
 

User Interfaces: Something Old, Something New 
Zeljko Obrenovic 

1. Introduction 
Human-computer interaction (HCI) issues are increasingly more important nowadays. With 
increase in number of usage scenarios, increased connectivity of computers, and rising 
diversity of computerized devices, user interfaces have started to break out of the “desktop” 
box where they have been caught for almost two decades. New devices, such as hand-held 
personal digital assistants (PDAs), cell phones, pagers, computerized pens, computerized 
notepads, require radically different interaction styles, and consequently better developing 
support.  

Existing user interface (UI) development environments and interaction paradigms cannot 
support many of the emerging requirements. To address some of the enlisted problems, 
many new directions in UI development have appeared. Last few years have brought lots of 
researches in areas such as multimodal, perceptual or attentive UIs, which have introduced 
various new ideas about how to organize human-computer interaction. However, as there 
are more and more results in HCI field, it gets hard to recognize important aspects of new 
paradigms, while different terminology often introduces confusion.  

In this paper we wanted to make comparative description of various new and old UI classes, 
in order to help developers and researchers to better position themselves in a broad HCI 
field. In order to do so, we firstly define a simplified model of HCI, and basic dimension 
according to which we will describe each user interface class. Then we discuss in more 
details each the user interface classes. In the end we give a conclusion, and discuss about 
future trends in UI development. 

2. Human computer interaction and user interfaces 
Figure 1 presents a simplified model of human-computer interaction. Humans and 
computers communicate using some media. Taking the computer as a reference point, we 
can talk about input and output media. Input media carries information from the user to the 
computer, while output media does the opposite. Both, the human and the computer use 
some kind of actuators to modulate the media, and perceive data from the media using some 
sensors. 

Human-computer interaction is achieved by exchanging the signals adapted to the 
characteristics of media and characteristics of the sensors on the other side. The human 
senses the signals with sight, hearing, touch, kinesthetic senses, smell or taste. Human 
sensory apparatus transforms signals from media into a form "readable" for the brain which 
further interprets the signals. When the human wants to send a message to the computer, the 
brain generates appropriate commands, such as hand movement to move the mouse or type 
on the keyboard, tongue movement to modulate air, or other actions that can be interpreted 
by the computer. Alternatively, computer can directly detect human physiological signals, 
such as a galvanic skin response (GSR), an electroencephalograph (EEG), or an 
electromyography (EMG). The computer uses its sensors such as a microphone or XY 
movement sensor in a mouse, to transform signals from the media into a computer readable 
form, forwarding transformed data to an application for further processing. When the 
application wants to send a message to the user, the computer uses its output devices to 
change the state of the media, so that humans can detect it. 



 

 

 
Figure 1. Simplified model of human-computer interaction. 

Different user interface classes have been solving the presented HCI problem using different 
mechanisms. In open literature, it is possible to find description of various user interface 
classes. Having in mind technological platform and used paradigms, we have classified user 
interfaces in the following seven classes: 

• Hardware UIs, 

• Terminal UIs, 

• Graphical UIs, 

• Perceptual UIs, further classified in: 

o Multimodal UIs, 

o Multimedia UIs, 

o Perceptive UIs, 

• Attentive UIs, 

• Neural UIs, 

• Augmented reality interfaces, 

• Virtual reality interfaces. 

To better illustrate relations and differences among these UI classes, Table 1 gives 
comparative description of these seven user interface classes according to the five 
dimensions based on presented simplified model of HCI: 

• Primary user input,   

• Typical input devices, 

• Typical output devices, 

• Computer output primitives, 

• Key computing concepts. 

 



 

Table 1: Comparative description of various user interface classes. 

