2. Theoretical Background

2.1. Usability

“Bad Usability Equals No Customers” (Nielson, 1999, p. 14).

In literature, usability is described as a key concept of designing the human-computer
interaction that covers the issue of user-friendly software design (Niegemann, 2008). Be-
ing more precise, several denotations can be added to usability such as user friendliness,
easy handling, ease of operation, utility and usefulness. Usability is synonymous with the
definition used in ISO 9241-11', which defines this term as “the extent to which a product
can be used by specified users to achieve specified goals with effectiveness, efficiency and
satisfaction in a specific context of use” (ISO, 1998). Every system or product should
be manageable, reusable and contain all these functions that are required for users to
perform their work (Gould & Lewis, 1985).

Nielsen (1993, p. 26) states that “usability has multiple components and is traditionally

associated with these five usability attributes”, which subsequently will be specified:

Learnability A system should be developed in a way that all users are able to do their
work productively after a short training period. The focus, therefore, lies on the intuitive

operating interface and on uniformed design and navigation elements.

Efficiency This criterion denotes how efficient professional users can be if they have
learned the operating sequence with the system before. Efficiency is occasionally a pa-

rameter for the amount of time it takes to complete a certain task.

Memorability In the case of users not having utilized a system or product for a long

time, they should be able to reuse the system within a short period of time.

Error tolerability  This principle prevents users from generating errors by using the

system or providing them with sufficient information so that they can recognize an error

'This 9241-11 standard that is part of the ISO 9241 series provides the definition of usability.
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Dahm (2006) specifies key benefits of the participation of users. A considerable advan-
tage is to reduce expenses of training courses and other additional costs because systems,
as well as products, are subsequently easy for the operators to use. This group of benefits
also includes the avoidance of stress, the improvement of customer satisfaction as well as
an increase of productivity. [Keinonen| (2008|) advises the introduction of ongoing integra-
tion of potential users into the process of system development at the very beginning to
perform an iterative design process. This ensures system satisfaction concerning specified
users and organizational requirements (see Figure E[) This approach is also reflected in
three key principles, which are recommended by |Gould & Lewis| (1985): The first one
is “Farly Focus on Users and Tasks”, which suggests that designers have to get an idea
regarding the intended users and their tasks by conducting interviews and discussions
as well as observations. The second key principle is the “Empirical Measurements” that
proposes making use of prototypes and simulations to perform real work tasks with po-
tential users in order to get their behavior and reactions for further analysis. Finally, the
third principle is “Iterative Design”, which stands for a “cycle of design, test and measure,
and redesign, repeated ad often as necessary” (Gould & Lewis, |1985, p. 301).

In the following chapters, the three main stages of the user-centered design process,
Analysis, Prototyping and Testing (as shown in Figure E[), are described more in detail.
They show the principles explained above for the purpose of ensuring user-friendly design

in software development.

2.2.1. Analysis

The main goal of the Analysis step in the context of the user-centered design process is
to specify the context of use, user requirements and the identification of the user who

utilizes the software system.

2.2.1.1. Context of Use

Whenever a new product or system is developed, an existing one is replaced or possibly,
an entirely new one or simply a newer version is created. Regardless of these cases, the
Context of Use (CoU) is different from whatever existed before. Perhaps other users will
emerge or new tasks need to be identified, all of which have not been relevant in the late
environment (Jokela, 2002).

In this respect, one of the first activities of Analysis within the human-centered de-
sign process is the understanding and specification of the Context of Use (van Wyk &
de Villiers, |2008)) (see Figure |[10)).
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Understand and
——» specify the
context of use

Analysis
\4

Specify the user and
organizational

requirements

Figure 10: First Activity: Context of Use
[adapted from (Jokela et al., 2003)]

The CoU broadly determines the information and factors that regulate the usability
of a product or system. “In fact, it is incorrect to describe a product as ergonomic or
usable, without also describing the context in which the product will be used - in other
words, whom the product was designed for, what it will be used for and where it will be
used” Maguire (2001, p. 453). The Usability Context Analysis (UCA) is a supporting
technique for the identification and gathering of the contextual aspects of usability, and
facilitates the specification of users’ characteristics, their tasks, the objectives of their
work and the situation of use (Macleod, 1994; Maguire, 2001; van Wyk & de Villiers,
2008). In order to gain a better understanding, the progress of the methodology described
above is clearly represented in Figure 11. In addition, Maguire (2001) exemplifies the
CoU analysis (applied to an automated banking machine) for illustration purposes in his
paper. Maguire emphasizes that the “context analysis is an essential pre-requisite for any
work on usability” (Maguire, 2001, p. 481). With regard to Contextual Design, Beyer &
Holtzblatt (1999) state that “great product ideas come from the marriage of a designer’s
detailed understanding of a customer’s need and his or her in-depth understanding of the
possibilities introduced by technology” (Beyer & Holtzblatt, 1999, p. 32).

Requirements for usability can be identified through CoU analyses too, which also pro-
vides a basis for testing usability. “An understanding of the Context of Use forms a useful
input to the process of specifying usability requirements, constructing a design prototype
which can be evaluated and evaluating the prototype with typical end-users” (Maguire,

2001, p. 481). In this respect, it is necessary to get findings from prospective users
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2. Theoretical Background

Supporting Scenario based RE  Specification techniques of scenario based require-
ments support the RE and they are used to make the requirements more transparent.
The usage of scenarios, which represent all possible paths of a single use case, identifies
the requirements of a system. In addition, this procedure implies an amount of work to
capture or rather to document scenarios (Sutcliffe et al., |1998).

This approach comes with some shortcomings, as individual elements of the require-
ments could be found repetitively. Therefore, (Ozkaya, 2006]) refers to the use case
analysis, which can be applied to structure the requirements into scenarios with the sup-
port of an object-oriented design. The focus here is increasingly on the Unified Modeling
Language (UML), which is considered as an enlargement of the use case analysis when
describing the needs of a system. The concept of this graphical modelling language is
explained in Subchapter 2.2.1.2]

More information on this issue concerning of the relationship of scenarios and require-

ments can be found in Sutcliffe/s reference literature (1998).

Eliciting Requirements The characterization of the requirements is the very first step in
the RE process (Nuseibeh & Easterbrook) 2000) and is receiving more and more attention
(Yul [1997). All the information must be collected prior to the software development and
listed in a well-structured form to ensure efficient and smooth programming (Nuseibeh
& Easterbrook, [2000).

Zave, (1997) introduced the following link between problems and tasks: ,A task can
always be described as a problem (‘How can this task be accomplished satisfactorily?’) and
a problem can always be described as a task (‘Find a solution to this problem.’)” (Zave,
1997, p. 316).

Nuseibeh & Easterbrook| (2000)) list the following eliciting techniques in order to clarify

possible requirements:

e Traditional techniques, such as interviews (see Paragraph [2.2.1.3), questionnaires

(see Paragraphs [2.2.1.3| and [2.2.3.1)), surveys or the evaluations of existing docu-

mentation
e Group techniques, such as focus groups and brainstorming

e Model-driven techniques, such as goal-based as well as scenario based methods (see
Paragraphs [2.2.1.2{ and [2.2.1.2))

e Prototyping (see Chapter [2.2.2))

e Conteztual techniques, like field observations (see Paragraph [2.2.3.1)
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Relationships of Requirements “Capturing structural relationships between require-
ments is essential for effective visualization” (Ozkayal, 2006, p. 3).

