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Abstract—Improving face-to-face (f2f) interaction in large classrooms is a challenging task as student participation can be hard to
initiate. Thanks to the wide adoption of personal mobile devices, it is possible to blend digital and face-to-face interaction and integrate
co-located social media applications in the classroom. To better understand how such applications can interweave digital and f2f
interaction, we performed a detailed analysis of real-world use cases of a particular co-located social media app: SpeakUp. In a
nutshell, SpeakUp allows the creation of temporary location-bound chat rooms that are accessible by nearby users who can post and
rate messages anonymously. We find that the use of co-located social media is associated with an increase in content-related
interaction in the class. Furthermore, it is associated with an increase in the perceived learning outcomes of students compared to a
control group. We further provide design guidelines to blend digital and f2f interaction using co-located social media in the classroom

based on 11 case studies covering over 2,000 students.

1 INTRODUCTION
ANY questions? ... So is everything clear? In many class-
rooms silence does not mean that everything is under-
stood. Fostering lively face-to-face (f2f) interaction is
difficult, especially in large classrooms. This can partially be
due to the fact that many students have difficulty interact-
ing in large audiences [2], and because of shyness or
the impression that their questions are uninteresting for
others [51]. This is particularly worrisome, since in order to
effectively transmit knowledge in class f2f interaction is a
key factor of success [21]. Interestingly, there is an increase in
the popularity of flipped classrooms [6], [36] and other novel
teaching modes that break away from the typical one-way
lecturer-to-audience interaction and towards more inclusive
and multi-sided interactions, either in the frontchannel
(directed to the teacher) or in the backchannel (directed to
other students). Furthermore, adding a digital channel (e.g.,
an online forum), can help to improve interaction and can be
perceived as comfortable and less aggressive than f2f interac-
tions [58]. However, two completely separate channels might
not always be desirable, and online fora are not always suc-
cessful (e.g., the time between postings and response can be
long and thus discourage users [58]). With the wide adoption
of personal devices in classrooms, it is possible to blend
digital and f2f interaction through co-located social media
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applications (i.e., applications where users share a physical
space and thus can both interact digitally (by creating and
sharing digital content) and in person).

1.1 Originality and Contribution

The contribution of this paper is to provide elements to
better understand how to make use of co-located social
media applications that blend digital and f2f interaction.
To achieve this, the paper investigates the following two
research questions:

RQ1: How is co-located social media linked to interaction in
classroom audiences?

RQ2: How can co-located social media be designed for a syn-
ergy between digital and face-to-face interaction?

This study uses SpeakUp as an instance of a co-located
social media application. In a nutshell, SpeakUp allows the
creation of temporary, location-bound chat rooms accessible
by anyone nearby and allows to post and rate anonymous
messages. A preliminary evaluation of SpeakUp in a course
was presented in [27]. This article extends this analysis sub-
stantially by empirically testing 7 novel hypotheses and per-
forming an in-depth analysis of the messages posted by
students in terms of content and of their intended recipients
(whether front- or backchannel). Furthermore, it provides 8
novel design guidelines to improve the synergy between
digital and f2f interaction. This study uses a controlled field
experiment with a treatment and a control group as well as
input from a large set of 11 semester long courses which
made use of SpeakUp and covering over 2000 students.
Most previous studies have less participants, and often
cover a shorter period (e.g., [2], [9], [14]) and few have
control groups (e.g., [44]). Our work extends previous
research by analyzing free interaction based backchannels
and teacher feedback, whereas prior research has mostly
focused on constrained communication in time [9], [13],
quantity [9] and format [2]. Furthermore, we analyze a
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system with anonymous and temporary interaction to
encourage participation and inclusion. In most other free-
text systems, students have some form of identity and mes-
sages are long lived (e.g., on a forum [13] and Twitter [9]),
while SpeakUp users valued anonymity and temporariness.
Moreover, we evaluate both quantitative and qualitative
results from students and instructors, in different use sce-
narios. The majority of other studies are confined to one set-
ting and are often conducted from the student perspective.
We discuss the etiquette of how to guide interaction and
solve a common Computer-Supported Collaborative Learn-
ing (CSCL) problem [33] (i.e., increasing interaction).

1.2 Structure

This paper is organized as follows, Section 2 elaborates on
the functionality of SpeakUp. Section 3 discusses related
research and similar co-located social media applications.
Following this, Section 4 presents the research methods
used in Study 1 (Section 5) and Study 2 (Section 6). Section 7
introduces design guidelines for co-located social media
apps, and Section 8 concludes with a conclusion and discus-
sion of future research.

2 THE SPEAKUP APP

SpeakUp' is a co-located social media app, which provides
anonymity, social rating, and co-located here & now interac-
tion support. SpeakUp was designed using a design-based
research methodology [38], which requires to first identify a
problem, second design an artefact to address the problem,
and third iteratively evaluate and improve the artefact.
This approach was used for both the UI design and the
feature requirements.

Fig. 1 shows the SpeakUp UL Initially, the chat rooms in
the user’s vicinity are displayed on the home screen
(screen 1 in Fig. 1). Users can either enter a room by tapping
its name, or join or create a new room with the “+” button
(screen 3). Anyone can create a new room as long as there is
a GPS fix, or join a room if she has the room number. The
message list is displayed inside the room (screen 2) and is
sorted either by time or by score. Each message can be rated
up or down, which adds or removes a point from the total
message score. Note that users see which message they
have posted, thus they can see how well they were rated.

SpeakUp has no sign-up process and does not require per-
sonal information. Anyone who is nearby (within a 200m
radius) can access a room without needing special privileges.
In addition people not located nearby can access a room by
using its unique number. The room number is shown under
the room name in screen 2 of Fig. 1 and can be entered in the
JOIN tab in screen 3. In order to confine interactions to a class-
room session, rooms disappear after a set time. Currently a
room closes 24 hours after the last interaction. A first basic eval-
uation of SpeakUp was published in [28] and preliminary eval-
uation results of the one of the courses were published in [27].

3 RELATED WORK

In this section, we will discuss related work. We will start by
discussing related tools and associated studies. Then we

1. SpeakUp is freely available at http:/ /www.speakup.info
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Fig. 1. The SpeakUp mobile app. (1) Home screen. (2) Inside a room.
(3) Joining a room.

will look beyond classroom facilitation tools and consider
larger issues of group interaction.

3.1 Related Tools

Computer-mediated communication has a long history
in computer supported collaborative work (CSCW) and
Human Computer Interaction (HCI) research, including for
educational purposes. For instance as early as the eighties,
IBM started to experiment with student response systems
(SRSs) [29] to improve traditional classroom teaching by
increasing student activity, communication and learning
desire [29]. Conventional SRSs are for instance clickers,
where every student typically has a small remote control to
select one of the answers on a multiple choice question pro-
jected by the teacher. Afterwards, the teacher can also dis-
play an overview of all answers for the audience. Several
studies have investigated the use and benefits of SRSs [11],
[22], [50], [57]. Their main outcomes are that students per-
ceive the SRSs as positive and often want to continue using
SRSs. Additionally, student interactivity and participation
increases. Compared to SpeakUp, most clicker-based SRSs
only allow the student to choose a predefined answer option
and do not allow to enter free text. Furthermore, most SRSs
do not allow to rate messages of others, which could be
very handy for peer instruction [17]. SRSs make it simple to
aggregate all student responses, however it is hard for the
teacher to really create student interaction since students
cannot communicate freely what and to whom they want
with clickers. Given that interaction is considered by many
researchers as a conditio sine qua non for learning [21], [33],
other CSCL systems have been developed to enable broader
student interaction [43], [49]. Such tools allow to multiplex
communication channels and allow multiple students to
speak (post) at the same time. A recent large systematic
review of the literature suggests that using such systems in
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the classroom has overall a positive effect on learning [53].
Nevertheless, the multitasking that it introduces, especially if
a large amount of off-task interaction occurs, could negatively
affect the outcome [45]. Furthermore, engaging students in
such interactions in CSCL systems is often difficult [33], [49].

3.1.1 Messaging Tools

There are a variety of messaging tools. For instance, TXT-
2-LRN [47] is an early attempt to introduce live digital chan-
nels using mobile devices. Students can send free-form
SMSs with their mobile phones to the teacher’s phone,
which is connected to a computer that aggregates poll
results, questions and messages and displays them on the
screen. The teacher can also reply to the students. TXT-
2-LRN supports neither a rating mechanism nor audience-
to-audience interaction and provides no anonymity since
the student’s phone number is known.

The Fragmented Social Mirror [7] allows students to post
anonymous messages using icons to indicate the intent of
the message (e.g., ‘I have a question’, ‘I have info’, ‘Yes’,
‘No’ or ‘Slow down’). These icons should allow the teacher
to quickly take action while scanning the messages. There
is, however, no rating mechanism.

TodaysMeet” allows to create temporary chat rooms with-
out message rating, accessible from the web. Users join the
room using a unique URL and write messages under a nick-
name, which could potentially reveal the author’s identity.

3.1.2 Messaging Tools with Social Features

ClassCommons [19] allows students to post multimedia
messages, comment and positively vote. Sorting based on
‘likes” is not possible. Students provide a nickname known
to the teacher.

Pigeonhole Live [24] provides the possibility to join rooms
anonymously or use your Twitter handle for those who pre-
fer being identified. Pigeonhole Live only allows upvotes,
but comes with several interesting features such as integra-
tion with slides and multiple choice questions. However, it is
not freely available online and solely targets organizations.

