Chapter -4

Concurrent Usability Evaluation and Design of a Software Component

4.1 Overview

In this chapter an attempt is made to address the usability issues of software
component that can be extended to component based software system. The developed
approach provides a framework, utilizing digraph and matrix approach, with which
component and component based software system can be assessed, evaluated and designed as
per usability point of view. The chapter is organized as follows. Section 4.2 provides a
description on usability issues in relation to software component. In section 4.3, based upon
concurrent approach, digraph modeling of sub-characteristics and associated attributes
including interactive complexity are discussed. Section 4.4 focuses on the development of
one-to-one representation of digraph model for computer processing. In section 4.5,
evaluation of component based upon characteristic expression of usability is discussed.
Section 4.6 describes procedure for developing usability index for component. In section 4.7,
validation of the developed approach utilizing case study is demonstrated. Section 4.8
describes the usefulness of the developed methodology. Finally section 4.9 provides

concluding remarks of the chapter.

4.2 Introduction

The usability characteristic represents the significant difference in meaning between
traditional quality models and component quality model. The difference lies in the fact that in
the component quality model the users are considered primarily system developers, who
handle the integration of the components to their systems. Measuring and evaluating
software component is an important step to avoid any delays in developing CBSS. This will
also help in making flexible and maintainable CBSS. Most of the available literature
considers usability sub-characteristics as independent entities affecting the software
component’s usability. But the extent to which one sub-characteristic is present may affect
the other sub-characteristic. The estimate of the net effect of these interacting sub-
characteristics is responsible for the success of the component usability philosophy.
Quantification of component sub-characteristics and their interactions concurrently will lead
to estimating the net effect of the component’s usability in terms of a single numerical index.

Thus, an attempt is made to consider component’s usability sub-characteristics and
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interaction amongst them concurrently in a unified manner. The approach mentioned in

chapter 2 is extended to compute usability index of a software component.

ISO 9126 quality model is chosen to identify and develop usability sub-characteristics
of a software component. This model is well accepted worldwide but is general thus to be
tailored or customized for component oriented domain as per usability point of view.
Although most of the sub-characteristics remain the same in terms of naming (only
understandability is renamed to help mechanisms). Help mechanisms need to target different
people. Some people look for “how to” administer component while some are interested in
understanding “interfaces” support. In component domain end users are the system
developers and not the ones who interact with complete system thus sub-characteristics
attractiveness has been removed from the sub-characteristics list of usability. Due to lack of
standards, compliance is not possible and also has been removed. Additionally,
approachability as sub-characteristic of usability is introduced to represent the need for
efficiently identifying and fetching the desired component (Hansen, 2006). The description of
usability sub-characteristics based on state of the art literature (Raje et al., 2001; Kallio and
Niemela, 2001; Preiss, 2001; Kalaimagal and Srinivasan, 2008b, Dehlin et al., 2000; Goulao
and Brito, 2002a; Goulao and Brito, 2002b; ISO/IEC 9126, 2001; ISO 9241-11, 1998; IEEE
Std. 610.12, 1990; Bertoa et al., 2003, Hansen, 2010a; Bertoa, and Vallecillo, 2002a; Botella
et al., 2002; Ali et al., 2001; Simao and Belchior, 2003; Washizaki et al., 2003; Simao, 2002;

Kallio and Niemela, 2001) are mentioned below.

4.2.1 Help Mechanisms

This sub-characteristic denotes availability and effectiveness of help facility for the
usage of the component. It is supported with manuals, demos, tutorials and support tools and
services. The extent and depth of the coverage of help facility is dependent upon the type of
component. For example, the coverage of help facility in white box component is extensive
and comprehensive which includes complete source code and programming philosophy of the
component. In case of black box component more emphasis is given to extensive description

of interfaces. Supported artifacts as source code and programming philosophy are absent.

Following attributes are used to compute the level of help mechanisms supported by

the component:
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e Help System: It indicates availability and completeness of the help files for the
system.

e Manuals: It provides the presence of user manual, administration manual and
installation manual.

e Tutorials and Demos: It indicates presence of tutorials and demos to support the
usage of component.

e Support Tools and services: It denotes the presence of other supporting tools and
services to enhance the usage of component such as online help using chat services or
telephonic help, expert training modules or sessions etc.

Each of the above attribute can be measured on a scale of 1-5 for level of satisfaction,
Table 4.1, where value 5 means very highly satisfied and value 1 means weakly satisfied
(very low satisfaction level). It is to be noted that separate measure can also be taken
depending upon the depth and the extensibility of the analysis. For example, user manual
satisfaction level can be identified by further breaking it into — manual coverage, manual
consistency and manual legibility. Here, manual coverage can be measured on the level of

satisfaction in terms of percentage (%) of functional elements described in manual.

Level of Satisfaction
Description Scale (1 -5)
Very Low (VL) 1
Low (L) 2
Moderate (M) 3
High (H) 4
Very High (VH) 5

Table 4.1 Attribute level of satisfaction (LOS)

4.2.2 Learnability

This sub-characteristic indicates the time needed by a user to learn how to use,
configure and administer a component. Here, the users are considered to have an average

experience in component related projects. This sub-characteristic is very important to original
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software component developers as the acceptance of component in project/architecture is
heavily dependent upon its level of learnabilty factor.
The contributing attributes for learnabilty are as follows:
e Time to use: It indicates the time needed by an average user to learn how a component
works and how it can be used in a software system.
e Time to configure: It denotes the time required for an average user to learn how to
configure the component for its usage.
e Time to administer: It indicates the time required for an average user to administer the

component.

Similar to help mechanisms, each of the above attributes can be measured on a scale
of 1-5 for a level of satisfaction where value 5 means highly satisfied (very less number of
hours an average user has to spend) and 1 means weakly satisfied (very large number of

hours an average user has to spend).

4.2.3 Operability

It indicates the level of effort required to operate, administer and customize the component.

