First Semester 2016-2017

(Human-Computer Interaction)

1S252/CS255







Contents

Chapter 1 What is interaction design

Chapter 3 Understanding users

Chapter 4 Designing for collaboration and communication
Chapter 6 The process of interaction design

Chapter 7 Identifying needs and establishing requirements
Chapter 8 Design, prototyping and construction

Chapter 9 User-centered approaches to interaction design

Chapter 1: What is interaction design?
1 .1 Introduction

1.2 Good and poor design

1.2.1 What to design

1.3 What is interaction design?

1.3.1the makeup of interaction design

1.3.2 Working top g of interaction design ether as a multidisciplinary team
1 3.3 Interaction design in business

1.4 What is involved in the process of interaction design?
1.5 The goals of interaction design

1.5.1 Usability goals

1.5.2 User experience goals

1.1 Introduction
In this chapter, we begin by examining what interaction design is. We look at

the difference between good and poor design, highlighting how products can differ
radically in their usability. We then describe what and who is involved in interaction
design. In the last part of the chapter we outline core aspects of usability and how
these are used to assess interactive products. An assignment is presented at the end of
the chapter in which you have the opportunity to put into practice what you have read,
by evaluating an interactive product using various usability criteria.
The main aims of the chapter are to:

1. Explain the difference between good and poor interaction design.

2. Describe what interaction design is and how it relates to human-computer

interaction and other fields.

3. Explain what usability is.

4. Describe what is involved in the process of interaction design.

5. Outline the different forms of guidance used in interaction design.

6. Enable you to evaluate an interactive product and explain what is good and bad
about it in terms of the goals and principles of interaction design.

1.2 Good and poor design

A central concern of interaction design is to develop interactive products that are
sable. By this is generally meant easy to learn, effective to use, and provide an
enoyable user experience. A good place to start thinking about how to design usable
interactive products is to compare examples of well and poorly designed ones.
Through identifying the specific weaknesses and strengths of different interactive
systems, we can begin to understand what it means for something to be usable or not.
Here, we begin with an example of a poorly designed system -voice mail- that is used



in many organizations (businesses, hotels, and universities). We then compare this
with an answering machine that exemplifies good design.

1.2.1 What to design

Designing usable interactive products thus requires considering who is going to
be using them and where they are going to be used. Another key concern is under-
standing the kind of activities people are doing when interacting with the products.
The appropriateness of different kinds of interfaces and arrangements of input and
output devices depends on what kinds of activities need to be supported. A key
question for interaction design is: how do you optimize the users' inter-actions with a
system, environment or product, so that they match the users' activities that are being
supported and extended? One could use intuition and hope forthe best. Alternatively,
one can be more principled in deciding which choices to make by basing them on an
understanding of the users. This involves:

1. taking into account what people are good and bad at considering what might
help people with the way they currently do things

2. thinking through what might provide quality user experiences

3. listening to what people want and getting them involved in the design using
"tried and tested" user-based techniques during the design process

Activity 1.1:
How does making a phone call differ when using:
a public phone box
a cell phone?
How have these devices been designed to take into account (a) the kind of users, (b)
type
of activity being supported, and (c) context of use?

1.3 What is interaction design?
By interaction design, we mean
designing interactive products to support people in their everyday and working
lives.
1.3.1 The makeup of interaction design

One of the biggest challenges at that time was to develop computers that could
be accessible and usable by other people, besides engineers, to support tasks
involving human cognition (e.g., doing sums, writing documents, managing
accounts,drawing plans). To make this possible, computer scientists and
psychologists became involved in designing user interfaces. Computer scientists and
software engineers developed high-level programming languages (e.g., BASIC,
Prolog), system architectures, software design methods, and command-based
languages to help in such tasks, while psychologists provided information about
human capabilities (e.g., memory, decision making).

1.3.2 Working together as a multidisciplinary team

Bringing together so many people with different backgrounds and training has
meant many more ideas being generated, new methods being developed, and more
creative and original designs being produced. However, the down side is the costs
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involved. The more people there are with different backgrounds in a design team, the
more difficult it can be to communicate and progress forward the designs being
generated. Why? People with different backgrounds have different perspectives

and ways of seeing and talking about the world (see Figure 1.4).

Figure 1.4 Four different team
members looking at the same
square, but each

Seeing it quite differently.

1.3.3 Interaction design in business

Interaction design is now a big business. In particular, website consultants,
startup companies, and mobile computing industries have all realized its pivotal role
in successful interactive products. To get noticed in the highly competitive field of
web products requires standing out. Being able to say that your product is easy and
effective to use is seen as central to this.

g & products bas greatly
i versmed eoupled w:th the growing rcahzatm

1.4 What is involved in the process of interaction design?

Essentially, the process of interaction design involves four basic activities:
1. Identifying needs and establishing requirements.
2. Developing alternative designs that meet those requirements.



3. Building interactive versions of the designs so that they can be communicated and
assessed.

4. Evaluating what is being built throughout the process.

These activities are intended to inform one another and to be repeated. For example,
measuring the usability of what has been built in terms of whether it is easy to use
provides feedback that certain changes must be made or that certain requirements
have not yet been met.

In addition to the four basic activities of design, there are three key characteristics
of the interaction design process:
1. Users should be involved through the development of the project.
2. Specific usability and user experience goals should be identified, clearly
documented, and agreed upon at the beginning of the project.
3. Iteration through the four activities is inevitable.

1.5 The goals of interaction design

Part of the process of understanding users' needs, with respect to designing an
interactive system to support them, is to be clear about your primary objective. Is it
to design a very efficient system that will allow users to be highly productive in their
work, or is it to design a system that will be challenging and motivating so that it
supports effective learning, or is it something else? We call these top level concerns
usability goals and user experience goals. The two differ in terms of how they are
operationalized,i.e., how they can be met and through what means. Usability goals are
concerned with meeting specific usability criteria (e.g., efficiency) and user
experience goals are largely concerned with explicating the quality of the user
experience (e.g., to be aesthetically pleasing).