Since it is almost impossible to generate a complete list of requirements, another
approach focuses on the relationships between the different requirements. Based on

the questions below, a more complex list of requirements can be deduced:

o “Which requirements can be derived from another?

Which are directly affected by a change?

Which are independent from the rest?

How functional requirements and quality attributes are related to each other?

What kinds of usage scenarios exist?” (Ozkayay, 2006| p. 3).

Especially in the early phases of software creation, visualization techniques (for example
UML) lead to good results, as these techniques make complex relationships of individ-
ual requirements more transparent and enable the developer to produce complex data
structures.

The modelling language UML has been developed to specify, design and document
the requirements of a software system. “UML interactions, when used to model require-
ments, show the required behavior of several system components communicating towards

a common goal” (Araujo et al., 2004, p. 59).

Identification of Intended Users in the RE Process

Sharp et al.| (1999} p. 387) refer to the following key stakeholder definition: “In software
engineering, stakeholders have been defined as: "The people and organizations affected by
the application’”.

Accordingly, the above definition includes end-users, customers, sponsors, project man-
agers and engineers who are responsible for the development of the system and its engi-
neering design.

There is also another approach, which separates the stakeholders into two groups —
“into those who will use the system directly or indirectly, and those who will be involved
in developing the system” (Sharp et al., (1999, p. 388). In the RE process, the most
important process is the identification of all relevant stakeholders as well as their needs
for a specific system. [Sharp et al.| (1999) suggest using participatory techniques, such as
contextual inquiry as used in the CoU analysis (see Chapter to understand the

working environment and the actual needs for a software program.
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In general, techniques for stakeholder identification (see reference of [Sharp et al.,[1999)

need to capture all involved parties. Analogical techniques (for example Personas, see

Subchapter [2.2.1.3)) support the target group in formulating and defining their require-
ments (Cheng & Atlee, 2007)).

It is a matter of common sense that interactions take place between specific stakehold-

ers, for instance the exchange of relevant data and information, directions or supporting
activities (see Figure[14)). These operations must be identified and captured, too (Sharp|

Gt al, [999).

Customers

Relevant Data,
Instructions,
Supporting Tasks

(Project)
Employees

(Project)
Managers

Figure 14: Information Exchange Between Different Stakeholders
ladapted from (Sharp et al., [1999))]

Since the needs and perceptions of individual stakeholders get more complex due to
their interdependence of each other, the process described above might be quite difficult
(Strohmaier et al., 2007).

Depending on the amount of stakeholders involved, difficulties may occur. Since it is

quite difficult for customers or end-users to express their needs and expectations for the
software, it is part of the requirement engineer’s job description to understand the context
in which the software will be used and come up with an ideal solution. In addition, it

is significant to “identify the most important goals of each participant, and ensure these

goals are met” (Nuseibeh & Easterbrook, [2000, p. 41). Therefore, it is necessary to use

different requirements modeling techniques to handle the given and accessible information

(¥, [1997).
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However, it is almost impossible to collect all the needs and perceptions of the identified

stakeholders. There will always be some, which are unknown:
e resulting from suddenly occurring budget cuts for example or

e the development of a software system that is launched on the market through

competitors and which is preferable to the customers.

Once the stakeholders’ interests and needs have been identified, all collected information

has to be prepared into a certain form to be used for structured analysis, communication

and development (Nuseibeh & Easterbrook, [2000). For example, the software solution

HP Quality C’enteﬂﬂ (see Figure offers an opportunity to manage the requirements.
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Figure 15: Requirements Management Module of HP Quality Center
[from HPF]

End-user perspective A crucial point in the requirement analysis is the perspective of

the end-users. |Seffah et al| (2001) suggest that representative end-users and/or stake-

holders should be invited to summarize the system from their perspective.
Table [1| contains a catalogue of questions that help the system engineer to lead the

end-user in the right direction and get the answers needed for the software development.

Shttp://www.hp.com/
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Question

What is the purpose of the system?

Why is this system necessary?

Who will use the system?

What will the users accomplish with the system?
Where will the system be used?

How will users learn to use the system?

How will the system be installed?

How will the system be maintained?

Table 1: Catalogue of Example Questions
[from (Seffah et al., [2001)]

Usability engineers analyze, or rather edit, this information and then create a complete
system-summary. This summarization is the so-called ’roadmap’ for the developers and
is the result of a common consensus between the end-users, other important stakeholders
and the developers (Seffah et al., |2001)).

2.2.1.3. Output of Analysis

Usefulness and Results of Questionnaires

“Questionnaire is a method for the elicitation, recording, and collecting of information
[...]. It is a kind of an ordered survey, which provides feedback from the point of view of
the system’s user” (Drapala et al., [2010, p. 351). By filling out specially designed ques-
tionnaires, valuable data can be gained about the users themselves and their currently
used software product and environment. Another advantage of using reliable question-
naires is the evaluation of the quality of software systems and their interfaces (Drapala

et al., [2010)). Various types of questionnaire are to be discussed in this work as follows:

Personal Questionnaires provide general information about the interviewees as well
as their background knowledge of the software product and the computers the users
are currently working with. Using this technique, the experience relating to the system
usage (Drapala et al., 2010)), including its support materials, can also be determined. The
following is a brief example obtaining valuable information: A usability test is conducted
on behalf of a company in order to verify the used software system. Depending on the

analyzed answers, the evaluation can be that there is still a need for training of the

22
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employees or support materials.

Typically, this type of questionnaire is conducted at the beginning of a usability test. In
Appendix there is an example of a prepared background questionnaire (customized
for the AVL Software), which was used in the usability study conducted in this master’s

thesis.

Usability Questionnaires identify statistical information about the measurement of

user satisfaction relating to system usability (Holzinger] [2005). Hornbeek (2006) notes

the fact that there is a challenge “to distinguish and empirically compare subjective and
objective measures of usability” (Hornbeek| 2006} p. 79). Chapter [3| presents related work

of different usability questionnaires as well as providing a short explanation of each used

evaluation form.
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Figure 16: Example of Visual Presentation of Usability Questionnaire Results

Prepared in a clear and comprehensible way, statistical information is available for a

presentation of the results (Holzinger, [2005). Figure [16{shows an example of the statis-
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tical interpretation of data taken from a questionnaire carried out in a usability study.
This graphical representation indicates statements, which were rated very low by test
participants, meaning that most users did not consent to this particular statement about
the system. Other statements scored well, which roughly means that most users did

agree to a given statement.

Of course, this result can be processed in a more detailed form relating to the individual
rankings. Figure [17] displays an example of an individual score taken from the usability
questionnaire of Figure Opinions strongly vary concerning learnability and satisfac-
tion. One user complains about the learnability of the system. Four users are satisfied

with the overall system usability, one user voted neutral, one completely disagrees.

“Overall, I am satisfied with this system.”