Following attributes contribute to operability:

e Operation effort: It indicates the effort required to operate the component. It is
heavily dependent upon the suitability of the component on the assigned tasks. For
example, whether a component requires some manual tasks to be performed for its
operation or not.

e Administration effort: It denotes the effort required to administer a component. The
functioning is similar to operation effort but it mainly focuses on administration
related tasks.

e Customizability effort: It indicates the effort required to customize a component for its

pre-defined interfaces.

Similar to help mechanisms, each of the above attribute can be measured on a scale of
1-5 for a level of satisfaction where value 5 means highly satisfied (very less effort required)

and 1 means weakly satisfied (very high effort required).
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4.2.4 Approachability

It indicates the capability of a component to be searched by its users for its usage

through search mechanisms. It is directly linked to the quality of documentation and

marketing information provided by the vendor. It is to be noted that though it is heavily

dependent upon vendor, it affects the quality of a component and in particular, usability in the

broader context.

The contributing attributes for approachability are as follows:

Directory listings: It indicates the simplicity of finding a component. Dedicated sites
on the World Wide Web or special software magazines are the source of components
listings and can be used for such findings. A ratio of popular directory listings that
the component is marketed to the total number of popular directory listings can be
mapped to a scale of 1-5 for measuring level of satisfaction. Value 5 means highly
satisfied (Very high ratio of presence) and 1 means weakly satisfied (Very low ratio
of presence).

Search & Fetch: It denotes the simplicity in searching and fetching a component. For
example, what pre-requisites are required for approving download of component (trial
version) such as registration, software or hardware, training etc., and whether they are
available or not. It can be measured on a scale of 1-5 for level of satisfaction where
value 5 means highly satisfied (presence of very effective search & fetch techniques)
and 1 means weakly satisfied (presence of very less effective search & fetch
techniques).

Classification: It denotes the supportability of the classification scheme by a
component. For example, the component can be classified according to packaging or
platform specific views. It can be measured on a scale of 1-5 for level of satisfaction
where value 5 means highly satisfied (presence of very effective classification) and 1
means weakly satisfied (presence of very less effective classification).

Marketing information: It indicates the ability to understand the component
capabilities without actually installing it. It deals with the information that the vendor
provides as part of marketing strategies. It can be measured on a scale of 1-5 for level
of satisfaction where value 5 means highly satisfied (presence of very effective
information) and 1 means weakly satisfied (presence of very less effective

information).
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4.3 Concurrent Usability Digraph modeling

The purpose of concurrent approach is to consider several different activities together
in a unified manner in order to attain a goal. This helps in reducing the overall time in
reaching to the goal effectively. In this approach several different teams work together and
based upon their experiences and expertise they attain the goal effectively and quickly.
Evaluation and analysis of usability sub-characteristics and associated attributes should not
be performed in isolation. It is meaningless to compute the measures of the sub-
characteristics independently and later add to obtain the overall usability measure. Because in
this kind of computation interactions/interdependencies among sub-characteristics are not
considered which may have impact on the overall usability measure. Thus, in order to
formulate realistic usability measure for software component, it is necessary to consider
measures of sub-characteristics along with their inter and intra dependencies/interactions.
Here, several teams can be formed depending upon the requirement of the sub-characteristics
and their effects among themselves. For example, let us consider sub-characteristic help
mechanisms. It consists of four attributes — help system, manuals, tutorials and demos and
support tools and services. It can be seen that these attributes also affect other sub-
characteristics of usability - learnability, operability and approachability. Thus, to perform
intact analysis or evaluation of a component as per learning mechanism point of view other
sub-characteristics should not be ignored. To attain proper help mechanisms in a component
it is utmost important to use concurrent approach which involves considering inter and intra
interdependencies/interactions (within attributes and across sub-characteristics respectively)
in a unified manner. This can be made possible by involving concurrent teams in analysis and
evaluation. It is clear from the above discussion that the sub-characteristics interactions
(inter/intra) affect the usability of a component. Thus consideration of interactive complexity
will enhance the evaluation. This can be accomplished using concurrent approach. The state
of the art literature does not provide models which explicitly consider interactions of sub-
characteristics along with their measures. This chapter models such approach using digraph

model and matrix approach as developed in chapter 2.

There are number of sub-characteristics responsible for creating a component’s
usability (help mechanisms, learnability, operability and approachability). It is to be noted
that the effectiveness of the component’s usability depends upon the degree of inheritance of

these sub-characteristics and the amount of interactions (interdependencies, strength of
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interactions) present amongst them, which conventional representations/techniques are
unable to analyze. These interactions may be direction dependent or independent. The
network showing these sub-characteristics and interactions is attempted to model the
component’s usability using graph representation. If interactions are not direction dependent,
the component’s usability is represented by an undirected graph. The interactions that are
direction dependent are represented by digraph. The graph theoretic representation is suitable
for visual analysis, it can be computer processed and can be expressed as a mathematical
entity, whereas the conventional representations, like block diagrams, cause and effect
diagrams and flow charts, although providing visual analysis, do not depict interactions
among factors (sub-characteristics) and are not suitable for further analysis and cannot be
processed or expressed in mathematical form. The sub-characteristics, their attributes and
their measures identified in the previous section are used to evaluate the extent of the

component’s usability for an index known as the component’s usability index. Thus

Component’s usability index = f (elements, interactions) 4.1)

where, elements can be sub-characteristics or attributes. The major point here is to co-relate
these elements, their quantification and interactions among them. Based on the above
quantification it is proposed to find the concept of usability index (l,), hypothetical best
usability index (lp,) and hypothetical worst usability index (l.,) and benchmarking of
component’s quality as per usability point of view is defined. As already stated, this is
achieved through a systematic approach called digraph and matrix approach. It consists of the
digraph representation, the matrix representation and the permanent function representation.
The digraph is the visual representation of the sub-characteristics and their interactions. The
matrix converts the digraph into mathematical form. The permanent function is a
mathematical model that helps to improve usability design and determine usability index.
Once the index is determined then the user can rank alternative components and select best as
per requirements. Similarly, component designer and developer can perform sensitivity
analysis on critical elements (sub-characteristics, attributes etc.,) of usability and attain index
closer to hypothetical best usability index.