1.5.1 Usability goals
To recap, usability is generally regarded as ensuring that interactive products are

easy to learn, effective to use, and enjoyable from the user's perspective. It involves
optimizing the interactions people have with interactive products to enable them to
carry out their activities at work, school, and in their everyday life. More specifically,
usability is broken down into the following goals:

o effective to use (effectiveness)
efficient to use (efficiency)
safe to use (safety)
have good utility (utility)
easy to learn (learnability)

e easy to remember how to use (memorability)
For each goal, we describe it in more detail

Effectiveness is a very general goal and refers to how good a system is at doing
what it is supposed to do.

Efficiency refers to the way a system supports users in carrying out their tasks.
Safety involves protecting the user from dangerous conditions and undesirable

situations. In relation to the first ergonomic aspect, it refers to the external conditions
where people work



Utility refers to the extent to which the system provides the right kind of functionality
so that users can do what they need or want to do.

Learnability refers to how easy a system is to learn to use. It is well known that
people don't like spending a long time learning how to use a system. They want to

get started straight away and become competent at carrying out tasks without too
much effort. This is especially so for interactive products intended for everyday use
(e.g., interactive TV, email) and those used only infrequently (e.g., video
conferencing).

Memorability refers to how easy a system is to remember how to use, once learned.
This is especially important for interactive systems that are used infrequently. If users
haven't used a system or an operation for a few months or longer,they should be able
to remember or at least rapidly be reminded how to use it.

1.5.2 User experience goals
The realization that new technologies are offering increasing opportunities for
sup- porting people in their everyday lives has led researchers and practitioners to
con-sider further goals. The emergence of technologies (e.g., virtual reality, the web,
mobile computing) in a diversity of application areas (e.g., entertainment, educa-
tion, home, public areas) has brought about a much wider set of concerns. As well
as focusing primarily on improving efficiency and productivity at work, interaction
design is increasingly concerning itself with creating systems that are:
e satisfying
e enjoyable
e fun
entertaining
helpful
motivating
aesthetically pleasing
supportive of creativity
rewarding
emotionally fulfilling
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Figure 1.7 Usability and user experience goals. Usability goals are central to interactionde-
sign and are operationalized through specific criteria. User experience goals are shown in
the outer circle and are less clearly defined.

Summary

In this chapter we have looked at what interaction design is and how it has

evolved. We examined briefly its makeup and the various processes involved. We
pointed out how the notion of usability is fundamental to interaction design. This was
explained in some detail,describing what it is and how it is operationalized to assess
the appropriateness, effectiveness, and quality of interactive products. A number of
high-level design principles were also introduced that provide different forms of
guidance for interaction design.

Key points

Interaction design is concerned with designing interactive products to support
people in reading their everyday and working lives.

Interaction design is multidisciplinary, involving many inputs from wide-
reaching disciplines and fields.

Interaction design is now big business: many companies want it but don't
know how to do it.

Optimizing the interaction between users and interactive products requires
taking into account a number of interdependent factors, including context of
use, type of task, and kind of user.

Interactive products need to be designed to match usability goals like ease of
use and learning.

User experience goals are concerned with creating systems that enhance the
user experience in terms of making it enjoyable, fun, helpful, motivating, and
pleasurable.

Design and usability principles, like feedback and simplicity, are useful
heuristics for analyzing and evaluating aspects of an interactive product.
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2.1 Introduction
In this chapter we examine some of the core cognitive aspects of interaction
design. specifically, we consider what humans are good and bad at and show how
this knowledge can be used to inform the design of technologies that both extend
human capabilities andcompensate for their weaknesses. We also look at some of the
influential cognitively based conceptual frameworks that have been developed for
explaining the way humans interact with computers. (Other ways of conceptualizing
human behavior that focus on the social and affective aspects of interaction design
are presented in the following two chapters.)
The main aims of this chapter are to:
e Explain what cognition is and why it is important for interaction design.
e Describe the main ways cognition has been applied to interaction design.
e Provide a number of examples in which cognitive research has led to the
design of more effective interactive products.
e Explain what mental models are.
e Give examples of conceptual frameworks that are useful for interaction
design.
e Enable you to try to elicit a mental model and be able to understand what it
means.
2.2 What is cognition?
Cognition is what goes on in our heads when we carry out our everyday
activities.
It involves cognitive processes, like thinking, remembering, learning, daydreaming,
decision making, seeing, reading, writing and talking. As Figure 3.1 indicates, there
are many different kinds of cognition. Norman (1993) distinguishes between two
general modes: experiential and reflective cognition. The former is a state of mind
in which we perceive, act, and react to events around us effectively and effortlessly.
It requires reaching a certain level of expertise and engagement. Examples include
driving a car, reading a book, having a conversation, and playing a video game. In
contrast, reflective cognition involves thinking, comparing, and decision-making. This
kind of cognition is what leads to new ideas and creativity. Examples include
designing, learning, and writing a book. Norman points out that both modes are
essential for everyday life but that each requires different kinds of technological
support.



What goes on in the mind?

understanding others
talking with others
manipulating others

[ perceiving
thinking
rememberi

learning

planning a meal
imagining a trip
painting
writing
composing

making decisions
solving problems
daydreaming

Figure 3.1 What goes on
in the mind?

Cognition has also been described in terms of specific kinds of processes. These
include:

e attention

e perception and recognition

e memory

e learning

e reading, speaking, and listening

e problem solving, planning, reasoning, decision making

X Attention is the process of selecting things to concentrate on, at a point in
time,from the range of possibilities available. Attention involves our auditory andlor
visual senses. An example of auditory attention is waiting in the dentist's waiting

room for our name to be called out to know when it is our time to go in. An example
of attention involving the visual senses is scanning the football results in a newspaper
to attend to information about how our team has done. Attention allows us focus on
information that is relevant to what we are doing. The extent to which this process is
easy or difficult depends on (i) whether we have clear goals and (ii)whether the
information we need is salient in the environment:

()Our goals If we know exactly what we want to find out, we try to match this
with the information that is available.

(i) Information presentation The way information is displayed can also greatly in-
fluence how easy or difficult it is to attend to appropriate pieces of information.

