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Abstract—In recent years virtual reality, augmented reality,
wearables, and deep learning became more and more widely
used. Thus emerged a new challenge for human-computer
interface design: understanding the human user. In the current
work, I describe four areas of understanding, which are human
behavior, human limits, human needs and human cognition.
These together form the basis of a new way of interaction
between computers and us. A way where collaboration replaces
commands; where respect of each other’s limits is emphasized
over limitless freedom; user interfaces become dynamic and
responsive instead of static and unaware; and self-explaining
design instead of user guides. I will discuss how these factors are
dependent on each other and work as an integrated whole to
revolutionize interfaces. I’m presenting this work from a
cognitive scientific point of view, which focuses on the human
factor in information and communications technology and uses
quantitative methods to analyze behavior, limits, needs, and
cognition.
Keywords—user interface; affordance; dynamic interface;
cognitive infocommunications

I. INTRODUCTION
We live in a time of transition; in an exciting era in which
the global spread of technological innovations – such as virtual
reality (VR), augmented reality (AR), wearables, and machine
learning - is transforming the traditional way of interaction
with our surroundings. In this paper, we seek to summarize
how this transition is changing human-computer interaction
(HCI) and information and communications technology (ICT).
Although several excellent reviews are already available on the
topic [1]–[4], our novel approach is due to its primarily
cognitive science viewpoint. This paper is divided into six
parts. First, we explain the importance of this transition from a
human-centered, rather than a technological perspective. Then,
we identify four key pillars of the new human-computer
interaction paradigm, which we describe one by one in four
sections. The final part is a summary and discussion, where we
outline the ways in which these four pillars function as an
integrated system and define a new era of human-computer
interaction leading to cognitive infocommunications.
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II. A BRIEF HISTORY OF ICT
It is tempting to present the history of ICT from the
perspective of technological inventions. However, we should
bear in mind that technological innovations must meet human
demands in order to become significant disruptions. If this
factor is taken into account, then the beginning of the 19th
century gains a special kind of cultural importance. After all,
this was the first time in human history, when - due to colonial
expansion in North America – Western civilization, and on a
smaller scale the families comprising it, got split into two. This
increased the need for faster travel and led to new ways of
distant communication.
A. Connecting
We can identify a challenge of connecting in the 19th
century. To cope with this challenge the electric telegraph was
invented in 1817 [5]. Although that model did not become the
first commercially available telegraph, since it was based on
static electricity, the inventor – Sir Francis Ronalds –
judiciously described it as a tool for rapid global
communication [5]. His vision became reality in 1837, when
Cooke and Wheatstone patented their telegraph as the first
commercial telecommunication tool [6].
The strong demand for true long-distance communication
links appeared in the form of the first transatlantic telegraph
cable, laid between 1854 and 1858 [7]. Although signal quality
declined and even the cable was destroyed in a month, several
attempts were made to replace it in the upcoming years,
showing the significance of a communication link between the
European and American continents.
While the telegraph was an important step in connecting
people, it was not a natural way of communication as it
required the understanding and rapid production of Morse
codes. Thus, it is easy to see the next disruption in the 1876
patent of the first telephone system by Alexander Graham Bell
[8]. This instrument was to the first one capable of transmitting
human voice across large distances. It was not only faster than
the telegraph, but, at the same time, more personal and more
natural.
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The last obstacle facing stable distant communication was
the constraint of physical cables. This limitation was bridged
by the invention of the wireless telegraph, better known as the
radio in 1897 [9]. Marconi and Braun were awarded the Nobel
Prize for this disruption in 1909.
B. Accelerating
In the 20th century, telecommunications became widely
available. The two world wars, however increased the demand
for accelerated information exchange. Technological
disruptions of the past hundred years opened up new frontiers
for mankind. Still, the state-of-the-art was limited by the
technology of vacuum tubes. This barrier was overcome by the
invention of the first point-contact transistor by Bardeen,
Shockley, and Brattain at Bell Laboratories in 1947 [10]. Nine
years later, they received the Nobel Prize, because this
disruption enabled the miniaturization of several electronic
devices. Today the transistor is an integral part of all the
consumer electronic devices we use.
An important part of the development of infocommunications was the birth of mass media. Two important
areas were radio transmissions, starting as early as in the
1920s, and television broadcasting from 1929. In the early
days of television, programs were live broadcasts, replay only
became available in the 1950s. Nevertheless, the acceleration
of information and communication technology was still limited
by human factors: people had to find a wired phone to share
information with each other, and information had to be
acquired at specific locations (libraries) or at specific times
(television programs).
The first barrier of location was broken down by the
invention of the cellphone by Martin Cooper and colleagues in
1985 [11], [12]. The cellphone quickly become widely known,
and in 10 years cell phone subscriptions reached 30 million,
which grew to 110 million by 2000 in the US alone [13]. The
second limitation of time was overcome in 1991, when the first
website
appeared
(http://info.cern.ch/hypertext/WWW/TheProject.html) online
and the world wide web (WWW) began to expand. In the
beginning people accessed the WWW via dial-up connection
using the telephone network. Soon it was obvious that a higher
speed would be required and hence cable and satellite
broadband connections became widespread.