A digraph (weighted), here onwards a digraph is referred as a weighted digraph, is
used to represent the sub-characteristics and their interactions in terms of nodes and edges. In
an undirected (weighted) graph, no direction is assigned to the edges also weights assigned to

the edges and nodes/vertices in the graph, whereas directed graphs (weighted) or digraphs
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(weighted) have directional edges, with respective weights. A component usability digraph
(weighted) Gy = (Vu, Eu) is defined to represent the interactive complexity (inter and intra)
of sub-characteristics of component in terms of nodes and edges. The set Vy consists of finite
nodes, U;’s, that represents the sub-characteristics of component (e.g. help mechanisms,
learnability, operability and approachability) and this quantitatively represented by the
weight of the respective characteristic/sub-characteristics. The edge set Ey consists of edges,
ajj’s that represent the strength of interactions (weights) of sub-characteristics of component
(see Table 4.2, e.g. strong, medium, weak and nil). The digraph permits visualization of the
component usability composition and provides interactions among the sub-characteristics.
The number of nodes in a digraph is equal to the number of sub-characteristics of a
component. Sub-node ui, corresponds to the m™ attribute of i™ sub-characteristic, and is

placed in the node U; representing the attribute of a component.

Strength of Interaction
Description Scale (1 -5)
Nil 0
Weak 1
Medium 3
Strong 5

Table 4.2 Strength of interaction (SOI)

Based on Table 4.3, interactions of usability sub-characteristics are shown in Figure
4.1. As discussed, directed edges in the digraph represent the strength of interaction of one
sub-characteristic on another. A dashed directed edge shows inter interactions amongst sub-
characteristics while dark bold directed edge shows intra interactions of sub-characteristics.
The learnability mechanisms (U;) is shown affecting all the other sub-characteristics, i.e. a
directed edge from U; to U,, Us, and U,. These edges are present due to the interactions of U;
sub-characteristics i.e. time to use, time to configure and time to administer with the other
sub-characteristics of U,, Uz and U, respectively. It is to be noted that digraph representation
is helpful in visual analysis but to the limited extent. As it is not possible to identify the
contributed factors such as sub-characteristics or attributes that are responsible for high level
or low level of usability. Also, it is difficult to identify potential design parameters to attain

high level of usability design. Thus digraph is the first step which can be used during
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brainstorming session in order to identify interactions, in particular, potential interactions
among sub-characteristics. Later for detailed analysis it is to be converted into some
mathematical model where further discussion on various objectives such as- potential
parameters affecting usability, critical levels of interactions etc, among sub-characteristics
can be considered.

Sub- Attributes Interactions
characteristics
Inter Intra
U; (Ui) Timetouse  |Uar; Uz Uzs; Uz Uzt |Urz; Uss
Learnability Ui ; Usp; Usg
(U12) Time to Uoi; U ; Uz Uy Usz; |Uir; U
configure Usr ; Ugp; Uss
(Uz) Time to Uoi; Uz Uz Ugs; Uz (Ugr; Up
administer Usz ; Usp; Uss
U, (U21) Helpsystem  |U11; Ui ; Uiz Usy; Usp; (U Uzs; Uy
Help mechanisms| Uss ; Uss
(Uz2) Manuals Uir; Uiz ; Uiz ; Usg; Usp; [Uzr; Uzs; Uag
Uzs ; Usz
(Uzz) Tutorialsand  |Ugg; Ugp; Usg; Usy; Uspy (Uzr; Uz s Uz
Demos Uss ; Ugs
(Uag) Supporttools |Ugs; Usp; Uig; Ust; Usp; (Uzi; Uz Uszs
and Services Uss ; Uss
Us (Us1) Operation Uir; Uz Uz Uz Ugs; |Uss
Operability Support U3
(ng) Administration Uis; Uz Uz Uss; U [Uss
Support U3
(Usz) CustomizabilityUso ; Ui ; Uz Uzz; Uoa; |Usi; Usp
Support Uass
U, (Uaz) Directory Uz ; Uz ; Uzs; Uy Us2; Uz ; Ugs
Approachability |Listing
(Ugz) Search & Fetch|Uzy ; Uz ; Usz s Uz Uss ; Usz ; Uy
(U43) Classification Usi: Uz Uxz s Uos Usr; Ug ; Usg
(Uas) Marketing Uz ; Uz ; Uzs; Uy Ut ; Uiz ; Ugs
Information

Table 4.3 Usability sub-characteristics interaction (inter and intra level)
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Figure 4.1 Usability sub-characteristics interaction digraph
Dashed line represents sub-characteristics inter interactions

Dark bold line represents sub-characteristic intra interactions

Considering this viewpoint, a one-to-one representation of the considered usability
digraph, a (permanent) matrix model is developed. This will help in establishing expression
characteristics of usability of a component and is convenient for computer processing. As
digraph, Figure 4.1, contains 4 nodes (sub-characteristics), its matrix representation is of size
4*4. In the matrix, the diagonal elements represent usability sub-characteristics of a
component while off-diagonal elements correspond to interaction of one sub-characteristic on
another sub-characteristic of a component (direct or indirect interactions of sub-
characteristics). Permanent of a matrix is called variable permanent usability function (VPF
— u). This expression is the component characteristic of usability by considering all
interactive complexity. As the usability digraph is crucial for study, this may be prepared by
the experts in the area/domain. The digraph representation thus permits component’s usability

experts to conceptualize and visualize the developed/designed component’s usability
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environment. The designer of the environment can easily modify the environment network to

achieve the desired results.