UI class Primary user input 
channels 

Typical input devices Typical output 
devices 

Some computing 
output primitives 

Key concepts Some other terms 
associated with this 
UI 

Hardware UIs Switching, setting jumpers Switch, jumpers, control 
panels 

Switch, signal lights Equipment physical 
position 

  

Terminal UIs Typing Keyboard Raster screen Text Textual command, 
prompt 

Character-oriented UIs, 
Textual UIs, Command-
line interfaces 

Graphical UIs Typing, Pointing Keyboard, mouse Raster screen Graphics Windows, icon, menu, 
pointer, focus 
windows 

WIMP UIs 

Multimodal UI Coordinated use of different 
modalities, typing, movement, 
speech, gesture... 

Various (keyboard, 
mouse, microphone, 
camera, other sensors) 

Raster screen, speakers, 
haptic displays 

 Modality, multimodal 
integration 

 

Multimedia UI - - Raster screen, speakers Text, graphics, video, 
sound… 

Media, media 
synchronization 

 

Perceptual 
UIs 

Perceptive UI User natural implicit and 
explicit actions, typing, 
movement, speech, gesture, 
physiological input... 

Various sensors 
(camera, microphone, 
GSR…) 

- - Detecting events, 
measuring properties, 
recognizing, tracking 
of humans and their 
actions 

Perceptual intelligence, 
Smart clothes, Smart 
rooms 

Attentive UI Gaze, User presence, Proximity, 
Orientation, Speech activity,  

Various Various Request attention, 
turn change, high-
detailed in focus, low-
detail in periphery 

Turn, interruption, 
focus of attention, eye 
contact 

Attention-based or 
Awareness systems 

Neural UI Physiological signals (EEG, 
EMG, heart rate, GSR, 
peripheral body temperature) 

Electrodes, 
transducers… 

- -  Electro-psychological 
interactive systems, 
Brain-computer 
interfaces 

Augmented reality interfaces Interaction with UI devices and 
physical object in envirnoment 

Tangible interfaces See-through displays   See-through displays, 
graspable interfaces, 
Tangible interfaces 

Virtual reality interfaces Body, head and hand 
movements 

Gloves, iso-skeletons., 
movement sensors… 

Head-mounted displays 
(HMDs),  

 Immersion,  



 

In the following section we describe in more details each of these UI classes. It is important to 
note that definitions of user interface classes overlap and it is hard to create a strict 
taxonomy. When computing system uses some of the specialized I/O devices, such as head-
mounted displays (HMDs) or see-through displays, it is easy to say that we are using virtual 
reality or augmented reality interface. Otherwise, classification of user interfaces depends on 
the viewpoint. Therefore, we will not describe all the details of presented user interfaces, but 
just some typical properties, which usually make them different from the other UI classes. 

2.1. Hardware UIs 
The term “user interface” was not needed in the beginning, when most users were engineers 
and programmers [1]. In the early days, HCI was characterized by usage of jumpers, buttons, 
switches, signals lights and punched cards. Hardware was a central part of the user interface, 
and usage of computers requires detailed knowledge of it. Interaction was made directly on 
hardware, and the main interaction style was exchange of numbers in different numbering 
systems. Panels with switches enabled direct setting of registers, and the users worked with 
a computer according to precisely defined instructions.  

2.2. Terminal UIs 
The appearance of teletype terminals - printers connected with a keyboard, represented a 
significant progress in HCI, leading toward first terminals with video displays. At the start, 
video display terminals completely portrayed the logic of teletype terminals. They printed a 
character stream, with letters, numbers and punctuations, scrolling text lines in the same way 
as printers. Characters rendered on terminals where represented with their codes, and 
complete screen picture was represented in the memory as an array of codes. Each character 
code has its pixel matrix stored in ROM. These user interfaces are usually called terminal UIs, 
but they are also referred as character-oriented or textual UIs.  

In terminal UIs, communication between a user and a computer is purely textual. The user 
sends requests to the computer by typing commands, and receives response in a form of 
textual messages. Command line interface is the most common interaction style in terminal 
UIs, where users engage in a dialog with the system by typing commands on command line 
or prompt. Even with the limited set of characters, more sophisticated effects in a form of 
character graphics were also possible in terminal UIs. Additional effects, such as setting of 
text and background color or blinking were possible on most of the platforms. As TUIs 
required little of system resources, they have been implemented on many computing 
platforms. 