1 1
Person1 Person2 Person3 Persond Person5 Person6

Figure 17: Example of Individual Ranking

Interview Another form of the questionnaire is the interview, which “can be adjusted to

respond to the user and encourage elaboration” (Holzinger, 2005, p. 74).
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Use Cases

The strategy of uses cases is probably “one of the best known and most widely employed
requirements elicitation techniques in the industry” (Lee et al.,|1998, p. 1115) and which
is familiar in the object-oriented analysis. Use cases are used to describe the functionality
of a system from the point of view of the users (Lee & Xue, 1999). In literature, this
is often formulated as the representation of a conversion between system and the user
(Ecklund et al., [1996). Based on a analysis of the context of use (see Chapter
and requirements eliciting (see Paragraph , valuable information about user tasks
can be transformed into use cases by the requirements engineer, which “can be used to
describe the outwardly visible requirements of systems” (Nuseibeh & Easterbrook! 2000, p.
39). The benefits of applying use cases are as follows: their description is not complicated
and they are easily understandable. Moreover, use cases make the requirements for the
creation of design and implementation more transparent (Lee et al., |1998).

Additionally, a graphical overview of the identified use cases is obtained with UML (see

Paragraphs(2.2.1.2land [2.2.1.2)) . [Lee & Xue| (1999) support the issue of modeling use cases

with the following statement: “Use-case approaches are increasingly attracting attention
i requirements engineering because the user-centered concept is valuable in eliciting,
analyzing, and documenting requirements. One of the main goals of the requirements
engineering process is to get agreement on the views of the involved users” (Lee & Xuel,
1999, p. 92).

Personas

The purpose of a persona is the presentation and creation of a user model with concrete
characteristics and user behavior (see Figure which shows an example of a persona).

A persona is similar to a user profile description and focuses primarily on the individual
objectives (Blomkvist] [2002) of the user when using a system or product. (Casas et al.
(2008)) refer to a positive statement of the inventor, such that real users are represented
in the design process. Furthermore, this technique is based on the data gathering relating
to the research of the intended users and the necessary information is provided through
interviews, contextual analysis and other qualitative techniques (Junior & Filgueiras,
2005). However, there is a difference between a general description of a user profile
and this specific model. Blomkvist| (2002) describes personas as patterns, which are the
representation of the behavior, goals and motives of the users. |Junior & Filgueiras (2005)
add that “the persona composition can be based on imaginary information, demographic

and biographical characteristics of the personality under modeling. Personas have names
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like real people and can be represented through [...] a picture, to add realism” (Junior &
Filgueiras|, 2005, p. 278).

After the identification of a persona group, each can be categorized as a primary or
secondary persona. The characteristic of a primary persona mirrors the main target
group. In contrast, secondary personas can use the interfaces of the primary group
with other additional requirements (Casas et all 2008). “In summary, personas are a
valuable tool, particularly when used in scenarios where designers test and evaluate the
system features for usability and effectiveness. Working with personas is one of the best
ways to provide the developers with valuable insights and an efficient way of keeping the
stakeholders in mind throughout the system design with the aim of making and simplifying
design decisions” (Casas et al., 2008], p. 116).

P Th
2§ter OMPSOIL | professional (primary persona)
Resident in: Costa Mesa, California
Profession: Senior Engineer a‘F Toyota Racing
Development, California
Family status: Married to Nina (27 years old, teacher)
Uses following PumaOpen 1.3.2, Puma 5.6, Concerto,
AVL products: Indicom
Trainings .
ralnllngs/ Training courses for PO 1.3.2
Experiences:
GOALS
*  Preparation of test runs and increase accuracy of tests
*  Optimization of measurements
*  Hasy evaluation and comparison of measurement results
N Stability of the overall system to guarantee a trouble-free and efficient
workload for operators and test cells
. Rather prefers a less graphical user interface than a graphical, complex
and slow one
*

Wants to find and understand errors to solve problems quickly

Figure 18: An Example of a Persona

26



2. Theoretical Background

Visualization of Task Workflow

By performing a CoU analysis (see Chap-

ter [2.2.1.1f), the current tasks of the in- ﬁ

tended users can be beneficially identified.

This technique is based on interviews and oo e

observations in order to get information

about the workflow of the users (Nielsen!
19992).

After evaluation, an activity diagram

of the user tasks can be visualized “with

Preparation

enough detail to clearly understand the dif-

ferent triggers, processes, and goals em-

ployed by different subtypes of users within

the target user group” (Kramer et al., 2000,
p. 46).

Figure shows an example of a

flowchart of the determined tasks of two

users. Such visualizations are highly rec-

Execution

ommended, because it is also possible to

identify shared tasks or connecting points

between the intended users. Not only do
the tasks become transparent by perform-

ing a task analysis, but also problems can

Evaluation

be pointed out, which are addressed by the

users. Additionally, the labeling of prob-

lem positions can be graphically identified
Figure 19: Flowchart of Tasks determined by

as shown in the accompanying figure. CoU Analysis

2.2.2. Design and Prototyping

According to the Analysis stage, the creation of a design concept is an important mat-
ter, which reflects the requirements regarding the software application (see Figure .
Therefore, the development and the specification of structure, content and design are
necessary. Afterwards, the plan or idea of the design concept has to be implemented into
a prototype, which shows the prospective layout and structure of the system and also

supports developers trying out interfaces and dialogues of the specified software product.
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Holzinger| (2005) refers to the main princi-

ple “that usability must be considered be-

7 (Holzinger

fore prototyping takes place
p. 72).

Rapid prototyping is an effective method
used to reduce risks and point out re-
quirements that are relevant
. Prototypes, especially in the early
phases of software development, provide

the creation of an authentic Ul for de-

sign and evaluation (Holzinger, 2004).

feedback through the developed prototype.

Development
Prototyping

of prototype / design

solution

Figure 20: Third Activity: Prototyping
[adapted from (Jokela et al., |2003])]

Furthermore, the design engineer gets early

In general, some user experience (UX)

teams have their own UX developers who are especially responsible for the de-

velopment of prototypes and evaluation of the new designed GUI frameworks.

2.2.2.1. Classification of Prototypes

There are several techniques of prototyp-
ing, which allow stakeholders (refer to
Subsection to have an application
visualized that has not yet been developed
and helps them to get an idea of what the
system will look like. In general, proto-
types are differentiated according to their
fidelity. The following describes the char-
acteristics of low-fidelity (lo-fi) prototypes
and high-fidelity (hi-fi) prototypes.

Lo-Fi Prototypes are used to validate
first design proposals by users early in the

software development. Such prototypes
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Figure 21: Example of a Paper Mockup
[from (Brown & Holzinger, 2008)]

are created quickly and simply and are low in costs and easy to modify.

e Paper mockup&ﬂ are drafted quickly and stakeholders get first impressions concern-

ing the conceptual aspects from the design of the target system, which should be

developed. (Casaday & Rainis, |1996; Holzinger} 2004; Brown & Holzinger} 2008]).

"Mockup: Screen design and dialog elements, which are built for presentation purposes and testing.
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As the name suggests, these prototypes are built on paper (see Figure , but they
are also created using drawing software tools. |Beyer & Holtzblatt| (1999) conclude
that “Rough paper prototypes of the system design test the structure of a User En-
vironment Design and initial user interface ideas before anything is committed to
code” (Beyer & Holtzblatt} 1999, p. 40).

e Another possibility is the usage of prototyping software in order to design a GUI
with a slightly higher fidelity and which is closer to the final design. Such a tool is
known as a GUI Builder or GUI Designer. The design tools Qt Designerﬂ Apple’s
Interface Buz’ldmﬂ, Adobe Photoshoﬂ or Adobe Flash'® (compare with (Pleuss
et al., 2007))) are examples of GUI mockup software. An alternative technique is
the usage of, for example, HTMIH for the creation of design concepts. This is also a
quick method to prepare a presentation of the first scenarios of the planned software
design (Holzinger, 2004). Typically, these prototypes are called “click dummies”,
which look like the target system, but do not provide any functionality. They
show a conceptual user interface and provide some basic interaction possibilities
for stakeholders.