4.4 Matrix Representation: Variable Permanent Usability Matrix (VPM - u)

In this section, usability of component is represented using permanent matrix, which
provides one-to-one correspondence of the digraph. Permanent matrix keeps information of
system characteristics (Upadhyay et al., 2009) thus suitable for usability analysis, evaluation

and design. The significance and utility of such type of matrix was shown in chapter 2.

The permanent matrix (Jurkat and Ryser, 1996) generates a standard function known
as permanent which is used in combinatorial mathematics. The permanent of a matrix is the
matrix multinomial and is called variable permanent usability function (VPF — u), each term
of it has a physical significance related to the component’s usability. The calculation of a
permanent (function) of a permanent matrix is similar to the calculation of a simple matrix
determinant. The only difference in permanent matrix multinomial (determinant), VPF — u, is
that all negative signs that appear in the determinant expression is substituted by positive
signs. This multinomial representation includes all the information regarding usability sub-
characteristics and interactions amongst them. Quantitative component’s usability evaluation
is obtained from VPF — u, by substituting numerical values of the permanent expression’s
(function) elements which are obtained analytically, experimentally or through comparison
with the ideal cases. This single numerical index is the representation of a typical
component’s usability in quantitative terms. The variable permanent usability function, being
the characteristic of the component’s usability is a powerful tool for its analysis. This helps in
representing interactive complexity as viewed from combinatorial viewpoint. The variable
permanent matrix (VPM — u) is capable of representing one-to-one mapping of usability
digraph. For further analysis matrix can be computer processed. The VPM — u generates VPF
— U from which component’s usability index is calculated. The benefit of using VPF — u is
that no information about usability (sub-characteristics and inter-intra interactions
complexity) of component is lost as expression (VPF — u) does not contain any negative sign.
Application of this concept will lead to better understanding of usability analysis of a
component.

Let us consider the digraph shown in Figure 4.1 for defining variable permanent

usability matrix for component. Let a diagonal matrix, Up, with diagonal elements U;, i = 1,
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2,..., 4 be considered. Here, U; represents the sub-characteristics of usability, whose value
can be obtained by considering permanent model for associated attributes. Let us also define
another matrix, Uo with off-diagonal elements, a;;’s representing the (strength of) interaction
between sub-characteristic i and j. It is to be noted that U;’s and a;;’s represent nodes and
edges respectively in usability digraph of the component. The matrix for Figure 4.1 is written
as:

VPM —u = [Up + Ug]

1 2 3 4  Sub-characteristics

U 1 a12 a13 a14 1

VPM-—u=|ay U, ay | 2
8y a;, U; ay| 3 (4.2)
0 a, 0 U, 4

The permanent of the matrix is written as:

VPF —u =
[U1*U*Us*U4 ]+ [azs*az:*U1*Us + @ga*au*U1*Us + a1 *Us*Us + arz*azi *Us*Us)
+ [ags*ass*au*Us + agr*aia*asn*Us + ax*ais*as*Us + aro*azs*as *Us)

+ [a13™ a34™ as™ @z +aiz*asi*ax*asn+ as*an*asn*az;] (4.3

On a critical analysis of permanent function, expression 4.3, it is inferred that this
multinomial contains only distinct sub-characteristics — U; and loops — ajj aj -..... ani. Here,
sub-characteristics are the one which are considered (permanent matrix) for the evaluation of
usability and they are help mechanisms, learnability, operability and approachability. It can
be seen that for the directed edges the strength of interaction between two sub-characteristics
is perceived as 2-node loop. For example, sub-characteristic U; has interaction with U, and
vice versa which can be represented by 2-node loop (a;paz:). Similarly, m-node loop
represents m-sub-characteristics strength of interaction based on permanent matrix. For
example, in expression 4.3, ajzaszsasaz represent strength of interaction of learnability on
operability, operability on approachability, approachability on help mechanisms and help
mechanisms on learnability in totality. It can be noticed that expression 4.3 does not include
as; and a3 interactions or its combination with any term as these are not present in the

permanent matrix. Thus permanent function, VPF-u maintains all the information regarding
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sub-characteristics and strength of interactions among them concurrently. In short VPF-u can
be represented as:

VPF-u = f(Ui,, a;, aij Ajk i etc) {ifa;=a;} N\
= f (Nodes, dyads, loops)
=f (Usability structural components) (4.4)

VPE-u=f (Ui, aijaji , ajj ajaw ai , aj axaw am ami ) { ifaij = aji} >

=f (Nodes, 2-vertex loops, loops)

=f (Usability structural components)

J

The inclusion of permanent matrix and permanent function to analyze usability in
component is completely new and is a significant contribution in usability analysis which
leads to usability design and evaluation of component and as a whole to CBSS. This is
because concurrent teams can simultaneously perform evaluation and analysis. By following
the procedure of permanent matrix and permanent function, end user will be able to take the
decision on the improvement, benchmarking, selection and ranking of alternatives
components/designs. If an end user is a designer of a component then varying values of VPF-
u based on sensitivity analysis on critical parameters can select best design for a component.
Similarly, if an end user is an integrator then alternative component can be ranked on the
basis of VPF-u value (index). Both designer and integrator can set up the benchmark -
hypothetical best usability index and hypothetical worst usability index in order to attain
improvement in design and ranking alternate components/designs. Section 4.7 and section 4.8

explore the usefulness of the developed methodology in detail with an example.