2.3. Graphical UIs 
The majority of work in HCI in recent decades has been aimed at creating graphical user 
interfaces (GUIs). GUIs promote interaction with computers by typing, pointing, and 
clicking, giving the users direct control and predictability. Compared with terminal UIs, 
graphical UIs are more intuitive, while direct control and predictability provide the user 
with a clear model of what commands and action are possible and what their effects will be. 
They give users a sense of accomplishment and responsibility about their interactions with 
computer applications. GUI accomplishments have been very successful, and the so called 
WIMP (windows, icons, menus, pointer) paradigm has served to provide a stable and global 
face to computing. 

GUIs are based on the results of many researches from 1960s and 1970s [2]. First 
commercially available computing systems with GUIs were Xerox Star in 1981, Apple Lisa in 



 

1982, and Macintosh in 1984. X Window System, an international standard, was developed in 
1984 at MIT. 

2.4. Perceptual UIs 
Perceptual UIs (PUIs) appeared as a reaction to inadequacy of existing, primarily graphical 
user interfaces for novel interaction devices and situations. Various new smaller or bigger 
devices cannot efficiently use existing interaction paradigms as one size does not fit all.   

PUIs are characterized by interaction techniques that combine an understanding of natural 
human capabilities, particularly communication, motor, cognitive, and perceptual skills, 
with computer I/O devices and machine perception and reasoning. PUIs are grounded in 
how people interact with each other and with the real world, searching for a paradigm that 
captures the essence of diverse HCI requirements. 

Even though PUIs have been known with this name for few years only, areas that PUIs 
include have longer history. PUIs integrate multimodal, multimedia and perceptive UIs, 
providing unified and integrative view on the areas that previously have been developed 
independently [3].  

2.4.1 Multimodal UIs 
Multimodal interaction is a characteristic of everyday human discourse, in which we speak, 
shift eye gaze, gesture, and move in an effective flow of communication. Enriching human-
computer interaction with these elements of natural human behavior is the primarily task of 
multimodal user interfaces. Multimodal interfaces are an emerging technology that move the 
balance of interaction much closer to the human, and offer expressive, transparent, efficient, 
and robust human-computer interaction. 

Many studies have explored multimodal interaction from different viewpoints. In computer 
sciences, term modality has very ambiguous meaning. When we talk about modalities in 
HCI, we usually talk about human sensory modalities of vision, hearing, touch, smell, and 
taste, but many researchers make strict difference between computing modalities and 
sensory modalities of psychology [4]. Sharon Oviatt gave more practical definition, saying 
that multimodal systems process combine natural input modalities—such as speech, pen, 
touch, hand gestures, eye gaze, and head and body movements—in a coordinated manner 
with multimedia system output [5]. Matthew Turk and George Robertson further refined the 
difference between multimedia and multimodal systems, saying that multimedia research 
focuses on the media, while multimodal research focuses on the human perceptual channels 
[3]. They added that multimodal output uses different modalities, like visual display, audio, 
and tactile feedback, to engage human perceptual, cognitive, and communication skills in 
understanding what is being presented. In systems that utilize multimodal interaction, 
various modalities can be used independently and simultaneously or tightly coupled. 

2.4.2 Multimedia UIs 
Multimedia UI, which has experienced an enormous amount of research during the last two 
decades, are directed toward better use of human perceptual and cognitive skills to interpret 
information. Multimedia user interfaces present content to the user simultaneously over 
different media. Text, graphics, audio, and video are some of the typical media. As a contrast 
to multimodal UIs that focus on the human perceptual channels, multimedia UIs focus on 
the media,. From that point of view, multimedia UIs can be viewed as a subset of 
multimodal output research. 



 

Multimedia UI are primarily concerned with the computer output, usually extending 
conventional WIMP paradigm. Multimedia content is typically archived in a form of weakly 
structured data, such as "raw" data captured with sensors such as microphones, scanners or 
video cameras. Presentation of weakly structured data is simple and efficient, but processing 
and searching of this data can be complex and time consuming problem. 

