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Abstract. In this paper, a meso-level of computing is added to the four-level
model by Whitworth [1]. This meso-level is called group-level computing. It
exists between the individual level and society level. The main difference between
group-level and society-level of computing is the social tie involved between the
members. One function of the social tie is to give a regulation for the interaction
between the members. One implication to design and development of systems is
that group-level computing will need to consider a group-cognition model,
instead of individual cognition model. For the society level, the design should
focus on creating a regulation of its member behavior and interaction, since there
is no social tie to regulate their interaction.

Keywords: Group-level computing · Society-level computing · Social tie ·
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1 Introduction: Levels of Computing Evolution

Computer technology and its interaction with human have been studied in many aspects,
especially in recent years. The focus of studies have ranged from hardware level to social
level. Whitworth [1] defined four level of computing evolution which also defines
different level of analysis towards sociotechnical system. This leveling is not meant to
create a partition of analysis, but instead providing different ways to see technology in
human’s life. There are four levels in his definition, i.e., mechanical (hardware) level,
informational (software) level, personal level, and social level.

Sociotechnology or sociotechnical study is an emerging field studying the interaction
between technology and social system. Recently, more attention is put into it due to the
high adoption of social media and internet in the society’s life. Bunge [2] mentioned
that sociotechnology is the process of applying insights from the social sciences to design
policies and programs.

It is important to see sociotechnology from the viewpoint of its user. In HCI, the user
of the system is the human. Thus, the study focuses on human’s cognitive ability and
limitation in using computer. On the other hand, the user of technology in a sociotech‐
nical system is an entity called ‘society’. Whitworth called this ‘community’. The
problem is that society or community is loosely defined here. One property that we can
clearly draw from those concepts is that there are two or more person in the given system.
This definition is very broad since the research can range from about communication
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between two persons using messaging technology up to the use of social media in the
world-scale.

The objective of this paper is to discuss this definition of sociotechnology in the field
of computing system, particularly the leveling as proposed by Whitworth. A meso-level
computing will be discussed in this context, including its implication in research and
development.

2 Types of Social Aggregates and the Use of Technology

In the field of group dynamics, Forsyth [3] classified social aggregates into four types,
although he admitted that this classification is not necessarily exhaustive. They are
primary group, social group, collectives, and categories. This categorization has also
been validated by Lickel et al. [4]. Each of this categorization has some different char‐
acteristics, such as their social tie, permeability, and time span.

Primary group refers to an intimate clusters of close associates, such as families, or
good friends. This kind of groups tends to have intensive interactions, and those are
mostly for maintaining the intimate relationship. The size of primary group is usually
small. On the other hand, social group tends to be larger and less intimate than primary
group. This kind of groups is often task oriented. Some examples are sports group,
fraternities, military squad, companies, and so on.

Collectives are usually large, spontaneous social aggregates. The members have
loose or no emotional relationship, and are usually strangers to each other. However,
they are tied to each other by spatial proximity, common rule, norm, or purpose. Some
examples are audience of a concert, queue, riot, and so on. Social categories are similar
to collectives in that the members have no emotional relationship. However, they are
tied by their similarity or common feature, such as interest or cultural background. Some
examples are American, women, fans of a certain music group, and so on. It is important
to note that if a social category does not have a social implication to a ‘member’, then
this is not regarded as social aggregate for this particular ‘member’. If the presence of
that category influence a member’s behavior towards other member or any person
outside the category, then it is a social aggregate.

In the context of technology usage, each type of aggregation uses technology in
different ways. Family may use phones to communicate with family members. Team
may use group application such as Trello1 or github2 to coordinate their work progress.
One example of collective in the context of technology usage is where some strangers
in Facebook comment to a single viral video and may have short a discussion or even
an argument. For the social category, one example is where a number of people with
similar interest or background create a group to share information about the latest trend
about their interest or latest news related to their background. Wikipedia3 writers and
readers can be categorized into this category.

1 Project management tools https://trello.com/.
2 Software development management tools https://github.com/.
3 Online encyclopedia https://www.wikipedia.org/.
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Some recent trend of sharing-economy, collaborative consumption, or peer-to-peer,
is also an example of how a social collective or category utilizes technology. AirBnB4

and Uber5, for example, connects a group of room or car owners, to their users. The
room or car owners do not know each other, neither they know the user personally.
However, they interact through a single system, and an action of a member (such as a
review) can influence other member’s decision.

