
Multimedia elements can enhance user engagement and interactivity, making the interaction with the system
more dynamic and enjoyable.
Storytelling and Context:
Multimedia  can  be  employed  to  create  a  narrative  or  provide  contextual  information,  aiding  in  a  better
understanding of the content or tasks at hand.
Colors in HCI:
Aesthetic Appeal:
Colors contribute to the overall aesthetic appeal of an interface, influencing users' perceptions and emotions.
Visual Hierarchy:
Different colors can be used to establish a visual hierarchy, guiding users' attention to important elements and
helping them navigate through the interface more efficiently.
Branding and Consistency:
Consistent use of colors contributes to brand identity and recognition. It helps users associate certain colors
with specific actions or elements.
Common Problems in HCI Related to Multimedia and Colors:
Accessibility:
Inappropriate  use  of  colors  or  relying  solely  on  multimedia  can  create  accessibility  issues.  It's  crucial  to
consider users with color vision deficiencies or those who rely on screen readers.
Cognitive Load:
Excessive use of multimedia or a wide range of colors can lead to cognitive overload. It's important to strike a
balance and ensure that the design doesn't overwhelm users with too much information.
Inconsistent Design:
Inconsistency in color schemes and multimedia elements across different parts of the interface can confuse
users. Consistency is key for a seamless user experience.
Clashing Colors:
Poorly  chosen color  combinations  can  result  in  low readability  and visual  discomfort.  Designers  need  to
consider color contrast and legibility to ensure readability for all users.
Choosing Colors in HCI:
Color Psychology:
Understand the psychological impact of colors. For example, warm colors (reds, oranges) can evoke energy
and excitement, while cool colors (blues, greens) can promote calmness.
Contrast and Readability:
Ensure  sufficient  contrast  between  text  and  background  colors  to  enhance  readability.  This  is  especially
important for users with visual impairments.
Consistency:
Establish a consistent color scheme throughout the interface to create a cohesive and user-friendly design.
User Testing:
Conduct user testing to gather feedback on color choices. Different users may have varied preferences and
sensitivities to certain colors.

UNIT IV
HCI IN THE SOFTWARE PROCESS: 
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It is therefore necessary that we go beyond the exercise of identifying paradigms and examine the process of
interactive system design. In the previous chapter we introduced some of the elements of a user-centered design
process.  Here we expand on that  process,  placing  the design of interactive  systems within the established
frameworks of software development.
Within computer science there is already a large subdiscipline that addresses the management and technical
issues  of  the development  of  software systems – called  software  engineering.  One of  the  cornerstones  of
software engineering is the software life cycle, which describes the activities that take place from the initial
concept formation for a software system up until its eventual phasing out and replacement.
This is not intended to be a software engineering textbook, so it is not our major concern here to discuss in
depth all of the issues associated with software engineering and the myriad life-cycle models.
The important point that we would like to draw out is that issues from HCI affecting the usability of interactive
systems are relevant within all the activities of the software life cycle. Therefore, software engineering for
interactive  system design is  not simply a matter  of adding one more activity  that  slots  in nicely  with the
existing activities in the life cycle. Rather, it involves techniques that span the entire life cycle.

THE SOFTWARE LIFE CYCLE: 
One of the claims for software development is that it should be considered as an engineering discipline, in a 
way similar to how electrical engineering is considered for hardware development.

Activities in the life cycle
A more detailed description of the life cycle activities is depicted in Figure 6.1. The graphical representation is 
reminiscent of a waterfall, in which each activity naturally leads into the next. The analogy of the waterfall is 
not completely faithful to the real relationship between these activities, but it provides a good starting point for 
discussing the logical flow of activity. We describe the activities of this waterfall model of the software life 
cycle next.
Requirements specification
In requirements  specification,  the designer  and customer try to  capture a description of what the eventual
system will be expected to provide. This is in contrast to determining how the system will provide the expected
services, which is the concern of later activities. Requirements specification involves eliciting information from
the customer about the work environment, or domain, in which the final product will function. Aspects of the
work domain include not only the particular functions that the software product must perform but also details
about the environment in which it must operate, such as the people whom it will potentially affect and the new
product’s relationship to any other products which it is updating or replacing.
Requirements specification begins at the start of product development. Software product they must be 
formulated in a language suitable for implementation.
Requirements are usually initially expressed in the native language of the customer. The executable languages 
for software are less natural and are more closely related to a mathematical language in which each term in the 
language has a precise interpretation, or semantics.