Hi-Fi Prototypes already contain functionalities and are very close to the target system.
Hi-fi prototypes provide stakeholders a more realistic impression of the software and in
addition, these prototypes make it easier for them to make decisions on the software
design (Rettig) 1994).

2.2.2.2. Requirement-Driven Design

Commonly, many design problems result from conflicting specifications or from requisites
that are not easily identifiable to the designers such that they belong to the category of
ill-defined problems. (Ozkaya & Akin| (2006) specify ill-defined problems in this manner as
a situation in which all necessary steps to solve the problem as well as the problem itself
are not sufficiently described. Furthermore, the authors explain that drawings, notes and
diagrams, which are provided by the designers, support the provision of a solution related
to the requirements specification. Design failures are often generated because designers
produce quite an informative drawing of the design solution, but which does not actually

met the given requirements. Therefore, it is important that design developers are able

8http://qt.nokia.com/
%http://developer.apple.com/
Ohttp://www.adobe.com/
"HyperText Markup Language
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to detect potential failures during requirement specification — social interactions between

programmers, clients and users are essential (Ozkaya & Akin|, 2006)).

2.2.2.3. User Interface Design

Wilding| (1998) describes User Interface Design (UID) as a composition of art and science
and refers to the following key criteria in software interface design: usability, functionality,
visual communication and aesthetics. In this context, “the Graphical User Interface is
the dominant concept for building user interfaces. The main design paradigm in a GUI is
a rich visual representation of the available information and functions and the possibility
of direct manipulation” (Jani & Schreppl 2004, p. 53). |Ferré et al| (2001)) note that,
in addition to the visual part, the user interface also includes interaction, which defines
the interplay of information exchange and coordination between the system and user.
This is an issue, which the UI designers and software developers have to consider during
the development process. “Customer satisfaction with regard to user interfaces becomes
increasingly more important and is, eventually, decisive for the selection of systems within
a competitive market. End-users [...] expect efficient and optimum support in their work
with their interfaces” (Holzinger & Brown, 2008| p. 217).

Guidelines of Design Designing a Ul of software applications requires the need of pre-
defined style guides and rules. “Usability is high when all components work well together,
producing the extra benefits of their synergy” (Carter| 1999, p. 181). Yet in considering
all software usability standards for each individual element of a software project, develop-
ers are overextended to observe every single design criterion of the composed instruction

sets, which are provided in great variety and whose configuration is still quite complex.

Screen Design  Designing usable GUI screens is becoming more important in software
development because this is an essential part of an application to enable the (visual)
communication between user and system. More precisely, screen design is not only the
graphical aspect of a software application but also the guideline on how the user should
interact with any program and what the system’s reaction will be. The design of both
is necessary to provide usability and communication. In addition to implying the advan-
tage of user knowledge, the design process includes the handling of layout techniques,
the elaborate utilization of colors, fonts, symbols, icons and controls as well the approach
to creating easy-to-use software. The major difficulty is the decision in which innumer-

able screen elements can be combined as best. Each screen component with which the
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user interacts and accesses functionality should have a specified mode of operation, and
redundant elements should be eliminated from the visual display (Wilding, 1998)).
Screen design should be simple in design (Cooper et al., [2007). “When multiple design
elements (controls, panes, windows) are required for similar or related logical purpose,
they should be visually rendered in a consistent fashion to take advantage of the concept
of inheritance. Inheritance provides the opportunity for an understanding of one element

to transfer to other elements that are similar” (Cooper et al., 2007, p. 308).

Respective Function Icons Function icons provide additional support to the users when
they click on them. |Cooper et al. (2007) describe the function icon as a butcon, which
is in fact a combination of a button and an icon. A function icon or butcon represents
a GUI element, which is recognized quickly and enables a prompt classification for the
user. However, this can only take place under the condition that meaningful symbols
are created. In general, such function icons do not contain text labeling, because “the
problem is that using both text and images is very expensive in terms of pizels. |...]
ToolTips provide an effective way to bridge the gap between these two classes of users.”
(Cooper et al., 2007, p. 496).

2.2.3. Evaluation of the Design

The final part of the UCD process is the
evaluation of the created design against
specified requirements (see Figure .

The idea of a usability evaluation is the

Evaluate

designs against Testing

requirements

estimation of a UID relating to its quality.
The results of such tests support profes-
sionals in making their design decisions,
and the outputs can be used for further Figure 22: Fourth Activity - Evaluation of
improvement (Nielsen et al., 2005). Dur- the Design

ing the design process, several design pro- Design products

posals for the Ul are created. An evalu-
ation of the usability of these versions is .

to obtain feedback so that effective reac- Interface
Design

Usability

Evaluation

tions further influence the design process
directly (see Figure . The form of feed-

back is a written report that contains the

Feedback

Figure 23: The Interplay between UID and
Usability Evaluation

|adapted from (Nielsen et al., |2005))]

usability problems in detail.
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In their paper, Nielsen et al.| (2005) discuss the different design products, which can
be evaluated. Probably, the most common product is the software system itself. An
evaluation of the end product is called a wvalidation test. The most typical product of
a usability test is a prototype (see Chapter of the system, which does not have
all functions at that moment, and such an evaluation is a so-called assessment test.
Another technique is paper-prototyping, which is recommended in the very early stages
of development and this evaluation is characterized as an exploratory test.

Constitutive usability evaluation establishes a database, which enables the improve-
ment of effectiveness, efficiency or satisfaction of the product or system that will be
developed. Niegemann| (2008) considers the usability evaluation as one of the most es-
sential parts in the entire usability engineering (UE) process. “The most basic elements
in the usability engineering model are empirical user testing and prototyping, combined
with iterative design. Because it’s nearly impossible to design a user interface right the
first time” (Nielsen, 1992, p. 13). |[Holzinger| (2005 adds that alterations and reengi-
neering of the UI can be costlier and more complex to set up in its implementation. If
these aspects are taken into account and UCD is considered at an early stage in the
development process, it will have quite the opposite effect.

In the next chapter, the classification and types of evaluation methods are explained

in greater detail.

2.2.3.1. Usability Testing and Usability Inspection

“Usability testing is an important instrument of the usability engineers’ toolkit to analyze
an application and make suggestions for usability improvement” (Brinkman et al., 2008,
p. 1143). TIts difference to usability inspection methods is that usability tests involve
representative end users in order to validate the software product. Usability specialists do
the usability inspection themselves (Holzinger, 2005; |Molich & Dumas, |2008]). Inspection
methods deliver results of usage assumptions relating to various users. Testing the system
with potential users proves these assumptions in practice.

Figure [24] shows the classification of inspection and test methods as well as the asso-
ciated and most common techniques with respect to their characteristics.

