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Abstract. This paper presents findings on how individuals respond to receiving
feedback on their participation levels during meetings. Comparing in-lab and
natural group settings, repeated use, and differing information displays, we
found that individuals vary on how useful and informative they found the
feedback. Their ratings were most influenced by how the tool was first
introduced to them and whether or not there was redundancy in the feedback.
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1 Introduction

Organizations use groups for making decisions rather than individuals because, by
pooling skills, intellectual abilities, and information sources, groups have the ability
to make higher quality decisions than individuals working alone. However, group
interactions are often complicated by socia factors preventing them from realizing
their potential [1]. To address this issue, our research has been focused on devel oping
behavior feedback tools that assist groups in realizing their over-reliance on dominant
viewpoints in a discussion [2, 3]. We believe that if a group becomes aware of
extreme imbalances in its turn-taking and participation, it can assess and determine
the best method for correcting its own processes. Towards testing this belief, we
developed an application called Second Messenger that reveals information about the
ongoing social dynamics within face-to-face groups through social visualizations of
speaking patterns and frequencies.

While our central interest has been determining if feedback tools do in fact assist
groups in changing their behavior [2], the redity is that if these tools are to be
integrated into organizations and used to change real-world decision-making
processes, it is critical that we aso understand how individuals feel in response to the
feedback tools being present. Specifically we want to know if individuals consciously
use the feedback made available, if they believe the information provided is
informative, if they find the tools useful for their tasks, and perhaps most importantly,
how willing they are to incorporate them into their real-world group interactions.

To answer these questions, we ran two studies, one in the lab and one in the field,
in order to understand user responses and how they varied across different situations.
Our studies found consistent results across user groups and when the results are taken



2 Joan MorrisDiMiccol, Walter Bender2

as a whole, they provide insight into the factors that most influence perceptions of
feedback technology.

This paper begins with a brief background on group decision-making research, an
overview our system used to provide feedback to groups about their behavior, and a
discussion of related work. Then we present the design and results of our two studies.
Our results will show that under all conditions individuals were comfortable with the
information shown to the group and found the tools to be more informative and
useful, when their purpose was explained. What differed across the conditions was
that groups exposed to multiple types of tools found the tools less informative on
subsequent uses, and the most useful tool was the one that was provided after a
meeting and showed the most detail, as compared with a simpler, during-meeting tool.

2 Background

The reason we suggest behavior feedback tools may assist face-to-face interactionsis
that group decision-making is fraught with complications. Social psychologists have
demonstrated that when groups have decision-making discussions, it is highly likely
that they will inadequately share information relevant to the decision [4, 5]. Instead, a
group will likely spend its time discussing initial reactions to the decision, to the
detriment of considering options suggested later in the discussion [1, 6-8]. And
through the process of discussing the prevailing viewpoint, individuals in the group
will likely become more strongly committed to their initial inclination [9, 10]. Each of
these systematic flaws increases the likelihood that groups will make strong
commitments to flawed decisions.

There are different ways of combating this problem, yet the prevailing conclusion
is that if groups welcome the consideration of multiple viewpoints and minority
opinionsinto their discussions, information sharing and decision-making will improve
[4,5, 10].

One metric for measuring individual contribution to a group collaboration is to
measure the amount of time a person speaks during a discussion, because imbalances
between individual contributions can signal that a group is overly relying on the
opinions of the most vocal members. As discussed by Weisband, Schneider and
Connolly [11], individuals use cues such as social status and physical appearance to
form expectations about how much someone will contribute to a discussion, and these
expectations actually provide people the opportunities to speak and influence the
decision-making process. Studies have shown that individuals with higher social
status, yet lower amounts of information to contribute, often speak more and have
more influences on final outcomes, than those who speak less [12]. The implication of
this finding is that because those who speak the most have more influence on group
outcomes, they can draw the group towards their preferred decision outcome, to the
detriment of considering other options [1]. While equal participation will not solve the
challenges of group collaboration, when there are process flaws, correcting extreme
inequality in individual contribution is one mechanism that may rebal ance the amount
of influence each individual has on the decision outcome.
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2 Second M essenger

Second Messenger, our platform for providing feedback to groups, allows for visual
displays of participation levels and turn-taking patterns to be shown either during
face-to-face meetings or afterwards in the form of a visual replay. By highlighting
extreme imbalances, Second Messenger is designed to give feedback to groups which
will persuade them to change and improve their decision-making processes.