%+ Perception refers to how information is acquired from the environment, via
the different sense organs (e.g., eyes, ears, fingers) and transformed into
experiences of objects, events, sounds, and tastes (Roth, 1986). It is a complex
process, involving other cognitive processes such as memory, attention, and
language. Vision is the most dominant sense for sighted individuals, followed
by hearing and touch. With respect to interaction design, it is important to
present information in a way that can be readily perceived in the manner
intended. For example, there are many ways to design icons. The key is to
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make them easily distinguishable from one another and to make it simple to
recognize what they are intended to represent .

s Memory involves recalling various kinds of knowledge that allow us to act
appropriately. It is very versatile, enabling us to do many things. For example, it
allows us to recognize someone's face, remember someone's name, recall when we
last met them and know what we said to them last. Simply, without memory we
would not be able to function.

% Learning can be considered in terms of (i) how to use a computer-based

application or (ii) using a computer-based application to understand a given topic.

Jack Carroll (1990) and his colleagues have written extensively about how to

design interfaces to help learners develop computer-based skills.

A main observation is that people find it very hard to learn by following sets of
instructions in a manual. Instead, they much prefer to "learn through doing." GUIs
and direct manipulation interfaces are good environments for supporting this kind of
learning by supporting exploratory interaction and importantly allowing users to
"undo” their actions, i.e., return to previous state if they make a mistake by clicking
on the wrong option. Carroll has also suggested that another way of helping learners
is by using a "training-wheelsapproach. This involves restricting the possible
functions that can be carried out by a novice to the basics and then extending these as
the novice becomes more experienced. The underlying rationale is to make initial
learning more tractable, helping the learner focus on simple operations before moving
on to more complex ones.

% Reading, speaking and listening: these three forms of language processing
have both similar and different properties. One similarity is that the meaning of
sentences or phrases is the same regardless of the mode in which it is conveyed. For
example, the sentence "Computers are a wonderful invention™ essentially has the
same meaning whether one reads it, speaks it, or hears it. However, the ease with
which people can read, listen, or speak differs depending on the person, task, and
context. For example, many people find listening much easier than reading. Specific
differences between the three modes include:

e Written language is permanent while listening is transient. It is possible to
reread information if not understood the first time round. This is not possible with
spoken information that is being broadcast.

e Reading can be quicker than speaking or listening, as written text can be
rapidly scanned in ways not possible when listening to serially presented spoken
words.

e Listening requires less cognitive effort than reading or speaking. Children,
especially, often prefer to listen to narratives provided in multimedia or
web-based learning material than to read the equivalent text online.

e Written language tends to be grammatical while spoken language is often
ungrammatical. For example, people often start a sentence and stop in
mid-sentence, letting someone else start speaking.

e There are marked differences between people in their ability to use language.

Some people prefer reading to listening, while others prefer listening.

Likewise, some people prefer speaking to writing and vice versa.

e Dyslexics have difficulties understanding and recognizing written words,
making it hard for them to write grammatical sentences and spell correctly.

e People who are hard of hearing or hard of seeing are also restricted in the
way they can process language.
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% Problem-solving, planning, reasoning and decision-making are all cognitive
processes involving reflective cognition. They include thinking about what to do,
what the options are, and what the consequences might be of carrying out a given
action. They often involve conscious processes (being aware of what one is thinking
about), discussion with others (or oneself), and the use of various kinds of artifacts,
(e.g., maps, books, and pen and paper).
Comparing different sources of information is also common practice when seeking
information on the web. For example, just as people will phone around for a range of
quotes, so too, will they use different search engines to find sites that give the best
deal or best information. If people have knowledge of the pros and cons of different
search engines, they may also select different ones for different kinds of queries. For
example, a student may use a more academically oriented one when looking for
information for writing an essay, and a more commercially based one when trying to
find out what's happening in town.

2.3 Applying knowledge from the physical world to the digital world

A well known approach to applying knowledge about everyday psychology to
interaction design is to emulate, in the digital world, the strategies and methods
people commonly use in the physical world. An assumption is that if these work well
in the physical world, why shouldn't they also work well in the digital world? In
certain situations, this approach seems like a good idea. Examples of applications that
have been built following this approach include electronic post -it notes in the form of
"stickies," electronic "to-do" lists,and email reminders of meetings and other events
about to take place. The stickies application displays different colored notes on the
desktop in which text can be inserted, deleted, annotated, and shufffed around,
enabling people to use them to remind themselves of what they need to do-analogous
to the kinds of externalizing they do when using paper stickies.
Emulating real-world activity at the interface can be a powerful design strategy,
provided that new functionality is incorporated that extends or supports the users in
their tasks in ways not possible in the physical world. The key is really to understand
the nature of the problem being addressed in the electronic world in relation to the
various coping and externalizing strategies people have developed to deal with the
physical world.

2.4 Conceptual frameworks for cognition
In this section we examine three of people's coping strategies in the physical
world to the digital world., which each have a different perspective on cognition:
e mental models
e information processing
e external cognition

2.4.1 Mental models

What happens when people are learning and using a system is that they develop
knowledge of how to use the system and, to a lesser extent, how the system works.
These two kinds of knowledge are often referred to as a user's mental model.
Having developed a mental model of an interactive product, it is assumed that people
will use it to make inferences about how to carry out tasks when using the interactive
product. Mental models are also used to fathom what to do when something
unexpected happens with a system and when encountering unfamiliar systems. The
more someone learns about a system and how it functions, the more their mental
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model develops.For example, TV engineers have a "deep" mental model of how TVs
work that allows them to work out how to fix them.

2.4.2 information processing

Another approach to conceptualizing how the mind works has been to use
metaphors and analogies.A number of comparisons have been made, including
conceptualizing the mind as a reservoir, a telephone network, and a digital computer.
One prevalent metaphor from cognitive psychology is the idea that the mind is an
information processor. Information is thought to enter and exit the mind through a
series of ordered processing stages (see Figure 3.11). Within these stages, various
processes are assumed to act upon mental representations. Processes include
comparing and matching. Mental representations are assumed to comprise images,
mental models, rules, and other forms of knowledge.

output
or

response

Stage 1 Stage 2 Stage 3 Stage 4

Figure 3.11 Human information processing model.