The usability inspection methods include heuristic evaluation (HE), a cognitive walk-
through (CW) and the action analysis. Thinking aloud (THA), field observation and
questionnaires belong to the usability testing methods. The following paragraph deals
with a short explanation of some of these different techniques as described in (Holzinger,
2005).
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Inspection Methods Test Methods
A A
~
Heuristic Cognitive Action Thinking Field
Evaluation |Walkthrough| Analysis Aloud Observation | Questionnaires
Applicably all all design design final testing all
in Phase
Required low medium high high medium low
Time
Needed none none none 3+ 20+ 30+
Users
Required 3+ 3+ 1-2 | I+ |
Evaluators
Required low low low high medium low
Equipment
Required medium high high medium high low
Expertise
Intrusive no no no yes yes no
Comparison of Usability Evaluation Techniques

Figure 24: Comparison of Usability Evaluation Techniques
[from (Holzinger, [2005)]

Inspection Methods (without Users)

Inspection methods are intended “for identifying usability problems and improving the
usability of an interface design by checking it against established standards” (Holzinger,
2005, p. 72).

Heuristic Evaluation inspects the interface of a system via usability experts. Usually,
three to five specialists are involved in such an HE, but each assessor initially validates the
given Ul alone. Therefore, the evaluator surveys the Ul and compares various interactive
components or dialogs with established usability principles, which are called heuristics.
These usability heuristics, which should be followed by all UI designers, are based on the
work of Nielsen & Molich (1990)), the revised principles can be found in Nielsen| (1993),

inter alia.

Cognitive Walkthrough is a task-specific approach that determines the functionalities
of the system by an analyst. Cognitive issues are examined and “CW simulates step-by-

step user behavior for a given task” (Holzinger, 2005, p. 73).

Test Methods (with Users)

Usability test methods obtain information directly from end users concerning their spe-

cific problems with the relevant Ul.
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Thinking Aloud is probably the most common technique in testing usability (Law &
Hvannberg, 2004). [Holzinger| (2006) points out the fact that THA a kind of royal disci-
pline in the fields of UE.

One particular feature is that the involved end users have to think aloud while they

are using the system and challenging the prepared tasks of the usability study. The
advantage of this technique is the recording and retraceability of individual steps via the
verbalization of the thoughts of the test users. Problems can be systematically located
and identified. It takes quite some time, but it is a cheap solution for recognizing usability
suggestions. Typically, THA is commonly used for testing prototypes, and was used in
this master’s thesis (see Chapter .

The tracking of generic facial expressions and gestures is another benefit to the THA
technique. By means of video recording or behavioral observation software, this auxiliary
method can provide conclusions about the subjective impressions of the test users and
their behavior during the usability study (Holzinger, 2006; Holzinger & Brown, 2008).

Field Observation is the study and anal-
ysis of the users in their working environ-
ment (see Figure . This kind of tech-
nique “focuses on major usability catastro-
phes that tend to be so glaring they are

obvious the first time they are observed

and thus do not require repeated perusal of

a recorded test session” (Holzinger], 2005,

p. 74). The usage of video recording

can assist in evaluating the system. Addi-
tionally, the observation must not be dis-

turbed; otherwise interferences can affect Figure 25: User Observation

the results.

Questionnaires are certainly an excellent method in determining the subjective satis-
faction of end users. Furthermore, the usage of the system by the users, can allow their
favorite features or possible concerns to be evaluated using this technique. See Chapter
2.2.1.3 for further information.

2http://www.avl.com (retrieved on December 20", 2009)
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2.3. Component-Based Software Development

Current developing methods focus on component-based software development (CBSD),
which “has become a significant aspect of improving quality and reducing the cost of the
software development process” (Arhippainen,, 2003, p. 9). |Crnkovic| (2003) specifies this
approach as a subcategory of Software Engineering. The extension to this technical
term is third-party component-based software development, which involves the usage of
external components for in-house development work (Arhippainen, 2003|). This aspect is
especially considered, because it relates to the thematic complex of this master’s thesis.
In this chapter, an explanation of a software component is given. The term ’third-party
software component’ is presented in short detail. Furthermore, the key concept, usage

and evaluation of the usability of such components are described.

2.3.1. Definition of Software Component

Literature provides several definitions for the characterization of a software component.
For example, a pre-implemented software module can be described as “a physical pack-
aging of executable software with a well-defined and published interface” (Hopkins, |2000,
p. 27). Another explanation for this term used in research articles is that a “software
component is a nontrivial, nearly independent, and replaceable part of a system that ful-
fills a clear function in the context of a well-defined architecture” (Mari & Eilaj, 2003, p.
25).

Third-Party Software Component An extension of this technical term is known as a
third-party software component.

In general, software systems are developed within a company. Third-party entities (the
same applies to third-party software applications) are developed by external individuals

or enterprises, and can be reused by the provider of the software system.

2.3.2. Concept and Usage of Third-Party Software Components

To reduce costs as well as the cycle time of developing software (Bertoa et all 2006),
great use is made of the acquisition of reused software components from external com-
panies. Another reason for the use of third-party software components might be that
the software system increases continuously in size and complexity and necessitates new
technical solutions (Crnkovic, [2003)).

In addition to previous statements about software reuse, Arhippainen, (2003) refers

to the division of two categories, namely developing software for reuse and with reuse.
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Developing the former group, the software is designed and planned in a way such that
its implementation may be used in and provided to different environments and contexts.
With regard to the second category for developing software components, this type of
software engineering involves the integration of reusable software components in order to
develop a software system. Typically, additional components from third-party companies
are built-in, which have to be adapted in their configurations as well as having to match
the specific requirements of the major software system.

This also implies that the software development process needs to be modified in order
to generate economic success through the advanced features of the third-party software
component. Another benefit is that the companies who apply the usage of third-party

software components can concentrate on their own core business (Arhippainen, [2003)).

In |Arhippainen’s (2003) publication, the role-play between software developer and
customer is reversed in relation to software engineering. Normally, developers implement
software applications for their enterprises. In contrast, the CBSD promotes the switch of
developer to a customer, who has to purchase the software component from an external
company and expand the company’s proprietary software through its integration.

“The use of third-party components elicits new risks to the integrator’s software de-
velopment projects. From the project management perspective, schedule estimation is
difficult because of the mew third-party component tasks and vendor dependence. The
other risk is that a purchased component may turn out incapable. A component may not
perform as well as expected (Arhippainen, 2003, p. 22). Moreover, the quality of the
existing system cannot be guaranteed with the additional component. To avoid such dif-
ficulties, the third-party software component has to be verified relating to its functions
and qualitative aspects. Furthermore, reliability is a main prerequisite for a sustainable
and stable software system. Several evaluations and tests should be performed following
the integration of the third-party application. Continuous contact with the third-party

company is also generally recommended (Arhippainen) 2003).

As an executive summary, Figure [26] shows the concept of the third-party CBSD pro-

cess, which has been explained in this section.
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Figure 26: Process of Third-Party CBSD

2.3.3. Usability Evaluation of a Software Component

Only the observable constituent parts of a software component can be used to mea-

sure the usability. More specifically, these make up the technical documentation, which

mostly consists of manuals, help systems or simply a demonstration, and a few func-
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tional elements of the component, which include interfaces, operations, events and also
configurable parameters (see Figure (Bertoa et al., [2006]).

