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Interactive displays are becoming an increasingly popular civic engagement mechanism for collecting
user feedback in urban settings. However, to date no study has investigated (i) how the situatedness
of public displays affects the quantity and quality of collected feedback, and (ii) how public displays com-
pare to traditional paper or web feedback mechanisms. We answer these research questions in a series of
lab and field studies. We demonstrate that because people tend to approach this technology with no spe-
cific purpose in mind, the feedback collected with public displays is noisier than web and paper forms.

Key V'./or.ds" L However, we also show that public displays attract much more feedback than web and paper forms,
Public interactive displays . .

Feedback and generate much more interest. Furthermore, we found that users appropriated our technology beyond
Forms its original purpose. Our analysis provides implications on the tradeoffs of using public displays as a feed-
Input back mechanism, and we discuss ways of improving the collected feedback using public displays.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Public interactive displays offer a unique opportunity to pro-
mote civic engagement in urban settings. The visibility of these dis-
plays is an advantage that can be leveraged by city officials when
collecting feedback and in an attempt to enhance civic engagement
[16]. In this sense, the attractiveness and inherent situatedness of
this medium have been suggested as catalysts in promoting civic
engagement within a community [19,28]. Researchers have so far
been mostly concerned with the usability and design aspects of
providing feedback on such displays [e.g., 2,29,36], for example
considering how to use mobile devices to minimize on-screen typ-
ing on public displays [e.g., 28,35]. However, they have mostly
overlooked the issue of content: what kind of feedback do such dis-
plays elicit, and of what quality? In previous work, researchers have
either claimed success in their deployment [e.g. 7] although their
experiments are conducted in an artificially controlled environ-
ment, or have simply ignored noisy or irrelevant feedback without
exploring the issue [e.g. 18]. We argue that a systematic investiga-
tion is crucial to our understanding of the reasons for, and potential
solutions to, this question.

Furthermore, it is not clear what are the added benefits of public
displays in relation to more traditional mechanisms for gathering
feedback and eliciting engagement, such as paper forms or web
forms. Is the increasing popularity of public displays justified, or
do they introduce some bias in the way they engage users?
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Answering these questions is challenging due to the “in the wild”
nature of these public interactive displays, and because the public
is a diverse audience that tends to give mostly “noisy” feedback
[18].

In this paper we present the first, to our knowledge, series of lab
and field studies that investigate how public interactive displays
are used for the purpose of providing civic feedback. Our investiga-
tion of public feedback mechanisms is far from novel, however no
studies have considered this in the context of public interactive
displays. In this paper we seek to measure the quality and quantity
of feedback collected on public displays, and investigate whether
the situatedness of this technology has an effect by considering
two other mechanisms of collecting feedback from the public: pa-
per and web forms.

2. Background
2.1. Public feedback promoting civic engagement

Eliciting feedback from the public is a worthwhile cause. It has
been shown that citizen participation and feedback leads to posi-
tive outcomes both for people and institutions and also for the
society of which they are part of [8]. Not only are decisions made
through broader civic participation better, they are also more likely
to be accepted [16]. Others have argued that citizen participation
can increase one’s social wellbeing by reinforcing their perception
as being socially integrated and accepted and by strengthening
their belief in being beneficial to themselves and society [27].
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Feedback is also an essential part of civic engagement. In fact, a
great number of studies have explored civic engagement through
reporting from mobile phones [e.g., 12,13]. However, definitions
on what civic engagement actually means or encapsulates can
vary. However, we note two definitions found in literature [9]
claiming that: (i) engagement usually refers to participation in
activities that benefit themselves and, often, their communities
or society as a whole; and (ii) it refers to participation and a sense
of belonging in community, school, the workforce, and other as-
pects of life.

It may be argued that engagement is both a process and an out-
come. As a process, engagement and feedback in a community are
a positive development leading to long-term social inclusion [9].
Civic engagement can then be viewed from the perspective of ben-
efits to be gained and costs to be borne. Participation in activities,
communities, and institutions, enhances positive identity develop-
ment, social responsibility, and the development of a wide range of
life skills and competencies. Participation is a powerful tool at the
disposal of citizens that wish to engage in democracy pursuing po-
sitive social change to the benefit of the individuals involved and to
society as a whole [9]. In today’s society citizens are normally
encouraged to adopt more active roles [6], however civic engage-
ment can only be fostered on the basis of reciprocal trust between
people and responsible institutions [1].

2.2. Feedback mechanisms of public interactive displays

A number of previous studies have investigated the use of pub-
lic interactive displays for the purpose of gathering feedback and
fostering civic engagement [3,7,18]. Recently, Hosio et al. [18] re-
ported on Ubinion, a service that employed large public interactive
displays to enable young people to give personalized feedback on
municipal issues to the local youth workers. While successful in
engaging the youth, the study reported a high level of appropria-
tion of the public displays. The intended purpose of the system -
to give feedback on youth related matters - took a back seat to user
self-expression and playful interactions.