3 Differences Between the Two Types of Aggregations

Main significant difference between the first two types and the latter two types mentioned
above are the degree of how much the individual members know about other members
personally. Other differences are interaction, timespan, and permeability. These differ‐
ences are used as the basis to distinguish between group-level computing and society-
level computing. Hereinafter, primary group and social group will be referred to as a
group, while social collective and social category will be referred to as a society.

3.1 Social Ties and Interaction

Social tie between two agents can be observed in the way they communicate with each
other. Every communication can be viewed from content dimension or relational dimen‐
sion. The content is the mere information delivered to the receiver. The relationship
dimension is where the communication affects the relationship or perceived closeness
between the speakers. A social tie may be indicated by a strong communication in the
relationship dimension. It may be in the form of exchanging identities, background,
asking conditions, showing affection, and so on.

Social tie can act as a regulation in the interaction between members of a social
aggregate. Social regulation in the form of social facilitation or inhibition are affected
by the presence of other people, and also the nature and quality of the relationship [5].

In the case of a group, it is reasonable to assume that everybody knows everybody,
or at least most of them. Every interaction done between members are recognized as
interaction with a particular person(s) that they know. When they exchange some infor‐
mation, the information receiver may care about both the content of the information and
who the information provider is. Each of the member is connected in a socially mean‐
ingful way.

As mentioned above, social tie is indicated by more (or at least balanced) commu‐
nication in the relation dimension. This is important to maintain the social tie among the
members. It is well recognized in the field of team science that both relation-oriented
and task-oriented communication are important for the team performance (see, for
example, [6]).

In the case of a society, the members do not know each other. Interactions in society
are content oriented or transactional, since there is no social tie to maintain. When there

4 Accommodation sharing platform https://www.airbnb.com/.
5 Ride sharing platform https://www.uber.com/.
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is an information exchange between members, the receiver may only care about the
content of the information and not about the information provider. For example, in the
case of commenting, arguing, or reposting a video in a social media, the actor do not
really care about from whom the viral video came from or who the person one is arguing
with. One might want to know what kind of stranger (educated, uneducated, and so on)
he is arguing with, but since there is no social tie, one may not care about “who this
person is” in a socially meaningful way.

Another example, a user of AirBnB do not need to know who the owner of the rented
room is. As long as the room, price, and other non-personal factors satisfy the user’s
need, transaction can happen.

Sometimes intense interaction can happen between certain members, and they
formed a stronger social tie. For example, some Wikipedia writers of a certain topic can
create a meet-up event, and have more intense discussion or personal interaction. In this
case, they shifts from a society to a group.

3.2 Permeability

Social tie is formed by dyadic ties between the members. When a new person wants to
enter a group, he or she needs to create a social tie with each member of the group, or
at least most of them. Moreover, social tie between the members can be a strong
emotional tie, or regulated by a rule (such as initiation ceremony). This makes entering
(or leaving) a group relatively difficult, compared to a society.

When a new person want to enter a society, he or she can join even without knowing
the existing member personally. Leaving a society is easy since there is no social tie
between the members.

3.3 Timespan

Timespan for a social aggregate can be defined as a relative span for a particular member.
Once a person is no longer a member of that aggregate, for this particular person, the
timespan has finished, even though the other members are still forming the aggregate.
In primary group, timespan can be very long, even up to the members’ whole lifetime.
Timespan in social group is relatively shorter. It is usually determined by the task or
purpose of the group. Once the purpose has achieved, or once the membership has
finished (graduated from school, and so on) the life of the group for that particular
member is also finished.

For social collectives and categories, if we see it from the perspective of the member,
the timespan can be very short compared to the timespan of a group. In the case of sharing
economy like Uber, the interaction between the members (driver and user) is limited to
the span of the transaction. After the transaction is done, the interaction is finished. When
the user or the driver use the system next time, the person that they will interact with
will probably be a different person.

On the other hand, if we see it from the aggregate itself (without considering whether
the members are the same or not), a society can have a longer timespan than a group. In
the context of technology usage, there is not so much example because internet and
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social media are still a recent trends (around a few decades). However, we can imagine
that, for example, as long as Wikipedia still have users, then the timespan of the so-
called “Wikipedia users” will not finished even though the writers or the readers may
come and go.

3.4 Role of Technology

A research about the difference between online and offline friendship [7] showed an
importance of offline relationship over the computing system. When a friendship formed
online (the members initially met in the internet) and then they develop their commu‐
nication offline as well, the quality is higher than a group that merely meet and maintain
their relationship online. This shows that the role of computing system is secondary to
the social tie itself. In a group, the role of computing system in the whole system is to
mediate the interaction between its members. Figure 1 illustrates this interaction. When
a person interact with the computing system, the interaction is actually intended for the
other member of the group.