Another option is the Backchan.nl web application [26],
with which lecturers can create rooms and the audience can
post and rate messages. The rooms are identified by unique
URLSs and one cannot specify the lifetime of a room. To create a
room, the lecturer needs to create an account, but the audience
just needs to enter a nickname to access the room. Backchan.nl
employs an advanced message ranking system that takes into
account both time and votes. Backchan.nl was evaluated in the
context of conferences to foster multilateral interaction.

HotSeat [1] allows to post and vote on messages using
Twitter and text messages during and after class. It was
evaluated by over 2000 students and results show that it
increases student engagement and is used more often by
higher-performing students.

Widespread, mainstream social media, such as Twitter [40],
[42] and Reddit, are also popular to foster interaction between
speakers and their audience in both conferences and class-
rooms. However, most platforms require the participants to
sign up and are not anonymous, even though Reddit

2. TodaysMeet, https:/ /todaysmeet.com
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promotes nicknames as opposed to real names. Twitter can
typically be sorted over time, not by relevance as there is no
up- or downvoting, only retweeting and favoriting, which
can make it hard to select the most popular messages. Reddit
on the other hand supports up- and downvotes. Messages on
Reddit are public and not temporary, which might discourage
people who prefer the privacy of the classroom.

3.1.3 Overview

In general, all these tools are designed for easy access and
simplicity, even though many of them still require a login
and some require a certain amount of administrative work
before the system can be used in class. Furthermore, most
tools provide a certain degree of anonymity, whether by the
usage of nicknames or through full anonymity. Many tools
also confine the discussion or collaboration to a closed
group to provide some privacy and to reduce the level of
exposure of a message thus lowering the cost of posting a
message. This privacy is enhanced when systems are fully
anonymous and temporary. The latter feature is very mar-
ginal, as most systems do not support temporary messages.

Most of the tools discussed above have also been evalu-
ated in research studies. The results often conclude that
students perceive such systems as positive and that they
increase interactivity [2], [7], [22], [26], [47]. Furthermore, stu-
dents often prefer to use a digital channel to interact over
raising their hand [47]. However, Du et al. in their evaluation
of ClassCommons [19] identified that the role of the teacher
is critical in influencing student adoption. Furthermore, they
found that a key requirement for students is that instructors
pay attention to the digital backchannel. This implies that
instructors adapt part of their lectures and that system
designers provide a discrete notification scheme to attract the
teacher’s attention to relevant messages. Moreover, teachers
find that content relevance is more important than just partic-
ipation, because irrelevant contributions can lead to a loss of
interest in the technology. To curb off-task interactions, cer-
tain authors encourage instructors to lift anonymity and
encourage students to post using their real names [19]. In
contrast, Retelny et al. found that students did not use public
Twitter communication as a backchannel to interact among
each other because students did not want to discuss
publicly [42]. This could suggest that classroom interaction
might require a more confined or private setting. Although
SpeakUp was designed for anonymous use, instructors could
ask their students to sign each message with their real name
or nickname. It should be emphasized that these apps are
not used in a vacuum. As a socio-technical artefact, their
usage is influenced by task design, i.e., the pedagogical sce-
nario followed by the teahcer.

3.2 Beyond Classroom Communication Tools

Blending face-to-face and digital interaction in the class-
room is not limited to messaging apps. GroupScribble [14]
is a tool to jointly complete a learning task. Chen et al. indi-
cate that face-to-face and digital interaction are complemen-
tary, rather than supplementary to each other. The authors
believe that when the two interaction forms are combined,
students are more motivated to learn from others and are
more willing to polish and refine their answers because


https://todaysmeet.com

GOVAERTS ET AL.: BLENDING DIGITAL AND FACE-TO-FACE INTERACTION USING A CO-LOCATED SOCIAL MEDIA APP IN CLASS 481
TABLE 1
Overview of the Courses Involved in Study 2

Code Course name Students Semester Lectures Hours Msgs Votes Remarks
IS12  Introduction Information System (B) 300 F-2012 5 20 267 4354 survey, etiquette, censorship
PM13 Principes de Marketing (B) 300 F-2013 5 20 430 1238 controlled experiment, survey, nudge, etiquette
SM14 Social Media (M) 50 S-2014 12 12 144 1588 student presentation
CM14 Cross-cultural management (M) 100 S-2014 8 32 37 150 non-anonymous, feedback in the next course
CO14 Global Issues in Communication (B) 150 S-2014 6 12 1159 9436 @prof tags, etiquette, survey, multiple choice
IP14  Introduction to Psychology (B) 350 F-2014 1 1 2 278  only clicker style
PP14  Perspectives and Projects in Psychology (B) 50 S-2014 12 24 63 159 noremarks
NS14 Nervous system in locomotion (B) 600 S-2014 4 8 29 2303 detailed answers with slides
AM14 Analysis, Modeling and Design in IS (M) 50 5-2014 1 3 119 1206 student presentation
MS14  Social and Responsible Marketing (M) 35 S-2014 3 12 16 50  etiquette, small group, little interaction
CS14  Basic Concepts of Computer Science (B) 40 S-2014 4 12 245 819 student presentation

Total 2025 61 156 2511 21581

B = Bachelor level, M = Master level. S = Spring, F= Fall.

they know others will access their answers. The Classroom
Feedback System (CFS) [2] allows to leave annotations on
the teacher’s slides with predefined words (e.g., more expla-
nation). In CFS evaluations, potential design guidelines
were identified, which included non-verbal communication,
anonymity, aggregated feedback, closure (when something
has been addressed), and simple interfaces (little cognitive
efforts to disturb as little as possible).

More broadly, systems providing a live digital channel to
support f2f interaction are related to CSCW [46]. Some
CSCW examples beyond education include an SMS-based
system that allows users to interact via posted SMS mes-
sages displayed on on-stage public display screens at music
festivals [35], a cheer-meter that can measure the crowd’s
engagement at rap competitions [5], and technology that
can trigger interaction in football stadiums [39].

However, the success of such tools also often depends on
how they are integrated in the physical activity. For instance
in the classroom, the teacher should takes care to adequately
integrate the tools in the lecture (e.g., by integrating interac-
tive Q&A sessions, or providing feedback and discussion
moments (as also noted by [19]). On some occasions, such
tools can trigger a teacher to redefine the course itself. For
instance, the teaching can be reoriented more towards peer
instruction [17] and the Flipped classroom [8].

3.3 Group Interaction

Many-to-many interaction is pervasive on the web (e.g.,
through social media applications and fora). Such interac-
tions can lead to various positive outcomes such as develop-
ers helping each other out on fora like Stack Overflow” [59]
or photographers finding an audience and recognition on
mobile apps such as Instagram.* However, group interac-
tions on fora and social media also have a darker side with
the rise of cyberbullying [48], revenge porn and such. For
instance the Reddit discussion forum was home of the fat-
peoplehate discussion thread until it was removed alongside
other hateful threads in June 2015 [60]. Research shows that
interactions on well-functioning sites such as Stack Over-
flow are generally the result of a small number of content
producers and many content consumers [59]. In general it is
assumed that, in social media, 1 percent produces content,
10 percent interacts with it, and 89 percent views it [3]. This

3. Stack Overflow, http:/ /stackoverflow.com/
4. Instagram, https:/ /instagram.com/

indicates that it is a challenge to raise the level of contribu-
tions above a few percentage points.

One way to potentially raise these numbers is through
anonymity, which can reduce login friction [30] as well as
provide a sense of privacy [30] and make users more com-
fortable about expressing their views [30]. This added com-
fort combined with the safety of hiding in the crowd [30] can
unfortunately lead to toxic disinhibition with harsh comments
and threats [52]. These behaviors can lead to the growing
issue of cyber-aggression (a single act) [48] and cyberbully-
ing [32], [48] (repeated acts), which is experienced by as
many as 75 percent of school-age children at least once over
a one year period [32]. Several strategies to cope with such
cyber-harassment have been identified [34], [48].

Another recent study [15], comparing anonymous (Whis-
per’) to non-anonymous (Twitter®) social media, found that
anonymity implies more personal information, more nega-
tive emotions (anger and sadness) and more messages
about wants and needs. To encourage pro-social behaviors
in an anonymous setting, online communities should
develop specific pro-social norms [30]. This is what online
fora attempt to do through their online etiquette.

Participation and pro-social behavior can also be encour-
aged by providing users with status and recognition [30].
For instance, [54] found that reputation was a motivator in
an online math community, even though self reports list it
as the lowest motivation.

4 MEeTHOD

For this study we adopted a mixed method approach com-
bining quantitative and qualitative data [16] further detailed
below. To answer the two research questions, we conducted
two studies:

To answer RQ1 (How is co-located social media linked to
interaction in classroom audiences?) we performed an in situ
controlled experiment in Study 1 in the PM13 course (see
Table 1) over 6 weeks with 300 students (one control group,
one treatment group). This setup allowed us to define and
test a set of specific hypotheses and test them through
quantitative (1) f2f interaction data, (2) digital interaction
data and (3) student surveys. Furthermore, we conducted a
follow-up qualitative content analysis of the interaction

5. Whisper, https:/ /whisper.sh/
6. Twitter, https:/ /twitter.com
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TABLE 2
Examples of Messages of the PM13 Course
(Translated from French)

Category Message example Score
On-task Content Idon’t understand the differentiation 35

by product compared to the conformity .. ?
Watch out for the background color of 5

Organization  the slides, the text was sometimes hard
to read. Thanks.

SpeakUp Does the app work on Android -2
Look for the sickest Marlboro 1

Off-task Lecture-related .
commercial ever

Chuck Norris is the biggest blood donor, 3

Fun but it’s never his

Miscellaneous = Stop -3

Social Pez, do you wanna marry me? 2

News We're qualified —43
We have been qualified for a month 29
already

data as well as additional student surveys in the CO14
course (see Table 1) to further understand this interaction.
To answer RQ2 (How can co-located social media be designed
for the synergy between digital and face-to-face interaction?)
Study 2 reports on 11 case studies with instructors from sev-
eral countries and continents (see Table 1) who used
SpeakUp during their classes and answered teacher surveys.