In another study, Brignull and Rogers [7] report on Opinionizer
designed to encourage socializing and interaction. Participants
could add their views and give opinions onto a shared display,
which they and others could observe and then add further add
comments to if they felt inclined to do so. During the study the
authors found that a major deterrent preventing people from par-
ticipating is social embarrassment. They suggest that a way to
avoid this is by making this public interaction have a purpose be-
hind it. They also claim that the environment, both on and around
the display, produces strong physical and social affordances, which
people can easily and unambiguously pick up on. Hence they argue
for facilitating the public in its needs to rapidly develop their con-
ceptions of the purpose of the social activity, and to be able to
move seamlessly and comfortably between being an onlooker
and a participant.

Finally, another study that considered public displays as feed-
back mechanisms was TextTales [3]. Here the authors attempted
to explore the connection between story authorship and civic dis-
course. They did this by installing a large, city-scale, interactive
public installation that displays a 3-by-3 grid of image-text combi-
nations. A discussion on a certain topic would then be born from
SMS sent by users that then created captions for pictures present
on the system. This study reflects many other studies focusing on
moving text entry away from the display [e.g., 28,38|. However,
due to some people’s lack of willingness or capability to use such
proposed systems [19] one ends up with a substantially smaller
potential sample of contributors. We argue that by allowing the
text entry mechanism to remain on the display we do not exclude
anyone from the process.

In the above examples, the authors report on the importance of
deploying these feedback mechanisms in authentic environments,
or living laboratories [34]. Public interactive displays provide a un-
ique medium that fosters opportunistic feedback gathering by
passersby to understand situated and contextually relevant infor-
mation, leading to better insight in feedback [5]. Coupled with
the honey-pot effect [7] displays can foster the appearance of
“mini-communities” around them, participating in a dialog about
the topic at hand as reported in several previous studies [e.g.,
30,33].

An important issue that most previous studies have overlooked,
however, is establishing how this new medium compares to exist-
ing and well-established channels for feedback. While studies have
claimed that people do indeed use these displays for providing
feedback, no study has directly compared displays to other feed-
back mechanisms. Advances in display technology have reduced
costs, but still the cost of maintaining a display and software in
public can be high [31]. Therefore, we seek to establish the extent
to which public displays can be reliable in terms of quality of feed-
back but also cost-effective mechanisms.

3. Studies

In a series of studies we seek to establish how public displays
affect the quantity and quality of collected feedback, and how this
compares to paper and web feedback mechanisms. We conducted
our studies within the context of two ongoing debates in our city:
the major reconstruction of a central pedestrian street, and the
quality of education of our university. We note that the public dis-
plays used in our studies have been part of the city’s infrastructure
for about 4 years and therefore we did not expect any effect of nov-
elty in our findings.

(a) Study 1 was conducted in the field, and its purpose was to
replicate and validate previous studies [3,7,18] that used
public displays to collect situated feedback. This study was
conducted in the context of the pedestrian street reconstruc-
tion, and we sought to measure the quality of the collected
feedback.

(b) Study 2 was a controlled lab study conducted in the context
of the quality of education in our university. Here we
assessed participants’ attitudes towards providing feedback
using a public display, a web form, and a paper form.

(c) Study 3 used identical apparatus as the second study, but
was conducted in the wild over a 2-month period without
explicitly recruiting participants. Here we sought to validate
our findings from Study 2 in a more naturalist setting.

3.1. Study 1

During initial meetings, city officials they expressed their ongo-
ing struggle to collect feedback from citizens regarding a major pe-
destrian street reconstruction. The reconstruction had received
frequent attention in the online version of the local newspaper
but in a non-constructive and negative manner. Although the city
officials had set up a web-based application for this purpose, and
allowed citizens to give feedback using paper forms, these mecha-
nisms were not getting used at all. Our goal, therefore, was to fun-
nel the public’s interest in a more constructive manner, and
redirect it to city officials using a medium they could control.
Our first step was to better understand why exactly citizens did
not provide feedback to the city officials directly. We conducted
semi-structured interviews (N =20) around the city in public set-
tings by interviewing citizens (7 male, 13 female) aged 16-60
(M =29.9, SD=11.3). The questions were: (1) Demographics, (2)
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have they ever provided any feedback concerning the renovation to
the city officials and if yes by what means, if not for what reason,
(3) what [other] means of providing feedback do they know, (4)
could they provide an alternative way for citizens to give feedback
on such matters. None of the participants reported having submit-
ted any feedback to city officials on the renovation or otherwise.
Regarding the existence of means to provide such feedback, partic-
ipants either assumed they exist (N = 13, e.g., website and city offi-
cials’ office) or simply reported not knowing about any (N=7).
Amongst those that reported the city officials’ office as a means
to provide feedback, the majority (N = 9) claimed not being willing
to physically visit the location just for the purpose of providing
feedback. Interestingly, the majority of interviewees (N = 15) sug-
gested the use of the citywide deployment of public interactive dis-
plays for the purpose of giving feedback on the pedestrian street
reconstruction. They claimed the displays’ location near the actual
reconstruction site would remind and motivate them to give their
thoughts.

