











and answered questions. The opt-out rate in the companies
was about 20% and hugely impacted our analyses. Without
a way to identify everyone in the group, suddenly, being in
someone’s companionship was mistaken with being alone:
people seemed to talk to themselves. Moreover, presence of
even one non-participant at a meeting was able to jeopardize
conversation analysis. Measurements of the effects of non-
response error for various network properties show that for
most properties, the absence of up to 10% of actors in the
network does not cause large errors in parameter estimation.
However, for some network properties, such as clustering or
the mean path in the largest component, only data missing
more than 30% of actors leads to significant errors [3].

In each study, we noticed a drop of motivation with time.
In the developers’ studies, it was especially evident, and par-
ticipants were dropping out of the study everyday, essen-
tially becoming the haunting non-participants. The reasons
were manifold. Some employees forgot to charge the device,
while others, in a rush, left the device at the charging sta-
tion or at their desks. The Fig. 4 depict the number of active
badges each day at Company B.

5.2 User Experience

Another reason for withdrawing from the study was re-
lated to the comfort of wearing the device. While the badges
were designed with a battery suitable for multi-day use and
PCB secure from bending, many employees complained that
the device was too heavy to be worn on a neck for a whole
day. This had not been noticed during initial testing and was
a headache of all the deployments. Gravity had another par-
ticular role in our struggles: the leash was always parallel
to it. In principle, every time a wearer bends, the badge is
leaning forward from the chest, as the relative position of
the neck moves. The effect was especially noticeable during
everyday acts like washing hands, eating or picking objects.
We came with a hot-fix kind of a solution: velcro fasteners
glued to the badge and users’ clothes. While the upgrade
worked for the software companies, the analog astronauts
were not allowed to risk damaging their uniforms with the
fasteners. Moreover, sometimes the badges had to be taken
off not to hinder obligatory activities of the participants.

It turns out that it is not enough to expect some extent of
sacrifice for the science from our subjects: we have to design
for usability from the ground up. Otherwise, even with the
greatest, state-of-the-art devices equipped with every imag-
inable sensor, lack of motivation would adversely impact the
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Figure 4: The number of active badges at Company B.
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Figure 5: Microphone activity of a single day at Company A.
Badges are plotted on OY, time is on OX. Meetings are
clearly visible. White regions indicate inactive badges.

usefulness of collected data. If we were to design another it-
eration of sociometric devices, certainly those would be way
lighter and designed to integrate with the garment. Yet, the
question remains: how to determine that without employing
bulkier prototypes at a big scale beforehand?

5.3 Accessibility

Whereas improving the interface of a device is usually
just a matter of aesthetics or greater comfort for users, in
some cases the goal is much more serious, namely: to make
the device fully accessible for people of various skills, needs
and impairments. This approach, oriented towards actual
abilities of users, has been already defined as a set of princi-
ples in designing any interface of a computer system (ability-
based design [8]). At the same time, as our sociometric setup
does not require many interactions with the research sub-
jects, we did assume the badges would be suitable for anyone
who can wear them. It is the experience at ICAres that put
our claims to the test and proved that using the devices may
pose a bit of a challenge for a visually impaired person.

First, due to the fact that it is only a green light that sig-
nals whether the badge is correctly plugged in, charging the
device could be more difficult for anyone with a decreased
ability to see. This shortcoming turned out to be actually
problematic: the badge of the visually impaired astronaut
(astronaut A) run out of energy twice despite their efforts to
charge it. Another issue resulted from the fact the astronaut
was not able to identify his badge easily: the device’s ID is
shown on the e-ink display. As a consequence, the badge of
astronaut A happened to be swapped with a badge of another
person from the crew for a whole day. While these two situa-
tions could have been avoided without hardware updates but
with some help from other astronauts instead, they are still
important lessons to learn as we do not intend our solution to
limit anyone’s independence.