Component
Functionality Documentation
Configurable
Interface Bur Manual Help System Demonstration
Parameters
. Functional
) Service
Operations Events o Elements
Description o
Description

Figure 27: Relevant Information for Usability
[adapted from (Bertoa et al., [2006])]
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The UCD process (see in Chapter important for the usability of a software system.
In his paper, Bevan! (1999) refers to a study, which “found that 60 % of software defects
arise from usability errors, while only 15 % [..] are related to functionality” (Bevan, 1999,
p. 94). According to this statement, the value of user-centered methods is also associated
with the “quality in use (the extent to which the software meets the needs of the user)”
(Bevan, 1999, p. 89). Van Veenendaal (1998) describes the relationship of the quality
in use and product quality in his paper. Achieving quality in use depends on satisfying
certain criteria for the quality of the product (see Figure . It is a fundamental prin-
ciple that the quality in use links the approach to usability of human factors with UCD

(Bevan, [1999)).

influences
_— >
product quality
quality in use
+—
depends on

Figure 28: Relationship between Quality in Use and Product Quality
[from (van Veenendaal, 1998)]

With respect to high quality Uls, [Pleuss et al.| (2007) emphasize the importance of
prototype development in the very beginning of software projects. “Creative development
tasks - such as user interface design [...] - are usually performed using different tools
optimized for the respective tasks” (Pleuss et al., 2007, p. 241). The authors of this
paper present an approach for integrating heterogeneous instruments (they used the
tools Adobe Photoshop and Adobe Flash), which support the process of creative design,
into model-centric development in order to ensure usability of the software product as
well as the expected quality of the UI. Designed models of the target software “are an
excellent vehicle for integrating different stakeholders and different views on the system

during the whole development process” (Pleuss et al., 2007, p. 243).
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Another important rule of the UCD is the empirical verification of the resulted software

or prototypes, whereby usability test methods and various questionnaires are used to

find out the rating of stakeholders relating to the new product (Hassenzahl et al., |2003).

This is the main issue addressed in this master’s thesis.

“Usability tests have been extensively applied in industry to evaluate a system’s proto-
types of different levels of fidelity. [...] The primary goal of a usability test is to derive
a list of usability problems (UPs) from evaluators’ observations and analyses of users’
verbal as well as non-verbal behavior. I'mprovement requests are proposed to systems de-
velopers for correcting the UPs thus identified” (Law & Hvannberg, 2004, p. 9). Here it
appears useful to add that (Law & Hvannberg, 2002)) define a UP “as a flaw in the design

of a system that makes the attainment of a particular goal with the use of the system in-

effective and/or inefficient, and thus lowers the user’s level of satisfaction with its usage”

(Law & Hvannberg| 2004, p. 71). Related work is also done on this subject by
Hvannberg| (2002) who examined the comparison of the effectiveness of HE and usability

test. In each test, their investigation focuses on the following: HE examined quantitative
and qualitative measurements, in contrast, the usability test considered the performance
and subjective measures. Referring to this, Figure [29| provides a more detailed overview

of this content, which have been presented by the authors.

Measurements

\ 4
Heuristi .
eurls.lc Usability test
evaluation
Quantitative Qualitative Performance Subjective
# of usability Detailed Time for task Post study
problems description of completion questionnaires
inor/ maj h UP and it
(mlngr m?gor eac . ana s Different errors THA reports
classification) location
Support in
various ways
Emotional
expression

Figure 29: Different Measurement Capabilities
[extracted from (Law & Hvannberg, [2002)]
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Furthermore, Law & Hvannberg| (2004) describe the binominal probability formula 1 —

(1 —p)™, which was presented in Nielsen & Landauer’s (1993) publication. By the use of

this formula, the optimality of sample size can be calculated with respect to conduct a

usability test, whereas n is the number of test users or reviewers and p is the probability

of finding the average UP when using a single, average user (Law & Hvannberg, 2004).
Regarding of the number of participants of a usability test, states that

three to five end-users are enough for the identification of 80-90 % of all UPs (Ebner et al,

2006} |Law & Hvannberg), 2004; Holzinger, 2005)) using the test method THA. Besides,

|& Hvannberg (2004)) attempted to investigate the correlation between time-on-task and

number of usability problems in their study, because they states following assumption:

“When time-on-task of a specific task is longer than the corresponding benchmarked value,

it typically implies the existence of UP” (Law & Hvannberg, 2004, p. 14). This aspect is

also considered in this master’s thesis.
With regards to the mentioned attributes of usability (see Chapter [2.1.2)), |Sauro &

Kindlund| (2005) describe the measurement of each dimension as follows: “Effectiveness

includes measures for completion rates and errors, efficiency is measured from time on
task and satisfaction is summarized using any of a number of standardized satisfaction
questionnaires” (Sauro & Kindlund, 2005, p. 401). Figure [30| shows their quantitative

model of usability, which uses four metrics derived from their previously citations, to

represent the three dimensions. The measurement scope of these three dimensions also

was the subject of the research focused in this master’s thesis.

Usability
Efficiency + Effectiveness + Satisfaction
Time # of Errors Completion Avg. Satisfaction

Figure 30: Quantitative Model of Usability
l[adapted from (Sauro & Kindlund, 2005)]

Moreover, in this section, this thesis discusses literature (compare (Sauro & Kindlund,

2005), for example) which deals with using questionnaires in order to gain valuable

knowledge of the user and his software system usage. |Schrepp et al. (2006) conducted

empirical research regarding the usage of questionnaires. By means of a study based on
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the questionnaire AttrakDiff™ (compare Chapter , the authors examined whether
or not “existing results related to hedonic aspects of a user interface apply also to business
management software” (Schrepp et al., 2006, p. 1056). Therefore, it is understood that
this business software is utilized to support the users in completing their daily tasks. The
test participants of this study had to evaluate three variants of user interfaces with the
same functionality concerning their attractivity. The results could be confirmed: Both
pragmatic and hedonic qualities influence the attractiveness of a user interface. The
experimental results also provided evidence that the preferences of users increase, the
higher the attractivity of a user interface is. In this context it must also be mentioned
that the AttrakDiff™ questionnaire was used in this usability study of this work.

Lewis| (1995)) also formulates some subjective measurement instruments for usability,
which are relevant for and used in this thesis. The IBM Post-Study System Usability
Questionnaire (PSSUQ, refer Appendix and Computer System Usability Ques-
tionnaire (CSUQ), to quote only two, are both developed and validated by Lewis| (1995).
The completion of the PSSUQ presents an overall evaluation of the used software sys-
tem relating to the tasks and scenarios of a performed usability test. The answering of
the PSSUQ is usually filled out after the task completion within a study. The CSUQ
is similar to the PSSUQ, but there is a minor modification. Instead of using the terms
“tasks and scenarios”, the CSUQ contains the wording “my work”. If the usability study
is not a laboratory experiment and, for example, it is carried out in a company to eval-
uate the user satisfaction of the used software system, the application of the CSUQ is
recommended (Lewis, 1995). As a result, four scores are generated through the CSUQ
and PSSUQ units, which are shown in Table

’ No. ‘ Scores ‘ Abbreviations ‘ Appropriate Items ‘
1 Overall Satisfaction | OVERALL Questions 1 - 19
2. System Usefulness SYSUSE Questions 1 - 8
3. Information Quality | INFOQUAL Questions 9 - 15
4 Interface Quality INTERQUAL Questions 16 - 18

Table 2: Different Scores of the PSSUQ/ CSUQ
[adapted from (Lewis|, 1995))]

Several other studies deal with the development of methods for measuring user satis-
faction. The SUMI method (refer to Paragraph [2.1.2.2)) is another subjective solution
applied to gather user satisfaction relating to the software system. The SUMI question-

naire “provides a wvalid and reliable method for the comparison of (competing) products

42



3. Related Work

and differing versions of the same product, as well as providing diagnostic information
for future developments” (van Veenendaal, |1998, p. 2). Furthermore, in addition to
the introduction of the SUMI technique, [van Veenendaal’s (1998) paper presents three
practical applications concerning the usage of SUMI for testing the usability.