4.5 Component Usability Evaluation

The VPF — u is an invariant thus is a useful expression for the usability evaluation of
component. Expression 4.3 consists of various terms/entities as point of combinatorial
mathematics. Each term of the expression (function) yields a test/heuristic. Expression 4.3 in
symbolic form is a useful tool for analysis. Terms in expression 4.3 can be arranged in
number of groupings. It is to be noted that mathematically each term is a product of four
different matrix elements (N = 4, in the example). Interpreting same expression it can be

noticed that different terms are the set of distinct diagonal elements (U;, Us,...,Us) and loops
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(strength of interactions) of off-diagonal elements of different sizes (a;j a;i, aij aj ai). This
generates new meaning to multinomial from component usability sub-characteristics
interactive point of view considering their respective set of attributes and inter-intra
interactions among them. By arranging terms of the same structure (set representing sub-
characteristics and elements involved in formation of loops) in the same grouping and of
different structure in different groupings, VPF — u may easily be written in (N + 1)
groupings, where N refers to the number of sub-characteristics. The terms of (N+ 1) groups
are arranged in the decreasing order of number of vertices/sub-characteristics U;. The first
group contains terms with N unconnected U;’s. Each successive group has one less sub-
characteristic than the previous group and rest of the elements are the combination of dyads
and loops. The last group does not contain any U; in its terms. It contains only terms such

as a’

%, a&j ajk axi , etc. The evaluation is carried out term by term. If there are M distinct terms
then there will M distinct ways for analyzing usability of component. The overall analysis is

done in the following manner:

1. The first term of expression 4.3 represents usability in the combination of
learnability, help mechanisms, operability and approachability sub-characteristics

and is written as
[U1/U,/ Us/U4/

Or

/learnability/help mechanisms/operability/approachability/

A slash represents separation mark between two entities here they are sub-
characteristics i.e. learnability, help mechanisms, operability and approachability. A
designer or practiced expert in the usability domain needs to consider the sub-
characteristics and associated attributes and suggest ways and means to improve its

contribution in increasing usability of component (and system).

For the analysis purpose, the first term is written as:
/LOS (learnability) / LOS (help mechanisms)/ LOS (operability)/
LOS (approachability)/

Designers and developers of the component have to identify contributed factors and

methods which can improve the level of satisfaction (LOS, see Table 4.1) of sub-
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characteristics. Similarly, if an integrator has some component alternatives for
particular application domain then by putting respective sub-characteristics LOS
values, best out of alternatives can be identified.

If entity two i.e. help mechanisms is more critical to a component in some
application domain then designers and developers of a component have to identify the
factors attributed to high level of help mechanisms. It is to be noted that even if a
component is mature and provide required functionality to the application domain it is
not useful if it does not contain required level of help mechanisms. A manual should
be designed and created in such a manner that it should have minimum
number/percentage of functional elements incorrectly described. It must cover detail
description of functional elements, interfaces, methods and configurable parameters,
difference in component version if any etc. It is to be noted that acceptable and
understandable ratio of words per functional element, ratio of words per interface,
ratio of words per methods and ratio of words per configuration parameters also play
important role from end user point of view to learn usage of component functionality
quickly and effectively. Similarly other contributed factors have to be identified to
increase the level of usability sub-characteristics. It is to be noted that the concurrent
team can be prepared which will focus on first term entities and which will be
responsible to find out the method and ways to increase the level of satisfaction of
respective entities. For example, one team can look for sub-characteristic help
mechanisms while at the same time other team can focus up on operability of a
component. Thus using aforementioned technique concurrently many team can work
together to understand and identify ways to improve the first term of expression 4.3.
Using similar approach, the attributed factors of other sub-characteristics can be
identified.

The second term is absent as there is no self loop present in the digraph. That means
no entity in the terms of expression 4.3 has interaction with itself.

The third term consists of two — sub-characteristics loop (i.e. aja;i), which represents
strength of interaction between two entities, and N — 2 sub-characteristics. The term is

represented as
/aija,-i /Uk/Um/

or
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IAGU /Uy

For convenience ajja;i is represented as Aj;. In the above set the entity to be analyzed
first is aja;. This is a two — sub-characteristics loop and it represents interactive
quality between sub-characteristic i and j. If the resultant value is towards lower side
as per the analysis, then in-depth study is needed to increase its value. For the present
usability digraph, the third term contains four entities:

lagzazU1Ualags asoULUs/ar0821UsUs/ @13 a31Up Ua/

The first entity of first term of this group can be written as:
/SOI (between help mechanisms and operability)
LOS (learnability) LOS (approachability)/

The first entity to be analyzed is the two — sub-characteristic loop i.e. axsas,, which
represents interaction between tutorials and demos and administration support. It is to
be noted that the use of good quality tutorials and demos to handle administration
related tasks affects the administration skills. Thus if the interaction is critical then
further analysis will reveal the elements (just-in-time availability of administration
training, online/offline trouble shooting etc.,) that has to be enhanced in order to
increase the interactive quality and overall impact.

. The fourth set consists of a three — sub-characteristics loop i.e. Ay or its pair Aj; and

N - 3 sub-characteristics. The set is represented as:
/Aijk + Aikj U/

The first entity to be analyzed is the three — sub-characteristics loop A or its pair Ai;.
The entities values for the fourth set are:
lazzazsas2 U1/ @21 814 As2 Uz /a1 a13 a3 Us /a2 @23 azp Ud/

The first entity to be analyzed in the set is Ay This is the resultant interaction
relation  between sub-characteristics help  mechanisms, operability and
approachability. That is the interactive quality between help mechanisms and
operability and between operability and approachability and between approachability
and help mechanisms are to be studied. Along with this analysis, other entities of the
term have to be considered and studied for the resultant interactive quality.

. The entities of the fifth grouping are arranged in two sub-groupings. The entities of

the first sub-grouping are two — sub-characteristics loop (i.e., aja;i). The second sub-

94



grouping consists of a four — sub-characteristics loop (i.€., ajj aj &u am ami) or its pair
(aim ami ai axj &;). The fifth set contains three entities.
la13 @34 Q42 @21/ Q13 @31 Az4 A4zl A31814 A4z A3/

Since in the expression 4.3 for fifth sub-group there is no two — sub-characteristics
loop thus terms of first sub-group are absent. The second group has ajsassasaz; as
four — sub-characteristics loop. This represents interaction between learnability and
operability and between operability and approachability and between approachability
and help mechanisms and between help mechanisms and learnability. Standard
procedures and techniques must be used to improve the overall interactive quality of
the loop. Along with this other entities sub-groups have to be studied and analyzed.