Several researchers have argued that existing information processing approaches
are too impoverished:

The traditional approach to the study of cognition is to look at the pure intellect,
isolated from distractions and from artificial aids. Experiments are performed in
closed, isolated rooms, with a minimum of distracting lights or sounds, no other
people to assist with the task, and no aids to memory or thought. The tasks are
arbitrary ones, invented by the researcher. Model builders build simulations and
descriptions of these isolated situations.

The theoretical analyses are self -contained little structures, isolated from the world,
isolated from any other knowledge or abilities ofthe person. (Norman, 1990, p. 5)

Instead, there has been an increasing trend to study cognitive activities in the
Context in which they occur, analyzing cognition as it happens "'in the wild"*
(Hutchins, 1995). A central goal has been to look at how structures in the environment
can both aid human cognition and reduce cognitive load. A number of alternative
frameworks have been proposed, including external cognition and distributed
cognition.

2.4.3 External cognition

People interact with or create information through using a variety of external
representations, e.g., books, multimedia, newspapers, web pages, maps, diagrams,
notes, drawings, and so on. Furthermore, an impressive range of tools has been
developed throughout history to aid cognition, including pens, calculators, and
computer-based technologies. The combination of external representations and
physical tools have greatly extended and supported people's ability to carry out
cognitive activities (Norman, 1993). Indeed, they are such an integral part that it is
difficult to imagine how we would go about much of our everyday life without them.
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External cognition is concerned with explaining the cognitive processes involved
When we interact with different external representations (Scaife and Rogers, 1996).
A main goal is to explicate the cognitive benefits of using different representations
for different cognitive activities and the processes involved. The main ones include:
1. externalizing to reduce memory load

2. computational offloading

3. annotating and cognitive tracing

1 .Externalizing to reduce memory load
A number of strategies have been developed for transforming knowledge into

external representations to reduce memory load. One such strategy is externalizing
things we find difficult to remember, such as birthdays, appointments, and addresses.
Diaries, personal reminders and calendars are examples of cognitive artifacts that are
commonly used for this purpose, acting as external reminders of what we need to do
at a given time (e.g., buy a card for a relative's birthday).
Externalizing, therefore, can help reduce people's memory burden by:

e reminding them to do something (e.g., to get something for their mother's
birthday)

e reminding them of what to do (e.g., to buy a card)

e reminding them of when to do something (send it by a certain date)

2. Computational offloading

Computational offloading occurs when we use a tool or device in conjunction
with an external representation to help us carry out a computation. An example is
using pen and paper to solve a math problem.

3. Annotating and cognitive tracing

Another way in which we externalize our cognition is by modifying
representations to reflect changes that are taking place that we wish to mark. For
example, people often cross things off in a to-do list to show that they have been
completed. They may also reorder objects in the environment, say by creating
different piles as the nature of the work to be done changes. These two kinds of
modification are called annotating and cognitive tracing:
Annotating involves modifying external representations, such as crossing off
or underlining items.

2.5 Informing design: from theory to practice

Theories, models, and conceptual frameworks provide abstractions for thinking
about phenomena. In particular, they enable generalizations to be made about
cognition across different situations. For example, the concept of mental models
provides a means of explaining why and how people interact with interactive products
in the way they do across a range of situations. The information processing model has
been used to predict the usability of a range of different interfaces.
Theory in its pure form, however, can be difficult to digest. The arcane terminology
and jargon used can be quite off-putting to those not familiar with it. It also requires
much time to become familiar with it-something that designers and engineers can't
afford when working to meet deadlines.
Researchers have tried to help out by making theory more accessible and practical.
This has included translating it into:

e design principles and concepts
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design rules
analytic methods
design and evaluation methods

Summary

This chapter has explained the importance of understanding users, especially their
cognitive aspects. It has described relevant findings and theories about how people
carry out their everyday activities and how to learn from these when designing
interactive products. It has provided illustrations of what happens when you design
systems with the user in mind and what happens when you don't.
It has also presented a number of conceptual frameworks that allow ideas about
cognition to be generalized across different situations.

Key points

Cognition comprises many processes, including thinking, attention, learning,
memory, perception, decision-making, planning, reading, speaking, and
listening.

The way an interface is designed can greatly affect how well people can
perceive, attend,learn, and remember how to carry out their tasks.

The main benefits of conceptual frameworks and cognitive theories are that
they can explain user interaction and predict user performance.

The conceptual framework of mental models provides a way of
conceptualizing the user's understanding of the system.

Research findings and theories from cognitive psychology need to be carefully
reinterpreted in the context of interaction design to avoid oversimplification
and misapplication.
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Chapter 3 :The process of interaction design

3.1 Introduction

3.2 What is interaction design about?

3.2.1Four basic activities of interaction design

3.2.2 Three key characteristics of the interaction design process
3.3 Lifecycle models: showing how the activities are related
3.3.1A simple lifecycle model for interaction design

3.3.2 Lifecycle models in software engineering

3.3.3Lifecycle models in HCI

3.1. Introduction
In this chapter, we raise and answer these kinds of questions and discus|s the four
basic activities and key characteristics of the interaction design process| that were
introduced in Chapter 1. We also introduce a lifecycle model of interaction design that
captures these activities and characteristics.
The main aims of this chapter are to:
1. Consider what 'doing" interaction design involves.
2. Ask and provide answers for some important questions about the interaction
design process.
3. Introduce the idea of a lifecycle model to represent a set of activities and how
they are related.
4. Describe some lifecycle models from software engineering and HCI and
discuss how they relate to the process of interaction design.
5. Present a lifecycle model of interaction design.

3.2 What is interaction design about?

Interaction design involves developing a plan which is informed by the product's
intended use, target domain, and relevant practical considerations. Alternative designs
need to be generated, captured, and evaluated by users. For the evaluation to be
successful, the design must be expressed in a form suitable for users to interact with.

3.2.1Four basic activities of interaction design

Four basic activities for interaction design were introduced in Chapter 1. These
are: identifying needs and establishing requirements, developing alternative designs
that meet those requirements, building interactive versions so that they can be
communicated and assessed, and evaluating them, i.e., measuring their acceptability.
They are fairly generic activities and can be found in other designs disciplines too.
We will be expanding on each of the basic activities of interaction design in the
next two chapters. Here we give only a brief introduction to each.