Following-up on the previous question, we asked what input
method for giving feedback on the display they would prefer. The
majority of interviewees (N = 18) said that a mechanism to input
text directly on the public display would be the ideal way for them
to give feedback on the displays. Suggestions of audio or video
recording were immediately dismissed due to privacy concerns.
Interviewees also claimed they would not want to spend money
for sending SMS or spend time with a pairing mechanism, and
the majority also claimed not to have a data plan. These sentiments
reflect the latest survey conducted in 2011 by the Official Statistics
in our country [blind], in which 33% of respondents said they use
their mobile phones for Internet access and only 22% claimed to
use it on a weekly basis. Given this, we chose not to experiment
with different types of entry mechanisms. Furthermore, while pre-
vious research has repeatedly reported that text entry on interac-
tive displays is very challenging [e.g., 28,38], the fact that our
potential users cannot be trained before using any novel text entry
mechanism can reduce people’s willingness or capability to use the
system [20].

While our intention from the beginning was to suggest the use
of the citywide interactive public display deployment, as we be-
lieved the situatedness and attractiveness of this medium suited
our purposes, the answers given by the citizens increased our con-
fidence and that of the city officials in the idea. This deployment
consisted of 16 public interactive multi-purpose displays installed
in a number of indoor and outdoor public locations, as shown in
Fig. 1.

Fig. 1. One of the public interactive displays used to collect feedback in Study 1.

3.1.1. Design

We deployed an application that collected free-form text input
from citizens, and also gave them the option of answering two Lik-
ert-scale questions. We attempted to replicate previous research
that has reported on such feedback techniques [18].

In terms of how citizens would input text, using physical key-
boards is impractical on such interactive public displays, as there
is no good place to “park” them or it would require each person
to bring their own. Taking this into consideration and the com-
ments obtained during the interviews we decided on the use of a
soft keyboard [25,26], which is a virtual keyboard that is displayed
on the screen instead of having a physical form. This allowed us to
avoid the problems related to placement of the keyboard. The soft
keyboard was designed following the recommendations of [23] to
minimize error rates. Initially we considered allowing users to be
more creative while providing feedback (i.e., scribbling [10]) using
the public display (as well as the web form). However, we decided
against this mainly due to two reasons: (1) Encouraging scribbling
or other forms of creativity would bias people towards appropria-
tion of the public displays, and (2) We wanted to keep the tradi-
tional feedback mechanisms realistic, so by allowing scribbling
on the public displays the same would have to be allowed on the
web forms going against this very principle.

In addition we used two Likert scale questions as we felt they
are an easy and fast way to gather feedback, and have worked well
according to previous work [4]. The statements that we used in the
Likert questions were originally in Finnish, and their translations
are:

e “The large renovation project in <location> is topical and nec-
essary for <City>!" and

e “<City> officials are informing citizens sufficiently about the
renovation project!”.

To assess the validity of the Likert scale results, we alternated
the above statements with their opposite phrasing:

e “The large renovation project in <location> is irrelevant and
not necessary for <City>!" and

e “<City> officials are not informing citizens sufficiently about
the renovation project!”.

We expected that the alternation between the two sets of state-
ments would give us a clearer understanding on how reliable these
scores were, and we expected a roughly symmetrical average
score. Furthermore, previous research has argued for the use of
item-specific instead of agree/disagree as response options [37].
However, we intended for this method of giving feedback to be
engaging and quick. Therefore we chose the use of “smileys” as
the scale of agree/disagree response options. To verify that the
statements were not misleading we conducted a small pre-study
with 10 native speakers who agreed that the difference between
the positive and negative statements was clear.

We deployed our system “in the wild” on multiple public inter-
active displays around the city for 1 month. They were mostly lo-
cated relatively near to the actual reconstruction site in
downtown. The Likert scale data was averaged across all entries.
The open-ended text responses obtained were manually labeled
as either relevant or non-relevant to the city’s reconstruction. A
meeting with the city officials then followed the deployment in
which we assessed the deployment’s success.

3.1.2. Results

A total of 17 textual comments were inserted during this time
in addition to 46 answers to the Likert-scale questions. We com-
pared timestamps of the answers and all 46 responses were given
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at distinct timeframes (as opposed to in rapid succession) so we
therefore assumed that we had 46 unique respondents to the sur-
vey. The results obtained from the 5-point Likert scales statements
were:

e 4.44 (SD=1.23, Mdn = 5) and 4.32 (SD = 1.11, Mdn = 5) for
positive statements (N = 25).

e 3.86 (SD=1.71, Mdn =5) and 4.14 (SD = 1.42, Mdn = 5) for
negative statements (N =21).

3.1.3. Findings

While a perfectly symmetrical average score between the posi-
tive and negative statements could not be realistically expected,
the very close proximity of the scores suggests that many respon-
dents simply did not read the statements, or it was hard to read in
the context of the displays. This was further corroborated by the
fact that the median was 5 for both positive and negative state-
ments. However, we acknowledge that these results may have sim-
ply been due to problems inherent to the positive versus negative
balancing method used such as acquiescence, social desirability
and extremity bias [14]. Regardless of the reasons behind the re-
sults, we can still infer that the use of Likert scales as feedback
mechanism, at least in this context, was not reliable. Furthermore,
both ourselves and the city officials felt it was limited in richness of
feedback and was thus abandoned in subsequent studies.

Additionally, contrary to interviewees' claims of wanting a
mechanism to directly input feedback on the public displays, the
results showed that the comments were relatively “noisy”.
Although the sheer number of citizen feedback entries (17) was
characterized as “promising” by the city officials, it was mainly
noise (e.g., “zzzzzz”, “nananana’) with only 2 comments being rel-
evant to the issue at hand (e.g., “More workers to get this reconstruc-
tion done faster please”).