It is to be noted that the required procedures and techniques have to be used to
improve the overall quality of the entities considering interactive complexity as per the
usability point of view. Finally, this leads to the improvement in the usability of a component.
In order to get complete overview of usability of a component an in depth analysis on the

basis of aforementioned procedure has to be employed and performed.

4.6 Component Usability Index (1)

A quantitative or qualitative index/measure is needed to evaluate the usability

characteristic. The lexical meaning of the index is “a number or formula expressing some

property, ratio, etc. of something indicated” (Lexico Publishing Group, 2006) and

“something that leads one to a particular fact or conclusion” (Merriam-Webster, 2006).

Thus, a usability index must be able to represent the extent of usability of a component. The
usability index (l,) is a quantitative measure of the component’s usability. As VPF — u
considers structural and interactive complexity of sub-characteristics and associated attributes
it can be used to generate the measure. Based on the I, the selection and evaluation of the
component can be carried out as per usability point of view. A computer program in ‘C++’
language is developed (Appendix F) to compute the value of permanent of usability

characteristic. To evaluate VPF — u, numerical value of U; and ajj is required.

It is to be noted that using usability index (l), one can carry out the comparison of two or
more than two alternative components available in the market as per usability point of view.

The designers and developers of the component will also get to know which factor has to be
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improved so as to increase the overall usability of a component. The higher the value of the
index, the more is the usability of the component. This is due to the presence of high values
of Ui and ajj’s. The lower value of index implies lower usability of the component and is a
result of low values of U; and a;j’s. Based on this, given component and/or component
designs are compared and may be ranked from increasing or decreasing value of index. This
aids in the selection of an optimum component (from market/ off-the-shelf) and component
designs (as per designers point of view considering usability aspects) based on the usability.
Permanent, expression 4.3 is a function of component usability of a number of distinct

structural elements i.e. Ui, (a;a;/a?), (a;a;..a,)etc. Decision maker may compare potential

candidates on the basis of these structural elements. This comparison provides complete

insight for making right selection of acquiring component in a project.

4.7 Case Study

The applicability of the developed approach is validated with the usability evaluation
of database component (C;, ORACLE) selected from the component classified list
(Upadhyay and Deshpande, 2010), see Table 3.4, for a typical component based web
application project (Hong , 2005; Upadhyay et al., 2010). Table 4.4 lists down the level of
satisfaction, utilizing Table 4.1, and strength of interaction, utilizing Table 4.2, of sub-
characteristics and associated attributes considering interactions.

The interaction of i"™ sub-characteristic on j" sub-characteristic, ajj, can be computed in
following ways:

- if there exists only one interaction between i sub-characteristic on j" sub-

characteristic then direct value from Table 4.2 is used in place of a;;.

- if i sub-characteristics have multiple interactions with many attributes of j™

sub-characteristics then value of ajj is computed by taking root mean square

value of all interactions.
To obtain the realistic values of U;’s and a;j’s, Table 4.4 may be prepared by experts.

For calculation of the I, the permanent of the matrix, expression 4.3 is utilized and is given

as:
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1 2 3 4  sub-characteristics

(158 119 288 0337 1

VPM-—u=""1104 486 104 2 | 2

I, = per(u) = 9.883993¢+09 | 2.88 1.04 57 033 3
0 090 0 2256 4

The index is the estimated index of the usability of a database component (Cy) in
typical component based web application project. This may be compared with the other

alternate candidate indices.

LOS SOl SOl SOl SOl SOl

@ o “U; and o U o U o U o “Uj and
é “u; é “Uiikm é and é and é and é “Uijkm
ﬁ ﬁ ﬁ “Uikm ﬁ “Uijkm ﬁ “Uijkm ﬁ
Uy 158 U, 19 Uiz 3 Uzt | 3 Uozas 1 U121 3
U, 486 Uiz 2.88 Uizs 5 Uzz | 3 Uzasz 1 Us122 3
Us 57 Us 0.33 U131 5 Upzis | 3 Usi11 3 U123 3
U, 2256 | Uy 1.04 U113z 5 Uz | 3 Us11z 5 Us124 5
Uu 4 Uzs 1.04 ULz 5 Uzazz | 3 Usuis 5 Usza1 3
Uz 3 Uz 2 U141 1 Uz | 3 Uzio1 3 Usz22 3
Uiz 3 Us; 2.88 Ui142 1 Uz | 3 Uai2z 5 U223 3
Uz 4 Uz, 1.04 Ul 1 Uaizz | 3 Usizs 3 Usz24 5
Uz, 3 Usg 0.33 U241 1 Uzizz | 3 Uzi24 3 Usz21 3
Uzz 2 Uz 0.90 U1242 1 Uxpsi | 5 Uszo1 3 Ussz2z 3
Uz 2 Uiia1 3 Us2a 1 Uz | 5 Uszzz 5 Usas 3
Us: 4 Uiz 5 Uisas 1 Uzss | 5 Uszs 3 Uszza 3
Us 3 Uiz 3 Uise 1 Uzar | 3 Uszz4 3 Usazs 5
Uss 3 Ui124 5 Uiass 1 Uzssz | 3 Uszas 3 Usazz 3
Uss 2 Ui2a1 3 Uaius 3 Uzsss | 3 Usazz 5 Usaz 3
Usz 2 U2z 5 Uair 3 Uzt | 5 Usazs 3 Usaze 5
Uss 3 Ui223 3 Uo113 3 Uz | 5 Uazos 3
Usa 3 Ui224 5 Uzous 5 Uzazz | 5 Usia 3

Uisat 3 U1 5 Upiaz | 1 Uszaz 3

Uisz 5 Uza13 5 Uzas | 1 Usass 1

SOl from Uito U; 5~ SOI: from Ujjto Uy, 5 € LOS: of U
Green color cells represent permanent values of respective sub-characteristics

Blue color cells represent root mean square values of SOI between respective sub-characterics.