4.1 Hypotheses

Since low usability can affect the evaluation results, we con-
sidered it as a sine qua non for evaluating SpeakUp, leading
to our first hypothesis:

H1. The co-located social media app is usable.

Through the controlled field experiment performed in
Study 1, we want to test the following hypotheses about the
behavior and attitude differences in the control and treat-
ment groups:

H2. Using co-located social media is associated with increased
interaction compared to the control group.

H3. Using co-located social media is associated with increased
perceived learning outcomes compared to the control group.

Apart from these hypotheses we want to test whether two
main features (anonymity and temporariness), improve inter-
action. To that effect we put forth the following hypotheses:

H4. Anonymity in co-located social media is associated with
increased interaction.

H4'. Anonymity in co-located social media is associated with
increased intention-to-use.

H5. Co-located social media users favor temporary messages
over persistent messages.

H5’. There is a difference in the attitude of users and non-users
of co-located social media towards message persistence.

4.2 Digital Interaction Data

We recorded the digital interaction data (log data) during
the classes. To obtain qualitative information about the
interactions, we (three course experts and the teacher)
coded the content in three on-task categories (i.e., content-
related, organization-related, and SpeakUp-related) and a
broad off-task category (i.e., messages not relevant to

NO. 4, OCTOBER-DECEMBER 2018

TABLE 3
Overview of the Surveys
Survey ~ Who N Courses Questions Results
System Usability Scale .
Survey1l1l S 59 PMI13 (SUS), Usability feedback Section 5.2
. . Figure 8,9
Survey 1.2 S 157 PMI13 Anonymity, Temporariness Section 5.3, 5.6
Student Evaluation
Survey 1.3 S 219 PMI13 of Teaching (perceived Section 5.4
learning outcome)
Surveyld4 S 93 COl4 Backchannel, Anonymity, Figure 6,

Off-task messages Section 5.3.1

All Experience blending

interaction with SpeakUp Section 6

Survey21 T 11

S = Students, T = Teachers.

the lecturer). We discussed inconsistencies together to to
resolve them. These categories are related to those def-
ined by McCarthy et al. [37] who identify three main catego-
ries: work (content-related), logistics (organisation and
SpeakUp-related), and other (off-task messages). We further
categorized the off-task messages into five categories: (1)
lecture-related, (2) fun, (3) social, (4) news, and (5) miscella-
neous. Table 2 gives examples of each category. Note that
the score column shows the actual score of the message (i.e.,
number of upvotes minus number of downvotes).

4.3 F2F Interaction Data

We recorded F2F interaction in the classroom by writing
down student questions as they occurred. The f2f interac-
tion was also coded according to the same coding scheme as
the digital interaction.

4.4 Student Surveys

Table 3 gives an overview of the surveys conducted in the
study with descriptions of the topics and links to the figures
and paragraphs where the results are discussed. We admin-
istered surveys in the PM13 course to gather information
about student attitudes on usability (Survey 1.1), and atti-
tudes towards anonymity and temporariness (Survey 1.2).
To measure the learning outcome, the ideal solution
would be to have a precise metric (e.g., grade exam) for
the control and the experimental group. The PM course,
however, contained a single final exam for both the treat-
ment and the control group, where it was not possible to
determine which student belonged to which group. We
were able however to collect perceived learning outcome
through the results of a Student Evaluation of Teaching
(SET) survey [56]. SETs are the most used method to get
student feedback on a course and are standard practice at
the university where PM13 took place (Survey 1.3). In this
questionnaire, there is one item asking students about
perceived learning outcomes which we focus on in this
study. Finally, we conducted a follow-up survey in
another course (CO14) to get further insights into student
attitudes towards the different types of interactions in the
classroom (Survey 1.4).

4.5 Teacher Surveys

We conducted a survey with 11 instructors to get insights
into how they used and perceived the usage of a co-located
social media app in their classes (see Table 3 Survey 2.1).
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TABLE 4
Hypothesis and Result Overview

Hypothesis

Data

Test

A System Usability Scale test survey showed an average
score of 82 for SpeakUp. A single sample Wilcoxon test

483

H1 The co-located social media is usable. showed that the median (Mdn = 85) was significantly Wilcoxon W = 4.63 p < 0.01
greater than 73 which is considered the limit of Good
usability. H1 is supported.
Based on digital and f2f interaction logs, looking only at
- g?tl}rllgl Ifcor_elgscsctiei :;):;?tligllleg(i);is aSSc(i)Ciated relevant content (the strictest condition) we find that there Mann-Whitney U =2, nl = 6,
pared to the is significantly more interaction in the treatment condition n2=5,p <001
control group. (Mdn = 18) than in the control group (Mdn = 5.5). H2 is ’ ’
supported.
Based on a student evaluation of the teaching survey, a
Using co-located social media is associated Mann-Whitney test showed that the treatment group
H3 with increased perceived learning outcome estimated that they learnt more (Mdn = 4) during the class Mann-Whitney U = 4447, p <.01
compared to the control group. than students in the class that did not integrate SpeakUp
(Mdn = 3). H3 is supported.
A survey asked if users thought anonymity would increase
Anonymity in co-located social media is their contributions. A one-sample Wilcoxon test was con- .
H4 associated with increased intention-to-use. ducted to evaluate whether the median (Mdn = 4) was Wilcoxon W = 1501, p <.01
different from 3, the neutral response. H4 is supported.
There is a difference in how users and non- A Mann-Whitney test show that control group (Mdn = 2), Mann-Whitney U = 604, n1 = 60,
H4 users of co-located social media perceive vs treatment group (Mdn = 4) have different attitudes n2=67,p <0.01
the influence of anonymity on interaction. toward anonymity. H4' is supported.
A survey asked how long users wanted to keep messages
H5 Co-located social media users favor tempo- (1) .day, (2) week, (3) year, (4) for ever). A significant X2 (1, N =87) =17.48 p < 0.01
rary messages over persistent messages. majority of students (72%) wanted short term traces
(1 or 2). H5 is supported.
There is a difference in the attitude of users A chi square test shows that control group vs treatment
H5 and non-users of co-located social media group have different attitudes toward temporariness. x* 3, N =151) = 47.46 p < 0.01
towards message persistence. H5’ is supported.
5 StuDY 1 course format, time period, student background and age

Study 1 aims to provide insights into how co-located social
media can affect interaction in classroom audiences (RQ 1).
To do so, we evaluated SpeakUp in the ‘Principles of Mar-
keting’ course (PM13) at HEC Lausanne for 5 lectures dur-
ing the 2013 fall semester with 300 bachelor students. This
evaluation was conducted to assess whether SpeakUp cre-
ates more interaction and what kind, and to better under-
stand the difference between f2f and digital interaction. The
students were split into two groups due to their large num-
ber, but both groups were taught the same material by the
same professor. The students were assigned to each group
based on the first letter of their last name by the administra-
tion. Even though they were supposed to stick with their
initial group, students were allowed to change groups for
organizational reasons (depending on their other classes).
The Control Group (CG, 100 students) did not use SpeakUp.
The Treatment Group (TG, 200 students) used SpeakUp from
the second lecture onwards. SpeakUp was used by 159 TG
students of which 66 posted messages. Typically, students
used SpeakUp during the lecture. The teacher would check
SpeakUp interaction during the break and answer the rele-
vant questions afterwards. For both CG and TG, the f2f inter-
actions between students and the instructor were recorded
and all SpeakUp user interaction was tracked and messages
categories were first created using a deductive coding
method (e.g., ‘off-task’, ‘content-related’, ‘organisational’).
We then allowed the code set to grow and integrated all the
additional categories that emerged from the actual data. Asa
consequence, all messages were recoded based on the new
extended set of categories Through this quasi-experiment,
we were able to conduct a study that kept as many parame-
ters stable as possible in both groups (e.g., teacher, content,

range), so we could study the differences in interaction with
and without SpeakUp. However, some other factors could
not be controlled (e.g., time of day and week of the lectures,
group size and group composition). Hereafter, we present
the results of the hypotheses that we tested and our follow
up investigations for the nature of the digital interactions.

5.1 Testing Hypotheses

To test the hypotheses, a log analysis and three voluntary
surveys were conducted during the PM13 course: Survey 1.1
on the third week was completed by 59 students of TG, Sur-
vey 1.2 in the last week with 157 students (72 from CG, and
85 from TG), Survey 1.3 was also completed at the end of
the semester by 219 students (79 from CG, and 141 from
TG). Table 4 presents an overview of the hypotheses tested
and their results.

5.2 SpeakUp Provides Good Usability (H1)

We conducted a wusability evaluation with the well
researched and widely used [25] System Usability Scale
(SUS) [4]. This scale ranges from 0 (worst) to 100 (best). Our
results indicated an average SUS score of 82 for SpeakUp,
which is considered between Good and Excellent usabil-
ity [4]. Compared to other mobile apps, it is comparable to
the usability of top of the charts (top 10) iPhone and Android
apps [31]. The median (85) was significantly greater than 73
which is considered the limit of Good usability. These results
convey the fact that the usability of SpeakUp is not an issue.