Identifying needs and establishing requirements

In order to design something to support people, we must know who our target
users are and what kind of support an interactive product could usefully provide.
These needs form the basis of the product's requirements and underpin subsequent
design and development. This activity is fundamental to a user centered approach, and
IS very important in interaction design.
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Developing alternative designs

This is the core activity of designing: actually suggesting ideas for meeting the
requirements. This activity can be broken up into two sub-activities: conceptual
design and physical design. Conceptual design involves producing the conceptual
model for the product, and a conceptual model describes what the product should do,
behave and look like. Physical design considers the detail of the product including the
colors, sounds, and images to use, menu design, and icon design. Alternatives are
considered at every point.

Building interactive versions of the designs

Interaction design involves designing interactive products. The most sensible way
for users to evaluate such designs, then, is to interact with them. This requires an
interactive version of the designs to be built, but that does not mean that a software
version is required. There are different techniques for achieving "interaction,” not
all of which require a working piece of software. For example, paper-based proto-
types are very quick and cheap to build and are very effective for identifying
problems in the early stages of design, and through role-playing users can get a real
sense of what it will be like to interact with the product.

Evaluating designs

Evaluation is the process of determining the usability and acceptability of the
product or design that is measured in terms of a variety of criteria including the
number of
errors users make using it, how appealing it is, how well it matches the requirements,
and so on. Interaction design requires a high level of user involvement throughout
development, and this enhances the chances of an acceptable product being delivered.
In most design situations you will find a number of activities concerned with quality
assurance and testing to make sure that the final product is "fit-for-purpose.”
Evaluation does not replace these activities, but complements and enhances them.
The activities of developing alternative designs, building interactive versions of
the design, and evaluation are intertwined: alternatives are evaluated through the
interactive versions of the designs and the results are feedback into further design.
This iteration is one of the key characteristics of the interaction design process.

3.2.2 Three key characteristics of the interaction design process

There are three characteristics that we believe should form a key part of the
interaction design process. These are: a user focus, specific usability criteria, and
iteration. The need to
focus on users has been emphasized throughout this book, so you will not be
surprised to see that it forms a central plank of our view on the interaction design
process.

Specific usability and user experience goals should be identified, clearly
documented, and agreed upon at the beginning of the project. They help designers to
choose between different alternative designs and to check on progress as the product
is developed.

Iteration allows designs to be refined based on feedback. As users and designers

engage with the domain and start to discuss requirements, needs, hopes and
aspirations, then different insights into what is needed, what will help, and what is
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feasible will emerge.

3.3 Lifecycle models: showing how the activities are related
Understanding what activities are involved in interaction design is the first step to

being able to do it, but it is also important to consider how the activities are related to
one another so that the full development process can be seen. The term lifecycle
model is used to represent a model that captures a set of activities and how they are
related. Sophisticated models also incorporate a description of when and how to move
from one activity to the next and a description of the deliverables for each activity.
The reason such models are popular is that they allow developers, and particularly
managers, to get an overall view of the development effort so that progress can be
tracked, deliverables specified, resources allocated, targets set, and so on.

3.3.1 A simple lifecycle model for interaction design

We see the activities of interaction design as being related as shown in Figure 6.7.
This model incorporates iteration and encourages a user focus. While the outputs
from each activity are not specified in the model. Most projects start with identifying
needs and requirements. The project may have arisen because of some evaluation that
has been done, but the lifecycle of the new (or modified) product can be thought of as
starting at this point. From this activity, some alternative designs are generated in an
attempt to meet the needs and requirements that have been identified. Then interactive
versions of the designs are developed and evaluated. Based on the feedback from the
evaluations, the team may need to return to identifying needs or refining
requirements, or it may go straight into redesigning. It may be that more than one
alternative design follows this iterative cycle in parallel with others, or it may be that
one alternative at a time is considered. Implicit in this cycle is that the final product
will emerge in an evolutionary fashion from a rough initial idea through to the
finished product.

Final product

Figure 6.7 A simple interaction design model.

3.3.2 Lifecycle models in software engineering
Software engineering has spawned many lifecycle models, including the waterfall,
the spiral, and rapid applications development (RAD).
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The waterfall lifecycle model

The waterfall lifecycle was the first model generally known in software
engineering and forms the basis of many lifecycles in use today. This is basically a
linear model in which each step must be completed before the next step can be started
(see Figure 6.8)

Figure 6.8 The waterfall lifecycle model of software development.

The spiral lifecycle model

For many years, the waterfall formed the basis of most software developments, but
in 1988 Barry Boehm (1988) suggested the spiral model of software development
(see Figure 6.9). Two features of the spiral model are immediately clear from Figure
6.9: risk analysis and prototyping. The spiral model incorporates them in an iterative
framework that allows ideas and progress to be repeatedly checked and evaluated.
Each iteration around the spiral may be based on a different lifecycle model and may
have different activities.
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(RAD) approach attempts to take a user-centered view and to minimize the risk
caused by requirements changing during the course of the project. The ideas behind
RAD began to emerge in the early 1990s, also in response to the inappropriate nature
of the linear lifecycle models based on the waterfall. Two key features of A RAD
project are:

e Time-limited cycles of approximately six months, at the end of which a
system or partial system must be delivered. This is called time-boxing. In
effect, this breaks down a large project into many smaller projects that can
deliver products incrementally, and enhances flexibility in terms of the
development techniques used and the maintainability of the final system.

e JAD (Joint Application Development) workshops in which users and
developers come together to thrash out the requirements of the system (Wood
and Silver, 1995). These are intensive requirements-gathering sessions which
difficult issues are faced and decisions are made. Representatives each
identified stakeholder group should be involved in each workshop that all the
relevant views can be heard.
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3.3.3 Lifecycle models in HCI

Another of the traditions from which interaction design has emerged is the field of
HCI (human -computer interaction). Fewer lifecycle models have arisen from this
field than from software engineering and, as you would expect, they have a stronger
tradition of user focus. We describe two of these here. The first one, the Star, was
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derived from empirical work on understanding how designers tackled HCI design
problems. This represents a very flexible process with evaluation at its core. In
contrast, the second one, the usability engineering lifecycle, shows a more structured
approach and hails from the usability engineering tradition.