In addition, ICAres deployment made us realize that dif-
ferent abilities of research subjects should be carefully con-
sidered also in the context of the algorithms that run a socio-
metric system. For example, our software that analyzes mi-
crophone recordings to detect conversations was misled by
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a computer program reading out texts for astronaut A. Sim-
ilarly, the algorithm would not detect a conversation in sign
language. In fact, since there is a whole variety of ways to
communicate between people, it might be a good idea to en-
able the users to report and/or confirm easily that they are
talking with each other in specific cases. Such functional-
ity would require genuine intentions of participants and mu-
tual trust, though, the aforementioned experiences prove that
these values are already indispensable to a successful study.

6 Remarks And Conclusions

Among all the issues experienced during our study two
main problems stand out: the high opt/drop-out rate at soft-
ware companies and unreliability of the hardware during
analog missions. What could address the former one, next
to improved form factor and privacy protection, we hypoth-
esize, is employing forms of incentives, e.g. a monetary one
or gamification. To counteract the latter problem, it might
be worthwhile to provide the participants with a mobile app
that monitors the system and reports breakdowns. Though,
installation and setting up the software is a potential source
of troubles leading to an even larger opt-out rate. A safer
step is to develop just a status display, e.g. a one attached
to the Raspberry Pi computer and informing on the charging
process. Usefulness of such devices strongly depends, how-
ever, on cooperation with the subjects: again, it is people’s
attitude that is crucial for the success of the study.

6.1 Towards Interactive Sociometric WSNs

It is commonly believed that participants of a psycholog-
ical experiment should be given no information on the ver-
ified hypotheses: awareness of the research goals may seri-
ously impact the behavior of the subjects [5]. Similarly, in
the field of IoT self-contained, almost unnoticeable devices
are usually preferred over visible and obtrusive solutions.
However, in case of long-time sociometric observations that
(e.g. due to limited resources) are based on widely avail-
able, imperfect technology forced interactions (like charging
a badge, sticking beacons on walls) between the study partic-
ipants and the sensing setup are unavoidable. Then, in such
circumstances, we claim, the interactions should be more
than welcome: our experiences prove that deep involvement
of research subjects in the sociometric procedures is a way
to compensate hardware drawbacks.

We clearly noticed that the participants, who were enthu-
siastic about the study were also more disciplined as well
as they refrained from any actions that could be harmful for
the devices or could invalidate collected data. Especially the
analog astronauts, already passionate about science, truly be-
lieved that the results of our study might, at least indirectly,
help to improve the performance of a future space crew. This
enthusiasm resulted in a spontaneously prolonged observa-
tion: the analog astronauts of Lunares decided to wear the
badges twice as long as they had been asked to (for two
weeks instead of one). In striking contrast, some employees
of the monitored software houses, joined the experiment with
a lot of reserve, complained about the devices, and neglected
the rules just to drop out later. Sharing enthusiasm with the
participants of the study has yet another advantage, particu-
larly useful in case of the isolated deployments: the research

subjects may supervise the system and willingly inform on
any alarming situations. Undoubtedly, the positive attitude
of the analog astronauts not only allowed us to collect more
data, but also saved the whole experiment as they reported a
serious problem with a referential badge that served to syn-
chronize the clocks of all badges.

Instilling enthusiasm in the participants is therefore desir-
able, albeit not always possible. It should be much easier
if the scope and the goal of the research is known to all the
people involved. Most probably, in case of long-time socio-
metric observations that use multimodal sensing, collect lots
of data and rely on artificial intelligence algorithms, even
knowledge on the technical aspects of the study would not
let the subjects to falsify the results significantly. Moreover,
since people use to bend the guidelines in accordance with
their needs and their common sense, as some of the discussed
incidents prove, it is worthwhile to provide information that
would help the participants to maintain the deployment.

Taking a step further, we envision a sociometric study,
where the research subjects, trained and motivated, cooper-
ate with the monitoring WSN: they provide additional input,
explain ambiguities misunderstood by the algorithms and ad-
just the setup to own needs. They do not pretend WSN tech-
nology is invisible. Instead, they use it to its fullest.
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