The system collects group speaking patterns by requiring each person using the
system to wear a noise-canceling microphone that detects when he or she is speaking.
The application aggregates time-stamped moments of individual speech to create a
record of who spoke when in ameeting and uses this log to create visualizations, to be
viewed either real-time or post-interaction.

In our first exploration [3], we presented participation information to groups in the
form of a histogram, projected off to the side of a room during a 15-minute
discussion, as shown in Figure 1. The groups in this experiment were given no
explanation as to the purpose of the display and were instructed to use it as they
wished. In response to this arrangement, survey responses from the 48 subjects
indicate that individuals did not find the display distracting and that they did not find
it very useful for the task or informative about the group. The average usefulness
rating was 2.69 (std err 0.24) and the average rating for informative was 3.09 (std err
0.27), bothonascaleof 1to 7.

over

participating

under

Fig. 1. Histogram display screenshot and shown projected onto wall

In our next iteration on this design, shown in Figure 2, Second Messenger
represents each person as a circle, where the size of the circle reflects the relative
participation level of the individual. The circles can be arranged with a mouse to
reflect the physical arrangement of the face-to-face group members. In this way, there
is little ambiguity as to who is represented by each circle. Additionaly, the flexible
arrangement allows the display to be shown on atabletop monitor, as an aternative to
awall-projection. The screenshot in Figure 2 shows the relative participation levels of
six individuals and the photograph in Figure 2 shows two members of a group using
the display on a tabletop monitor.

An alternative display option, shown in Figure 3, is a timeline of who spoke at
each moment in the meeting, which is designed to be viewed as a visua replay after a
discussion. The circles down the left side represent the individuals and the horizontal
lines extending from the circles have vertical blue bars at the moments when that
individual spoke. To highlight moments of overlapping speech, translucent vertical
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red lines are drawn where more than one person spoke. The replay can be viewed
with a two-minute or five-minute window, providing a detailed look of the meeting’s
turn-switching. By watching this display immediately after an interaction, at ten-times
the speed of the original interaction (without audio), this display supports a user in
reviewing who spoke when and who gained the floor at moments of overlapping
speech. Figure 3 shows an entire 20-minute discussion amongst a group of six, which
is the same conversation visualized in the screenshot in Figure 2.

Fig. 2. Circle display screenshot and shown on tabletop display

Fig. 3. Timeline display shown as areplay

3 Related Work

The type of detection and visualization of speech data done in Second Messenger has
been done in earlier work by Kazman, Hung and Mantei [13] in a conference-calling
application and also by Chen [14] in an application for remote classrooms. Both of
these applications provide remote behavior awareness, with a focus was on assisting
groups manage who holds the floor.

Providing social tools during face-to-face interactions for the purpose of improving
group interaction is a growing research area within ubiquitous computing, as
summarized by Igbal [15]. Kulyk and Sturm [16, 17] experimented with simple
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visualizations of participation and eye gaze that took the form of circle displays and
found preliminary evidence that these visualizations also led to more equitable
participation. In terms of personal reactions to the displays, Sturm [17] found that
groups were generally satisfied with their tools, felt they were useful, and would want
to use them again. They gathered these qualitative reactions from a focus group and
early experiments. In another example, Morris, et a. [18] presented personalized,
dynamic histograms of speaker participation levels on a shared tabletop display and
found that groups with such displays had greater participation equity. Mengis and
Eppler [19] looked at the behavioral impact of more complex, information-rich
visualizations and found that when groups were supported with visualizations, they
would focus more on the construction of the big picture and on common ground in
their decision making, and less on conflict and equal participation.

Our work [2] has found that providing visualizations of speaking patterns as a
replay, immediately after an interaction as a method of review, produced significant
group behavior changes, and for those groups that demonstrated poor information
exchange, they exhibited more effective sharing of information in subsequent
meetings.

As the evidence mounts that visualizations of social behavior can generate positive
changes in face-to-face group behavior, we were motivated to explore in more depth
the issues of acceptance and appreciation for these feedback tools. As tool designers,
we want groups to welcome persuasive tools into their real-world settings, but if
groups do not perceive the tools as helpful, informative, or useful, the tools will never
leave the research laboratory. Therefore, we more systematically explored the issues
that Sturm, et a. [17] looked at, by asking 76 usersin alaboratory study and 12 users
in regular group meetings how distracting, useful, and informative our tools were.