The Star Lifecycle Model

In 1989, the Star lifecycle model was proposed by Hartson and Hix (1989) (see
Figure 6.13). This emerged from some empirical work they did looking at how
interface designers went about their work. They identified two different modes of
activity: analytic mode and synthetic mode. The former is characterized by such
notions as top -down, organizing, judicial,and formal, working from the systems view
towards the user's view; the latter is characterized by such notions as bottom-up, free-
thinking, creative and ad hoc, working from the user's view towards the systems
view. Interface designers move from one mode to another when designing a similar
behavior has been observed in software designers (Guindon,1990).

Figure 6.13 The Star lifecycle
model.

The Usability Engineering Lifecycle
The Usability Engineering Lifecycle was proposed by Deborah Mayhew in 1999

(Mayhew, 1999). The lifecycle itself has essentially three tasks: requirements
analysis, design, testing, development, and installation, with the middle stage being
the largest and involving many subtasks (see Figure 6.14). Note the production of a
set of usability goals in the first task. Mayhew suggests that these goals be captured
in a style guide that is then used throughout the project to help ensure that the
usability goals are adhered to.
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Figure 6.14 (continued).

Summary

In this chapter, we have looked at the process of interaction design, i.e., what
activities are required in order to design an interactive product, and how lifecycle
models show te relationships between these activities.
A simple interaction design model consisting of four activities was introduced and
issues surrounding the identification of users, generating alternative designs, and
evaluating designs were discussed. Some lifecycle models from software engineering
and HCI were introduced.

Key points

The interaction design process consists of four basic activities: identifying
needs and establishing requirements, developing alternative designs that meet
those requirements, building interactive versions of the designs so that they
can be communicated and assessed, and evaluating them.

Key characteristics of the interaction design process are explicit incorporation
of user involvement, iteration, and specific usability criteria.

Before you can begin to establish requirements, you must understand who the
users are and what their goals are in using the device.

Looking at others' designs provides useful inspiration and encourages
designers to consider alternative design solutions, which is key to effective
design.

Usability criteria, technical feasibility, and users' feedback on prototypes can
all be used to choose among alternatives.

Prototyping is a useful technique for facilitating user feedback on designs at
all stages.

Lifecycle models show how development activities relate to one another.

The interaction design process is complementary to lifecycle models from
other fields.
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Chapter 4 : Introducing evaluation
4.1 Introduction

4.2 What, why, and when to evaluate
4.2.1 What to evaluate

4.2.2 Why you need to evaluate

4.2.3 When to evaluate

4.3Hutchworld case study

4.3.1 How the team got started: Early design ideas
4.3.2 How was the testing done?

4.3.3 Was it tested again?

4.3.4 Looking to the future

4.4 Discussion

4.1 Introduction
This chapter begins by discussing what evaluation is, why evaluation is important,
and when to use different evaluation techniques and approaches. Then a case study is
presented about the evaluation techniques used by Microsoft researchers and the Fred
Hutchinson Cancer Research Center in developing HutchWorld (Cheng et al., 2000),
a virtual world to support cancer patients, their families, and friends. This case study
is chosen because it illustrates how a range of techniques is used during the
development of a new product. It introduces some of the practical problems that
evaluators encounter and shows how iterative product development is informed by a
series of evaluation studies. The HutchWorld study also lays the foundation for the
evaluation framework. The main aims of this chapter are to:

e Explain the key concepts and terms used to discuss evaluation.

e Discuss and critique the HutchWorld case study.

e Examine how different techniques are used at different stages in the

development of HutchWorld.

e Show how developers cope with real-world constraints in the development

of HutchWorld.

4.2 What, why, and when to evaluate

Users want systems that are easy to learn and to use as well as effective, efficient,
safe, and satisfying. Being entertaining, attractive, and challenging, etc. is also
essential for some products. So, knowing what to evaluate, why it is important, and
when to evaluate are key skills for interaction designers.

4.2.1 What to evaluate

There is a huge variety of interactive products with a vast array of features that
need to be evaluated. Some features, such as the sequence of links to be followed to
find an item on a website, are often best evaluated in a laboratory, since such a setting
allows the evaluators to control what they want to investigate. Other aspects, such as
whether a collaborative toy is robust and whether children enjoy interacting with it,
are better evaluated in natural settings, so that evaluators can see what children do
when left to their own devices.

4.2.2 Why you need to evaluate

Just as designers shouldn't assume that everyone is like them, they also shouldn't
presume that following design guidelines guarantees good usability, Evaluation is
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needed to check that users can use the product and like it.

Tognazzini points out that there are five good reasons for investing in user testing:

1. Problems are fixed before the product is shipped, not after.

2. The team can concentrate on real problems, not imaginary ones.

3. Engineers code instead of debating.

4. Time to market is sharply reduced.

5. Finally, upon first release, your sales department has a rock-solid design it can sell
without having to pepper their pitches with how it will all actually work in release 1.1
or 2.0.

4.2.3 When to evaluate

The product being developed may be a brand-new product or an upgrade of an
existing product. If the product is new, then considerable time is usually invested in
market research. Designers often support this process by developing mockups of the
potential product that are used to elicit reactions from potential users. As well as
helping to assess market need, this activity contributes to understanding users' needs
and early requirements uation is to assess how well a design fulfills users' needs and
whether users like it.
In the case of an upgrade, there is limited scope for change and attention is focused on
improving the overall product. This type of design is well suited to usability
engineering in which evaluations compare user performance and attitudes with those
for previous versions. Some products, such as office systems, go through many
versions, and successful products may reach double digit version numbers. In
contrast, new products do not have previous versions and there may be nothing
comparable on the market, so more radical changes are possible if evaluation results
indicate a problem.
Evaluations done during design to check that the product continues to meet users'
needs are know as formative evaluations. Evaluations that are done to assess the
success of a finished product, such as those to satisfy a sponsoring agency or to check
that a standard is being upheld, are know as summative evaluation. Agencies such as
National Institute of Standards and Technology (NIST) in the USA, the In ternational
Standards Organization (ISO) and the British Standards Institute (BSI) set standards
by which products produced by others are evaluated.