These results raised the question whether an interactive public
display is suited for this type of feedback collection. However, sev-
eral previous studies have reported using this medium to success-
fully gather feedback from the community [e.g., 3,18]. Hence, to
better understand our own findings we followed up with Study 2
in a controlled lab setting.

3.2. Study 2

In this study we contrasted situated feedback on an interactive
public display with two more traditional mechanisms for giving
feedback: paper and web forms. We did this to better understand
if the ratio of noise was due to the medium or the situatedness of
feedback. The role of the medium was highlighted in comparing
the public display versus paper forms, while the role of situated-
ness was assessed through the comparison between the public dis-
play and the web form.

3.2.1. Design

The study followed a within-subjects experimental design, with
each participant having to write pre-determined feedback mes-
sages on a public display, a paper form, and a web form. We pre-
pared a set of three feedback statements relating to different
type of feedback, namely: Suggestion, Quality of Service, and
Infrastructure.

e Statement 1 (Suggestion): “There should be more choices of
languages to study.”

e Statement 2 (Quality of Service): “The level of teaching is
not up to European stands!”

e Statement 3 (Infrastructure): “The sports facilities for
students are insufficient and old.”

We made these statements purposely negative as to gauge the
level of comfort each participant would have writing the different
types of feedback on each medium. We instructed all participants
to write each feedback statement using all three mediums: an
interactive public display with a soft keyboard and textbox, a paper
form, and a web form using a desktop computer. All three medi-
ums had the same basic interface layout. All trials took place in
the same public setting (Fig. 2 top) to address any location-based
bias with the desktop component being conducted in a collocated
private booth (Fig. 2 bottom) as to mimic the privacy conditions at
a participant’s home.

3.2.2. Measures

In both the desktop and the public display application we
logged the following: participant id, medium, typing time (from
the first character typed to the last) and number of backspaces/de-
letes. For the paper version we only gathered participant id and
writing time by using observation and a stopwatch. Upon complet-
ing all tasks they answered a questionnaire with demographics and
a single 7-point Likert scale in which they stated how comfortable
they were while giving each statement on the different mediums.
Finally, we conducted semi-structured interviews with all partici-
pants to get further insights. The questions were: (1) Demograph-
ics, (2) which medium would they prefer, if any, for writing each
type of feedback, (3) which medium would they prefer using in
general, (4) their opinion regarding advantages and disadvantages

(b)

Fig. 2. Left: The public display used in Study 2, with the paper forms on top of the
table to the left of the display. Right: the booth PC used to complete the web form in
Study 2.
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of each medium, and (5) their opinion regarding having other type
of input mechanisms (e.g., video, audio, and using phone).

3.2.3. Participants

In total 18 participants (6 female, 12 male) aged 20-37
(M=273, SD=4.7) were recruited. They were all recruited
amongst passersby in front of an interactive public display located
near the main cafeteria in our university. All participants were
briefed on the details of the study and given a movie ticket as
compensation.

3.2.4. Apparatus

A 57-inch touch screen was used as the public display, mounted
vertically at 1.2 m from the floor (Fig. 2 left). This is the same hard-
ware used during the deployment in Study 1. A 15-inch desktop
computer with a three-key external mouse was used to access
the web-based application, placed on a separate private booth to
the public display (Fig. 2 bottom). A table with the A4 size paper
forms was placed next to public display with a vertical plastic sign
notifying its presence (Fig. 2 right).

3.2.5. Procedure

Each participant was briefed on the process and the approxi-
mate time the whole experiment would last. We handed them
three separate pieces of paper with each one having a different
feedback comment we wanted them to input on each medium.
The order of medium used by the participants was counter-bal-
anced, as was the order of feedback statements.

3.2.6. Results

Each participant entered the three feedback comments on each
medium. This resulted in each participant completing 9 tasks, for a
total of 162 tasks in the study. Figs. 3-5 summarize the self-re-
ported level of comfort when typing each of the 3 pre-defined mes-
sage on each of the 3 mediums.

Detailed results are broken down by medium in Table 1. Saphi-
ro-Wilks tests of normality showed that for each statement the an-
swers from at least one of the mediums were not normally
distributed (p <.05) leading us to use non-parametric tests in fur-
ther analysis. There was a statistically significant difference in level
of comfort depending on which medium was used while typing the
Suggestion statement (x%(2)=19.40, p < .01, Friedman test), the
Quality of Service statement (y*(2)=23.81, p<.01, Friendman
test) and the Infrastructure statement (%(2) = 25.24, p < .01, Fried-
man test). We chose not to run similar analysis for time spent as
the measurement for the tasks done on paper was not precise
but recorded manually using a stopwatch. Overall, our results

show that participants felt less comfortable when giving feedback
on the public display.

The majority of participants stated that they would only use the
public display to give feedback on an event that just happened. As
one participant claimed

“It all depends heavily on the mood I am, maybe I could give even
angry feedback in public if | am mad and disappointed in some-
thing that happened just now”

or to avoid forgetting about it:

“If I just finished a horrible lecture, I'd definitely use a public dis-
play or a ballot box to give feedback. Maybe when I get home, |
probably would not care about it anymore. Would like to just spit
it out right away.”