HUMAN COMPUTER INTERACTION- 23IT703

Dept. of IT, NRCM                                                        Page 62               LAKSHMI REDDY, Assistant Professor



Detailed design
The  architectural  design  provides  a  decomposition  of  the  system  description  that  allows  for  isolated
development of separate components which will later be integrated.
For those components that are not already available for immediate integration, the designer must provide a
sufficiently detailed description so that they may be implemented in some programming language. The detailed
design  is  a  refinement of  the  component  description  provided  by the  architectural  design.  The behaviour
implied by the higher-level description must be preserved in the more detailed description.
Coding and unit testing
The detailed design for a component of the system should be in such a form that it is possible to implement it in
some executable programming language. After coding, the component can be tested to verify that it performs 
correctly, according to some test criteria that were determined in earlier activities. Research on this activity 
within the life cycle has concentrated on two areas.
Integration and testing
Once enough components have been implemented and individually tested, they must be integrated as described
in the architectural design. Further testing is done to ensure correct behavior and acceptable use of any shared
resources. It is also possible at this time to perform some acceptance testing with the customers to ensure
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that the system meets their requirements. It is only after acceptance of the integrated system that the product is
finally released to the customer.
Maintenance
After product release, all work on the system is considered under the category of maintenance, until such time
as a new version of the product demands a total redesign or the product is phased out entirely. 
Validation and verification
Throughout  the  life  cycle,  the  design  must  be  checked  to  ensure  that  it  both  satisfies  the  high-level
requirements agreed with the customer and is also complete and internally consistent. These checks are referred
to as validation and verification,  respectively.  Boehm [36a] provides a useful distinction between the two,
characterizing validation as designing ‘the right thing’ and verification as designing ‘the thing right’.

Validation  proofs  are  much  trickier,  as  they  almost  always  involve  a  transformation  between  languages.
Furthermore, the origin of customer requirements arises in the inherent ambiguity of the real world and not the
mathematical world. This precludes the possibility of objective proof, rigorous or formal. Instead, there will
always be a leap from the informal situations of the real world to any formal and structured development
process. We refer to this inevitable disparity as the  formality gap, depicted in Figure 6.3. The formality gap
means that validation will  always rely to some extent on subjective means of proof. We can increase our
confidence  in  the  subjective  proof  by effective  use  of  real-world  experts  in  performing  certain  validation
chores.
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INTERACTIVE SYSTEMS AND THE SOFTWARE LIFE CYCLE:
The traditional software engineering life cycles arose out of a need in the 1960s and 1970s to provide structure 
to the development of large software systems. In those days, the majority of large systems produced were 
concerned with data-processing applications in business. These systems were not highly interactive; rather, 
they were batch-processing systems. Consequently, issues concerning usability from an enduser’s perspective 
were not all that important. With the advent of personal computing in the late 1970s and its huge commercial 
success and acceptance, most modern systems developed today are much more interactive, and it is vital to the 
success of any product that it be easy to operate for someone who is not expected to know much about how the 
system was designed. The modern user has a great amount of skill in the work that he performs without 
necessarily having that much skill in software development.
the use of notations and techniques that support the user’s perspective of the interactive system. We discussed 
earlier the purpose of validation and the formality gap.
It is very difficult for an expert on human cognition to predict the cognitive demands that an abstract design
would require of the intended user if the notation for the design does not reflect the kind of information the user
must recall in order to interact. The same holds for assessing the timing behavior of an abstract design that does
not explicitly  mention the timing characteristics  of the operations to be invoked or their  relative ordering.
Though no structured development process will entirely eliminate the formality gap, the particular notations
used  can  go  a  long  way  towards  making  validation  of  non-functional  requirements  feasible  with  expert
assistance.

Our models of the psychology and sociology of the human and human cognition, whether in isolation or in a
group, are incomplete and do not allow us to predict how to design for maximum usability.
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This dearth of predictive psychological theory means that in order to test certain usability properties of their
designs,  designers  must  observe  how actual  users  interact  with  the  developed  product  and  measure  their
performance. In order for the results of those observations to be worthwhile, the experiments must be as close
to a real interaction situation as possible.