5.3 SpeakUp and Increased Interaction (H2)
Since CG and TG differ in group size, Fig. 2 provides a rela-
tive view, illustrating the number of messages per 100
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Fig. 2. The categorized messages per lecture and group of PM13
(messages per 100 students per lecture and group of PM13).

students per category and lecture. The results show that stu-
dents in the treatment group (TG) interacted more and almost
exclusively digitally, although there were many off-task mes-
sages (i.e., 47 percent of TG interaction). The interaction is less
focused on the course content and there seems to be a novelty
factor. In comparison, the control group (CG) only asked con-
tent-related questions. The initial PM13 lectures have more
SpeakUp interaction, indicating a novelty factor, especially
for off-task messages, which decrease in each lecture, apart
from lecture 6. This was the last lecture of the fall semester
and many holiday-related messages were posted. Such a
potential novelty factor was also observed in another
course [28] and also in other applications, for example Back-
chan.nl [26]. Lecture 4 has a higher number of questions in
CG, which may be related to a small difference in content.
Half of these questions (8/17) were asked during the presen-
tation by an external speaker. Contrary to TG, there was
another external speaker (giving the same lecture) who did
not trigger any questions. One might expect (in Fig. 2) that
more people would create more interaction. However, Blatch-
ford etal. [10] show that there is a significant negative effect of
class size on the amount of face-to-face student-teacher inter-
actions. This result explains that there were less f2f interac-
tions in TG than in CG. This is interesting, since we added the
digital channel in a condition where student participation
(f2f) was lower. Based on digital and f2f interaction logs, look-
ing only at on-task content (the strictest condition) there is sig-
nificantly more interaction in the treatment condition than in
the control group. Note that running the statistical tests on
normalized data does not change the results.

A large part of SpeakUp interaction (43 percent) seems to
be off-task messages. To gain a better understanding of the
motivation behind these messages, they were coded based
on their content and purpose into five extra categories: (1)
lecture-related, (2) fun and jokes, (3) miscellaneous, (4)
social (e.g., small talk) and (5) news-related messages (see
Fig. 3 and Table 2 for examples).

Fig. 3 shows a lot of social interactions. Examples are
often to thank people or related to flirting, for example
‘Happy birthday, Julie!” and ‘Carl is too handsome’. The
day before lecture 3 the French soccer team got qualified for
the World Cup, which triggered a flow of messages (see the

||
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Fig. 3. The categorized off-task messages of PM13.
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Fig. 4. The score of messages in PM13 per category.

news messages in Table 2). Quite a few jokes were posted,
especially during the last PM13 lecture right before the
Christmas break. Examples include: “Chuck Norris kills two
stones with one bird” and ‘What’s the color of the white
horse of Henry IV?’. In our previous work [27], [28] such
messages were labeled as ‘spam’, but closer investigation in
this section shows that the reality is much more nuanced.
To assess if messages labeled as ‘off-task’ by experts are still
considered useful for students, Fig. 4 compares the score
(#thumbsup — #thumbsdown) of the messages for each cate-
gory of Fig. 3. Overall there is a statistically significant dif-
ference in the score of on-task (M = 1.04, SD = 10.06) versus
off-task (M = -3.56, SD = 11.28) messages (Mann-Whitney
U =5442, p = .01) and off-task messages are generally scored
negatively. However, the filtering mechanism does not
allow to decisively filter out off-task messages, as many are
voted positively and half of the on-task messages are not
scored positively. For example, one ‘miscellaneous’ outlier
inquires about the name of the lecturer's newborn baby,
which interested many. 75% of the social messages score
negative, while news-related messages are the most con-
tended, due to the very engaging soccer comments in lec-
ture 3 (see Table 2 for examples). Some off-task messages
may have been triggered because of SpeakUp’s simple rank-
ing system that students can game. For instance, a highly
rated funny message might cause other users to write more
jokes to get the same ‘recognition’.

5.3.1 Backchannel

It is important to note that some messages which were off-
task, are still related to the lecture (e.g., ‘Searching the sick-
est Marlboro commercial ever’ and “You have to watch
until the end with sound!). These messages are actually
addressed to fellow students and are examples of the usage
of SpeakUp as a backchannel. To understand how SpeakUp
is used as a backchannel we classified all messages into two
categories. We define a backchannel message as communica-
tion directed to the audience and not the teacher, while a
frontchannel message is directed to the teacher. In general,
59% of the messages are on the backchannel. Fig. 5 summa-
rizes this categorization for the off-task and on-task digital
messages (‘on-task’ consists of the ‘content’, ‘organization’
& ‘SpeakUp’ categories of Fig. 2).
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Fig. 6. CO14 survey results.

Most off-task messages occur in the backchannel (i.e., only
3 off-task messages are frontchannel). One third of on-task
messages are backchannel info (32 percent). Most messages
are comments (74) and 67 percent of the student answers are
on the backchannel. These results show that SpeakUp is
not only used for audience-to-teacher interaction, but the
backchannel also enables audience-to-audience messaging.
Moreover, SpeakUp is used for peer tutoring. However, the
amount of off-task messages is left unchecked and could dis-
courage people from using SpeakUp due to information over-
load. Since most off-task messages occur in the backchannel
(see Fig. 5), we have assessed the impact of the backchannel
further in CO14. To increase awareness of the front- and back-
channel, we instructed the students to tag their messages with
@prof if they were targeting the lecturer (frontchannel). As
the results in Fig. 6 show, students found the frontchannel
messages generally useful (A), but half of the students per-
ceived the backchannel messages as useful and the other half
perceived it as useless (B). Furthermore, when asked whether
they would only prefer frontchannel messages, most students
preferred to keep the backchannel (C).

5.3.2 Moderating Content

To reduce the number of off-task messages (and maybe
handle potential information overload issues), various
approaches could be considered. One way could be to
blacklist the authors of such messages. Fig. 7 summarizes
the students who wrote off-task messages according to the
lecturer (37 out of 67 authors) and compares the number of
on-task versus off-task messages. Due to overlap in the scat-
ter plot, the bubble size indicates the number of students that
wrote the same amount of on-task and off-task messages.
Fig. 7 shows that most students wrote less than three mes-
sages, which in total is much more interaction than in CG
without SpeakUp. Several students who wrote off-task mes-
sages actually contributed also with many on-task messages.
For instance, the student in the upper right corner contrib-
uted most of the on-task messages of all students. The trend

Number of off-task messages posted
o S

o

5 10
Number of on-task messages posted

Fig. 7. Comparing off-task and on-task messages written by the PM13
students. The size of the bubbles represents the number of students with
the same number of on-task and off-task messages (min=1, max=10).

line indicates that the students who wrote off-task messages
also contributed almost as much with on-task questions or
comments. Therefore, blocking students who write off-task
messages will also reduce the number of on-task messages.

In a previous experiment [28], a moderator deleted the
messages he considered irrelevant, which resulted in even
more off-task messages. In the future we want to experiment
with social spam reporting, which might be better perceived
than a centralized censor. We also plan to investigate more
complex ranking mechanisms that take other parameters into
account (e.g., time) as done by Harry et al. [26]. We now know
that removing the off-task messages can have an impact on
the on-task messages, but we do not know whether keeping
those off-task messages has an impact on the user experience,
for example, due to information overload.

5.4 SpeakUp and Increased Perceived Learning (H3)
The anonymous SET questionnaire (Survey 1.3) was a com-
bined open-closed instrument, consisting of 27 closed ques-
tions split into four sections assessing (1) general quality of
the course, (2) course presentation quality, (3) complementary
work, and (4) course structure. In the general quality of the
course section there was one item on perceived learning out-
comes: “in this course I learn a lot”. The group using SpeakUp
estimated that they learnt slighty more during the class than
students in the class that did not integrate SpeakUp.

5.5 SpeakUp User Value Anonymity (H4 and H4’)

One of our premises was that anonymity can increase inter-
action but can also cause spam. Although SpeakUp is asso-
ciated with increased interaction, its causes are unknown.
Therefore, we inquired about this in a student survey. Both
PM13 groups were required to indicate whether they ask
more questions when they are anonymous (Fig. 8A). The
participants in the treatement group responded positively
(Median = 4). Whereas the the participants in the control
group responded negatively (Median = 2). Furthermore, the
difference between both groups is statistically significant.
For a better understanding, we inquired whether students
would prefer identity in cases where ownership/authorship
could be important. They are not really interested in know-
ing who authored a message (Fig. 8B). Additionally here it
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seems that anonymity is in general preferred over identity,
both when they were the author of the highest rated question
and the lowest rated question (Figs. 8C and 8D).

5.6 SpeakUp User Value Temporariness
(H5 and H5’)

Temporary social media have recently come into the spot-
light.” In such systems, messages are only kept for a limited
time (at least from the user’s perspective), which “could enhance
the privacy [...] and make people feel freer to be spontaneous.”® To
evaluate if the time dimension of SpeakUp’s here & now philos-
ophy is important, we asked both CG and TG how long they
prefer to keep the interaction traces (for CG: given that they
would have access to such a tool). A survey (see Fig. 9) asked
how long users wanted to keep messages (1) day, (2) week, (3)
year, (4) for ever). A significant majority of students wanted
short term traces (1 or 2). Surprisingly, the control group did
not show a preference for short lived messages and there is a
significant difference between the two groups.

6 STuDY2

Study 2 aims to provide insights into how SpeakUp is used to
interact and how a synergy between co-located digital and f2f
interaction can be created by investigating how SpeakUp is
used in different case studies. In Study 2, we discuss 11 case
studies of university courses where SpeakUp was used (see
Fig. 1) and compare how SpeakUp was used to blend digital
and f2f interaction, and digital and f2f integration strategies.
The 11 university instructors that used SpeakUp participated
in a survey with open questions. Note that the instructors
were shown how the app worked, but did not receive specific
training on how to integrate it in their lectures. The survey
inquired about their experience with SpeakUp, how they inte-
grated SpeakUp in their course and how they inter-weaved
the digital and f2f communication. The nature of the courses
varied from economics to engineering, computer science,
management, medicine and psychology, exposing SpeakUp
toa wide audience. Fig. 1 summarizes the courses.