2.4.3 Perceptive UIs 
A perceptive UI try to add human-like perceptual capabilities to the computer [6]. Perceptive 
UIs have a task to enable the computer to actively track the users and its environment. They 
extend capabilities of computers, adding them advanced perceptual capabilities, integrating 
various sensor signals, and trying to recognize the user, what he/she is talking, and what 
user's body, hand or head are pointing. Sometimes such possibilities of computers are called 
perceptual intelligence. Perceptive UIs can also be used to create environments such as 
intelligent rooms or intelligent clothes.   

2.5. Attentive UIs 
Computing interfaces that are sensitive to the user’s attention are called Attentive User 
Interfaces (AUIs) [7]. Attentive UIs primarily address the problem of interaction with more 
and more of the computing devices. Today, increasing numbers of users are surrounded by 
numerous ubiquitous computing devices, including BlackBerries, PDAs, and cell phones. 
Benefits of using more computing devices come at a price. The main problem is that each 
device acts in isolation, as if it is the only device. Consequently, devices attack the users with 
requests for attention, not considering the cost of these interruptions, and AUIs researchers 
stress that rising burdens on users’ attention have become a bottleneck in human-computer 
interaction. 

AUIs researchers state that user attention is a limited resource that must be used with awareness. 
Therefore, many UI designers and engineers are beginning to design computing devices and 
applications that negotiate rather than enforce the amount and timing of the interaction. This 
work includes various activities, such as [7]:  

• Augmentation of devices so that they become aware of competing requests for user’s 
attention, 

• Development of displays that track the user’s focus of attention and change their 
renderings to provide peripheral context in support of focused activity, 

• Development of information systems that weigh the importance of the information 
they provide with the predicted priorities of the users. 

AUIs collect data about the priorities in the tasks, and statistically model attention and 
behavior of users. To do so, AUIs use additional input channels to determine important 
characteristics of user attention, such as user presence, proximity, orientation, speech 
activity, or gaze. Based on these data AUIs may determine the significance and relevance of 
data or actions they present in the context of the current activity. 

2.6. Electro-physiological UIs 
Electro-physiologically interactive computer systems (EpICS) combine technologies for 
sensing physiological signals from medical applications, with various interactive techniques 
[8]. These systems integrate wide range of disciplines, including techniques for user 
monitoring and training, software and hardware engineering, medical diagnostics, 
hazardous awareness monitoring, psycho-physiological conditioning, adaptive user 
interfaces, and affective computing. EpICS systems are used as a platform for many 



 

applications, such as brain-computer interfaces, neural prosthetics, and various hands-free 
interaction forms [9]. These interfaces are currently primarily used as a help for physically 
disabled people, but this technology also makes possible new kinds of interaction paradigms 
for able-bodied people [10]. 

2.7. Virtual reality interfaces 
Virtual reality (VR) systems use specialized computer hardware and software to create an 
artificial environment and presented it to the user in such a way that it appears and feels like 
a real environment. VR uses devices that completely dominate user's senses so that he/she 
intuitively interacts with the dynamic, immersive computer-generated environment. To 
"enter" a virtual reality, a user often puts on devices such as head-mounted displays, special 
gloves, earphones, and goggles, all of which receive their input from the computer system. In 
addition, these devices also monitor the user's actions, track how the user moves, and 
respond accordingly by sending new output.  

To date, virtual reality systems require rather expensive hardware and software and are 
confined mostly to research laboratories. However, some cheaper version also exits, and are 
more widely used in games.  

2.8. Augmented UIs 
Contrary to virtual reality systems that usually create an artificial environment to immerse 
the user as completely as possible, augmented reality (AR) systems supplement users' 
perception of the real-world with computer-generated elements (Figure 2). An AR interface 
dynamically superimposes interactive computer graphics onto a user’s view of the real 
world [11]. 