Usability Engineering:
One approach to user-centered design has been the introduction of explicit usability engineering goals into the
design process, as suggested by Whiteside and colleagues at IBM and Digital Equipment Corporation [377]
and by Nielsen at Bellcore [260, 261]. Engineering depends on interpretation against a shared background of
meaning, agreed goals and an understanding of how satisfactory completion will be judged. The emphasis for
usability engineering is in knowing exactly what criteria will be used to judge a product for its usability.
The ultimate test of a product’s usability is based on measurements of users’ experience with it. Therefore,
since a user’s direct experience with an interactive system is at the physical interface, focus on the actual user
interface is understandable.
The danger with this limited focus is that much of the work that is accomplished in interaction involves more
than  just  the  surface  features  of  the  systems  used  to  perform that  work.  In  reality,  the  whole  functional
architecture of the system and the cognitive capacity of the users should be observed in order to arrive at
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meaningful measures. But it is not at all simple to derive measurements of activity beyond the physical actions
in the world, and so usability engineering is limited in its application.
Sample usability specification for undo with a VCR
Attribute: Backward recoverability
Measuring concept: Undo an erroneous programming sequence
Measuring method: Number of explicit user actions to undo current program
Now level: No current product allows such an undo
Worst case: As many actions as it takes to program in mistake
Planned level: A maximum of two explicit user actions
Best case: One explicit cancel action

Problems with usability engineering
The major feature of usability engineering is the assertion of explicit usability metrics early on in the design
process which can be used to judge a system once it is delivered.

ITERATIVE DESIGN AND PROTOTYPING: 