4 The Studies

As mentioned, our first study [3] indicated that users of Second Messenger were not
distracted by the tool, but also did not find the information to be particularly useful or
informative. To examine this issue further, we ran two more studies using our new
interfaces, during which we asked more detailed questions. We wanted to know if
users actually looked at the display during a meeting, how useful and informative they
found areplay of information as compared to real-time information, how comfortable
users were with the shared information, and if they were willing to have this type of
display available in other meetings. These questions are listed below in Table 1, aswe
asked them in our survey.

The first study was run in the lab with 19 groups of four people each using
different combinations of the Circle display and Timeline display. The second study
was in the natural setting of real-world meetings, where two groups used our Circle
display during their regular meeting. The next sections present these two studies.
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Table 1: Survey questions asked of all subjects

Asked after real-time feedback:

— Didyou look at the display during the task? (yes/no)

— Did you find the display distracting?

— How useful did you find the display for completing the task?

— How informative did you find the display about the group’s behavior?

Asked after replay feedback:

— How useful did you find the replay for reflecting on the previous task?
— How informative did you find the replay about the group’s behavior?

Asked at end of experiment:

— How comfortable were you with having this information shown to the group during the task?

— How comfortable do you think the other group members were having this information shown?

— Would you want to have this type of information available in other types of meetings you attend?
(scalefrom ‘never’ to ‘aways')

All questions were asked on a 7-point scale from ‘not at all’ to ‘very,” except where noted.

4.1 Laboratory Study

In our lab study, groups of four had two 15-minute discussions, during which they
performed two ‘hidden profile' tasks, as described by Wittenbaum and Stasser [20,
21]. The basic premise of these tasks is that groups must come to consensus on a
decision for which not everyone is provided all of the facts. So the challenge is to
share information appropriately to locate the best decision.

Groups were provided either the Circle display during their two discussions
(Figure 2) or the Timeline display as a replay after the first discussion (Figure 3), or
both displays, one for their rea-time discussions and one for a replay. With this
design, we were able to measure whether or not groups responded differently to these
two displays, if their responses changed during a second usage of a real-time display,
and if combining the tools was of benefit to users. Table 2 outlines these three
conditions, which we refer to as Labl, Lab2, and Lab3.

The basic task of the experiment was the same as in our original Histogram
experiment [3], but a crucial change was made in the presentation of the tools. Before
the experiment began, each group was given a full explanation of how the awareness
tool (or tools) worked and were told the displays were there to assist in determining if
there was an imbalance in the consideration of opinions. All groups were told that
overlooking an opinion of someone could lead to inferior decisions. The purpose of
this brief lesson in group dynamics was to assist groups in understanding how to use
the tools' feedback. By altering the experimental protocol (from no explanation to full
disclosure) and changing the visual display (from histogram to circles) means we
cannot directly compare our findings from this study to our original experiment, but
we felt that explaining to groups how the tools could be used would be of great
benefit to the users. (Our other publication discussing this study [2] explains how the
control groups, who did not see any displays, aso received this instruction but did not
alter their behavior.)

For the study, atotal of 76 subjects were recruited from the university community
and randomly assigned to 19 four-person groups to use the tools during their
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discussion tasks. The average subject age was 26, and about three-fourths of the
subjects were students and one-forth were members of the larger university
community.

Table 2: The three different conditions in the lab study

Condition Displays Description EES'L. Z‘:e
Labl Ree_al-time groups: ree_al-ti me Circle display shown | 28 people,
during two 15-minute discussions 7 grpsof 4

Real-time + Replay groups: real-time Circle display
Lab2 - shown during two 15-minute discussions, and after 16 people,
T ; - 4grpsof 4

theinitial discussion, replay display shown

Lab3 - Replay groups:. after a 15—minute discus_si on, r'eplay 32 people,
display shown before proceeding to next discussion 8grpsof 4

Results from the Laboratory Study. In response to the survey questionsin Table 1,
users reported whether or not they looked at the displays, if they were distracted, if
they found them useful or informative, how comfortable they were with this
information displayed, and if they would be willing to use these tools in other
meetings.

Usersreported looking at the displays, not being distracted, and being comfortable
seeing the information. Subjects across al three conditions rated the feedback toolsin
similar ways along several parameters. Almost al subjects reported looking at the
real-time display during their meeting (42 of the 44 real-time subjects). Subjects did
not find the real-time display to be distracting: the average rating of distraction was
2.55 (1="not at al’ and 7="very’). On the questions of how comfortable people were
with the information displayed on the tool, al three conditions reported being
comfortable with the information (average 5.66 out of 7) and believed others in the
group to also be comfortable (average 5.45 out of 7). The averages for each of these
questions, divided out into the three conditions, are detailed in Table 3.