now we are facing a new limit for further development as
current interfaces enable only suboptimal access to and search
of on-line information. The interfaces of tomorrow must not
only be marvels of engineering, but they must also reflect a
better understanding of the human user to make daily life more
effective and less stressful. Therefore, we believe
understanding is the challenge of ICT today.
A. Understanding
Understanding is not only a challenge, but a radical
paradigm shift. In the past, four key principles defined the
interaction between humans and computers (see figure 1). First,
worked primarily on a command basis. Regardless of whether
it used a real command-line or a graphic user interface, the user
defined what he/she wanted to do and the computer executed
the task or returned an error message of some form. Second,
granting freedom to the user played an important role in the
design of both hardware and software. An example of this
design principle is the first Android smartphone, HTC Dream,
which had a slide-out QWERTY keyboard, a touch-screen, and
physical buttons under the screen. Thus the user was free to use
the device in a number of ways. Third, although the user was
able to customize the interface, it was otherwise static. One
reason for this was that early attempts of dynamic user
interfaces (e.g. usage-based icon sorting on the iOS) did not
become popular and worked ineffectively. Fourth, interfaces
designed for complex tasks usually came with instruction
manuals, and the user had to learn how to use the system. For
instance, in the menu of the Chrome browser, the user had to
learn what the “settings” menu was for, and which options
were to be found under the “tools” menu. Although the
difference between settings, preferences, tools, options,
properties, and configuration can be defined, from a humancentered viewpoint any distinction between these categories is
fuzzy, at least in everyday terms.
The challenge of understanding affects all four of the above
mentioned principles. Below we describe four areas of
understanding where human-computer interaction is changing
to improve the effectiveness of ICT.

Past

III. CURRENT CHALLENGES OF ICT

Command

As of today, there are almost 4.8 billion unique mobile
subscribers in the world [14], and in the developed world
people often spend more than seven hours a day looking at
their computer or cellphone [15]. While the speed of internet
connection is steadily increasing each year [16], so is the time
we spend in front of ICT devices. Such long exposure to
screens negatively affects our daily activities and our sleep
pattern [15], [17], and there is increasing evidence for the
negative effect of the magnitude of on-line information on our
cognitive abilities [18], [19]. These are worrying developments
and we believe that a new challenge has emerged for
infocommunications. While ICT advances in the past 30 years
caused incredible growth in the speed of communications [16],

Limitless
freedom

User guide
Static
interface

Fig. 1. Four key components of human-computer interaction in the past
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B. Understanding human behavior
The reason why commands are still dominating interaction
between humans and computers is that before the machine
learning revolution (up until very recently) collaborative
interaction was highly ineffective [20]. Collaboration requires
the computer to understand the motivations of human actions
(i.e. what the user wants when he/she does sg.). The PageRank
algorithm used by Google [21] could be viewed as a successful
attempt towards such a collaboration: it is based on the analysis
of the links pointing to a page to calculate its importance in the
information network. Because websites (including the links on
the website to other websites) are created by humans,
PageRank actually evaluates importance from a humancentered perspective. A prerequisite of this algorithm is the
incredibly large number of websites, indexed and analyzed by
Google. Big data also enables the analysis of human behavior
in locomotion patterns and in texts [22], [23], and this opens up
new ways of collaboration between humans and computers. By
tracking our everyday activities computers can provide us with
context-dependent information.
However, big data is often not yet available in several
areas. For example, applications downloaded in the year 2015
from the various app stores (App Store, Google Play etc.) were
often used for no more than one session, that is ~5 minutes
[24]. In such a short time a vendor cannot collect much data
which can help in the improvement of the user interface (UI) or
functionality of the app. Nevertheless, such cases could still be
subject to data mining based on knowledge discovery
strategies, such as identifying frequent patterns of use [25].
While deep learning primarily relies on choosing the right
architecture for making sense of large amounts of data, the
success of knowledge discovery depends on predefined
constraints and definitions of viable patterns [25], [26].
In summary, understanding human behavior is a difficult,
data-intensive but necessary step to make human-computer
interaction more efficient.
C. Understanding human limits
Tools can be designed in many ways, but the result will
very rarely be actually usable for humans. The reason for this is
that our cognition, and hence our representation of the world, is
tied to our body and our senses [27]. In the past, interfaces
were designed to give users more freedom to define their
preferences. This was often not motivated by actual needs but
instead by the lack of information about users’ desires.
Whereas we took the example of the first Android phone
earlier to illustrate the notion of limitless freedom, the first iOS
device in 2007 is an excellent example of a different approach.
Compared to the almost limitless customizability of Android
OS, iOS seemed rather limited: all applications were accessible
from the home screen, and it was characterized by minimalist
and consistent app interfaces, and dedicated hardware to create
a seamless user experience. While it is often considered as
Apple philosophy [28], it is a philosophy which is consistent
with what psychology, cognitive science and neuroscience
know about the limits of human cognition [29]–[32].
As virtual and augmented reality tools become popular,
perhaps it is even more useful to discuss human limits in the