Another concern by participants was the sheer length of the
comments they would want to make in which participants would
only use the public display short and spontaneous feedback:

“The type of content matters a bit, not that much. The length is a
bigger issue - for short and spontaneous feedback the public dis-
plays is ok! For longer and more thoughtful whining, using online
app from home is the best.”

while avoiding it for more in-depth and emotional comments:

“I'would like to have my own time and edit my text carefully before
submitting anything - maybe at home is the best then at least for
more in-depth and emotional content. So it depends on the content
also, for something lightweight a public display or ballot box is ok.”

Interestingly, participants did not think it would be a good idea
to use video or audio to give feedback on the public display mainly
because of privacy concerns:

“I would prefer text on both mainly because of privacy issues so
that nobody knows it was me regardless of what type of feedback
I'm giving”

but also due to awkwardness:

“I would find it very awkward to talk to a machine in video or
audio feedback, so text is still the best although it really does not
work on a public display.”

3.2.7. Findings
This study was not meant to be an exhaustive experimental
investigation, but rather was used to shed light on the findings of
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Table 1
Results obtained from Study 2 for all three mediums. 3.3. Stu dy 3
Public Web Paper
display form form 3.3.1. Design
Total comments 54 54 54 We conducted a 1-month “in the wild” deployment to measure
Avg. typing time (in seconds) 53.1 343 ~42.1 the quantity and quality of feedback each of the 3 mediums (dis-
A"%e‘i‘:gsber of backspaces/ 6.9 8.8 N/A play, web, and paper) would elicit. The topic remained identical
Ave, comfort (statement 1) 39 6.1 53 (i.e., educat}on) find we used the same public display as in StL}dy
Avg. comfort (statement 2) 34 57 48 2 on the University campus. For this study the feedback application
Avg. comfort (statement 3) 3.8 6.2 5.6 was active on-screen at all times. We took this decision in order to

Study 1, particularly on the issue of noisy and irrelevant com-
ments. Study 2 highlighted that giving text feedback on a public
display:

e requires more effort,
e is less comfortable,
e can be more convenient at times.

Despite the difficulty of inputting text directly on the public dis-
play, participants were resistant to the idea of using video or audio
due to privacy or awkwardness. The study highlighted multiple
reasons and situations in which users claimed they would use
the public display for giving feedback. All these took advantage
of the situated nature of the display. However, it was important
to investigate what would happen in a more naturalistic setting.
Would the participants’ claim translate into action when the inter-
action stopped being mediated by a researcher? We addressed this
in the next study.

make it possible to have both paper forms and public display avail-
able at the exact same location simultaneously. For the web form
we did not setup a dedicated computer as we wanted people to
give their feedback on their own device in order to mimic other
web-based feedback forms. The web form was also optimized to al-
low those with Internet connectivity on their mobile phone to sub-
mit feedback through the given URL. We decided against having a
dedicated mechanism for mobile phones (e.g., SMS gateway or
app) due to feedback gathered during our interviews. Additionally,
as with Study 2, the interface for all three mediums was as consis-
tent as possible (Fig. 6).

Another concern was to make sure that the three mediums
were promoted equally. We addressed this in two ways:

e we distributed flyers across the whole campus in which we
mentioned the ongoing debate on education and described
the 3 available methods of giving feedback (Fig. 7),

e we cross-promoted on each medium the other two
mediums, in order to give respondents the possibility to
choose in which they would prefer to give their comments.
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Fig. 6. The interfaces used in all three mediums of Study 3. From left to right: Public interactive display, web form, paper form (English version on the reverse side of the

sheet).

Fig. 7. One of flyers used to promote Study 3.

In a last-minute experimental manipulation we decided to
extend the study for a second month, but this time we removed
the public display feedback application and only used the other
two mediums. This way we wanted to establish whether there
was any effect between mediums. We continued promoting the
two remaining mediums between each other.

3.3.2. Measures

All metrics captured in Study 2 were also logged for the public
display and web form in this study. We added a further measure,
time between last character typed and submission. With this addi-
tional metric we intended to establish whether people pondered
or checked what they wrote before submitting their feedback.

3.3.3. Results

At the end of the deployment we gathered the feedback from
every medium two independent raters classified each feedback
statement as being relevant (e.g., “Libraries should be open longer
and even on weekends.”) or irrelevant (e.g., “qwerty”, and “beep beep
I'm a jeep”). There was 100% agreement between the 2 raters. We
then measured the level of noise for each medium by calculating
the ratio of irrelevant comments to the total number of comments.

We also measured the average number of characters typed for each
medium. The results obtained for this deployment can be seen in
Table 2. Furthermore, we show the progression of feedback ob-
tained throughout the initial 30 days of deployment for each of
the 3 mediums in Fig. 8. In Fig. 8 it is also possible to observe that
there was a steady amount of feedback getting submitted during
the 30 days, suggesting no significant effect of novelty. As for the
second month of deployment (i.e., after we had removed the public
display application) we found that, surprisingly, the paper and web
forms received no feedback at all.