A point we raised earlier is that requirements for an interactive system cannot be completely specified from the
beginning of the life cycle. The only way to be sure about some features of the potential design is to build them
and test them out on real users. The design can then be modified to correct any false assumptions that were
revealed  in the testing.  This  is  the essence of iterative design,  a purposeful  design process which tries to
overcome the inherent problems of incomplete requirements specification by cycling through several designs,
incrementally improving upon the final product with each pass.
The problems with the design process, which lead to an iterative design philosophy, are not unique to the
usability features of the intended system. The problem holds for requirements specification in general, and so it
is a general software engineering problem, together with technical and managerial issues.
On the technical side, iterative design is described by the use of prototypes, artifacts that simulate or animate
some but not all features of the intended system. There are three main approaches to prototyping:
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Incremental The final product is built as separate components, one at a time. There is 
one overall design for the final system, but it is partitioned into independent and smaller
components. The final product is then released as a series of products, each subsequent
release including one more component. This is depicted in Figure 6.6.
Evolutionary Here the prototype is not discarded and serves as the basis for the next 
iteration of design. In this case, the actual system is seen as evolving from a very 
limited initial version to its final release, as depicted in Figure 6.7. Evolutionary 
prototyping also fits in well with the modifications which must be made to the system 
that arise during the operation and maintenance activity in
the life cycle.
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Design Rationale: 
In designing any computer system, many decisions are made as the product goes from a set of vague customer
requirements to a deliverable entity. Often it is difficult to recreate the reasons, or rationale, behind various
design decisions.
In an explicit form, a design rationale provides a communication mechanism among the members of a design
team  so  that  during  later  stages  of  design  and/or  maintenance  it  is  possible  to  understand  what  critical
decisionswere made, what alternatives were investigated (and, possibly, in what order) and the reason why
onealternative was chosen over the others. This can help avoid incorrect assumptions later.
 Accumulated knowledge in the form of design rationales for a set of products can be reused to transfer what
has worked in one situation to another situation which has similar needs. The design rationale can capture the
context of a design decision in order that a different design team can determine if a similar rationale
is appropriate for their product.
 The effort required to produce a design rationale forces the designer to deliberate more carefully about design
decisions. The process of deliberation can be assisted by the design rationale technique by suggesting how
arguments justifying or discarding a particular design option are formed.
Process-oriented design rationale
Much of the work on design rationale is based on Rittel’s issue-based information system, or IBIS, a style for
representing  design  and  planning  dialog  developed  in  the  1970s  [308].  In  IBIS  (pronounced  ‘ibbiss’),  a
hierarchical structure to a design rationale is created.
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Design space analysis
MacLean  and  colleagues  [222]  have  proposed  a  more  deliberative  approach  to  design  rationale  which
emphasizes a post hoc structuring of the space of design alternatives that have been considered in a design
project. Their approach, embodied in the Questions, Options and Criteria (QOC) notation, is characterized as
design space analysis.
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Design Rules: 
One of the central problems that must be solved in a user-centered design process is how to provide designers 
with the ability to determine the usability consequences of their design decisions. We require design rules, 
which are rules a designer can follow in order to increase the usability of the eventual software product. We 
can classify these rules along two dimensions, based on the rule’s authority and generality.
We will first discuss abstract principles, then go on to consider in more depth some examples of standards and 
guidelines for user-centered design. Finally, we will consider some well-known heuristics or ‘golden rules’ 
which, it has been suggested, provide a succinct summary of the essence of good design. We end the chapter
with a discussion of design patterns, a relatively new approach to capturing design knowledge in HCI.
Principles to Support Usability:
The most abstract design rules are general principles, which can be applied to the design of an interactive 
system in order to promote its usability. In Chapter 4 we looked at the different paradigms that represent the 
development of interactive systems. Derivation of principles for interaction has usually arisen out of a need
to explain why a paradigm is successful and when it might not be. Principles can provide the repeatability 
which paradigms in themselves cannot provide. In this section we present a collection of usability principles. 
Since it is too bold an objective to produce a comprehensive catalog of such principles, our emphasis will be on
structuring the presentation of usability principles in such a way that the catalog can be easily extended as our 
knowledge increases.
The principles we present are first divided into three main categories:
Learnability – the ease with which new users can begin effective interaction and achieve maximal performance.
Flexibility – the multiplicity of ways in which the user and system exchange information.
Robustness – the level of support provided to the user in determining successful achievement and assessment 
of goals.
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GOLDEN RULES AND HEURISTICS: 
There are many sets of heuristics, but the most well used are Nielsen’s ten heuristics, Shneiderman’s eight 
golden rules and Norman’s seven principles. Nielsen’s heuristics are intended to be used in evaluation and will 
therefore be discussed in Chapter 9. We will consider the other two sets here.
7.5.1 Shneiderman’s Eight Golden Rules of Interface Design Shneiderman’s eight golden rules provide a 
convenient and succinct summary of the key principles of interface design.
1. Strive for consistency in action sequences, layout, terminology, command use and so on.
2. Enable frequent users to use shortcuts, such as abbreviations, special key sequences and macros, to perform 
regular, familiar actions more quickly.
3. Offer informative feedback for every user action, at a level appropriate to the magnitude of the action.
4. Design dialogs to yield closure so that the user knows when they have completed a task.
5. Offer error prevention and simple error handling so that, ideally, users are prevented from making mistakes 
and, if they do, they are offered clear and informative instructions to enable them to recover.
6. Permit easy reversal of actions in order to relieve anxiety and encourage exploration, since the user knows 
that he can always return to the previous state.
7. Support internal locus of control so that the user is in control of the system, which responds to his actions.
8. Reduce short-term memory load by keeping displays simple, consolidating multiple page displays and 
providing time for learning action sequences. These rules provide a useful shorthand for the more detailed sets 
of principles described earlier. Like those principles, they are not applicable to every eventuality and need to be
interpreted for each new situation. However, they are broadly useful and their application will only help most 
design projects.
7.5.2 Norman’s Seven Principles for Transforming Difficult Tasks into Simple Ones In Chapter 3 we discussed
Norman’s execution–evaluation cycle, in which he elaborates the seven stages of action. Later, in his classic 
book The Design of Everyday Things, he summarizes user-centered design using the following seven 
principles:
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1. Use both knowledge in the world and knowledge in the head. People work better when the knowledge they 
need to do a task is available externally – either explicitly or through the constraints imposed by the 
environment. But experts also need to be able to internalize regular tasks to increase their efficiency. So 
systems should provide the necessary knowledge within the environment and their operation should be 
transparent to support the user in building an appropriate mental model of what is going on.
2. Simplify the structure of tasks. Tasks need to be simple in order to avoid complex problem solving and 
excessive memory load. There are a number of ways to simplify the structure of tasks.
HCI PATTERNS: 
As we observed in Chapter 4, one way to approach design is to learn from examples that have proven to be 
successful in the past: to reuse the knowledge of what made a system – or paradigm – successful. Patterns are 
an approach to capturing and reusing this knowledge – of abstracting the essential details of successful design 
so that these can be applied again and again in new situations.
Patterns originated in architecture, where they have been used successfully, and they are also used widely in 
software development to capture solutions to common programming problems. More recently they have been 
used in interface and web design.
A pattern is an invariant solution to a recurrent problem within a specific context. Patterns address the 
problems that designers face by providing a ‘solution statement’. This is best illustrated by example. 
Alexander, who initiated the pattern concept, proposes a pattern for house building called ‘Light on Two Sides 
of Every Room’. The problem being addressed here is that When they have a choice, people will always 
gravitate to those rooms which have light on two sides, and leave the rooms which are lit only from one side 
unused and empty.
Evaluation Techniques:
Evaluation should not be thought of as a single phase in the design process (still less as an activity tacked on
the end of the process if time permits). Ideally, evaluation should occur throughout the design life cycle, with
the results of the evaluation feeding back into modifications to the design. Clearly, it is not usually possible to
perform  extensive  experimental  testing  continuously  throughout  the  design,  but  analytic  and  informal
techniques can and should be used. In this respect, there is a close link between evaluation and the principles
and prototyping techniques we have already discussed – such techniques help to ensure that the design is
assessed continually.
Goals of Evaluation:
Evaluation has three main goals: to assess the extent and accessibility of the system’s functionality, to assess
users’ experience of the interaction, and to identify any specific problems with the system.
The system’s functionality is important in that it must accord with the user’s requirements. In other words, the
design of the system should enable users to perform their intended tasks more easily. This includes not only
making the appropriate functionality available within the system, but making it clearly reachable by the user in
terms of the actions that the user needs to take to perform the task.
Evaluation through Expert Analysis:
Cognitive walkthrough
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Cognitive walkthrough was originally proposed and later revised by Polson and colleagues [294, 376] as an 
attempt to introduce psychological theory into the informal and subjective walkthrough technique.
The origin of the cognitive walkthrough approach to evaluation is the code walkthrough familiar in software 
engineering. Walkthroughs require a detailed review of a sequence of actions. In the code walkthrough, the 
sequence represents a segment of the program code that is stepped through by the reviewers to check certain 
characteristics (for example, that coding style is adhered to, conventions for spelling variables versus procedure
calls, and to check that system-wide invariants are not violated). In the cognitive walkthrough, the sequence of 
actions refers to the steps that an interface will require a user to perform in order to accomplish some known
task.  The evaluators  then  ‘step  through’ that  action  sequence  to  check it  for  potential  usability  problems.
Usually,  the main focus of the cognitive walkthrough is to establish how easy a system is  to learn.  More
specifically, the focus is on learning through exploration. Experience shows that many users prefer to learn
how to use a system by exploring its functionality hands on, and not after sufficient training or examination of
a user’s manual. So the checks that are made during the walkthrough ask questions that address this exploratory
learning. To do this, the evaluators go through each step in the task and provide a ‘story’ about why that step is
or is not good for a new user. To do a walkthrough (the term walkthrough from now on refers to the cognitive
walkthrough, and not to any other kind of walkthrough), you need four things:
1. A specification or prototype of the system. It doesn’t have to be complete, but it should be fairly detailed.
Details such as the location and wording for a menu can make a big difference.
2. A description of the task the user is to perform on the system. This should be a representative task that most
users will want to do.
3. A complete, written list of the actions needed to complete the task with the proposed system.
4. An indication of who the users are and what kind of experience and knowledge the evaluators can assume
about them.
Given this information, the evaluators step through the action sequence (identified in item 3 above) to critique 
the system and tell a believable story about its usability. To do this, for each action, the evaluators try to answer
the following four questions for each step in the action sequence
Heuristic evaluation
A heuristic is a guideline or general principle or rule of thumb that can guide a design decision or be used to 
critique a decision that has already been made. Heuristic evaluation, developed by Jakob Nielsen and Rolf 
Molich, is a method for structuring the critique of a system using a set of relatively simple and general 
heuristics.
Heuristic evaluation can be performed on a design specification so it is useful for evaluating early design. But it
can also be used on prototypes, storyboards and fully functioning systems. It is therefore a flexible, relatively 
cheap approach. Hence it is often considered a discount usability technique.
Model-based evaluation
A third expert-based approach is the use of models. Certain cognitive and design models provide a means of
combining  design  specification  and evaluation  into  the  same framework.  These  are  discussed in  detail  in
Chapter  12.  For  example,  the  GOMS  (goals,  operators,  methods  and  selection)  model  predicts  user
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performance with a particular interface and can be used to filter particular design options. Similarly, lower-
level modeling techniques such as the keystroke-level model provide predictions of the time users will take to
perform low-level physical tasks.
Evaluation through User Participation:
The techniques we have considered so far concentrate on evaluating a design or system through analysis by the
designer, or an expert evaluator, rather than testing with actual users. However, useful as these techniques are
for filtering and refining the design, they are not a replacement for actual usability testing with the people
for whom the system is intended:
Styles of evaluation
Before we consider some of the techniques that are available for evaluation with users, we will distinguish
between two distinct evaluation styles: those performed under laboratory conditions and those conducted in the
work environment or ‘in the field’.

