ appears in the middle and M tries to move it left and right.

Figure 82: Joan presses images on the ‘touch to experience’ screen and Helen says: “Give it a chance…”
probably thinking that it’s loading.
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Figure 83: Pablo moves the timeline bubble close to him and tries to maximize it a couple of times.

Figure 84: Elmer taps the empty comparing bubble and then he taps it harder.

Even when visitors approached and started playing with the ‘pebble lake’,
they would press harder probably thinking that it might react differently (Figure 85):
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Figure 85: Lisa starts “knocking” the surface. She keeps knocking the same way but harder.

In addition to the usability issues with non-interactive elements, another serious
usability issue was identified: consistency. The representation of the ‘imageline’ in
the initial screen of the application was similar to that one in the homepage screen
suggesting that the images should be manipulated in the same way. However, the
images on one screen could not be pressed, unlike the other screen where they could
be (Figure 86a, b).

Figure 86: Similar representation of ‘imageline’ inconsistency:
a) non-interactive images

b) interactive images
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Another expectation of interactivity that was mentioned by a couple of users had
to do with the comments in the question card:
“In the comments it was not clear that if you wanted to actually write a
comment you had to press the ‘enter’ at the end…cause I tried to write
something, I thought that with the ‘enter’ I would go to the next line but
actually it was the erm… submit basically… maybe if there was a submit
button… it would be easier” (Male, 28)
“I didn’t find how to write. And it was kind of frustrating because I read
‘comments’ and I wanted to add my comment but then I didn’t find how to
write…” (Female, 28)

4.6

Summary of findings
The most noteworthy findings of this study that were identified through the

thematic analysis are presented hereby:


Noticing and approaching the table

What seemed to influence whether people would notice the multi-touch table
was mainly its physical appearance and the context, as well as whether their natural
walking path was directed towards it by other stimuli in the environment. Older
adults’ postures and attitudes manifested their reservation towards an unknown
technology, which would affect their decision on whether and in what way they
would approach it. Latency times seemed to also negatively influence whether a
visitor would approach or even notice the table. Interestingly, whenever the honeypot effect worked, it could either have positive or negative effects on whether
visitors would notice the tabletop and that appeared to mainly depend on whether
the effect was created by familiar people or strangers.


Configuration around the table

The provision of chairs, as well as the application’s orientation, resulted in stable
settled formations around it for most of the interactions. Nevertheless, the location
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of the table did not leave enough space around it (Figure 2, Figure 3), which could
prevent visitors – even if they wanted to – easily reconfiguring themselves.


First touch and impression

Users’ first impressions were clearly affected by previous experience with
similar technologies and their expectations towards it. A novel finding was that the
audible sound of the application after the first touch could give them clues, either
guiding them on how to interact or re-attracting their attention to the surface.
However, sometimes those clues appeared to create more confusion than assistance.


Interaction between visitors

The interactions observed between older and younger members of a group were
diverse. Adults either would perceive the table as a toy for children or would be
prevented from exploring the application further because children were ‘messing
around’. Nevertheless, the multi-touch surface enabled collaborative behaviours
between members of a group or even between strangers that benefited collaborative
thinking and playful interaction. When interruptions – mainly accidental – occurred
during the interaction, they would be regarded as “part of the game” and would be
easily manageable. People’s gestures on the tabletop were influenced by their
experience with similar interfaces. Additionally, individuals’ gestures would reveal
different emotions towards the surface as well as the amount of control they desired
to have while interacting.


Usability issues:

Usability problems had mainly to do with cluttered screens which after
accidental touches could interrupt a user’s activity. They also had to do with wrong
interpretations and expectations of interactivity.
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CHAPTER 5.
5.1

GENERAL DISCUSSION AND CONCLUSION

Implications for design
The findings of this ethnographic study corroborated many of the findings from

