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Criteria-based Quantitative Analysis of Product
Usability

Park, Kyung S* and Lim, Chee Hwan”
ABSTRACT

An approach to quantitative evaluation of product usability during the design
and implementation phases of the product life cycle is presented. The evaluation
starts by defining a set of usability characteristics, viz. physical, cognitive and
affective characteristic. Each of these characteristics is assessed by a set of
usability criteria, such as functionality, visual clarity, learmability, etc. The
usability criterion is then evaluated by a checklist consisting of a detailed
questionnaire. The fuzzy weighted-checklist method with linguistic variables is
used for quantitative analysis. Also, the method for quantifying usability
improvements in iterative design processes is considered. This analysis provides
a quantitative measure, which reflects the degree of excellence of product

usability during the design and development phases.

1. Introduction

Usability has become more important
with the increase in number of computer
users and applications, and it has become a
primary factor in determining the accept-
ability and consequent success of co
mputer products[6,7]. Users are becoming
less willing to put up with defficult or
uncomfortble interfaces of computer produ
cts since experience with some current

interfaces has shown them that a
product can indeed be easy to learn and
pleasant to use.

This phenomenon results from poor
interface design. As a result, low usability
may incur all kinds of costs : costs for
the user in extra training and slower,
lower quality work ; and costs for the
producer in increased demands on software
support, and losses of future sales{4]. High
usability is thus desirable, but it has
remained a fuzzy concept that has been
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difficult to evaluate and measure,

The ideal way to evaluate and measure
usability would be to specify the attributes
required to make a product usable, and
evaluate whether they are present in the
implemented product. The problem with
usability is that it is very difficult to
specify what the attributes should be.
There have been many attempts to describe
them, including design principles and
17, 18, 19]. However, most
design principles and guidelines remain

guidelines[9,

very general, without providing methods.

As the pace of technological innovation
quickens, and the design of user interfaces
involves more complex interaction techn
iques, the need for simple and efficient
evaluation methods is increasing. In this
paper we sought to provide the developer
or designer with a method that could
quantitatively analyze informal and subjec
tive data frequently acquired during the
design and development phases. Moreover,
we have not considered only attribute of
product usability, but an overall view of the
usability attributes during a particular
phase of product life cycle.

The objective of this paper is to present
the following aspects of usability engineer
ing to aid in the development of new
and measures for product
usability : (1) quantification of product usabi

procedures

lity during the design and implementation
phases ; (2) a quantitative analysis, by the
assignment of characteristics and criteria
that specify a figure of merit or degree of
excellence for product usability.

2. Usability characteristics, criteria and
Checklists

To develop a procedure for the usability
assessment of a product, various attributes
of the usability must be defined. However,
because the usability attributes are usually
unclear and fuzzy, there is a need to obtain
a clear understanding of the attributes. The
present paper provides a concrete framework
of usability attributes. This framework
consists of a hierarchy of four levels. The
highest level is usability characteristics, the
next lower level is usability criteria, and
the lowest levels arc usability checklists
and subchecklists.

The important usability characteristics,
the highest level, are classified into three
parts of user interface : physical, cognitive
and affective characteristic[11]. Physical
characteristic is a necessary condition for
usability that includes such physiological
and formal aspects as ‘see’ and ‘grasp’.
Cognitive includes  such
cognitive features as ‘know’ and ‘easy to

characteristic

learn’. Also, affective characteristic includes
such human feeling as ‘comfortable’ and
‘pleasant’. The three usability characteristics
are evaluated by using the usability criteria.
A usability criterion(or the second level)
is measure of the extent to which a certain
characteristic is exhibited or possessed by a
product. That is to say, a criterion is a
dimension recognized as one that will lead
to a better, more efficient, less error-prone
behavior of the user. To establish a set of
major criteria for ‘usable’ products, we reviewed
a number of the literature in this area, and
selected several representatives of them.
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High level principles for user interface
design are contained in ISO 9241-10
“Dialogue principles”[2,3]. These principles
that should be applied to the design of
dialogues between humans and information
systems are listed in Table 1. For example,
the self-descriptiveness could be thought of
as being composed of aspects concerned

with self-documenting,

decision supporting.

transparency,

and

Table 1. Comparision of usability criteria of
and interactive product

150 9241 Pat-10 Umfd Ravden &
e | b | SO0 Mo
systems
*visual clarity»*
suitability for the *appropriate
task functionality
*controllability | user control | control control
e flexibility in
sutability for e
O task *flexibility
individualization handing
error prevention
*error tolerance | fault tolerance and correction
suitability for ease of | *learnability
learning leaming
conformity *correspond
with user -ence with Y
expectations user conpetibity
expectations
information
*gelf- self- feedback
descriptiveness | descriptiveness| PP | yeor rigeene
& support
*consistency*x
problem .
efficiency** .
32:%5%;** seffoctss *explicitness#*

*x A selected criterion for our study
*x*#A criterion that has no common ground

Dzida et al.(1978) presented an analytecal
approach for identifying essential properties
of interactive systems as perceived by their
users. In addition, they reported that
user-perceived quality was defined as a
multedimensional property of interactive
systems comprising at least seven aspects.

To measure user satisfaction, and heace
assess user perceived software quality,
Kirakowski et al.(1992) developed the
Software Usability Measurement Inventory
(SUMI) as part of the Metrics for Usability
Standards in Computing(MUSIC) project.
SUMI decomposes usability into five
dfferent  components : efficiency, effect,
helpfulness, control and leamability. SUMI
can benefit software designers and people
involved in the purchasing of software, by
indicating how easily the software can be
used. Ravden and Johnson(1989) presented
a set of software ergonomics criteria, which
a well-designed user interface should aim
to meet. The nine criteria are listed in
Table 1.