Field studies
The second type of evaluation takes the designer or evaluator out into the user’s work environment in order to
observe the system in action. Again this approach has its pros and cons.
Empirical methods: experimental evaluation:
One of the most powerful methods of evaluating a design or an aspect  of a design is to use a controlled
experiment. This provides empirical evidence to support a particular claim or hypothesis. It can be used to
study a wide range of different issues at different levels of detail.
Any experiment has the same basic form. The evaluator chooses a hypothesis to test, which can be determined
by measuring some attribute of participant behavior.
A number of experimental  conditions  are  considered which differ  only in  the values  of certain controlled
variables. Any changes in the behavioral measures are attributed to the different conditions. Within this basic
form there are a number of factors that are important to the overall reliability of the experiment, which must be
considered carefully in experimental design. These include the participants chosen, the variables tested and
manipulated, and the hypothesis tested.
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Query techniques
Another set of evaluation techniques relies on asking the user about the interface directly. Query techniques can
be useful in eliciting detail of the user’s view of a system. They embody the philosophy that states that the best 
way to find out how a system meets user requirements is to ‘ask the user’. They can be used in evaluation and 
more widely to collect information about user requirements and tasks. The advantage of such methods is that 
they get the user’s viewpoint directly and may reveal issues that have not been considered by the designer.
Evaluation through monitoring physiological responses:
One of the problems with most evaluation techniques is that we are reliant on observation and the users telling 
us what they are doing and how they are feeling. What if we were able to measure these things directly? 
Interest has grown recently in the use of what is sometimes called objective usability testing, ways of 
monitoring physiological aspects of computer use. Potentially this will allow us not only to see more
clearly exactly what users do when they interact with computers, but also to measure how they feel. The two 
areas receiving the most attention to date are eye tracking and physiological measurement.
Choosing An Evaluation Method: 
As we have seen in this chapter, a range of techniques is available for evaluating an interactive system at all 
stages in the design process. So how do we decide which methods are most appropriate for our needs? There 
are no hard and fast rules in this – each method has its particular strengths and weaknesses and each is useful if
applied appropriately. However, there are a number of factors that should be taken into account when selecting 
evaluation techniques. These also provide a way of categorizing the different methods so that we can compare 
and choose between them. In this final section we will consider these factors.
Factors distinguishing evaluation techniques
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We can identify at least eight factors that distinguish different evaluation techniques and therefore help us to 
make an appropriate choice. These are:

 the stage in the cycle at which the evaluation is carried out
 the style of evaluation
  the level of subjectivity or objectivity of the technique
  the type of measures provided
 the information provided
 the immediacy of the response
 the level of interference implied
 the resources required.

Universal Design:
Universal design is the process of designing products so that they can be used by as many people as possible in
as many situations as possible. In our case, this means particularly designing interactive systems that are usable
by anyone, with any range of abilities, using any technology platform. This can be achieved by designing
systems either to have built in redundancy or to be compatible with assistive technologies. An example of the
former might be an interface that has both visual and audio access
to commands; an example of the latter, a website that provides text alternatives for graphics, so that it can be
read using a screen reader.
Universal Design Principles:
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We have defined universal design as ‘the process of designing products so that they can be used by as many 
people as possible in as many situations as possible’. But what does that mean in practice? Is it possible to 
design anything so that anyone can use it – and if we could, how practical would it be? Wouldn’t the cost be 
prohibitive? In reality, we may not be able to design everything to be accessible to everyone, and we certainly 
cannot ensure that everyone has the same experience of using a product, but we can work toward the aim of 
universal design and try to provide an equivalent experience.
Multi-Modal Interaction:
As we have seen in the previous section, providing access to information through more than one mode of 
interaction is an important principle of universal design.
Such design relies on multi-modal interaction.
As we saw in Chapter 1, there are five senses: sight, sound, touch, taste and smell. Sight is the predominant 
sense for the majority of people, and most interactive systems consequently use the visual channel as their 
primary means of presentation, through graphics, text, video and animation.
However, sound is also an important channel, keeping us aware of our surroundings, monitoring people and 
events around us, reacting to sudden noises, providing clues and cues that switch our attention from one thing 
to another. It can also have an emotional effect on us, particularly in the case of music. Music is almost 
completely an auditory experience, yet is able to alter moods, conjure up visual images, evoke atmospheres or 
scenes in the mind of the listener.
Touch, too, provides important information: tactile feedback forms an intrinsic part of the operation of many 
common tools – cars, musical instruments, pens, anything that requires holding or moving. It can form a 
sensuous bond between
individuals, communicating a wealth of non-verbal information. Taste and smell are often less appreciated 
(until they are absent) but they also provide useful information in daily life: checking if food is bad, detecting 
early signs of fire, noticing that manure has been spread in a field, pleasure Examples of the use of sensory 
information are easy to come by (we looked at some in Chapter 1), but the important point is that our everyday 
interaction with each other and the world around us is multi-sensory, each sense providing different 
information that informs the whole.