Table 4.4 C, elements and respective values (sub-characteristics associated values

considering strength of interactions)
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4.8 Usefulness of the Developed Methodology

The developed methodology will benefit both component designers and developers,
and software architect/software designers and decision makers (responsible to assess, rank,
select, procure and acquire component) as per usability point of view. Computer software is
developed (Appendix F) to automate the process of permanent computation.

e Benefit to software architect/software designers and decision makers
The usability of a complete CBSS depends upon usability of all components
considering interactions among them. It is very important and critical for architect,

designer and decision makers to select best component from a pool of alternatives. A

spider web diagram, see Figure 4.2, can be utilized for ranking purpose. Each sub-

characteristic of usability is represented with a spoke, where each spoke represents
unique value/measure from set of values in the acceptable range minimum to

maximum of respective sub-characteristic. For example in the current example a

spider web diagram has 4 spokes i.e. help mechanisms, learnability, operability and

approachability. The hypothetical maximum (best) usability and hypothetical
minimum (worst) usability value (index) of sub-characteristic (as per usability factors
point of view) of a component has to be placed in the respective spoke. Later, each
alternative component (in Figure 4.2, alternative 1 and alternative 2 are shown for
visualization purpose) has to be analyzed for each spoke and a web (by joining sub-
characteristic value in respective spokes) can be created for visual analysis. It is to be
noted that component which is closer to the hypothetical best value will be selected as

a prime candidate. It can be seen that the level of satisfaction for component sub-

characteristics and associated attributes are in the range of 1-5 and strength of

interaction from 1-5. It is expected that the strength of interactions may vary from one
project to another. Once the strength of interactions is fixed then the permanent index
value will be contributed by the variations in the values of sub-characteristics or

associated attributes level of satisfaction.

To get hypothetical minimum usability index the level of satisfaction for sub-
characteristics and/or associated attributes has to be set to 1. The resultant value after
performing permanent computation is the hypothetical minimum usability index of a
component. To get hypothetical maximum usability index the level of satisfaction for

sub-characteristics and/or associated attributes has to be set to 5. The resultant value
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after performing permanent computation is the hypothetical maximum usability index
of a component. It is to be noted that decision makers are free to use different scale
for different sub-characteristics and/or associated attributes which will result in
different hypothetical maximum and minimum usability indices respectively. For the
simplicity, the same scale is considered.

Alternative 2 index Learnability Hypothetical

maximum (best) index

Approachability Help Mechanism

Hypothetical
minimum (worst) index
Alternative 1 index

Operz)ility
Figure 4.2 Spider diagram for usability characteristic
According to customer potential requirements two candidates Cx and C, were

short listed for evaluation and ranking from the classification list which is shown in
Table 3.4.

The index of sub-characteristic help mechanisms for C, can be calculated as:

1 2 3 4 attributes

4 2 1 111
VPM-u= |3 3 1 1] 2

112 3|3

3 3 3 2| 4

lu(help mechanisms) = VPF-u(help mechanisms) = 486

The hypothetical best index of sub-characteristic help mechanisms for C, can be
calculated as:

attributes
1

VPM —u =

W = w O
w —, oo
w o1k kW
g W Rk PN

2
3
4

lou(help mechanisms) = VPF-u (help mechanisms) = 1546
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The hypothetical worst index of sub-characteristic help mechanisms for Cy can be

calculated as:

1 2 3 4 attributes
(1 2 1 1] 1
VPM — U = 311 1] 2
1 1 1 3| 3
_3 3 3 1_ 4

lwu(help mechanisms) = VPF-u (help mechanisms) = 194

Based on the same concepts different usability sub-characteristics indices
(permanent values) for C, (IBM DB2) component is computed which is shown in
Table 4.5. The values of SOI remain constant for the overall comparison and have

been utilized from Table 4.4.

= [, [LOS[g [LOS[g [LOS[g [LOS
= e S |“Us | & |[“Uj| g |“Up| g |“Uy
g |5 | & £ £ £

EL o K] < Q@
2 | =320 m I I
L D ©

a S
U, |87 Uy |2 Uy |2 U | 2 U | 3
U, 1332 |Up |2 Uy |2 Uss | 2 Uy |4
Us |20 Uiz |2 Uy |2 Us |3 — |-
U, |2826| Uy |2 Us |2 Usp |3 — |-
“LOS: of Uj;

Green color cells represent permanent values of respective sub-characteristics

Table 4.5 C,elements and respective values (sub-characteristics associated values)

Similarly, hypothetical maximum and hypothetical minimum index of other
sub-characteristics for Cy and Cy are obtained, see Table 4.6. After getting values for
each sub-characteristics hypothetical best and hypothetical worst usability index of Cy
and C, are obtained (utilizing sub-characteristics value) based on same methodology.
It is to be noted that component C, is ranked higher than component C, due to its
higher usability index value, Table 4.7. Decision maker can also set acceptable
threshold values of each sub-characteristic and attributed factors for component and
can compare the candidates’ respective values against the set threshold values. The
final selection of components will depend upon other factor such as- business

policies, business vision, cost, environmental conditions, legal issues etc.
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Characteristics | Permanent | Permanent | Hypothetical | Hypothetical
value value maximum Minimum
(Cy (Cy) Value Value

U;. Learnability 158 87 290 46

U,. Help mechanisn] 486 332 1546 194

Us. Operability 57 20 155 7

U, Approachability| 2256 2826 4848 1480

Table 4.6 Sub-characteristic permanent value, hypothetical maximum and

hypothetical minimum value

Component Permanent Hypothetical | Hypothetical | Ranking
alternatives value maximum minimum
value value
Cx 9.883993e+09 | 3.369653e+11 | 9.493108e+07 I
Cy 1.640664e+09 | 3.369653e+11 | 9.493108e+07 I