6.1 Introducing the Digital Channel

In all courses SpeakUp was introduced either by the teacher
or the SpeakUp video.® Subsequently the teacher explained

7. MIT Technology Review — 10 Breakthrough Technologies 2013,
http:/ /www.technologyreview.com/featuredstory/513731/temporary-
social-media/

8. The SpeakUp video is available at http:/ /www.speakup.info.
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Fig. 10. F2F - Digital transitions: (a) an instructor initiates a poll or explicitly
asks students to post messages on the digital channel, (b) instructors
address digital posts orally, (c) students and instructors interact orally, and
(d) students vote on each other’s posts or answer each other’s questions.

how SpeakUp would be used based on the scenarios
described above. However in some courses, behavioral rules
or etiquette on how to act courteously were introduced (1512,
PM13, CO14, IP14 & MS14). In IS12 and PM13, etiquette was
only introduced in the third lecture to reduce the number of
off-task messages, after which the interaction became more
focused on the course (e.g., see Fig. 2). Another mechanism
used in PM13, was a small nudge where the teacher told stu-
dents how others had used SpeakUp and how he would use
it. A nudge is an intervention that alters the user’s choices in
a predictable way without restricting options or changing
incentives significantly [55].

An interesting social media mechanism was applied in
CO14 to filter information due to the very intensive interac-
tion (1159 messages), namely an @prof tag was added to
address the teacher. Some courses with smaller numbers of
students (most around 50) did not introduce any etiquette.
Etiquette was mainly introduced in large courses (>150
students) with many messages (except for IP14, which
needed to establish a strict protocol for the clicker-style
interaction, and MS14, which was a small group with very
little digital or f2f interaction).

Additionally, the CM14 teacher asked students to reveal
their identity by signing their messages with their name,
since part of the grade was for f2f and digital participation.
According to the teacher, students would then typically
sign their message for content related messages, but would
remain anonymous for more organisation related messages.

6.2 Blending the Lecture

SpeakUp was used in various blended interaction scenarios
transitioning between the f2f channel and the digital chan-
nel. Fig. 10 shows a model of the transitions between these
channels that emerged from the survey.

6.2.1 From f2f to Digital (a)

Arrow (a) illustrates the transition from the f2f to the digital
channel. A typical scenario includes a tutor who initiates a
poll or explicitly asks students to post messages on the
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digital channel (IP14, CO14). Another example comes from
PM13, where the instructor talks about a researcher in the
field. A student did not get the full name and posted
“Martin, what is his last name please?”. In IP14, SpeakUp
was used like a clicker. The teacher posted two statements
and students used the rating mechanism to agree or dis-
agree (thumb up / thumb down). Similarly in CO14, several
messages were used to ask multiple choice questions. Sev-
eral instructors suggested blending the open text functional-
ity of SpeakUp with clicker-style interaction to “support

multiple choice questions during class”.’

6.2.2 From Digital to f2f (b)

Arrow (b) illustrates the transition from the digital to the f2f
channel. A typical scenario includes tutors addressing digi-
tal posts orally. This was the most predominant transition
(in IS12, SM14, PM13, CM14, CO14, PP14, NS14 & MS14),
nevertheless there were differences in terms of transition
synchronicity from almost immediate (CO14, SM14) to more
asynchronous (e.g., CM14). In SM14 and CO14, which had
multiple instructors, the instructors that were not teaching
would answer SpeakUp questions and potentially interrupt
the speaker to ask a relevant question or address a relevant
comment. In some cases, like PM13, the teacher would allo-
cate a few minutes at the end of an hour to address digital
questions (e.g., “Can co-branding and cannibalisation phe-
nomena co-exist?”) and in other cases (e.g., CM14) questions
would be addressed the following week. In some IS12 and
PM13 lectures, SpeakUp messages were projected on a pub-
lic display next to the teacher’s slides to raise audience
awareness of digital activity. Previous research was unable
to find any different interaction behavior with and without
public displays [27], [28] and the teacher of PM13 reported
that he did not find the experience compelling since there
was sometimes noise from the audience (e.g., laughter)
related to the activity in SpeakUp visible on the screen. Sev-
eral instructors noted that there should be awareness fea-
tures to make this transition easier such as “visual alerts
when there are important messages”. Moreover, instructors
would like “archiving for later reuse” of digital content. Typ-
ically saving the logs would allow instructors to analyze the
interaction offline to improve the lecture.

6.2.3 Staying f2f or Digital (c, d)

Arrows (c) and (d) illustrate activity on one channel. In all
surveyed courses, the f2f channel was always open for stu-
dents and instructors to interact orally since these lectures
took place in a shared classroom. In some cases, the interac-
tion mainly occurred on the digital channel where students
vote on each other’s posts or answer each other’s questions.
For instance in PM 13, after a student asked about the last
name of a researcher, another student replied “Martin
Lindstrom”. It should be noted that students can initiate the
digital state in the absence of an instructor prompt. In CO14
for instance, students were instructed to post questions or
comments they had at any point during the lecture. For
instance, SM14, AM14 and CS14 used SpeakUp for com-
menting on student presentations. In SM14, the Q&A for

9. The multiple choice feature has been implemented since.

each student group presentation was completely conducted
on SpeakUp. Group members replied while one team mem-
ber was presenting to maximize presentation and Q&A
time. In CS14, the presenting students would often monitor
SpeakUp interaction to answer immediately or in the Q&A
session afterwards. Instructors suggested to “add replies”
to better structure the digital interactions.

7 DESIGN PRINCIPLES

Similar to Yardi’s guidelines to integrate backchannels in
the classroom [61], we provide guidelines based on the
evaluation results and case studies, for co-located social
media app designers, instructors working with such apps
and researchers, who can potentially use these guidelines
for future research.

7.1 Design for First Use
Guideline 1 — Lower Access Barriers

Providing no (or very simple) registration and authentication will
ease adoption with co-located audiences. This is especially true for
co-located social media since it is often used for events with large
audiences so effortless access enables the audience to focus on the
interaction and collaboration. The deployment time should be
kept low so the setup of a digital channel does not obstruct f2f
interaction. Typical solutions should be free for students, not
require sign up or log in, and be available on a wide range of
devices. Such simple access schemes foster quick deployment
in the field. For instance in the IP14 course, SpeakUp was
deployed briefly to assess an opinion via voting on just two
statements. As an example of the number of people online, in
the first lecture of the CO14 course, analytics recorded 153
users online. Since this course is taken by 150 students and
taught by 3 lecturers, it is close to the 100 percent adoption
rate.'” Kang et al.’s research results also indicate that anonym-
ity can facilitate effortless logins [30]. However, being identi-
fied can also have benefits as elaborated in Guidelines 3 and 4.
In some cases, access barriers are lowered by using wide-
spread social media which most participants already use
(e.g., conferences often use Twitter or Facebook as their back-
channel [40]). In general, providing effortless access schemes
can increase deployment speed, and will make users employ
co-located social media apps more spontaneously.

Guideline 2 — Design for Simplicity

In a co-located setting there is often no time for users to climb a
steep learning curve to execute tasks. They must be operational
within minutes. The confidence of the lecturerforganizer that the
audience can easily execute tasks will be correlated with the proba-
bility that she adopts the system. High learnability is a known
usability principle in HCI. However, it is especially impor-
tant in the educational context, where instructors must
make sure their students can all immediately be proficient
with the tool (see Guideline 1). Designers should design for
a very short learning time, for example, by ensuring good
usability and focusing to excel at a limited set of essential
tasks that can support various use cases.

10. We cannot be definitive, since some students might have more
than one device and there might have been non-registered students in
the classroom.
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7.2 Design for More Digital Interaction
Guideline 3 — Provide Concealed Identity

By providing a form of anonymity for access and interaction,
users might be more eager to interact freely, as this reduces the
threshold for involvement, especially when those users are intro-
verted and shy. In social media platforms, the representation
of user identity can have a great effect on user behavior.
Our results convey the fact that users are more inclined to
contribute when anonymous (see A in Fig. 8 and H4). Ano-
nymity can also foster inclusion (e.g., females often want to
be confident about their work before attaching their names
to it, while males say they mind less to reveal their iden-
tity [18]). However, when hiding under the anonymity
umbrella users can act in a less responsible way [30], while
having identified users can create a closer emotional con-
nection between users and build trust [30]. Digital anonym-
ity is also coupled with f2f anonymity (e.g., in a small group
it will be much harder to ensure digital anonymity than in a
course with 500 students). Harry et al. [26] argue that a
range of identity options should be offered to increase the
cost of changing identity. Guideline 3 concurs, but proposes
to keep anonymity within these offered options. A soft iden-
tity can be added to an anonymous system, as examplified
by the CM14 teacher who asked students to sign each mes-
sage with their real name.

Guideline 4 — Make the Interaction Traces Temporary

To further enhance privacy, user interaction traces can be made
temporary. Supporting temporal data volatility can increase par-
ticipation, as it can lead to user trust, since user activity will be
bound to the event’s time span. Our results show that the tem-
porary nature of social media can be highly appreciated in
the classroom context (see Fig. 9 and H5). On the other hand,
several instructors wanted to be able to archive a report of
the posted messages. Some users might be comfortable with
sharing their opinions and interactions publicly for an unde-
termined time span (like on Twitter), however others might
be intimidated by this prospect and may avoid participation
(see Guideline 8). Therefore, limited data retention can be
useful to nourish adoption by a large group.