3.3.4. Findings

In Study 3 we found that even though the public display had by
far the most responses, they were mostly “noise”. On the other
hand, the web form had fewer reports but they were all relevant.
Additionally, respondents using the web form spent more time to
construct well-thought out comments and were more concerned
with correcting mistakes they made. This is also reflected on the
average amount of characters typed with the web forms being
far beyond those typed on the other two mediums. Respondents
on the web also seemed to ponder for some time about what they
wrote before submitting their comment.
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Table 2
Results obtained in Study 3 for all three mediums.
Public display Web form Paper form
Total comments 72 20 13
Avg. typing time (in seconds) 309 1967.5 N/A
Avg. time between last character typed and submission (in seconds) 23 194.2 N/A
Avg. number of backspaces/deletes 3.9 160.5 N/A
Avg. number of characters 229 571.5 43.2
Noise 95.8% 0% 23.1%
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Fig. 8. Progression of feedback gathered throughout the initial 30 days of deployment of Study 3 for each of the 3 mediums.

Regarding the paper forms, we found that while they were
located adjacent to the public display they received much less
attention than the screen. At the same time, however, a larger por-
tion of the paper feedback statements was relevant. This indicates
that the majority of people that wanted to give more thoughtful
and appropriate feedback in situ chose to do so on the paper forms.

However, our most interesting finding came from our last-min-
ute manipulation to extend the study for a second month without
the use of the public display. Our results suggest that the absence
of the public display diminished participation in all other medi-
ums. One interpretation of these results is that a number of partic-
ipants first became interested in the topic by encountering it on
the public display, but chose to use an alternative medium to pro-
vide their feedback. Another interpretation, even though unlikely
to be the sole cause due to the steady influx of feedback during
the first month (Fig. 8), is that people simply ran out of things to
say. Furthermore, the high amount of noise on the public display
suggests that people who did encounter the topic but did not get
interested were likely to provide “noisy” feedback on the display
itself.

4. Discussion

This paper set out to investigate (i) how the situatedness of
public displays affects the quantity and quality of collected

feedback, and (ii) how public displays fare against traditional paper
or web feedback mechanisms. Considering our results across the
three studies we found that while public interactive displays can
be a powerful medium to promote civic engagement it can also
be rather “noisy” when deployed in a natural setting. This finding
contrasts previous research on feedback collection using public
displays which have been conducted in a contrived setting [7].
The likelihood of participants typing in gibberish or noisy com-
ments is much lower in such contrived settings as opposed to a
natural setting.

Furthermore, we acknowledge that a variety of text input mech-
anisms exists, but it is not in our interest to test these on public
displays; this has been thoroughly investigated [e.g., 19,26,38].
Rather, we are interested in identifying how public displays are
used in genuine settings. An important challenge in this approach
is that users cannot be coached or trained, and therefore experi-
menting with exotic text entry mechanisms is beyond the scope
of our work. Rather, we chose to deploy a conventional text entry
mechanism to investigate the quality of feedback we received, not
the number of spelling mistakes.

4.1. Irrelevant yet purposeful feedback
Study 1 showed that while people we interviewed have a clear

idea of good ways to give feedback on interactive public displays,
these do not necessarily work in a naturalistic setting. For example
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the Likert scale responses, while fast and easy, appear to produce
extremely unreliable results. These results imply that the majority
of people probably did not read the statements or did not choose to
answer in a serious manner.

Furthermore, the soft keyboard and free text combination,
while described by all stakeholders as an ideal mechanism for pro-
viding concrete and objective feedback, also failed to produce feed-
back of high quality. We attempted to investigate why this was the
case by designing Study 2 where we contrast a public display to
two traditional mediums of giving feedback: paper and web forms.

One of our main findings is that public displays elicit noisy and
non-serious feedback, regardless of the instructions given by the
system. To date this has not been reported or measured explicitly,
but rather Ubicomp researchers have been somewhat forgiving of
the data they collected. For instance, researchers mention “appro-
priation” [18] of the technology in this context, but do not explic-
itly acknowledge that this leads to results and data that are simply
not useful for the purposes of the deployment. Therefore, we argue
that our first finding in terms of noisy feedback on public displays
is non-trivial, and substantiated by a series of our results. Addition-
ally, an in-depth analysis of these messages reveals several latent
social phenomena, which we discuss next.

4.1.1. Playing with technology

Several messages collected in Studies 1 and 3 consisted
of random characters, such as “v811”, “l000001”, or
“zadffffgghhjjkkjhbbb”. We argue this was caused by users playing
with the technology and creating a mutual social event around the
display rather than focusing on the application purpose itself. This
is often observed with groups interacting with mobile devices in
public [21], and public displays’ inherent encouragement of social
and performative use [31,33] strengthens this effect. Similarly, pre-
vious work [18] has reported groups of users socializing together
around public displays as a major factor in obtaining high numbers
of (arguably noisy) feedback.

4.1.2. Self-representation and expression

Self-representation and expression were identified in several
feedback messages. These are commonly observed in public spaces
in the context of photography [41] and refer to an individual’s
needs for highlighting his/her activities, humor, or any unique
identifiable angles around oneself, i.e. bringing oneself forward.
In this case even the visually modest textual feedback channel
was enough for users to submit their names or nicknames, affilia-
tions, or mental and physical states. Comments like “I'm Sniff Dogg
and I'm a wild guy!”, “Beep beep I'm a jeep”, and comments with
names or nicknames all represent the strong desire that people feel
for expressing and advertising themselves in their appropriation of
new communication technologies [15].