relevant previous studies, contradicted some of them and complemented others.
Latency time as well as splitting up seem to be natural phenomena in places such
as museums where people of the same group might enter a room at different times
(cf. Marshall et al., 2011a) and follow different walking paths, attracted by several
stimuli according to their interests. Both the various stimuli in a room and also the
nature of the room itself can influence the walking path that people will follow or
even their willingness to enter the room. Therefore, it would be advisable to
consider the location when installing such displays in public spaces so that other
exhibits do not unduly draw attention away from them. It might even be possible to
think of the design of the room as a whole, in such a way as to encourage visitors to
scan everything when entering.
The display itself could also provide more visible cues inviting visitors’
attention in a more attractive way. Of course, making people notice and calling them
to interact with an interactive display in a public space is not easy (Müller et al.,
2012). Physical appearance seems to attract visitors’ attention, meaning that
incorporating more eye-catching elements might contribute to the percentage of
visitors who will notice the display. On the other hand, what seems to be a
particularly important obstacle for users to overcome before they approach a display
is their reservation towards technology. For that reason, a tabletop’s appearance
could comprise novel and surprising design elements that intrigue all age groups’
interests, not only motivating them to admire it but also stimulating their curiosity
and convincing them that it is something they can cope with and enjoy using.
The honey-pot effect might have negative as well as positive outcome on
whether people notice and approach an interactive exhibit. It might work negatively
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on members of a group who enter last, since familiar people who are away from an
interactive table may draw attention away from it. Furthermore, strangers around a
tabletop might not always attract other visitors’ attention; if they do, it is less likely
for them to join in, possibly perceiving it as a single-group exhibit. Nevertheless, it
would be interesting to intensively explore the causes of such an effect, which seems
to be less effective in such contexts. If interactive displays in public spaces aim to
initiate a playful interaction, even between strangers, their design could demonstrate
more obviously this purpose and their size could invite more people around to
encourage the collaborative play between different groups. Moreover, the finding
that people adopt their settled configuration according to the orientation of a
tabletop’s main features might possibly lead to installing displays in the most
efficient orientation that enables immediate use. Physical restrictions could be also
as limited as possible on the area around an interactive table, enabling comfortable
gathering, freedom of movement and reconfiguration around all four sides, if
needed.
Interactions on interactive displays should not be designed in a way that is too
complex for users to interact with (cf. Müller et al., 2010). That seems to be more
important when it comes to the first touch, which determines whether the user will
have a positive experience and decide to continue interacting. Therefore, when the
initial interaction is not supported by external factors, such as instructions on how to
interact, it seems important for an interactive display to provide this kind of
guidance to the users intuitively. Bearing in mind that people might behave
differently in public settings, multi-touch tables could be designed in such a way as
to support the actions of different age groups.
A novel finding in this study is about the importance of sound in interactive
displays in public spaces. It appears that properly indicative sounds, along with the
visual output, could provide clues to users, either by attracting their attention or by
guiding them to successfully interact. Assuming that sound can also add to users’
experience, it would be interesting to examine further whether it could work as an
additional sensory effect in tabletop interfaces in museums or other public spaces.
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Interactive exhibits in museums aim to provide incentives for older and younger
users to adopt smooth, collaborative behaviours. This preferable behavior does not
always happen when either the younger or the older member of a group is not
interested in interacting. Developers could consider the design of such applications
whose content is addressed both to adults and children in order to engage both age
groups at the same level and mediate their attention leading to smooth interplay
between them. Additionally, since high levels of engagement seem to limit the
social interactions between members of a group, applications could provide the
appropriate incentives for users to join in when the most engaged members do not
motivate them to do so.
In such applications and particularly in such contexts, it is not unusual for a
member’s actions to interfere with those of another member of the same group. As
both Fleck et al. (2009) and Hornecker et al. (2008) argued, when harmless
interruptions happen, they can not only be considered beneficial for group
awareness but they can also lead to enjoyable overall user experience. Nevertheless,
accidental intrusions may sometimes cause unpleasant disruptions of the flow of
interaction. For that reason, it is suggested for designers to consider whether an
application in a public space could be designed in a way that enables freedom of
interruptions as well as how and to what extent this might be controlled.
As technology is getting more advanced, users seem to have higher expectations
of newly introduced systems. Contrary to a few years ago when they were not
surrounded by such technologies, they now inevitably compare similar systems that
they are using daily in several ways; functionality, capabilities, responsiveness,
resolution or way of interaction. Usability appears to be the main factor not to be
meeting users’ expectations of such technologies. As stated, different expectations
and interpretations of interactivity in multi-touch tabletops that cause accidental
actions by users may result in negative overall experience. Interactive elements
could present an indication on how they can be manipulated, giving assistive hints to
the users, enabling them in such a way to be aware of their functionality and have
better control of interaction. So for example, using well-known conventions (icons,
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menus, lists, etc.) might be a safe path in applications of multi-touch tabletops, since
users would be familiar with such representations and functionalities, but this is
something that should be further explored. Moreover, the interactivity or lack of
interactivity of certain elements of the application could be obvious so as not to
confuse users on whether they can be operated or not. For example the use of
decorative elements that do not provide certain functionality could be limited as
much as possible. More importantly, consistency in design elements is important so
that users can easily distinguish their functionality. At the same time, interactive
elements in such surfaces could allow at certain extent for free manipulations.
Providing users better control capabilities through their gestures, without
nonetheless restricting the way they interact, would enable more pleasant and
effective experience in multi-touch tabletops.