Guideline 5 — Design for Privacy

By providing proper privacy, some users can feel more at ease and
thus be more willing to participate and interact. Recently, there
has been more attention to include privacy features in the
early stages of software design and development [12].
Additionally, anonymity (Guideline 3) and data transience
(Guideline 4) further privacy feature can be provided, such
as restricting messages to a group (e.g., the class) instead of
making them publicly accessible. By providing such privacy
features, users can feel comfortable and free to express their
opinions because conversations are private [30].

7.3 Design for Richer Interaction
Guideline 6 — Make use of f2f Etiquette

To blend digital and f2f interaction, the audience often needs
awareness cues and rules on how the system will be used collec-
tively. Additionally, positive reinforcement [55] can create non-
forced compliance to guide audience interaction. Yardi also
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recognizes the need for etiquette in backchannels, and
defines that etiquette should be contextual and grow, based
on its users, the environment and the requirements [61].
Within the environment and context of the combination of
digital and f2f interaction, such etiquette could be designed
and evolve on the spot fulfilling the needs of the moment.
In the different lectures of Fig. 1, various strategies to guide
interaction were used. For instance, some instructors dis-
cussed with the students how to use SpeakUp courteously,
while others tried using social norms so as to guide students
to act respectfully. Such f2f etiquette appears to be quite
effective to curb off-task messages according to instructors
who have used it. As discussed for the PM13 case, descrip-
tive norms (e.g., the majority of students post very on-task mes-
sages) can be better motivators than standard appeals [23].

Guideline 7 — Embrace the Backchannel

The backchannel can sometimes be seen by users as a source of
information overload. However, for other audience members such
interaction is important and it can ignite lively discussions that
can positively contribute to the f2f interaction. Although back-
channel messages can distract from the content-focused dig-
ital and f2f interaction, they can also provide additional
benefits for many. For instance, in the CO14 survey most
students wanted to keep the backchannel messages (see C
in Fig. 6) and some found the backchannel useful (see B).
Eliminating the backchannel might result in removing use-
ful content and discouraging active contributors. Further-
more, a significant amount of backchannel messages are
still on-task as shown in Fig. 5. For instance, removing the
authors of off-task messages in PM13 also results in elimi-
nating the most active contributors of on-task content, as
demonstrated in Fig. 7. Other research supports and elabo-
rates on the various benefits of backchannels, (e.g., [19],
[26], [61]). Hence, designers should not discard the back-
channel, but integrate it. However, features for filtering or
sorting the backchannel information should be considered
since information overload could impact the user experi-
ence. Further research should investigate how it is possible
to further improve the relevance of backchannel messages
and possibly contribute to peer instruction. Additionally,
research should further understand the types of students
who post frequent off-task messages and understand the
relation with their learning outcomes.

7.4 Design for Digital-f2f Transitions
Guideline 8 — Design for Awareness & Reflection

Providing support for lecturers to know what happens on
the digital channel while they deliver their lecture is a key
issue. Research on learning analytics investigating the issue
is becoming more and more prominent [20]. Awareness can
be supported both by software features (e.g., the highest
rated and most recent messages, or a public display) and
via the f2f interaction and protocol. In SpeakUp case stud-
ies, this issue has been addressed in different ways. In some
lectures the transition from f2f to digital was more guided,
where instructors asked questions orally and posted a digi-
tal message and students replied either by providing a com-
ment or a vote. In general, most lecturers adopted an
asynchronous approach where the digital channel was
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consulted at the end of the lecture. In C014 and SM14, the
lectures were co-taught, which allowed the teaching staff
not presenting to read SpeakUp posts and answer when
their turn came. Additionally they sometimes acted as a
moderator, interrupting the speaker with a question or a
comment from the audience when it was appropriate. We
also experimented with a public display in PM13, but
instead of raising awareness subtly, it tended to increase the
teacher’s disconnect with the digital channel. Further,
allowing instructors to export information for subsequent
analysis can improve usefulness from the lecturer’s perspec-
tive. In SpeakUp this can be done by printing the content of
the room. However, future research could investigate what
kind of learning analytics dashboards could prove useful
for instructors in that context.

8 DiscusSION AND CONCLUSION

This paper investigated how co-located social media is
linked to interaction in the classroom (RQ1) and how such
co-located social media can be designed to blend digital and
f2f interaction (RQ2). In this research, we have designed
temporary SpeakUp location-bound chat rooms where stu-
dents can anonymously post and rate messages. SpeakUp
was extensively evaluated in 61 lectures and with over 2000
students, which is one of the largest studies the authors
are aware of in the computer-mediated communication
research field. SpeakUp was evaluated on two different lev-
els: (1) digital and f2f interaction was analyzed with a quasi-
experiment in one course, and (2) 11 case studies illustrated
SpeakUp’s integration in the course. From these results,
eight design guidelines were derived that can be useful to
design co-located social media.

8.1 How can Co-Located Social Media Affect
Interaction in Classroom Audiences?

To answer RQ1, we have analyzed the SpeakUp interaction
of a quasi experiment in one course. SpeakUp is not solely
used for teacher-audience interaction, but is also extensively
used as a communication backchannel that, in our study,
empowered students and resulted in richer interactions
than without SpeakUp. Often, this backchannel was used
by the audience to comment on the lecture and answer peer
questions. Such peer tutoring is often not possible in large
traditional classrooms. Although backchannel messages can
appear off-task and irrelevant to the teacher, students use
this backchannel for several reasons. Notwithstanding that
the backchannel can lead to information overload, a major-
ity of students do not want to get rid of these messages. To
curb the off-task messages, we investigated moderation and
blacklisting of authors of such messages, but both techni-
ques were ineffective. In the future, we plan to investigate
social flagging mechanisms, and the impact of etiquette
rules and nudges to filter out the most irrelevant messages.
One might argue that the substantial quantity of off-task
messages is due to the user’s concealed identity because of
the SpeakUp privacy, anonymity and temporariness set-
tings. Our survey showed that SpeakUp’s private and anon-
ymous setup makes students more willing to participate
and that they do not really want to identify themselves.
However, this concealed identity and temporariness can

lead to lower accountability of students for their actions.
From our quasi experiment, we learned that user opinion on
system features can differ considerably when users actually
used the system compared to when we just inquired about a
hypothetical system. This difference is in itself important
given that many studies are based on perceived attitudes.
For instance, SpeakUp users valued data transience and ano-
nymity, whereas the other group did not. This finding may
suggest that message transience could be appreciated in
other social media, but users might only value it once they
have experienced it. Last but not least, we found preliminary
indications that the design and enactment of the lectures
which integrate SpeakUp could lead to increased learning.
Through an anonymous SET questionnaire, the perceived
learning outcome was significantly higher for students using
SpeakUp, than for students without SpeakUp.

8.2 How to Design for a Synergy between Digital
and Face-to-Face Interaction?

On a macro-level, the 11 case studies showed that SpeakUp
is generally applicable in multiple scenarios without pro-
viding dedicated features. The interviewed instructors also
applied various strategies to synchronize the digital and f2f
interaction. In most cases, dedicated synchronization points
during the lecture were chosen, for example, during a break.
In active and large classes, a form of etiquette on how to use
SpeakUp was often discussed with the students and social
media techniques were introduced to filter the front—and
backchannel. In general, we found that a co-located social
media app such as SpeakUp increases interaction beyond
asking questions and that such simple apps can be used for
a variety of scenarios. However, some new issues such as
information overload and distraction can potentially be
introduced with such apps. Based on our research results
and the different case study scenarios, we created eight
design guidelines for co-located social media apps that aim
at seamlessly blending the digital with the f2f channels, by
including more users (design for first use), fostering more
contributions (design for more digital interaction), while
encouraging quality (design for richer digital interaction)
and providing support to move from one channel to the
other (design for digital-f2f transition). It should be noted
that the teaching scenarios described in this research are
non exhaustive. Finding adequate teaching scenarios to take
advantage of the added channel is an open research ques-
tion. Teaching scenarios that could be further investigated
include an open-ended variation of the poll scenario. In
such an open-ended version, the instructor asks an open-
ended question to the students (e.g., “Give an example of a
privacy issue online”). The students are instructed to dis-
cuss in small groups and post their answer digitally. Then
they read the others’ answers and vote on them to show
whether they agree. The instructor can then have a very fast
overview of the opinions of all. Such a scenario could be a
rich combination of F2F and digital interactions.

8.3 Beyond SpeakUp and the Classroom
Recently, several innovative teaching methods, often sup-

ported by technology, have popped up (e.g., Massive Open
Online Courses (MOOC) [36] and Flipped Classrooms [6],
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[36]). SpeakUp does not compete with those, but can rather
complement interaction in these situations. For instance, we
used SpeakUp for a live Q&A session in Coursera’s Unethical
Decision Making in Organizations MOOC in 2014 to add a here
& now feeling to the course. The result was quite positive
with 92 messages and 148 replies posted (we introduced
replies in the app for this course) and 609 votes. Interestingly,
in this context there were mostly on-task messages about the
content (e.g., “When I'm not in the management but only a
team member, what can I practically do to bring the new ethi-
cal thinking into the organization?”) and remarks about the
course (e.g., “I just regret that this wonderful course is just 7
weeks long”). The 128 users (out of the MOOC’s 40,000 regis-
tered users) who made the effort to join the live session were
also possibly interested in contributing positively. This paper
has focused on one specific co-located social media app and
in one specific setting. However, we believe that SpeakUp
can be applied easily beyond the classroom. For example, to
foster interaction at conferences or Q&A sessions such as the
one described above. In the workplace, SpeakUp could
increase interaction in meetings or inclusion in brainstorming
sessions through anonymity.