Lin et al. (1997) propose the Purdue Usability Testing Questionnaire (PUTQ) that
is a technique for comparing the relative usability of different software systems. The
research of this study qualifies eight human factor principles based on the theory of hu-
man information processing. These specified considerations (compatibility, consistency,
flexibility, learnability, minimal action, minimal memory load, perceptual limitation and
user guidance) are relevant to the usability of software. The questionnaire is composed
of 100 items. The calculation of an intelligence index for the usability of an interface
is provided, which is based on the score received from the evaluation, and which is set
according to the highest possible score. The authors also state the limitation, that the
“items in PUTQ are mainly focused on conventional graphical user interface software

which requires visual display, keyboard, and mouse” (Lin et al., (1997, p. 274-275).

In Ryan & Gonsalves’ (2005) empirical study, the effect of context in mobile applica-
tions is tested. It is obvious that such content of mobile usability in this paper is not
directly comparable to the usability of software components as referred to in this work.
Nevertheless, by means of within-subjects design, four different configurations have been
tested. The researchers examined the effects of context and types of use relating to the
objective as well as subjective usability attributes. They concluded that, in contrast to
the results of the other tested application types, the mobile web based implementation
performed comparatively poorly because it “was unable to take advantage of location
context or client-side application code” (Ryan & Gonsalves, 2005, p. 115). This master’s
thesis also deals with such similar content, which regards testing two software compo-
nents relating to their subjective usability attributes (compare Chapter . Beside the
focus on the subjective aspects of usability, the attractiveness of each software system
and the users’ level of satisfaction are measured in this work. “Recent studies suggest that
the weighting of both aspects in forming an overall evaluation of an interactive product
heavily depends on features of the actual situation, such as whether an individual has to
perform a specific task or not” (Hassenzahl et al., |2008, p. 473).

Nielsen| (1993)) refers to a study, which concerns evaluating the usability of several
icon designs. The focus was placed on gaining user feedback on the icon designers. In
this usability test, four different set of icons for a GUI were provided, all of which were

designed by different design experts. The requirement was to find a suitable icon set
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for the specified software system. The proposed icon sets were analyzed relating to the
usability attributes’ ease of learning, efficiency of use and the subjective user satisfaction
(see Chapter by performing several tests. After completion of the assessment, it
was possible to compare the four different sets of icons by considering the results of the
evaluation. Finally, another set of icons was designed for the system. It was based on
the set, which had obtained the best results in the usability test.

A conclusion of research carried out by (Carter| (1999) is that various usability guidances
have been designed to improve the usability of the different components, such as windows,
dialogs or menus. For example, the seven general design principles are named (see Table
3]), which are specified in ISO 9241 (Part 10) to achieve usable systems.

Suitability for the task
Self-descriptiveness
Controllability

Conformity with user expectations

Error tolerance

Suitability for individualization

NS RN

Suitability for learning

Table 3: Seven Design Principles
lextracted from (Carter} 1999)]

Molich & Nielsen (1990) classified various usability heuristics, for example the principle
of a Simple and Natural Dialogue: “Dialogues should not contain irrelevant or rarely
needed information. FEvery extraneous unit of information in a dialogue competes with
the relevant units of information and diminishes their relative visibility. All information
should appear in a natural and logical order” (Molich & Nielsen, (1990, p. 339).

Carter| (1999) describes the Usability First methodology, which supports the prepara-
tion of usable guidelines and the improvement of the development process. This technique
can be combined with other software development procedures and methods. In addition,
this approach includes permanent evaluations in the life cycle relating to the usability
of the methodologies for developers as well as of applications, designs and developed
systems for the users. In addition, the Usability First approach specifies several activi-
ties for developers, such as using task analysis methods, the identification of guidelines
and standards, creating use models in order to transform requirements into design and

evaluating the design on its standardized norm.
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4. Materials and Methods

4.4. Test Specification

4.4.1. Original and Actual Approach

It should be noted that originally the comparable usability test with the developed lo-fi
prototype (see Chapter 4.2) of the software component AVL InMotion should be car-
ried out. The goal was the evaluation of the proposed GUI design, the identification
of the stakeholders’ needs and the collection of the weaknesses as well as strengths of
the software component AVL InMotion. Based on the results, AVL InMotion should be
developed and contain not only new features, but also improvements. However, once the
lo-fi prototype was presented to AVL’s stakeholders, the preliminary version of the GUI
was implemented immediately (see Chapter 4.3). No test with representative users was

taken into account before development.

For this reason, this usability test was conducted with a hi-fi prototype (refer to Chapter
2.2.2.1), which was the latest build of AVL InMotion (see Figure 31).

Figure 59 shows the originally planned approach and actual process concerning AVL
InMotion.

Delivery l
. Development
Third-party Lo-fi prototype
simulation software | »| AVLInMotion
o & 7
Integration : 63;0 .’
. (4 , 4
Adaptation, ! Q\é&/l -
modifications ! . Usability Test
v » L)
F—— —— < - :
| Third-party | Adaptation of !
I | software component | 1| improvement :
: AVL InMotion : suggestions, |
LT -—————————-_| userneeds :
AVL PUMA Open |
software suite Hi-fi prototype

Target process ------- Actual process
----------- Main idea

Figure 59: Original Approach versus Actual Process
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4.4.2. Aim of the Usability Test

The purpose of this usability test was to gain an evaluation of the standalone program
IPG CarMaker and the software component AVL InMotion that is integrated into an
existing software suite (refer to Figure regarding the usability and simplicity, but
without testing the skills of the test participants. The UI proposals should be reviewed
and all findings and resulted improvement suggestions based on them should influence
the further development of AVL InMotion and possibly other AVL software products,
too.

Additionally, the handling of the test participants with the UID was observed, and

at the same time the test users were asked to articulate all their thoughts and actions
during the tasks aloud (see Chapter [2.2.3.1)).

In the following section, both the test procedure and the practical resources are clearly
represented and described in detail, which were required to conduct a correct usability

test for this master thesis.

4.4.3. Experimental Procedure

To insure routine in executing the usability experiment, a test scenario had to be prepared
containing a test plan with all the necessary steps for carrying out the test procedure.
In the following paragraph, this is explained more in detail and, an overview of the

identified phases of the usability test is clearly represented in Figure

First of all, the usability test started with a friendly welcome speech in order to thank
the participants for having sufficient time and patience. In the orientation discourse, it
was also important to highlight that the test focus concentrated on the system, and not
on the performance of the user. The explanation of the test procedure followed and also
the videotaping was mentioned. For a more detailed orientation speech, please refer to
Appendix

A standardized questionnaire (see Appendix had to be completed in order to ac-
quire the necessary background knowledge for the further course of the analysis. More-
over, all candidates were required to sign a consent form (see Appendix in order
to get their authorization for videotaping of their test sessions and also to use these

recordings for analyses and research purposes.
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Figure 60: Stages of the Usability Test

After completing all the formalities (including approval from the test users), the main
part of the actual usability test could be started.