5.2

Conclusion
Multi-touch tabletops in public spaces can constitute a novel form of interaction,

upgrading the way that friends or family members function as a group throughout
their visit. If visitors are aware of their existence, have used them before and their
interest has been successfully attracted, they could gladly revisit the place.
Moreover, in a context like that of a museum, where traditional exhibits and signs
can be uninspiring, especially for younger visitors, interactive displays seem to
attract their attention and raise their interest more than static displays. If they
succeed in providing educational and informative content into a usable playful
application, interactive tabletops could even replace some traditional displays,
enabling an even more pleasant experience for the whole group.
Going back to the research question, the findings of this study confirmed issues
that have been already described in previous literature, but in addition they
presented novel outcomes that could be used to assist developers in the design of
multi-touch tables in such increasingly technology-intense environments.
Multi-touch surfaces in public spaces provide a new tool which could positively
influence people’s lives, providing to the members of a group the opportunity to
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speculate and discuss simultaneously a number of themes and enhancing their
collaborative thinking. Furthermore, it could motivate the older members of a family
to interact with their children (or grand children) decreasing the generation gap and
achieving a shared experience. Further work could be oriented to this direction with
developers taking into consideration the aforementioned implications to the design
of multi-touch tabletops in similar public spaces.

- 96 -

REFERENCES
Allen, S. (2004). Designs for Learning: Studying Science Museum Exhibits That Do
More Than Entertain. Science Education, S17-S33.
Azad, A., Ruiz, J., Vogel, D., Hancock M., & Lank E. (2012). Territoriality and
behaviour on and around large vertical publicly-shared displays. In the
Proceedings of DIS ’12(pp.468-477).
Blomberg, J., Giacomi, J., Mosher, A., & Swenton-Wall, P. (1993). Ethnographic
Field Methods and Their Relation to Design. In D. Dchuler and A. Namioka
(Eds.) Participatory Design: Principles and Practices. Erlbaum. New Jersey,
123-155.
Bly, S. (1997). Field Work: Is It Product work? Interactions. 4(1), 25-30, January/
February, 1997.
Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative
Research in Psychology, 3(2),77-101.
Brignull, H., & Rogers, Y. (2003). Enticing people to interact with large public
displays in public spaces. In the Proceedings of INTERACT '03(pp.17-24).
Cao, X., Lindley, S. E., Helmes, J., & SellenA. (2010). Telling the whole story:
Anticipation, inspiration and reputation in a field deployment of TellTable.
In theProceedings of CSCW ’10 (pp.251–260), New York, 2010.
Fleck, R., Rogers, Y., Yuill, N., Marshall, P., Carr, A., Rick, J., &Bonnett, V.
(2009). Actions speak loudly with words: Unpacking collaboration around
the table. In the Proceedings of ITS '09 (pp.189-196).
Geller, T. (2006). Interactive Tabletop Exhibits in Museums and Galleries, IEEE
Computer Graphics and Applications, 6-11.

- 97 -

Gutwin, C. & Greenberg, S. (1996). Workspace Awareness for Groupware. In the
Proceedings of CHI '96 (pp.208-209).
Hammersley, M. & Atkinson, P. (1995). Ethnography: Principles in Practice (2nd
edition), Routledge.
Heath, C. & Luff, P. (2000).Technology in Action. Cambridge: Cambridge
University Press.
Heath, C. & Lehn, D. V. (2008). Configuring 'Interactivity': Enhancing Engagement
in Science Centres and Museums. Social Studies of Science, 38(1), 63-91.
Hinrichs, U., & Carpendale, S. (2011). Gestures in the wild: studying multi-touch
gesture sequences on interactive tabletop exhibits. In the Proceedings of CHI
’11 (pp.3023-3032).
Hornecker, E., & Stifter. (2006). Learning from Interactive Museum Installations
About Interaction Design for Public Settings. In the Proceedings of OzCHI
’06(pp.135-142).
Hornecker, E. (2008). "I don't understand it either, but it is cool" Visitor Interactions
with a Multi-Touch Table in a Museum. In the Proceedings of Tabletop '08
(pp.121-128).
Hornecker, E., Marshall, P., Dalton, N., & Rogers, Y. (2008). Collaboration and
Interference: Awareness with Mice or Touch Input. In the Proceedings of
CSCW '08 (pp.167-176).
Jacucci, G., Morrison, A., Richard, G. T., Kleimola, J., Peltonen, P., Parisi, L., &
Laitinen, T. (2010). Worlds of information: designing for engagement at a
public multi-touch display. In the Proceedings of CHI '10 (pp.2267-2276).
Kendon, A. (2010). Spacing and orientation in co-present interaction. Lecture Notes
in Computer Science, 5967, 1-15.