Fig. 1. Computing systems in a group

In a society, traditional relationship between members usually was in the form rela‐
tionship between a person and an institution. For example, traditional business form of
service, good, and information provision usually consisted of providers and consumers,
where usually the providers are institutions or companies. However, AirBnB, Rakuten6,
and Wikipedia allows users to interact with each other in the role of a consumer or a
provider. The company themselves does not provide any content (service, goods, or
information) to the consumer, they only provide the platform of interaction.

However, in the consumer’s perspective, those companies including the content may
still be perceived as a single entity. The interaction is not perceived as interaction with
another member of society, but between the consumer and the company as an entity. As

6 Online shop platform http://www.rakuten.co.jp/.
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mentioned above, interaction in the society level is transactional, and users do not care about
the person who actually provide the content. The role of the computing system is not mainly
to mediate the interaction between members, but to integrate the contents provided by some
members, which later are consumed by other members. Figure 2 illustrates the interaction.

Fig. 2. Computing system in a society

4 Implication on Design and Development

4.1 Group-Level of Computing

As discussed above, it is reasonable to say that there is a meso-level of computing
between the individual and the community level. This level is where the user of the
technology is a social aggregate where the members are all connected by social ties – a
group. One implication is how researcher should model the user of the computer.

HCI field is rooted in cognitive science, specifically, cognition of individual person.
When we want to study HCI aspect of a group, a group cognition model should be used
as well. Chant and Ernst [8] and Tuomela [9] suggested that group cognition is more
than just sum of individual cognitions. Group cognition is the combination of individual
cognition and a particular relationship among the cognition. Kanno et al. [10], and
Mahardhika et al. [11] suggest that the particular relationship is called mutual belief.
There are three belief layers when a person interacts with another person. When a person
think or intent (or having any kind of cognition) of something (first layer), he compares
that to two other things. Those are: what the other partner thinks (second layer), and
what the other partner believes about one thinks (third layer). If all of these three layers
are the same, they are said to have a mutual belief. If there is some difference, it will be
a trigger for interaction.

One example of this concept is the adaptation of closed-loop communication. When
two or more people chat in a group (like LINE or Facebook messenger), the members
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usually want to know whether his/her message has been delivered or read. This is
implemented in a feature called read receipt, where the sender of message gets a noti‐
fication whether the message has been read by the receiver or not.

This simple “closed-loop” communication is crucial in real-life team [12]. It will
decrease the possibility of misunderstanding which can lead to worse performance. In
primary group interaction, like communication between family members or romantic
couple, such feature will help them in comparing the belief layers and thus reducing
misunderstanding and maintaining the social tie.

4.2 Society-Level of Computing

In contrast with the meso-level, the macro level of computing lacks of social ties. In this
level, the form of interaction are no longer personal.

Society level computing is powerful in many things. Twitter was used extensively
to relay information during Japan great Tohoku earthquake. Facebook was the main
communication media to coordinate the Arab spring demonstration. Wikipedia is the
biggest online encyclopedia created by thousands of people that are strangers to each
other.

In the above examples, the people involved care most about the information being
circulated. Identities like names and profile pictures may be visible, but people rarely
affected by it. One example was mentioned by Suler [13]. Interaction over the cyberspace
can minimize people’s status and authority. In the real face-to-face world, someone’s
status and authority may affect how people interpret information given by this person.
In the cyberspace, however, they have less impact.

The lack of social tie can be problematic. As mentioned in the previous section, social
tie can act as interaction regulation so that people will behave in a certain way, adjusting
with their counterpart. In the absence of social tie, problems like online disinhibition
effect [13] and cyberbullying [for example, 14] can be more prevalent.

Therefore, in this level, system developers need to create a system that can utilize
the potential of the members in achieving the system’s goal, while minimizing the
adverse effect of the lack of social ties. Since the regulation from social tie does not
exist, other forms of regulation should be integrated into the system. It should be both
in the technical aspect (moderation, strict registration requiring personal data, privacy
control, etc.) and in the social regulation aspect (law, etc.).

5 Conclusion

In addition to mechanical level, informational (software) level, personal level, and
society level, there is group-level of computing. The main difference of group-level and
society-level is the presence and absence of social ties among the members in the system.

For the group level, models of group- or team-cognition should be employed more
to support the goal of the group. Besides, maintaining social tie between the group
members is an important part of the interaction. System designer should also help the
users in maintaining the social tie.
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For the society level, technical and social regulation should be designed to replace
the missing regulation provided by social tie.
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