Sound in the interface:
Sound is an important contributor to usability. There is experimental evidence to suggest that the addition of
audio confirmation of modes, in the form of changes in keyclicks, reduces errors [237]. Video games offer
further evidence, since experts tend to score less well when the sound is turned off than when it is on; they pick
up vital clues and information from the sound while concentrating their visual attention on different things. The
dual presentation of information through sound and vision supports universal design, by enabling access for
users with visual and hearing
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impairments respectively. It also enables information to be accessed in poorly lit or noisy environments. Sound
can convey transient information and does not take up screen space, making it potentially useful for mobile
applications.
Touch in the interface:
We have already considered the importance of touch in our interaction with our environment, in Chapter 1. Touch is the
only sense that can be used to both send and receive information. Although it is not yet widely used in interacting with
computers, there is a significant research effort in this area and commercial applications are becoming available.
The use of touch in the interface is known as haptic interaction. Haptics is a generic term relating to touch, but it can be
roughly divided into two areas: cutaneous perception, which is concerned with tactile sensations through the skin; and
kinesthetics, which is the perception of movement and position. Both are useful in interaction but they require different
technologies.
Handwriting recognition:
Like speech, we consider handwriting to be a very natural form of communication. The idea of being able to interpret
handwritten input is very appealing, and handwriting appears to offer both textual and graphical input using the same
tools. There are problems associated with the use of handwriting as an input medium, however, and in this section we
shall consider these. We will first look at the mechanisms for capturing handwritten information, and then look at the
problems of interpreting it.
Gesture recognition:
Gesture is a component of human–computer interaction that has become the subject of attention in multi-modal systems.
Being able to control the computer with certain movements of the hand would be advantageous in many situations where
there is no possibility of typing, or when other senses are fully occupied. It could also support communication for people
who have hearing loss,  if  signing could be ‘translated’  into speech or  vice  versa.  But,  like  speech,  gesture  is  user
dependent,  subject  to  variation and co-articulation.  The technology for  capturing gestures  is  expensive,  using either
computer  vision  or  a  special  dataglove  (see  Chapter  2).  The  dataglove  provides  easier  access  to  highly  accurate
information, but is a relatively intrusive technology, requiring the user to wear the special Lycra glove. The interpretation
of the sampled data is very difficult, since segmenting the gestures causes problems. A team from Toronto [131] has
produced  a  gesture  recognition  system  that  translates  hand  movements  into  synthesized  speech,  using  five  neural
networks working in parallel to learn and then interpret different parts of the inputs.
Designing For Diversity: 
Designing for users with disabilities
It  is estimated that  at  least  10% of the population of every country has a disability that  will  affect interaction with
computers.  Employers  and manufacturers  of  computing  equipment  have  not  only  a  moral  responsibility  to  provide
accessible products, but often also a legal responsibility. In many countries, legislation now demands that
the workplace must be designed to be accessible or at least adaptable to all – the design of software and hardware should
not unnecessarily restrict the job prospects of people with disabilities.
Hearing impairment:
Compared with a visual disability where the impact on interacting with a graphical interface is immediately obvious, a
hearing impairment may appear to have little impact on the use of an interface. After all, it is the visual not the auditory
channel  that  is  predominantly  used.  To  an  extent  this  is  true,  and  computer  technology  can  actually  enhance
communication opportunities for people with hearing loss. Email and instant messaging are great levellers and can be
used equally by hearing and deaf users alike.
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