- 98 -

Kirk, D. S., Izadi, S., Sellen, A., Taylor, S., Banks, R., &Hilliges, O. (2010).
Opening up the family archive. In the Proceedings of CSCW '10 (pp.261270).
Koppel, M., Bailly, G., Müller, J., & Walter, R. (2012). Chained Displays:
Configurations of Public Displays can be used to influence Actor-,
Audience-, and Passer-By Behavior. In the Proceedings of CHI ’12.
Marshall, P., Morris, R., Rogers, Y., Kreitmayer, S., & Davies, M. (2011a).
Rethinking ‘multi-user’: An in-the-wild study of how groups approach a
walk-up-and-use tabletop interface. In the Proceedings of CHI ’11 (pp.30333042).
Marshall, P., Rogers, Y., & Pantidi, N. (2011b). Using F-formations to analyse
spatial patterns of interaction in physical environments. In the Proceedings
of CSCW ’11 (pp.445-454).
Millen, D. (2000). Rapid ethnography: time deepening strategies for HCI field, In
the Proceedings of ACM Symposium on Designing Interactive Systems
(pp.280-286), ACM Press, New York.
Müller J., Alt F., Michelis D., & Schmidt A. (2010). Requirements and design space
for interactive public displays. In the Proceedings of the international
conference on Multimedia (MM '10) (pp.1285-1294), ACM, New York, NY,
USA.
Müller J.,Walter R., Bailly G., Nischt M., & Alt F. (2012). Looking glass: a field
study on noticing interactivity of a shop window. In the Proceedings of the
2012 ACM annual conference on Human Factors in Computing Systems,
(pp. 297-306), May 05-10, 2012, Austin, Texas, USA.
Patton, M. Q. (1990). Qualitative evaluation and research methods (2nd ed.).
Newbury Park, CA:Sage.

- 99 -

Peltonen, P., Kurvinen, E., Salovaara, A., Jacucci, G., Ilmonen, T., Evans, J.,
Oulasvirta, A., & Saarikko, P. (2008). It's Mine, Don't Touch!: interactions
at a large multi-touch display in a city center. In the Proceedings of the CHI
'08 (pp. 1285-1294).
Rogers, Y. (2011). Interaction design gone wild: striving for wild theory.
Interactions, 18(4), July + August 2011.
Ryall, K., Morris, M., Everitt, K., Forlines, C., & Shen, C. (2006). Experiences with
and observations of direct touch tabletops. In the Proceedings of IEEE
TableTop the International Workshop on Horizontal Interactive Human
Computer Systems ’06 (pp. 89-96).
vom Lehn D. (2010). "Examining “response”: video-based studies in museums and
galleries", International Journal of Culture, Tourism and Hospitality
Research, 4 (1), 33-43.