Table 4.7 Ranking for Cy and C,

Component designer and developer

It is very important for component designers and developers to identify
potential usability factors affecting component before taking decision to float
component in the global market. Considering help mechanisms as a factor under study
for design and development of a component the issues such as preparing help systems,
manuals, demos and tutorials, providing support tools and services, marketing
information, component directory listing, facility of easily searched and fetched,
meaningful names to functional elements — interfaces, methods, parameters etc., have
a major impact on component adoption in CBSS project. It can be seen that the end-
users do evaluation of components based upon usability factors/ sub-characteristics.
Thus component designers and developers have to concentrate on usability factors
and perform the sensitivity analysis in order to improve the overall usability of a
component. For help mechanisms, following decisions are very important:

e percentage of functional elements, interfaces, methods and configurable

parameters to be covered in manuals,
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e percentage of functional elements covered in demos and tutorials and
receptive threshold values,

o allowable complexity threshold value

e ratio of words per functional element,

e ratio of words per interface,

e ratio of words per methods

e ratio of words per configuration parameters,

e demos and tutorials version difference receptive threshold values etc,
Similarly, for marketing information, following decisions are very critical:

e choice for potential or all directory listing,

e number of functional elements covered,

e provision for providing information for help mechanisms etc,

Care has to be taken in incorporating all in a component in an efficient manner
in order to consider usability perspectives from end-user point of view. Likewise
other issues can also be identified and considered for detailed level of designing and
development. For each sub-characteristic, spokes have to be identified based on the
attributed factors. For example, help mechanisms has four attributed factors — help
system, manuals, tutorials and demos and support tools and services. Benchmarking
can be done by placing hypothetical maximum and hypothetical minimum value
(index) of attributed factor for a sub-characteristic (as per usability factors point of
view) of a component in the respective spoke. Later, standard procedures and
techniques have to be used to increase the value of each contributed factor in order to
improve the sub-characteristic value which will contribute to the usability of a
component. Sensitivity analysis can also be applied by varying the
parameters/attributed factors values. Special attention has to be given in improving
attributes value so that the overall sub-characteristic value should reach closer to the
hypothetical maximum value. It is to be noted component Cy is considered to
understand the applicability of the proposed benefits. For getting hypothetical
minimum index all sub-characteristics LOS and SOI values are set to minimum, see
Table 4.1 and Table 4.2, respectively. Similarly, for getting hypothetical maximum
index all sub-characteristics LOS and SOI values are set to maximum, see Table 4.1

and Table 4.2, respectively. It is expected that the strength of interactions may vary
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from one designer to another. Once the strength of interactions is fixed then the
permanent index value will be contributed by the variations in the values of sub-
characteristics or associated attributes level of satisfaction. Designers and developers
are free to use different scale for different sub-characteristics and/or associated
attributes which will result in different hypothetical maximum and hypothetical
minimum index/value.

Since the permanent value of help mechanisms for Cy is value 1546 which is
not equal to its corresponding hypothetical maximum value thus there exist a
provision to improvise attributed factors. For example, component designers and
component developers can think of improving attributes - tutorials and demos and
support tools and services as attributes respective value in the matrix is 2. This can be
done by developing interactive, graphical and animated tutorials, easy to understand
screen shots, providing on demand services, provision for round the clock expert
availability for trouble shooting etc. Thus when the value is improved from 2 to 3 then
there will be major change (improvement) in permanent value of help mechanism,
which will lead to higher value of component Cy usability. Using the developed
methodology designers and developers can benchmark their component and devise
strategies to enhance the usability index of components. Table 4.8 shows the
sensitivity analysis performed on sub-characteristics with special emphasis on
tutorials and demos and support tools and services (making other factors associated
LOS and SOl to be constant).

Attributes Case | Case Il Case 11 Case 4

for (C,)
U, 4 4 4 4
Help System
U, 3 3 3 3
Manuals
Uz 2 3 2 3
Tutorials and Demos

Uy 2 2 3 3
Support tools and Services

per(help mechanism) 486 558 534 624
per(u) 9.88393e+09 1.13482e+10 1.086013e+1 1.269039%e+10

Orange color cells represent change of attribute value

Blue color cells represent change of permanent value

Table 4.8 Sensitivity analysis on tutorials and demos and support tools and services
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It can be easily seen that a little change in a value will have a major impact on
usability index value. From the analysis, it can be seen that identification of standard
tools and techniques should be employed to increase the LOS of tutorials and demos
as this is the candidate to high usability index of a component as compared to support

tools and services.

4.9 Concluding Remarks

In this chapter, component specific usability characteristic along with sub-
characteristics, associated attributes, measures and interactive complexity have been
identified. Later a mathematical model comprising of digraph and matrix approach is
developed to analyze concurrently usability characteristic of a software component based on
attributed factors which leads to improvement of the component usability both at the
designing and development of component. End user such as component designer, developer,
acquirer and integrator will get benefit by utilizing the developed concept of hypothetical best
usability index and hypothetical worst usability index. By benchmarking a component or
component design for having best index it is possible for the designer and the developer of a
component to identify critical parameters contributed to the high level of usability. By
understanding and interpreting the terms of permanent function as discussed, the design and
the process can be improved which thereby improve the usability of a software component.
Similarly, acquirer and integrator can rank alternatives components based on permanent
function value (usability index) and select the best whose value is closer to hypothetical best

value.

In the next chapter, maintainability aspect of software component is dealt. Design for
maintainability is an important step in creating flexible systems. In the chapter, firstly
contributing factors for maintainability are discussed then an insight is given to concurrent
evaluation of software component’s maintainability using graph theoretic systems approach.
The chapter also discusses development of maintainability index by which optimal selection
of design and development of component as per maintainability point of view can be

achieved.
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