8.4 Limitations to Our Research

There are several limitations to the present research, which
we discuss below. Even though our case studies covered 11
different courses across several countries and continents, we
cannot draw definite conclusions from our findings. Design-
ing a Ul is frequently based on several hand-picked guide-
lines and patterns that are, although based on research, often
not written in stone. For instance, guidelines can be incom-
patible or conflicting. Our guidelines are not meant to be
hard rules to obey, but rather to steer the design. Further-
more, such guidelines might differ with user age and culture
(e.g., the perception of privacy might differ between the
USA, Europe and Asia). Controlled experiments in the real
world are not perfect. Although we tried to control as many
parameters as possible, it was impossible to control the
group size and group composition, for instance. The latter
might be important for interaction (e.g., an extrovert group
of friends might distort the overall interaction). To better
understand the PM13 survey results, it could be interesting
to contrast the results with detailed SpeakUp user behavior.

8.5 Future Work

In the future, we want to experiment with ways to guide the
behavior of users in computer-mediated communication
where f2f and digital interaction collide. One way to reduce
off-task messages could be to apply a reputation score to
each user based on her contributions (e.g., using positively
rated messages and number of comments received). Such a
reputation score could be used to filter important and off-
task messages. It could even be possible to restrict people
who want to game the system by not allowing users with a
low reputation to send new messages. Furthermore, if the
reputation score would be visible in SpeakUp’s U], it could
provide the backchannel users with a level of author trust.
Hence, the reputation score could provide a nudge for users
to behave well, without dictating an etiquette. To evaluate
the idea, we plan to set up A/B testing by assigning
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different reputation mechanisms to different users and assess
how they can affect interaction. Additionally, we want to fur-
ther evaluate the guidelines. One way of doing this (as done
by [41]) would be to conduct a between subject experimental
design with two groups of participants. One group of design-
ers would be asked to design a (mockup) social media app
using the guidelines and another not using the guidelines.
The resulting (mockup) apps would then be evaluated with
users and HCI experts and a common survey would be used
to investigate whether the designs result in different user
experience and behavior. Finally, we want to further evaluate
the potential learning impact of SpeakUp. To do this, we want
to once again work with a control group and to further
improve on the stability of the learning conditions (e.g., con-
trolling the uniformity of the group formation and learning
content).

ACKNOWLEDGMENTS

This research was partially funded by the European Union
in the context of the FP7 Go-Lab Integrated Project (grant
no. 317601) and the H2020 Next-Lab Innovation Action
(grant no. 731685), as well as by the University of Lausanne
in the context of its pedagogical innovation fund. Sten
Govaerts, Adrian Holzer, and Bruno Kocher contributed
equally to this work.

REFERENCES

[1] H. Aagard, K. Bowen, and L. Olesova, “Hotseat: Opening the
backchannel in large lectures,” Educause Quart., vol. 33, no. 3,
pp- 2, 2010.

[2] R.]J. Anderson, R. Anderson, T. VanDeGrift, S. Wolfman, and
K. Yasuhara, “Promoting interaction in large classes with com-
puter-mediated feedback,” in Proc. Designing Change Netw. Learn.
Environ., 2003, pp. 119-123.

[3] C. Arthur, “What is the 1% rule?” The Guardian. 2006. [Online],
https:/ /www.theguardian.com/technology/2006/jul/20/
guardianweeklytechnologysection2

[4] A.Bangor, P. T. Kortumb, and J. T. Millerc, “An empirical evalua-
tion of the system usability scale,” Int. . Hum. Comput. Interaction,
vol. 24, no. 6, pp. 574-594, 2008.

[5] L. Barkhuus and T. Jergensen, “Engaging the crowd: Studies of
audience-performer interaction,” in Proc. CHI Extended Abstracts
Hum. Factors Comput. Syst., 2008, pp. 2925-2930.

[6] J.Bergmann and A. Sams, Flip Your Classroom: Reach Every Student
in Every Class Every Day. Washington, D.C., USA: International
Society for Technology in Education, 2012.

[71 T. Bergstrom, A. Harris, and K. Karahalios, “Encouraging initia-
tive in the classroom with anonymous feedback,” in Proc. IFIP
Conf. Human-Comput. Interaction, 2011, pp. 627-642.

[8] D. Berrett, “How ‘flipping’the classroom can improve the tradi-
tional lecture,” Chronicle Higher Educ., vol. 12, pp. 1-14, 2012.

[9] ]. Birnholtz, J. Hancock, and D. Retelny, “Tweeting for class:

co-construction as a means for engaging students in lectures,”

in Proc. SIGCHI Conf. Human Factors Comput. Syst., 2013,

pp. 797-800.

P. Blatchford, P. Bassett, and P. Brown, “Examining the effect of

class size on classroom engagement and teacher—pupil interaction:

Differences in relation to pupil prior attainment and primary

versus secondary schools,” Learn. Instruction, vol. 21, no. 6,

pp. 715-730, 2011.

E. Blood and R. Neel, “Using student response systems in lecture-

based instruction: Does it change student engagement and learn-

ing? J. Technol. Teacher Educ., vol. 16, no. 3, pp. 375-383, Jul. 2008.

A. Cavoukian, “Privacy by Design: The 7 Foundational Principles,

implementation and mapping of fair information practices, ” Infor-

mation and Privacy Commissioner of Ontario. (May 5, 2010). [Online].
http:/ /www.ontla.on.ca/library/repository/mon/24005/301946.
pdf.

[10]

[11]

[12]


https://www.theguardian.com/technology/2006/jul/20/guardianweeklytechnologysection2
https://www.theguardian.com/technology/2006/jul/20/guardianweeklytechnologysection2
http://www.ontla.on.ca/library/repository/mon/24005/301946.pdf
http://www.ontla.on.ca/library/repository/mon/24005/301946.pdf

GOVAERTS ET AL.: BLENDING DIGITAL AND FACE-TO-FACE INTERACTION USING A CO-LOCATED SOCIAL MEDIA APP IN CLASS

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

W. Chen and C.-K. Looi, “Incorporating online discussion in face
to face classroom learning: A new blended learning approach,”
Australasian ]. Educ. Technol., vol. 23, no, 3, pp. 307-326, 2007.

W. Chen, C.-K. Looi, and S. Tan, “What do students do in a f2f cscl
classroom? the optimization of multiple communications modes,”
Comput. Educ., vol. 55, no. 3, pp. 1159-1170, 2010.

D. Correa, L. A. Silva, M. Mondal, F. Benevenuto, and K. P. Gummadi,
“The many shades of anonymity: Characterizing anonymous social
media content,” in Proc. 9th Int. AAAI Conf. Web Soc. Media, 2015,
pp. 71-80.

J.W.Creswell, V. L. Plano Clark, M. L. Gutmann, and W. E. Hanson,
“Advanced mixed methods research designs,” in Handbook Mixed
Methods Social and Behavioral Research. Thousand Oaks, CA, USA:
Sage Publications, 2003, pp. 209-240.

C. H. Crouch and E. Mazur, “Peer instruction: Ten years of experi-
ence and results,” Amer. |. Phys., vol. 69, no. 9, pp. 970-977, 2001.
S. M. Davis, “Impact of anonymity of input in next-generation
classroom networks,” in Proc. 8th Int. Conf. Comput. Supported
Collaborative Learn., 2007, pp. 165-167.

H. Du, M. B. Rosson, and ]J. M. Carroll, “Augmenting classroom
participation through public digital backchannels,” in Proc. 17th
ACM Int. Conf. Supporting Group Work, 2012, pp. 155-164.

T. Elias, “Learning analytics: Definitions, processes and potential,”
(Jan. 2011). [Online]. https://pdfs.semanticscholar.org/732e/
452659685fe3950b0e515a28ce89d9c5592a.pdf

J. Erickson and K. Siau, “E-ducation,” CACM, vol. 46, no. 9,
pp- 134-140, 2003.

C. Fies and J. Marshall, “Classroom response systems: A review of
the literature,” J. Sci. Educ. Technol., vol. 15, no. 1, pp. 101-109, 2006.
N.J. Goldstein, R. B. Cialdini, and V. Griskevicius, “A room with a
viewpoint: Using social norms to motivate environmental conser-
vation in hotels,” |. Consumer Res., vol. 35, no. 3, pp. 472-482, 2008.
G. Grotenbreg and S. B. ]. Wong, “Using Pigeonhole Live to elicit
feedback, questions & reinforce learning during lectures,” CDLT
Brief, vol. 16, no. 2, pp. 2-7, Aug. 2013.

N. Harrati, I. Bouchrika, A. Tari, and A. Ladjailia, “Exploring user
satisfaction for e-learning systems via usage-based metrics and
system usability scale analysis,” Comput. Human Behavior, vol. 61,
pp. 463-471, 2016.

D. Harry, J. Green, and J. Donath, “Backchan.nl: Integrating back-
channels with physical space,” in Proc. CHI Extended Abstracts
Human Factors Comput. Syst., 2008, pp. 2751-2756.

A. Holzer, S. Govaerts, A. Vozniuk, B. Kocher, and D. Gillet,
“Speakup in the classroom: Anonymous temporary social media
for better interaction,” presented at the ACM CHI Conf. Hum. Fac-
tors Comput. Syst., Toronto, ON, Canada, 2014.

A. Holzer, S. Govaerts, A. Vozniuk, J. Ondrus, D. Rigaud, B. Garbinato,
and D. Gillet, “Speakup—A mobile app facilitating audience interaction,”
in Proc. Int. Conf. Web-Based Learn., 2013, pp. 11-20.

H. M. Horowitz, “Student response systems: Interactivity in a
classroom environment,” presented at the 6th Annu. Conf. Interac-
tive Instruction Del., Salt Lake City, UT, USA, Feb. 1988.