design of nascent 3D UIs. Interactive virtual environments may
in the future be a useful tool to expand our living-space.
However, finding the ideal navigation in these spaces creates a
great challenge for VR/AR designers. Extension means that we
have to adapt the actual location change in real space to the
virtual experience, thus virtual navigation is necessarily
different from real one. To cover large distances there are two
possible ways: flying and teleportation. It seems that flying (or
in general gain of motion) works well in some cases [33],
however it could become cumbersome if real, three
dimensional motion is required and it is constricted by the
limits of Euclidean geometry [34]. Indeed, research results
show that the top-down axis granted by gravity is so important
for our spatial representations that any distortion of this can
lead to the underestimation of distance [35], [36] and
disorientation [37]. Based on these results, it seems that flying
is viable if motion is only done in 4 degrees of freedom (three
translation axis and the yaw rotational axis). Transformation on
the pitch and even more on the roll axis are problematic. On the
other hand, studies show that teleportation (i.e. change of place
without the feeling of motion) is readily processed by the brain
[38], [39]. Teleportation is a favorable choice for long
distances because the time required for changing place is
constant (i.e. zero). An additional advantage of teleportation is
that the lack of motion removes the constraints of Euclidean
geometry. In the simplest case, we can easily understand that
the shortest distance between two locations is not a straight line
but a wormhole [40]. Furthermore, the whole routing system of
wormholes can constitute an impossible physical space, for
example a room which has multiple adjacent doors to other
rooms of the same sizes. These would overlap in reality but in
VR they can easily be fully explored.
Therefore,
understanding
human
limits
means
considerations for design: sometimes in the form of limits but
most often in ways to explore new frontiers.
D. Understanding human needs
Dynamic interface approaches often suffered from the lack
of feedback in the past. Take, for example, usage-based icon
sorting on smartphones. This works by monitoring the usage
frequency and time of each app and sorting its icon in the
launcher based on this information. It is often useful, because
we – by definition – more often look for the frequently used
apps. However, any rearrangement of the apps is risky: the user
often taps to the expected place without even looking at the
location. Even more unwanted is the outcome when, because of
a rearrangement, the user is looking for the app all over the
screen. Generally, icon sorting or any attempt towards making
the user interface dynamic is an unsupervised learning
challenge until we provide feedback of user experience that
contains information other than the user uninstalling or
abandoning the application.
Feedback from the user is costly: rating a product, writing a
review, and usability tests take time and effort from the user’s
side. Luckily, there is potential user feedback during use: the
user looks at the screen while searching and his or her
emotional state changes when an action is successfully
executed, when the search is ineffectual or even when it is
stressful. Mining this data is so promising that there are a
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growing number of companies focusing on facial expression
[41], eye tracking trajectories [42], and even brain or
physiological signals [43] for usability testing and marketing.
Some of these companies even released their software
development kit (SDK), which can be built into other
applications to utilize emotion recognition [44]. This provides
an excellent opportunity to obtain real-time feedback to a
dynamic interface.
Ongoing research on how computers (robots) can mimic
and express emotions [45], [46] is also remarkable. A
promising approach is crowdsourced data collection, which can
help train robots to find appropriate emotional responses to a
wide variety of situations [47].
Today, wearable biosignal recorders become increasingly
popular and webcams/front-facing cameras are available to
enable collection of data at an unprecedented scale. Therefore,
by utilizing these tools human biosignal data mining is on the
verge of entering the realm of true big data.
E. Understanding human cognition
Understanding human cognition is probably the most
difficult of the four areas discussed here. Cognition is a unique
way to comprehend the world around us. Therefore,
understanding human cognition for a computer would
ultimately mean the understanding of humans. Currently
human-computer interaction works in a suboptimal way: we
need to not only “explain” our will, but also to find a way to
explain it to the computer. For example, if one wants to take a
screenshot of a phone (a very easy operation) one can try
several options, like pressing or long-pressing buttons, trying
other button combinations, surfing the menu etc. None of these
options are self-explaining, one only knows them from
previous experience.
In the 1930s, Zipf described an empirical distribution of
words in corpora, such that the relationship between the
frequency of a word and its rank follows a power law function
[48]. In communication this is believed to result from the
actors’ effort to balance the goal of communication
(information transferring) and the cost of communication
(words used) [49], [50]. Zipf’s law has been observed in
several fields, amongst others in computer command [51] and
menu use [52]. Today the cost of communication in humancomputer interaction way exceeds what would be ideal, which
not only means more time to transfer the information, but
likely also biases the user towards simplifying or even
abandoning some information transfers. Finding ways to avoid
this latter case is crucial to facilitate human engagement in
meaningful communication with computers. Indeed, one of the
most active areas of research in human-computer interaction is
the design of effective collaborative protocols [53].
Facilitation of interaction starts at the first moment when
the user meets the interface. Reading a user guide is not a
communicative act, this is why self-explaining products are
more popular. Self-explaining nature is described through the
term affordance in psychology [54]. Affordance means that the
object’s appearance tells something about its function. For
example, a door that has a long horizontal bar refers to the
action of pushing; however, a door that has a vertical handle is