4.1.3. Documenting rule-breaking

The third observed phenomenon was documentation of rule-
breaking, a social need according to Schwarz [39]. Users submitted
messages of breaking social rules and norms, or ridiculing the
authority that receives the messages, the University - without
intention to discuss the educational issues. Messages like “I really
don’t appreciate you...”, “It stinks like sxxt here, fxxk you all!”,
“I'm way too drunk to give you any constructive criticism, sorry
axxholes.”, and random swear words all indicate acts of document-
ing the breaking of rules of social behavior and norms. A free form,
anonymous channel like ours is likely to receive abuse like this
when deployed in the wild.

4.1.4. Storytelling and discussions
Storytelling and discussions are series of submitted messages
that complement or continue the previously submitted message.

Storytelling was illustrated, for example, in the following three
comments submitted sequentially in Study 1 during 3 min: “I am
a 12 year old girl.”, “I am a 12 year old girl, from <Location>!",
and “I am a 12 year old girl, from <Location>, but it was not me!
It was <nickname>". Self-expression and storytelling are both
clearly distinguishable from such sequences. Considering that typ-
ing with virtual keyboard was judged cumbersome and frustrating
in Study 2, such social play around a display has great potential to
overcome those difficulties.

4.2. Users’ perceptions of public displays

The majority of interviewees in Study 1 stated they would pre-
fer to use the public display to give their feedback because it was
interesting and “cool”, something also reported in [33]. However,
we collected contradicting remarks from those who participated
in Study 2, where most participants claimed that they would pre-
fer to give feedback at home if it required a well-thought out
comment. The drawback of this is that people are likely to forget
and not be motivated to give their feedback upon arriving home,
unlike during a serendipitous encounter [24] with a public
display.

Previous work has reported that providing feedback on public
interactive displays is challenging [3,18], and Study 2 gave us in-
sights on explaining why and in what situations displays would
be the preferred medium. For instance, some participants mention
discomfort in providing feedback in public:

“If I wanted to give feedback right there targeted to someone, i.e.
had to give names, I would feel uncomfortable using the public dis-
play for it and would just use the paper forms”

Another participant suggests that this was caused by the pri-
vacy drawbacks of the public display:

“Prefer to use paper forms for personal / sensitive feedback. For
more casual feedback public display is fine, although I'd prefer to
have a smaller text-box so that I could occlude the text I'm typing
with my body.”

We wish to highlight that the above 2 statements were of par-
ticular importance to the participants if they wanted to give neg-
ative feedback. These concerns took a back seat if their feedback
was not negative. This can further explain the low quantity of rel-
evant feedback given on the public display, as all feedback given
across the 3 mediums was of negative nature. There is the possi-
bility that for occasions where more positive feedback is gener-
ated that the ratio of “noise” on the public display would be
considerably lower.

As for positive side of the affordances of public displays, some
participants mentioned that the situatedness of the public display
could be appealing in certain circumstances:

“If I just finished a horrible lecture, I'd definitely use the public dis-
play or ballot box to give feedback. I probably would not care about
it anymore when I got home. I would like to just spit it out right
away.”

“The type of content matters a bit, not that much. The length is a
bigger issue — for short and spontaneous feedback the public dis-
plays is ok! For longer and more thoughtful whining, using online
app from home is the best.”

In certain cases, however, the situatedness of the display im-
poses a sense of “urgency” that discourages potential users:

“I'would like to have my own time and edit my text carefully before
submitting anything — maybe at home is the best then at least for
more in-depth and emotional content. So it depends on the content
also, for something lightweight a public display or ballot box is ok.”
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4.3. Impact of physicality and situatedness

Study 3 was designed to explicitly test the impact of situated-
ness and medium on the quality and quantity of collected feedback
- in a naturalistic setting.

An unexpected result was the discrepancy in the results be-
tween the public display and the paper form, even though they
were co-located. The public display attracted about five times more
comments than the paper form. This discrepancy highlights the
general attractiveness and lure of a public display that is often
noted [e.g., 17,28,32]. However the actual number of relevant com-
ments was higher for the paper forms: 10 compared to the 3 ob-
tained by the public display. We argue that this may have been
caused by several different reasons, which we attribute to the
affordances of each medium. Specifically, one explanation is that
some participants might have wanted to give feedback “right
there, right now” but in a more private way. This interpretation
is supported by the comments given by participants of Study 2.

Furthermore, the web form elicited much lower volume of feed-
back, but in fact a higher number of relevant comments than the
public display. As also noted by participants in Study 2, the higher
volume of feedback on the display can be mostly attributed to its
situatedness and strong physicality. Since these two mediums
were not co-located, we assume that those that sent their feedback
through the web did not feel the need to comment “right there,
right now”. Those who choose the web form took significantly
more time to write their comments including a significant reflec-
tion period between finishing writing and submitting. Additionally,
these participants typed significantly more characters in their
comments, over 20 times more than those on the public display
and over 10 times more those paper forms. This suggests that
the web form is the ideal vehicle for thoughtful and insightful feed-
back, as also supported by comments given by our participants.

