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Abstract 
Currently, connectedness assesment is primarily done 
through questionnaires. Although questionnaires are 
good for tapping into the user experience, they also 
have drawbacks, like memory biases, proneness to 
social masking, and lack of mental access. Now that 
sophisticated sensors are becoming cheaper, less 
obtrusive, and more widely available, this opens doors 
to more objective continuous measures of 
connectedness. We explain how nonverbal behavior and 
physiological properties of our bodies can be exploited 
to augment connectedness measurements. 
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Introduction 
Over the last years, the interest for digital devices that 
can improve the feeling of connectedness between 
people has rapidly grown. This interest is founded on 
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evidence from psychology that humans are, above all, 
social animals. Care and support through close 
relationships are essential for our well-being and health 
[1]. Extensive evidence shows the devastating effects 
when this feeling of belongingness is jeopardized [2]. 
Hence, it makes sense to research devices that can 
support our intimate social relationships.  

One of the essential prerequisites for research on 
connectedness devices are measurement tools that can 
capture the performance of such new devices. 
Currently, evaluation of connectedness devices relies 
heavily on questionnaires. Although questionnaires can 
be useful to tap into the subjective user experience, 
they are also prone to social masking and the 
limitations and biases of introspection. Moreover, social 
desirability effects are particularly salient when 
reporting on privacy-sensitive thoughts or emotions as 
involved in connectedness research. Therefore, very 
often, more objective behavioral and bodily measures 
are not in line with results from subjective data. 
Furthermore, questionnaires only provide data at 
discrete moments, whereas behavioral measurements 
can be done continuously. Moreover, the process of 
asking questions itself probably has an influence on the 
user experience. Finally, questionnaires may give away 
the objective of the researcher leading to a 
confirmation bias in the user’s responses. Hence, it is 
likely to be beneficial to also employ objective 
measures to be able to better assess the effects of new 
connectedness devices and solutions.  

In this paper, we will provide an overview of possible 
behavioral and physiological measures of 

connectedness1. This is especially relevant now that 
many sensors are becoming cheaper, more widely 
available, and less obtrusive. In the next section, we 
will go into physiological measures that are influenced 
by connectedness and give references to unobtrusive 
physiological sensor developments. Next, we will 
elaborate on behavioral measures that are affected by 
connectedness.  

Physiological measures 
When communicating with someone, physiology is 
heavily influenced by the connectedness or intimacy2 
we feel in a situation. We will discuss intimacy-related 
arousal and respiratory sinus arrhythmia as a measure 
of social emotion regulation.   

The basic idea of arousal theory is that when a situation 
becomes more intimate our physiological arousal 
increases [3]. These increases in arousal can most 
directly be measured through skin conductance. 
Several studies have shown the robustness and validity 
of this measure; e.g., in measuring the arousal 
associated with social proximity [4]. Skin conductance 
measurements requires two electrodes to be positioned 
somewhere on the body. Traditional sensors are often 
placed on the fingers, but, more recently, skin 
conductance sensors have also been integrated in an 

                                                   
1 Of course, physiological and behavioral measures can also be 

used to try and enhance the connectedness itself, e.g. by 
keeping your loved-one aware of your heart beat. This type of 
use of physiological and behavioral measures is not included in 
this overview. 

2 We sometimes refer to connectedness with the word intimacy 
because many of the literature that we discuss uses this 
concept. Intimacy can be compared to the feeling of 
connectedness one has with one specific person [6].   
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unobtrusive wireless wristband [5]. This way we can 
continuously assess how intimate the interaction 
through a connectedness device is for a user. We can 
measure which aspects of the interaction are more 
intimate than others and we can measure how the 
feeling of intimacy changes with more experience with 
the device. Furthermore, it will also allow us to 
compare intimacy across alternative connectedness 
devices. 

Another interesting physiological component for 
connectedness researchers is respiratory sinus 
arrhythmia (RSA). RSA refers to periodic fluctuations of 
the heart rate linked to breathing [7]. First, resting 
levels of RSA are associated with individual differences 
in emotional reactivity to stimuli. People with lower 
resting RSA are less emotionally flexible [8]. For 
connectedness researchers, this means that the impact 
connectedness devices will have on the feeling of 
connectedness will therefore probably be lower for 
people with low resting RSA than for people with high 
resting RSA. Hence, RSA is an objective measure to 
better understand individual differences in reactions to 
connectedness devices. More importantly, RSA changes 
with shifts in emotional experience [8]. In other words, 
fluctuations in RSA show when the impact of the 
connectedness device is the largest. This allows the 
connectedness researcher to objectively test different 
features of the device and investigate temporal 
fluctuations while using connectedness devices. RSA 
requires heart rate and respiration measurements. 
These can, for instance, be integrated in an unobtrusive 
elastic band positioned around the chest [5]. Heart rate 
can also be acquired from a wrist-worn 
photopletysmograph. 

Behavioral measures 
Our nonverbal behavior towards someone is heavily 
influenced by the bond we feel with the other person. 
Therefore, behavioral measures not only are powerful 
tools to objectively quantify the user experience when 
interacting with a connectedness device, they are also 
very relevant for objectively quantifying the bond two 
people feel towards each other. Most connectedness 
devices are targeted at increasing the bond between 
two persons. With behavioral measurements, these 
increases in closeness between two connected users 
can be objectively assessed to evaluate the device. 

The relation between our nonverbal behavior and the 
bond between us and another is founded in equilibrium 
theory [9]. Equilibrium theory poses that all our 
nonverbal behavior towards another person is targeted 
at keeping the intimacy equilibrium we have with that 
person. This mechanism is so strong that the different 
forms of nonverbal behavior compensate each other to 
keep the intimacy equilibrium. For instance, when 
stepping into an elevator with a group of people, 
interpersonal distance might suddenly be 
inappropriately close. In effect, people might look at 
the walls, floor, or ceiling instead of at each other, 
reduce their smiling, and turn sideways or away from 
each other. Because we hold different equilibriums with 
different persons, our nonverbal behavior differs from 
person to person. Connectedness researchers can 
exploit this relationship and see if nonverbal behavior 
becomes more intimate during and after use of  the 
connectedness device. 

Our nonverbal behavior consists of a plethora of 
different aspects that can be measured. Smiling, 
mutual gaze, touch, interpersonal distance, body 
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orientation, and posture are some examples of intimate 
signals (see [10] for a review). When doing such 
investigations in the lab, it is sometimes possible to 
take just one of these aspects as a measurement and 
keep the others constant. A good example of such an 
approach comes from [11], who investigated the effect 
of a new connectedness device by measuring the 
interpersonal distance people keep between each other 
while the device was turned on or off. 

The recent advances made in wearable sensors also 
allow for continuously measurements of a lot of our 
nonverbal behavior in daily life. For instance, Pentland 
[12] has developed sensors with small cameras worn 
around the neck that would allow measuring things as 
mutual gaze, smiling, interpersonal distance, and body 
orientation. Such sensors allow the connectedness 
researcher to reliably assess our nonverbal behavior 
towards other persons in real life settings.  

Conclusion 
Rapid advances in sensor developments allow the 
connectedness researcher to more objectively assess 
the impact of new devices and solutions. By exploiting 
the effects of connectedness on physiological and 
behavioral parameters we can come to more reliable 
evaluation tools. In the end, the goal of connectedness 
research should be to come to consistent results and 
general guidelines. Therefore, objective measurements 
are essential to compare different research efforts and 
establish connectedness research as a field. Hence, 
combining subjective and objective measures can 
significantly improve evaluation procedures. 
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