- 100 -

APPENDICES
Appendix A: Poster of the study
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Appendix B: Framework that the observations were based on
Noticing
Do groups of people split when they enter the room?
How do people notice the table? (When somebody else is using it? Incidentally?
When somebody else is pointing it at them?)
Approaching
Do people approach the table immediately? Do they seem reserved?
How do people approach the table? (Stepwise? Do they create a queue? Do they
jump in?)
Does a group arrive altogether in front of the table?
How individuals, pairs and groups configure themselves around the table?
How do they use their space?
Interacting
Start interacting:
Do they start playing with the water interface?
Do they immediately understand how to start the application?
Patterns of interaction behaviours:
What is the sequence of their actions?
What sort of interaction techniques people employ? (One finger touch? Tapping?
Dragging?)
Do they take it for granted that it supports multi-user activities?
Do they interact with one object at a time?
Do they employ joint activities on separate objects?
Do they interact with the table as if it was a computer?
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Behaviour within the group:
Do they interact simultaneously with other people or individually?
Do they comment or give advice to other people?
Do they change the orientation to provide access to the other person?
Does one person attract the attention of others?
Do they point something to someone else?
Do they follow the example of others?
Is anyone excluded from the table?
Activities:
How deeply they explore the tabletop?
Do they actually read the content?
Do they comment on the pictures?
What kind of information do they interact with mostly?
Conflicts:
Do the actions of visitors conflict with one another intentionally or accidentally?
(Do pictures overlap when they zooming in?)
Are there any conflicts during interaction?
How do they resolve the conflicts?
Interacting with strangers:
Do they contact with strangers?
When interacting with strangers are there any conflicts? (Do they accidentally touch
a stranger?)
Do they have a smooth interaction? (Do they share information on the table with
each other?)
Are there any bystanders/ observers?
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Learning effects: (Jacucci et al. 2010)
What types of techniques people employ to understand and learned how to use the
table? (Individual exploration, cooperative exploration, passive observation then
attempt, imitation, something else)
Do they gradually seem to understand better the table and be more engaged?
Ergonomic issues:
Is the height and location of the table convenient for all?
Do they easily reach what they want or do they struggle? (Do they stretch?)
Time of interaction:
For how long do they interact?
Are they coming back to interact again?

- 104 -

Appendix C: Information sheet and Consent form
Information sheet
Title of Project: Interactions around a multi-touch tabletop: A rapid
ethnographic study in a museum.
This study has been approved by the UCL Research Ethics Committee as
Project ID Number: MSc/1112/011
Name, Address and Contact Details of Investigators:
Evgenia - Eleni Patsoule
Address: 128 Montreal House
Surrey Quays Road, London, UK
SE16 7AQ
Email: evgenia-eleni.patsoule.11@ucl.ac.uk
Telephone: 07513858365
Paul Marshall
Address: UCL Interaction Centre, MPEB 8th Floor
Email:paul.marshall@ucl.ac.uk

We 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. Ask us if
there is anything that is not clear or you would like more information.
Details of Study
The research aims to explore how people approach, behave, organize
themselves and interact around a multi-touch table in a public space in a museum.
The main purpose of this research is to investigate ways of supporting and
enriching visitors’ experiences as they interact with a multi-touch table in public
spaces.
You will be asked questions about your overall experience while interacting
with the multi-touch table. Your answers will be audio recorded.
The expected duration of participation will be 10 to 15 minutes.
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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Consent form
Title of Project: Interactions around a multi-touch tabletop: A rapid
ethnographic study in a museum.
This study has been approved by the UCL Research Ethics Committee as
Project ID Number: MSc/1112/011
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 researchrelated injury.

I understand that I must not take part if I am under 18.
I understand that the interviews will be recorded and I am aware of, and
consent to them for academic purposes.
I understand that the information I will submit will be published as an MSc
dissertation and the results may be presented in an academic publication and/or
conferences, workshops and/or teaching material. 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:

- 106 -

Appendix D: Framework that the interviews were based on
Semi-structured interviews to the visitors
Have you ever used a similar system or was that the first time? How was this first
experience?
Noticing-Approaching
When did you notice the table?
When did you realize that it was interactive?
What motivated you to approach it?
Interacting
Start interacting:
Was the purpose of the application clear enough from the very first start?
Did you notice the instructions?
Do you feel you wanted to be guided and instructed on how to use it?
Behaviour within the group:
Were you able to use it as a group?
Did you experience any interruptions while interacting with the table?
(Follow up questions)
Activities:
Were you interested mainly on the technology or on the content of the application?
Did you find the table engaging and interesting? Did it offer something particularly
interesting? (Did you learn any unfamiliar information?)
Interacting with strangers:
Was it awkward you were using it with strangers at the same time?
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Usability issues:
How easy was to use?
Do you think you put a lot of effort to interact with it?
Was there anything you found particularly problematic?
Did you face any kind of difficulties?
Ergonomic issues
Were the location and the height of the table easy to approach and gather around?
Sequence of their actions/ explanations of their actions:
I noticed you did this and then that… Was there a specific reason you reacted like
this?
Overall:
What was your overall feeling of the group experience while interacting?
Any suggestions that you believe they could improve your experience with a system
like this?
Interviews to the staff
How do visitors mainly interact with the tabletop?
Do they usually gather around and play in groups?
Do they seem they are enjoying it?
Have you noticed if they are commenting on the table after having interacted with
it?
Do they find difficulties on perceiving how it works?
Do they seem confused?
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