likely to be pulled by the naïve user. Similarly, the turn-tomute action on smartphones is self-explaining. Interestingly,
while human-computer interaction has for a long time required
unnatural hand-eye coordination of the mouse pointer;
touchscreens and even more so virtual and augmented reality
interfaces could be designed in a natural way. Here, instead of
new artificial gestures, natural gestures could be used that are
interpreted in a context dependent manner. A good example for
this is the prototype of the Meta 2 augmented reality glasses,
which uses the natural rotating gestures instead of an unnatural
mouse-like one [55], [56].
In summary, understanding human cognition requires on
the one hand the user to engage in meaningful communication
and, on the other hand, the designer to set up the interface
following the human perception of affordance.

IV. CONCLUSION
In the previous sections we discussed four areas of
understanding that are necessary to master the current
challenges of ICT. These were the understanding of human
behavior, human limits, human needs, and human cognition.
Putting emphasis on the human factor in design of interfaces
and underlying systems is of vital importance. Based on these
areas we represent the ideal way of future human-computer
interaction in Figure 2.

Future
Collaborate
Respect of
limits

Affordance
Dynamic
interface

Fig. 2. Four key components of human-computer interaction in the future

While previously human-computer interaction was based
on commands, recent developments in AR/VR and in deep
learning has enabled interaction to proceed in a more
collaborative way. Analysis of human behavior helps the
computers to respond more effectively and in relevant ways to
the human queries. Collaboration, in turn, only works when
both sides are aware of each other’s limits. This, on the one
hand, means a contrary endeavor to the freedom-centered
approach of the past. At the same time, it also permits a natural
way of interaction with highly effective but so far neglected
options (e.g. teleportation). In natural interaction, an action
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often gains meaning in a context-dependent manner. For
example, pointing to an object could be selection, direction of
attention, warning etc. Ideally an interface should differentiate
between these by understanding human motivations. This
understanding would lead to effective dynamic interfaces. The
last component of the figure in the past was the user guide.
Now it is clear that most general-purpose systems can be
effectively used only if users can grasp their functions and how
to operate them at a glance. The key concept is affordance in
the design of human-computer interfaces.
The field of human-computer interaction design was
already aware of these four factors [4], the contribution of the
current work is to emphasize that these factors depend on each
other. Thus, collaboration facilitates the understanding of
human limits which, in turn, helps pave the way to dynamically
adjusted interfaces. Efficient dynamic interfaces increase the
affordance of the system, which further propagates
collaboration. This novel approach revolutionizes humancomputer interaction and hence the whole field of
infocommunication. Therefore, cognitive infocommunication
[57] emerges as the fundamental paradigm of the field.
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