In this context, nineteen realistic tasks scenarios (see Chapter 4.4.5) were prepared for
testing both applications. The tasks were designed to be as simple as possible, so that the
test subjects could solve the tasks in a feasible period of time. The users were not given
the entire list of tasks at once; they got only the task description (see Chapter 4.4.5.2)
and one instruction each on a separate piece of paper at a certain time (see Figure 61 for
an example of such task description). The test users were asked to complete each task as

best possible, and concurrently, the test participants were requested to think-aloud (see
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4. Materials and Methods

Participation
in a Usability

Study before Yes Yes Yes No No
(As a Test
User)
Ezxperience with AVL Product AVL PUMA Open
Use of the
Product No No Yes No Yes
Use of
Subcomponent || - - Yes - Yes
PUMA online
Using the
product - - 1- 3 years - 3 - 6 years
Experience
Level of Using || - - Amateur - [AI(Si;anced
the Product
Online Online
Used Support Documen-
. - - Documen- - .
Materials . tation,
tation
Colleagues
Language English, .
Setting ) ) German ) English

Table 5: Test User Group B

4.4.5. Test Tasks

To begin with, the internal task lists are presented, which contain the description, pre-
requisites, completion criteria and average processing time as well as the possible solution
path for the particular task of each user group. The second part only lists the instructions

for each user group, which are given to the users during the test.

4.4.5.1. Internal Task Lists

Various internal tasks are listed below for testing both the integrated software compo-
nent (see Table [6]) and the standalone third-party application (see Table [7). The main
focus regarding the creation of the tasks was the identification of the main and critical

points that had to be tested. The tasks were identified through a detailed and precise
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study of the third-party software component AVL InMotion and the external third-party

application. The modeling of tasks had to be as realistic as possible, the instructions

had to be clear, simple and understandable for the potential test users.

The Internal Task List for Group A

Task| Description Pre- Completion | Max. | Possible Solution Path

No. requisites Criteria Time

1 Launch AVL AVL New test 1 Click AVL Explorer
Explorer via AVL. | PUMA named min | on AVL PUMA
PUMA Open Open MBS _Test Open Application
Application Application | X was Desktop to open
Desktop and add | Desktop is added as application. Navigate
a new Test. open. specified. to treeview
[Rename it into Local—Projects—
MBS Test X]. AVL—Projects Data

and right click to access
a contextual menu.
Follow select menu New
| Test

and rename this test
into MBS Test X
afterwards.

2 Open the AVL In opened 2 Double click on
previously added | Explorer is | test editing | mins | previous added test
test MBS _ Test open and window in MBS Test X (or
~ X in order to previous tab Library open the contextual
create a new added test a new menu by right-clicking

MBS-Block.
[Type: Straight].

is available.

Straight
(MBS-
Block) was
added.

and select Edit ) to
open the test-editing
window.

Navigate to tab
Library and open the
contextual menu by
right clicking on it in
order to create a new
MBS-Block of type
Straight. Select
contextual menu New |
Road and Maneuvers |
Straight.
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A. Test Materials

A.1l. Orientation Script

Based on: (Andrews, [2010)

Hi, my name is Olivia. I'll be working with you in today’s session. [Stephan here will
be observing|. We are here to test a software application and would like your help.

I will ask you to perform some typical tasks with the application. Do your best,
but don’t be overly concerned with results - the system is being tested, and not your
performance.

[I conduct this study in context of my master thesis, and have no affiliation with
the system whatsoever|. My only role here today is to discover the flaws and advantages
of this system from your perspective. Don’t act or say things based on what you think I
might want to see or hear, I need to know what you really think.

So that we can better follow your trail of thoughts during the test, we will ask
you to think aloud while you work. Please do ask questions at any time, but I may only

answer them at the end of the session.

While you are working, I will be taking some notes. We will also be recording
the session for the benefit to do some analyses about usability afterwards.

If you feel uncomfortable, you may stop the test at any time.
Do you have any questions?

If not, then let’s begin by filling out a short background questionnaire and hav-
ing you sign the nondisclosure agreement and consent form.
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A. Test Materials

A.2. Background Questionnaire

Based on: (Andrews, [2010)

Date: Test:

Time: Test No.:

Thank you for participating in our test. Please answer the following questions:

’ Personal information

O < 20 years
0O 20 - 29 years
0 30 - 39 years

Age 0O 40 - 49 years
0 50 - 59 years
O > 60 years
Gender O Female
0O Male
0O None
Do you use a sight aid when working on O Glasses
the computer? 0O Contact lenses
0O Other:
Do you have any form of colour O No
blindness? O Yes,

Education Level Attained:

O Vocational training

0O General qualification for
university entrance

0O University degree

O Doctorate

If you are studying or have studied, o)
please describe your main area of study:
O English
O French
Do you have any foreign language 0O Italian
competence? 0O Spanish
O None
0O Others:
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A.5.2. Attributes of Usability

Adapted from: (Nielsen| [1993])
For an explanation of the different attributes please refer to Chapter 2.1}

A. Test Materials

1. Learnability bad S good not ap-
1 2 3 4 5 plicable
2. Efficiency bad & & &~ good || 1ot ap-
1 2 3 4 5 plicable
- . e
3. Memorability bad e good not ap-
1 2 3 4 5 plicable
4. | Error tolerability bad &~~~ good |l 1ot ap-
1 2 3 4 5 plicable
5. Satisfaction bad A good not ap-
1 2 3 4 5 plicable

Table 41: Attributes of Usability Questionnaire
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A.5.3. AttrakDiff™

Adapted from: AttrakDiﬂﬁ

human
isolating
pleasant
inventive
simple
professional
ugly

practical
likeable
cumbersome
stylish
predictable
cheap
alienating
brings me closer to people
unpresentable
rejecting
unimaginative
good
confusing
repelling
bold
innovative
dull
undemanding
motivating
novel

unruly

A. Test Materials

QOQOQQOQO
QOO0OQOQ0O
OJCLOROLONONO
QOQOQOQOQO
QOQO0OQOQOO
QOO0OQOQO
QOQO0OQQO
QOOQQOQO
QOO0OQOQO
QOO0Q0OO0
QOQOQOQOQO
QOQOQQOQO
QOO0OQOQ0O
QOO0OQOQO
QOQOQQOQO
QOO0OQOQO
QOO0OQOQ0O
QOQO0OQQO
QOQOQQOQO
QOO0OQOQO
QOO0Q0OO0
QOQOQQOQO
QOQOQQOQO
QOQOQOO0
QOO0OQOQO
QOQOQQOQO
QOO0OQOQ0O
QOQOQO0OO0

technical
connective
unpleasant
conventional
complicated
unprofessional
attractive
impractical
disagreeable
straightforward
tacky
unpredictable
premium
integrating
separates me from people
presentable
inviting
creative

bad

clearly structured
appealing
cautious
conservative
captivating
challenging
discouraging
ordinary

manageable

Table 42: AttrakDiff™ Questionnaire

2http:/ /www.attrakdiff.de
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