R. Kang, S. Brown, and S. Kiesler, “Why do people seek anonym-
ity on the internet?: Informing policy and design,” in Proc. SIGCHI
Conf. Human Factors Comput. Syst., 2013, pp. 2657-2666.

P. Kortum and M. Sorber, “Measuring the usability of mobile
applications for phones and tablets,” Int. ]. Hum.-Comput. Interac-
tion, vol. 31, no. 8, pp. 518-529, 2015.

R. M. Kowalski, G. W. Giumetti, A. N. Schroeder, and M. R. Lattanner,
“Bullying in the digital age: A critical review and meta-analysis of
cyberbullying research among youth,” Psychological Bulletin, vol. 140,
no. 4,2014, Art. no. 1073.

K. Kreijns, P. A. Kirschner, and W. Jochems, “Identifying the pit-
falls for social interaction in computer-supported collaborative
learning environments: a review of the research,” Comput. Hum.
Behavior, vol. 19, no. 3, pp. 335-353, 2003.

H. Lee, “Behavioral strategies for dealing with flaming in an
online forum,” Sociol. Quart., vol. 46, no. 2, pp. 385-403, 2005.

S. Lim, S. Y. Cha, C. Park, I. Lee, and J. Kim, “Idioculture in crowd
computing: A focus on group interaction in an event-driven social
media system,” Int. |. Hum.-Comput. Stud., vol. 69, no. 10, pp. 632—
646,2011.

F. G. Martin, “Will massive open online courses change how we
teach? Commun. ACM, vol. 55, no. 8, pp. 26-28, 2012.

J. F. McCarthy and D. M. Boyd, “Digital backchannels in shared phys-
ical spaces: Experiences at an academic conference,” in Proc. CHI
Extended Abstracts Hum. Factors Comput. Syst., 2005, pp. 1641-1644.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

491

Z. Obrenovi¢, “Design-based research: what we learn when we
engage in design of interactive systems,” Interactions, vol. 18,
pp- 56-59, 2011.

S. Reeves, S. Sherwood, and B. Brown, “Designing for crowds,” in
Proc. 6th Nordic Conf. Hum.-Comput. Interaction: Extending Bound-
aries, 2010, pp. 393—-402.

W. Reinhardt, M. Ebner, G. Beham, and C. Costa, “How people
are using twitter during conferences,” in Proc. 5th EduMedia Conf.,
2009, Art. no. 145.

C. Remy, S. Gegenbauer, and E. M. Huang, “Bridging the theory—
practice gap: Lessons and challenges of applying the attachment
framework for sustainable HCI design,” in Proc. 33rd Annu. ACM
Conf. Hum. Factors Comput. Syst., 2015, pp. 1305-1314.

D. Retelny, J. P. Birnholtz, and J. T. Hancock, “Tweeting for class:
Using social media to enable student co-construction of lectures,”
in Proc. ACM Conf. Comput. Supported Cooperative Work Companion,
2012, pp. 203-206.

J. Roschelle and R. Pea, “A walk on the wild side: How wireless
handhelds may change CSCL,” in Proc. Conf. Comput. Support Col-
laborative Learn.: Found. CSCL Community, 2002, pp. 51-60.

J. Roschelle, K. Rafanan, G. Estrella, M. Nussbaum, and S. Claro,
“From handheld collaborative tool to effective classroom module:
Embedding CSCL in a broader design framework,” Comput.
Educ., vol. 55, no. 3, pp. 1018-1026, 2010.

F. Sana, T. Weston, and N. J. Cepeda, “Laptop multitasking hin-
ders classroom learning for both users and nearby peers,” Comput.
Educ., vol. 62, pp. 24-31, 2013.

K. Schmidt and L. Bannon, “Taking CSCW seriously,” Comput.
Supported Cooperative Work, vol. 1, no. 1/2, pp. 7-40, 1992.

E. Scornavacca, S. Huff, and S. Marshall, “Mobile phones in the
classroom: If you can’t beat them, join them,” Commun. ACM,
vol. 52, no. 4, pp. 142-146, Apr. 2009.

R. Slonje, P. K. Smith, and A. Frisén, “The nature of cyberbullying,
and strategies for prevention,” Comput. Hum. Behavior, vol. 29,
no. 1, pp. 26-32, 2013.

G. Stahl, T. Koschmann, and D. Suthers, “Computer-supported
collaborative learning: An historical perspective,” Cambridge
Handbook Learn. Sci., vol. 2006, pp. 409-426, 2006.

J. R. Stowell and J. M. Nelson, “Benefits of electronic audience
response systems on student participation, learning, and emotion,”
Teaching Psychology, vol. 34, no. 4, pp. 253258, 2007.

J. R. Stowell, T. Oldham, and D. Bennett, “Using student response
systems (“clickers”) to combat conformity and shyness,” Teaching
Psychology, vol. 37, no. 2, pp. 135-140, 2010.

J. Suler, “The online disinhibition effect,” Cyberpsychology Behavior,
vol. 7, no. 3, pp. 321-326, 2004.

Y.-T. Sung, K.-E. Chang, and T.-C. Liu, “The effects of integrating
mobile devices with teaching and learning on students’ learning
performance: A meta-analysis and research synthesis,” Comput.
Educ., vol. 94, pp. 252-275, 2016.

Y. R. Tausczik and J. W. Pennebaker, “Participation in an online
mathematics community: Differentiating motivations to add,” in
Proc. ACM Conf. Comput. Supported Cooperative Work, 2012,
pp- 207-216.

R. H. Thaler and C. R. Sunstein, Nudge: Improving Decisions about
Health, Wealth, and Happiness. New Haven, CT, USA: Yale Univer-
sity Press, 2008.

M. Theall and J. Franklin, “Using student ratings for teaching
improvement,” New Directions Teaching Learn., vol. 1991, no. 48,
pp- 83-96, 1991.

A. R. Trees and M. H. Jackson, “The learning environment in
clicker classrooms: Student processes of learning and involvement
in large university-level courses using student response systems,”
Learn. Media Technol., vol. 32, no. 1, pp. 21-40, 2007.

Q. Wang and H. L. Woo, “Comparing asynchronous online dis-
cussions and face-to-face discussions in a classroom setting,” Brit.
J. Educational Technol., vol. 38, no. 2, pp. 272-286, 2007.

S. Wang, D. Lo, and L. Jiang, “An empirical study on developer
interactions in stackoverflow,” in Proc. 28th Annu. ACM Symp.
Appl. Comput., 2013, pp. 1019-1024.

M. E. Williams, “Sorry, ‘fat people hate’-ing reddit trolls: Ellen
pao is serious about curbing harassment,” in Salon.com,
(Jun. 11, 2015). [Online]. https://www.salon.com/2015/06/
11/sorry_fat_people_hate_ing reddit_trolls_ellen_pao_is_
serious_ about_curbing harassment/

S. Yardi, “The role of the backchannel in collaborative learning
environments,” in Proc. 7th Int. Conf. Learn. Sci., 2006, pp. 852-858.


https://pdfs.semanticscholar.org/732e/452659685fe3950b0e515a28ce89d9c5592a.pdf
https://pdfs.semanticscholar.org/732e/452659685fe3950b0e515a28ce89d9c5592a.pdf
https://www.salon.com/2015/06/ 11/sorry_fat_people_hate_ing_reddit_trolls_ellen_pao_is_ serious_ about_curbing_harassment/
https://www.salon.com/2015/06/ 11/sorry_fat_people_hate_ing_reddit_trolls_ellen_pao_is_ serious_ about_curbing_harassment/
https://www.salon.com/2015/06/ 11/sorry_fat_people_hate_ing_reddit_trolls_ellen_pao_is_ serious_ about_curbing_harassment/

IEEE TRANSACTIONS ON LEARNING TECHNOLOGIES, VOL.11, NO.4, OCTOBER-DECEMBER 2018

Sten Govaerts is a research associate with the
Ecole Polytechnique Fédérale de Lausanne
(EPFL). His research interests include user expe-
rience design, information visualization, and find-
ability applied to both the technology-enhanced
learning domain and contextualized music. He
worked on the ROLE project (http://www.role-
project.eu) and the Go-Lab project (http://www.
go-lab-project.eu/).

Adrian Holzer received the PhD degree in infor-
mation systems from the University of Lausanne.
He is a professor of management information sys-
tems with the University of Neuchatel. He was a
research associate with EPFL and a research fellow
with Polytechnique Montréal. His main research
interests include digital transformation in organiza-
tional, learning, and humanitarian contexts.

Bruno Kocher is an assistant professor of mar-
keting with the Faculty of Business and Econom-
ics (HEC), University of Lausanne. He was a
research fellow with Baruch College, CUNY,
and an assistant professor with HEC Paris. His
research interests include consumer behavior,
luxury consumption, branding, and e-learning.

Andrii Vozniuk is a postdoctoral researcher with
the Coordination and Interaction Systems group
(REACT), Swiss Federal Institute of Technology in
Lausanne (EPFL). His research and software engi-
neering activities focus on the development of
approaches and tools supporting knowledge
sharing in the educational and the humanitar-
ian domains.

Benoit Garbinato contributed to the emerging
research trend on distributed object systems in the
1990s. He led the software engineering group of
UBS'’s research lab (Ubilab) and later worked for
Sun Microsystems as a senior software architect.
Since his return to academia in 2004, his research
has focused on emerging distributed architectures
such as context-aware mobile systems.

Denis Gillet is a faculty member with EPFL. His
main research interests include learning technol-
ogies and coordination systems, human com-
puter interactions, and cyber physical systems.
He is a former associate editor of the IEEE Trans-
actions on Learning Technologies (TLT) and a
current associate editor for the International Jour-
nal of Technology Enhanced Learning.


http://www.go-lab-project.eu/
http://www.go-lab-project.eu/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