 
Figure 2. Simplified description of relation among virtual reality, augmented reality, and reality. 

Lots of researches in AR was concerned with see-through displays. Ivan Sutherland created 
the first augmented-reality interface in 1965 in a form of a see-through head-mounted 
display, and used it to present a simple wireframe cube overlaid on the picture of the real 
world. Similar early AR interfaces were mostly used for applications such as medicine, 
machine maintenance, or personal information systems.  

Many researchers have been investigating other approaches, such as interfaces based on 
physical objects, creating socalled graspable and tangible user interfaces. One of the typical 
examples is The Digital Desk project that tracks the position of the user’s hands and paper 
documents an augmented table, using computer-vision techniques. By using a pen and a 
finger, the user could seamlessly arrange and annotate both real paper and virtual 
documents [11]. 



 

3. Discussion 
Hardware UIs and especially terminal UIs played an important role in early period of 
computing. Although terminal user interfaces are nowadays not widely use on desktop PCs, 
they have again become important in a wide range of new pervasive devices, such as cellular 
phones or low-end personal digital assistants (PDAs). As textual services, such as short 
message service (SMS), require small presentation and network resources they are broadly 
supported and available on almost all cellular phone devices. Graphical user interfaces have 
reached it maximum, and innovative paradigms are needed to support new interaction 
requirements. On the other hand, neural user interfaces, augmented UIs, and VR UIs are still 
not practical for wide use, as to date, they require rather expensive hardware and software 
and need to use specialized equipment. 

Although still in the development, perceptual user interfaces and attentive user interfaces are 
most likely to bring new widely used interaction paradigms. These interfaces are trying to 
move the balance of interaction much closer to the human, addressing several problems that 
are important for a large number of users. These two user interface classes are also going 
toward Mark Weiser vision that current computing technology is just a transitional step 
toward achieving the real potential of information technology, taking into account the 
natural human environment and allowing the computers themselves to disappear into the 
background [12]. Table 2 illustrates this shift. With terminal and graphical UIs, users are 
quite aware of UI devices, while applications usually do not have models of the real word 
and the users. Real world is not perceived by the users as integrated with the application, but 
as a completely separated space, and the application works the same in all the environments. 
In virtual reality, users are still aware of devices they wear, but computing system has to be 
aware of many of the users position, orientation of body, head and hands. Augmented 
reality systems go further, as users now perceive real and computing world as integral part 
of their interaction space, while the computer has to be take into account the user and the 
environment. Perceptual and attentive UIs combine the usage of standard equipment with 
new non-intrusive and hands-free devices such as cameras or microphones, in order to 
become and integral part of the user's environment, and consequently, they have to be aware 
of the users, their activity, and the environment. 

Table 2: User and computing perception. 

User perception Computer perception  

Real world UI hardware User Real world 

Hardware UI - x - - 
Terminal UI 

Graphical UI - x - - 

Virtual reality - x x - 
Augmented 
reality x x x x 

Perceptual UI 

Attentive UI x x - x x 

Legend: "x" - included in the perception, "-" excluded from the perception 



 

4. Conclusion  
In this paper we have made comparative description of various new and old UI classes. Main 
purpose of this work is to help developers and researchers to position themselves in a broad 
HCI field. We have firstly defined a simplified model of HCI, and then discussed each of the 
user interface classes. Having in mind technological platform and used paradigms, we have 
classified user interfaces in following seven classes: Hardware UIs, Terminal UIs, Graphical 
UIs, Perceptual UIs (further classified in Multimodal UIs, Multimedia UIs, and Perceptive 
UIs), Attentive UIs, Neural UIs, Augmented reality interfaces, and Virtual reality interfaces. 
Definitions of user interface classes overlap and it is hard to create a strict taxonomy, and 
classification of user interfaces depends on the viewpoint. We stressed that perceptual user 
interfaces and attentive user interfaces are most likely to be bring new widely used 
interaction paradigms because they address several problems that are currently important 
for millions of users. 
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