To summarize, we found that the public display’s situatedness
resulted in more feedback than the web form, but also more noisy
feedback. However, situatedness on its own does not fully account
for this difference: we found that the questionnaire, which was also
highly situated, in fact received even fewer responses than the web
form. Therefore, we argue that a combination of the hedonic appeal
of the public display, and its strong physical presence, account both
for the large volume of feedback and high ratio of noise on public
displays. The differences between the mediums can to some extent
also be explained by the prequalification [42] that exists in online
environments: users have a clear intent when accessing certain
websites. This in turn prequalifies the user as someone that ac-
cessed the platform with the purpose of leaving feedback unlike
those that stumble upon the public display and paper forms.

Finally, in Study 3 we saw a drastic change in our data after the
removal of the feedback application from the public display. We
saw the other two feedback mechanisms going from a steady rate
of feedback (Fig. 8) with a high quality during 1 month to abso-
lutely no feedback at all the next month once the public display
ceased to be a factor. While in general we would expect interest
in our study to diminish over time, the volume of feedback fell
straight to zero as soon as the public display was removed from
our study. In this sense, the flatlining of feedback volume high-
lights the importance of the public display as an interest generator
even though this may have not been the only reason for this to
happen. For instance, the flatlining of feedback could have also
been caused by users that had any particular opinion to express
having done so already during the first month of deployment.

4.4. Design implications

We believe there is a substantial “missed opportunity” on pub-
lic displays. While they generate much more interest than websites

and paper forms, they suffer from playfulness or lack of seriousness
on the users’ part. We therefore consider that a potential research
challenge is to identify ways to harness the interest and opportu-
nities that public displays create, and minimize the feedback noise
by “convincing” or “nudging” respondents to give useful rather
than playful responses. Barriers to filter noise have been shown
to be very effective in crowdsourcing markets. For example,
researchers have proposed that crowdsourcing tasks make use of
fact-checking questions whose answer is known to researchers
(e.g., “who is the president”) but also is apparent to responders
that the answer is known to researchers [22]. Such noise filtering
mechanisms on public displays have been shown deter non-seri-
ous responders and dramatically reduce noise [11].

Furthermore, our results indicate that it is crucial to avoid
lengthy typing on the display as documented in previous research
[e.g. 28,38]; however using an external device to facilitate this is
not always possible [19]. Interviewees in Study 1 expressed con-
cerns in spending time with pairing mechanisms on the public dis-
play or spending money in the case of an SMS-based solution. One
potential solution would be to introduce an auto-complete mech-
anism on these public displays that has been shown to be success-
ful in desktop environments [40]. By providing a list of words the
user might be trying to write, it would potentially lower the
amount of time needed and therefore reduce the frustration expe-
rienced by users.

4.4.1. Limitations

We note a number of limitations of this study. First, as expected
during Study 1 some of the public displays suffered periods of
downtime due to malfunctioning touch screens or temporary shut-
down caused by the reconstruction going on around them. How-
ever, these were all quickly fixed therefore not having a
significant impact in the results we obtained.

Furthermore, the Study 1 deployment was done on multipur-
pose public displays in which our application was one of many.
While this might have affected the total amount of feedback gath-
ered during Study 1, it was necessary in order to observe people’s
interest and openness in using our citywide installation to provide
feedback. This limitation led us to a fully controlled study (Study
2), followed by an “in-the-wild” study but with only one display
with the feedback application on-screen at all times in order to
mitigate the problem mentioned previously.

We also recognize that while we attempted to promote all three
mediums in Study 3 equally, the public display ultimately got more
attention due to its “self-promoting” caused by its very nature
[18,24,28]. Despite this, we took the appropriate measures to at-
tempt to mitigate this issue by setting up flyers all around campus
including locations far away from the display and ballot box, and
by adding cross-promotion in all three mediums.

Another limitation was the available input methods. The
decision to mostly use direct text entry was mainly motivated
by the feedback gathered during our initial interviews and to
keep the comparison between mediums as fair as possible. Fur-
thermore, we chose not to overly complicate this initial study,
leaving the exploration of further input methods for future
work.

Finally, we did not explore if and how different demographics of
users reacted to the 3 choices of medium given. Unfortunately, in
such in-the-wild studies obtaining users’ demographics is not an
easy task. While possible on the display and web form, we would
not have been able to guarantee that the information provided
was reliable, and it would also be an extra barrier to participation.
As for the paper, we would have no way of “forcing” users to give
the information. Due to these reasons we opted to avoid probing
the differences between demographics.
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5. Conclusion

Investigating public feedback mechanisms is by no means new.
However, no studies have systematically investigated this topic in
the context of public interactive displays. The findings in this paper
give valuable insight regarding the use of public interactive dis-
plays to elicit situated feedback.

First, we show that feedback on public displays is noisy, and
while in the case of text feedback this is easy to filter gibberish,
it is not possible when using other instruments like Likert-scale
questions. Furthermore, we show that compared to web and paper
forms, public displays are more likely to receive noisy feedback,
but do manage to attract more comments.

However, not all news is bad for public displays. In our study we
have strong evidence suggesting that such displays are instru-
mental in generating interest on a particular topic, and funneling
respondents to other mediums. Hence, an appropriate strategy is
to attempt to mirror a public display feedback mechanism online,
and promote this additional medium on the public display itself.
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