Useful and informative. Figure 4 illustrates the ratings subjects gave for how
‘useful for the task’ and ‘informative about the group’ they found the displays. The
data indicate that there were significant differences between the laboratory conditions
("useful"  ANOVA, F(2,73)=17.808, p<0.001; “informative® ANOVA,
(F(2,73)=5.775, p<0.01). Specificaly, the individuals who were shown the replay
feedback (Lab3, highlighted with an asterisk in Figure 4) found feedback to be
significantly more useful and informative than those subjectsin Labl and Lab2 (post-
hoc Tukey tests were all p<0.005).

We aso found that those individuals who saw both the real-time and replay
feedback (Lab2) did not consider the replay to be more useful or informative than the
real-time display. In at-test comparing conditions Lab2 and Lab3 and their ratings of
the replay feedback, it was found that the individuals who only saw the replay found
the replay to be significantly more useful and more informative (t(46)=-2.800,
p<0.01; t(46)=-2.900, p<0.01). This appears to be a situation in which providing
multiple, redundant sources of feedback diminished the benefit of the individual tools.

Differences between first and second use. In Labl and Lab2, groups had rea-time
feedback available during two discussions (the darkest bars in Figure 4 are the ratings
from the second discussion). Within Labl, there were no changes in how useful or
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Table 3: Lab study results found to be consistent across conditions
Conditi L ooked? Distracting? Comfortable? Others comfortable?
ondition
Average | Average | Std Error | Average | Std Error | Average | Std Error
Labl 93% 2.36 0.29 5.63 0.33 5.38 0.24
Lab2 100% 294 0.39 5.56 0.33 5.38 0.26
Lab3 n/a n/a n/a 5.74 0.23 5.58 0.19
Table 4: Field study results found to be consistent across conditions
" L ooked? Comfortable? Others comfortable?
Condition
Average | Average | Std Error | Average | Std Error
Groupl 83% 5.33 0.76 5.17 0.31
Group2 | 100% 6.33 0.49 5.50 0.43
very 7 How useful very 7 How informative all the time 7 Willing to use
was the tool? was the information? in meetings?
T T
4 T T 4 4
*
notatall 1 notatall 1 never 1
Lab1 Lab2 Lab3 Lab1 Lab2 Lab3 Lab1 Lab2 Lab3
Fig. 4. Results from lab study. Error bars represent standard error of the mean.
Lab1 n n 1st Real-time feedback
M Replay feedback
Lab2
n-n B 2nd Real-time feedback
Lab3 e % p<0.05
Fig. 5. Legends for interpreting Figure 4.
very 7 How useful very 7 How informative ~ allthetime 7+ Willing to use
was the tool? was the information? in meetings?
1
4 I 4 1 I 4 *
* 1
T
notatallt +—m——— notatall t+—"— ———— never 1+
Group1 Group2 Group1 Group2 Group1 Group2

Fig. 6. Results from field study. Error bars represent standard error of the mean.
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informative the users found the real-time feedback, but in Lab2, where replay
feedback was also provided, groups found the second instance of real-time feedback
to be less useful than the replay feedback (paired t-test, t(15)=-3.612, p<0.005). They
also reported looking at the real-time display less the second time than the first time
(100% to 75% looked, paired t-test, t(15)=2.236, p<0.05).

This finding provides mounting evidence that a combination of real-time and
replay feedback diminishes its usefulness on repeated use, but if the feedback is
provided with no redundancy in information, there is no decrease in usefulness on a
second usage.

Willingness to use again. Our final result from the lab study is that users were
somewhat willing to use the displays in meetings and there were no differences seen
between the conditions. The average response across all conditions was 4.46 out of 7
and the average values from each condition are shown in the right-most graph in
Figure 4.

4.2 Field Study

While the lab study described above was designed to determine how factors such as
information presentation and number of usages influenced perceptions of the
feedback tools, by the nature of controlled experiments, the study could not measure
the influence of prior group history or redlistic group meeting dynamics. Therefore,
we additionally asked two real-world groups to use the real-time Circle display during
one of their regular meetings.

The first group (Groupl) was a computer science research group with six
members. Their hour-long meeting began with a brief status-update period and then
one student spent the rest of the meeting soliciting feedback from the group on his
research project.

The second group (Group2) was a team of six professionals who teach courses on
team leadership and meeting facilitation within our university. They used the tool
during an hour meeting with a designated topic and discussion leader.