4.3 HutchWorld case study

HutchWorld is a distributed virtual community developed through collaboration
between Microsoft's Virtual Worlds Research Group and librarians and clinicians at
the Fred Hutchinson Cancer Research Center in Seattle, Washington. The system
enables cancer patients, their caregivers, family, and friends to chat with one another,
tell their stories, discuss their experiences and coping strategies, and gain emotional
and practical support from one another (Cheng et. al.,2000). The design team decided
to focus on this particular population because caregivers and cancer patients are
socially isolated: cancer patients must often avoid physical contact with others
because their treatments suppress their immune systems. Similarly, their caregivers
have to be careful not to transmit infections to patients.

4.3.1How the design team got started: early design ideas

Before developing this product, the team needed to learn about the patient
experience at the Fred Hutchinson Center. For instance, what is the typical treatment
process, what resources are available to the patient community, and what are the
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needs of the different user groups within this community? They had to be particularly
careful about doing this because many patients were very sick. Cancer patients also
typically go through bouts of low emotional and physical energy.

Caregivers also may have difficult emotional times, including depression, exhaustion,
and stress. Furthermore, users vary along other dimensions, such as education and
experience with computers, age and gender and they come from different cultural
backgrounds with different expectations.

The development team decided that HutchWorld should be available for patients any
time of day or night, regardless of their geographical location. The team's informal
visits to the Fred Hutchinson Center led to the development of an early prototype.
They followed a user-centered development methodology. Having got a good feel for
the users' needs, the team brainstormed different ideas for an organizing theme to
shape the conceptual design a conceptual model possibly based on a metaphor. After
much discussion, they decided to make the design resemble the outpatient clinic lobby
of the Fred Hutchinson Cancer ResearchCenter. By using this real-world metaphor,
they hoped that the users would easily infer what functionality was available in
HutchWorld from their knowledge of the real clinic. The next step was to decide upon
the kind of communication environment to use. Should it be synchronous or
asynchronous? Which would support social and affective communications best? A
synchronous chat environment was selected because the team thought that this would
be more realistic and personal than an asynchronous environment. They also decided
to include 3D photographic avatars so that users could enjoy having an identifiable
online presence and could easily recognize each other.

The prototype was reviewed with users throughout early development and was

later tested more rigorously in the real environment of the Hutch Center using a
variety of techniques.

A Microsoft product called VV-Chat was used to develop second interactive prototype
with the subset of the features in the preliminary design ,however, only the lobby was
fully developed.

Before testing could begin, the team had to solve some logistical issues. There were
two key questions. Who would provide training for the testers and help for the
patients? And how many systems were needed for testing and where should they be
placed? As in many high -tech companies, the Microsoft team was used to short,
market-driven production schedules, but this time they were in for a shock.
Organizing the testing took much longer than they anticipated, but they soon learned
to set realistic expectations that were in synch with hospital activity and the
unexpected delays that occur when working with people who are unwell.

4.3.2 How was the testing done?

The team ran two main sets of user tests. The first set of tests was informally run
onsite at the Fred Hutchinson Center in the hospital setting. After observing the
system in use on computers located in the hospital setting, the team redesigned the
software and then ran formal usability tests in the usability labs at Microsoft.

Test 1 : Early observations onsite

In the informal test at the hospital, six computers were set up and maintained by
Hutch staff members. A simple, scaled -back prototype of HutchWorld was built
using the existing product, Microsoft VV-Chat and was installed on the computers,
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which patients and their families from various hospital locations used. Over the
course of several months, the team trained Hutch volunteers and hosted events in

the V-Chat prototype. The team observed the usage of the space during unscheduled
times, and they also observed the general usage of the prototype.

Test 1 : What was learned?

This V-Chat test brought up major usability issues. First, the user community was

relatively small, and there were never enough participants in the chat room for
successful communication-a concept known as critical mass. In addition, many of the
patients were not interested in or simultaneously available for chatting. Instead, they
preferred asynchronous communication, which does not require an immediate
response. Patients and their families used the computers for email, journals,
discussion lists, and the bulletin boards largely because they could be used at any time
and did not require others to be present at the same time. The team learned that a
strong asynchronous base was essential for communication.
The team also observed that the users used the computers to play games and to search
the web for cancer sites approved by Hutch clinicians. This information was not
included in the virtual environment, and so users were forced to use many different
applications. A more "unified" place to find all of the Hutch content was desired that
let users rapidly swap among a variety of communication, information, and
entertainment tasks.

Test 1 : The redesign

Based on this trial, the team redesigned the software to support more
asynchronous communication and to include a variety of communication,
information, and entertainment areas. They did this by making HutchWorld function
as a portal that provides access to information -retrieval tools, communication tools,
games, and other types of entertainment. Other features were incorporated too,
including email, a bulletin board, a text-chat, a web page creation tool, and a way of
checking to see if anyone is around to chat with in the 3D world.

Test 2: Usability tests

After redesigning the software, the team then ran usability tests in the Microsoft
usability labs. Seven participants (four male and three female) were tested. Four
of these participants had used chat rooms before and three were regular users. All had
browsed the web and some used other communications software. The participants
were told that they would use a program called HutchWorld that was designed to
provide support for patients and their families. They were then given five minutes to
explore HutchWorld. They worked independently and while they explored they
provided a running commentary on what they were looking at, what they were
thinking, and what they found confusing. This commentary was recorded on video
and so were the screens that they visited, so that the Microsoft evaluator, who
watched through a one -way mirror, had a record of what happened for later analysis.
Participants and the evaluator interacted via a microphone and speakers. When the
five-minute exploration period ended, the participants were asked to complete a series
of structured tasks that were designed to test particular features of the HutchWorld
interface.
These tasks focused on how participants dealt with their virtual identity; that is, how
they represented themselves and were perceived by others communicated with others
got the information they wanted found entertainment
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4.3.3 Was it tested again?