Both groups were given an explanation of how the tools worked and our theories as
to how and why these tools may be beneficial to them, just as the lab groups were
told. Additionally, these groups were told to incorporate the tools as they wished,
either talking explicitly about them or not, as they felt it was appropriate.

Results from the Field Study. As in the lab study, these users filled out surveys to
provide us their opinions on the feedback tools. Overall, their responses did not vary
greatly from the laboratory groups.

Real-world users reported looking at the displays and being comfortable with the
information shown. Eleven out of the twelve subjects in the field looked at the
displays during their meetings. They also reported being comfortable with having the
information shown to the group (5.83 out of 7.0) and thought others in the group were
also comfortable (5.34 out of 7.0). We find these results encouraging because these
groups were having discussions with real-world consequences and had established
relationships with those in the room. The averages ratings broken out by condition are
in Table 4.
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Useful versus informative. In terms of how useful and informative the real-world
groups found the information, the two groups rated the information equally
informative as the laboratory groups did (giving an average rating of 3.92 out of 7.0).
For how useful the displays were for the task at hand, the group of professional
facilitators (Group2) found the displays to be less useful for their meeting than the
research group (Groupl) (t-test, t(10)=-2.42, p<0.05).

Differences in willingness to use again. The professional facilitators (Group2) were
less interested in using the feedback tool again, as compared to the research group
(Groupl) (t-test, t(10)=-2.36, p<0.05). Compared with the laboratory study groups,
Group?2’srating averaged lower as well.

Along these two dimensions of usefulness and willingness to use, we theorize that
the professional facilitators, while finding the displays to be informative, have less
use for them in their daily meetings because they are aready aware of their meeting
dynamics due to their professional focus. Of al of our study participants, they may
have found the tool to be redundant with their existing skills and therefore of less
benefit.

5 Discussion

The universal findings across al groups, both in the lab and out in the field, were
that individuals reported looking at the displays and being comfortable with the
feedback being shared with the group. But depending on the condition, individuals
differed in how useful and informative they found the feedback tools.

We found that detailed, post-meeting feedback was most well received, being rated
as the most useful for the task, the most informative about the group, and as the tool
groups were most willing to use again. We found that real-world groups did not differ
substantially from our experimental groups, except in that expertsin group facilitation
found the information less useful and were less interested in having the tool in future
meetings. When redundant information was shown, individuals lowered their ratings
on how useful and informative the information was during a second meeting. But
when the information was novel, either because it had not been presented before or it
was not part of the group’s natural skill set, groups found the tools to be useful for
their meeting and were more willing to use it in future meetings. Compared with our
previous experiment [3], where groups received no instruction about the purpose of
the tools, these individuals found the tools to be more useful and informative across
the spectrum. The average useful rating increased from 2.96 to 4.30 and the average
informative rating increased from 3.08 to 5.03 (both on ascale of 1to 7).

Our main conclusions from these studies are that users respond well to tools that
provide them information that they otherwise wouldn’t have access to, that they prefer
details afterwards as compared to real-time summaries, and when the purpose of the
tools is explained, they understand the applicability of the information to their tasks.
While our expert facilitator group enthusiastically volunteered to try out Second
Messenger during one of their meetings, they were the least enthusiastic about using it
again. This indicates that the ideal user population for feedback tools such as Second
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Messenger may be those groups that have no prior experience in the domain of
improving group processes.

6 Conclusion

Our purpose in building persuasive technology [22] is to create collaborative systems
that make groups aware of discrepancies between their decision-making goals and
their expressed behaviors. By making groups aware, the system can persuade groups
to more thoroughly consider their decision approach and to ater it in productive
ways. Our rational for this approach is that social psychologists suggest that one way
a group can improve its interaction and consequently its productivity is by having a
high-level understanding of its emotional and social interaction [1].

But to develop successful behavior feedback tools for face-to-face groups, it is
crucial to design them such that individuals positively respond to them and wish to
deploy them in their meetings.

Our goa with these two studies was to gauge how individuals felt about having
feedback presented to them in different contexts and in different forms. Given our
findings, our advice to designers of social feedback toolsisto be less concerned about
distracting or making individuals socially uncomfortable, but instead to focus on
training individuals on the socia purpose of the tool and on providing the most details
possible about social behavior within the display, without presenting redundant
information.

Acknowledgments. We thank the participants in our studies, particularly the real-
world groups, for welcoming our software into their meetings. The Digital Life and
information:organized research consortia of the MIT Media Lab provided the funding
for this research.
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