Following the usability testing, there were more rounds of observation and testing
with six new participants, two males and four females. These tests followed the same
general format as those just described but this time they tested multiple users at once,
to ensure that the virtual world supported multiuser interactions. The tests were also
more detailed and focused. This time the results were more positive, but of course
there were still usability problems to be fixed. Then the question arose: what to do
next? In particular, had they done enough testing (see Dilemma)?

After making a few more fixes, the team stopped usability testing with specific tasks.
But the story didn't end here. The next step was to show HutchWorld to cancer
patients and caregivers in a focus-group setting at the Fred Hutchinson Cancer
Research Center to get their feedback on the final version. Once the team made
adjustments to HutchWorld in response to the focus-group feedback, the final step
was to see how well HutchWorld worked in a real clinical environment. It was
therefore taken to a residential building used for long term patient and family stays
that was fully wired for Internet access. Here, the team observed what happened when
it was used in this natural setting. In particular, they wanted to find out how
HutchWorld would integrate with other aspects of patients' lives, particularly with
their medical care routines and their access to social support. This informal
observation allowed them to examine patterns of use and to see who used which parts
of the system, when, and why.

4.3.4 Looking to the future

Future studies were planned to evaluate the effects of the computers and the
software in the Fred Hutchinson Center. The focus of these studies will be the social
support and wellbeing of patients and their caregivers in two different
conditions. There will be a control condition in which users (i.e., patients) live in the
residential building without computers and an experimental condition in which users
live in similar conditions but with computers, Internet access, and HutchWorld. The
team will evaluate the user data (performance and observation) and surveys collected
in the study to investigate key questions, including:

e How does the computer and software impact the social wellbeing of patients

and their caregivers?

e What type of computer-based communication best supports this patient
community?

e What are the general usage patterns? i.e., which features were used and at

e what time of day were they used, etc.?
How might any medical facility use computers and software like Hutch-World to
provide social support for its patients and caregivers?

4.4 Discussion

In both HutchWorld and the 1984 Olympic Messaging System, a variety of
evaluation techniques were used at different stages of design to answer different
questions.
"Quick and dirty" observation, in which the evaluators informally examine how a
prototype is used in the natural environment, was very useful in early design.
Following this with rounds of usability testing and redesign revealed important
usability problems. However, usability testing alone is not sufficient.
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Field studies were needed to see how users used the system in their natural
environments, and sometimes the results were surprising. For example, in the OMS
system users from different cultures behaved differently. A key issue in the
HutchWorld study was how use of the system would fit with patients' medical
routines and changes in their physical and emotional states. Users' opinions also
offered valuable insights. After all, if users don't like a system, it doesn't matter how
successful the usability testing is: they probably won't use it. Questionnaires and
interviews were used to collect user's opinions.
An interesting point concerns not only how the different techniques can be used to
address different issues at different stages of design, but also how these techniques
complement each other. Together they provide a broad picture of the system's
usability and reveal different perspectives. In addition, some techniques are better
than others for getting around practical problems. This is a large part of being a
successful evaluator. In the HutchWorld study, for example, there were not many
users, so the evaluators needed to involve them sparingly. For example, a technique
requiring 20 users to be available at the same time was not feasible in the HutchWorld
study, whereas there was no problem with such an approach in the OMS study.
Furthermore, the OMS study illustrated how many different techniques, some of
which were highly opportunistic, can be brought into play depending on
circumstances. Some practical issues that evaluators routinely have to address
include:

e what to do when there are not many users

e how to observe users in their natural location (i.e., field studies) without
disturbing them
having appropriate equipment available
dealing with short schedules and low budgets
not disturbing users or causing them duress or doing anything unethical
collecting "useful” data and being able to analyze it
selecting techniques that match the evaluators' expertise

Summary

The aim of this chapter was to introduce basic evaluation concepts that will be
revisited and built on in the next four chapters. We selected the HutchWorld case
study because it illustrates how a team of designers evaluated a novel system and
coped with a variety of practical constraints. It also shows how different techniques
are needed for different purposes and how techniques are used together to gain
different perspectives on a product's usability. Thisstudy highlights how the
development team paid careful attention to usability and user experience goals as they
designed and evaluated their system.

Key points

e Evaluation and design are very closely integrated in user-centered design.

e Some of the same techniques are used in evaluation as in the activity of
establishing requirements and identifying users' needs, but they are used
differently (e.g., interviews and questionnaires, etc.).

e Triangulation involves using combinations of techniques in concert to get
different perspectives or to examine data in different ways.

Dealing with constraints, such as gaining access to users or accommodating
users' routines, is an important skill for evaluators to develop.
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https://ar.wikipedia.org/w/index.php?title=%D8%AA%D8%A3%D9%85%D9%84_%D8%A7%D9%84%D9%86%D9%81%D8%B3&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%83%D8%AA%D8%B4%D8%A7%D9%81_%D8%A7%D9%84%D9%85%D8%AC%D9%87%D9%88%D9%84&action=edit&redlink=1
https://ar.wikipedia.org/wiki/%D8%B0%D8%A7%D8%AA
https://ar.wikipedia.org/wiki/%D8%A3%D9%81%D9%84%D8%A7%D8%B7%D9%88%D9%86

c‘)"aﬂ\@_}l_\ku‘_@\_\w‘):\mﬁj“ﬂ‘)ht}m}a‘j:\s‘)ﬂ\Q\ﬂ\uydhm‘ﬂ\jdduﬂ\sﬁwbtaﬁiaﬁ}d‘j
de ) siSal A L a8 385 110y sl e (3 sl AV QD e aal g o) e s Ll a0
S s 8l 4l gy Aalal) Gl GV ) 8 s g A8 yeae AISE Ll gl Ly e o pmesall il 1)

OF CRade (el 5 o Ja0 5 atile Jiad 2 ga sl A O s (B o gl s J sl 2y Uin GISH s S
Agulal pualic 430 Aul 50 IR (e sala ol s e (Y 8 el el Joa i) Sy ) 4aly

30


https://ar.wikipedia.org/wiki/%D9%85%D8%B9%D8%B1%D9%81%D8%A9#cite_note-1