As compared the summarized
usability criteria with each other, we found
several common of
criteria. Thus, the criteria with common

we

grounds usability
ground were selected for our usability
criteria(or the second level). Among the
criteria without common ground, there were
important criteria for product usability. For
example, the visual clarity could be a more
important criterion as the graphic user
interface and multimedia technology are
introduced. Moreover, the consistency is
one of the most important criteria that are
considered in the design of user inter
face[8]. Thus, these criteria were added to
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our usability criteria.

The affective characteristic refers to the
user’'s feeling, good, warm, happy or the
opposite as a result of interacting with the
product. The criteria for the affective
characteristic were derived from the adjective
items in Image Technology areal13]. The
selected criteria for the affective character-
istic were satisfaction, reliability, safety,
originality and pleasantness. As a result of
the review and the comparison, we estab-
lished a set of usability criteria in Table 2.

Table 2. A set of usability criteria

A usability checklist(or the third level) is
a questionnaire that contains a set of
questions. A set of exhaustive checklists is
considered for each of the criteria. Each
question of a checklist measures one
particular aspect to be relfected by a
criterion. The usability checklists have been
developed with reference to a number of
sources. The sources for the checlist
include, among others, Smith and Mosier
(1986), Ravden and Johnson(1989) and
Shneiderman(1992).

appropriate
functionality

The system should meet the needs and requirements of users when
carrying out tasks.

visual clarity

information displayed on the screen should be clear, well-organized,
unambiguous and easy to read.

controllabilty The interface should be sufficiently controllable in structure, in the
way information is pressented and in terms of what the user can do,
to suit the needs and requirements of all users.

flexibility The interface should be sufficiently flexible in structure, in the way

information is presented and in terms of what the user can do, to
suit the needs and requirements of all users.

error tolerance

The system should be designed to minimize the possibility of user
errors, with inbuilt facilities for detecting and handling those which
do occur.

learnablity

The way the system works should be easy to learn.

correspondence with
user expectations

The way the system looks and works should be compatible with user
conventions and expectations.

self-descriptiveness

Information and relevant feedback, guidance and support should be
provided, both on the computer and in hard-copy document form, to
help the user understand and use the system.

consistency The way the system looks and works should be consistent at all
tims.

explicitness The way the system works and is structured should be clear to the
user.

satisfaction The way the system looks and works should be satisfying to the
user.

reliability The way the system looks and works should be reliable to the user.

safety The way the system looks and works should be safe to the user.

originality The way the system lood and works should be creative to the user.

pleasantness The way the system looks and words should be plesant to the user.
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Whenever a checklist question needs to
be considered by assessing a number of
points, a subchecklist(or the foruth level) is
prepared, which consists of a number of
questions. These checklists
meant for anomaly detection.

are mainly

The characteristics and criteria discussed
earlier are aaplicable to any computer
prod uct. Thus, the methodology for
quantifying usability in this paper can be
applied to any product. The checklists
considered here are applicable to the
graphical user interface, which may include
some forms of the windows, icons, menus,
and a pointing device interface
(WIMP).

style

3. Quantitative anaysis to measure
product usability

Ravden and Johnson(1989) regarded the
quantitative analysis of product usability as
an unrealistic goal, because their method
aimed at identifying the strengths and
weakness of the product usability. How
ever, quantifiable outcomes in the usability
analysis could help the decision making
during the design and development phases.
For example, the outcomes in the usability
analysis may be defined in absolute terms,
using pre-specified levels that have been
judged to be acceptable for the design, or
they may be expressed in relative terms,
involving comparisons between alternative
design
products.

options, or alternative available

One of the prevalent analysis techniques
for evaluating or comparing complex, un

structured situations(or systems) is the
Analytic Hierarchy Process(AHP)[12]. The
AHP as a methodology for prioritizing alter-
natives associated with a system could help
the decision making or the policy making.
However, the AHP may have limitations in
that it is difficult to quantify the quality of
an alternative or a system in absolute term.
To perform quantitative analysis of
usability in this area, therefore, it requires a
methodology for quantifying the usability of
a product in absolute terms as well as in
relative terms.

3.1 The method for quantitative anaylsis

The method
analysis is the fuzzy-weighed checklist
method proposed by Park and Kim(1990).
This method is a fuzzy version of the
weighted checklist
evaluating or comparing compley system
cor subjects). The procedure of this method
consists of converting the ratios of weights
obtained by pairwise comparison to a best
combination of normalized weights and

used for quantitative

technique wused for

obtaining the fuzzy composite score and its
linguistic approximation. The method can
be of service to design engineers and
system analysts for system evaluation with
qualitative criteria.

To apply this method to the present
application, a hierarchy of four levels was
defined as shown in Fig. 1. Each hierarchi
cal level is assigned a weight relative to
highest level is
broken down into lower levels of 100%

its importance. The

weight. These levels are again split into
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lower levels of 100% weight and so on,

until the lowest level is reached. The

highest level in this application is usability
the next
usability criteria, and the lowest two levels
are usability checklists and subchecklists.
(Fig. 1)

characteristics, lower level is

Usabitity

R 1
P Y T )

Figure 1. Usability characteristics and criteria
tree

To perform reliable usability evaluation
of a product(or an interactive system),
several people are usually involved. When
multiple evaluators are involved, it is
necessary that their judgments are syn
thesized into a single judgment. Aczel
and Saaty(1983)

sizing the

proved that synthe-
individual ratios of weights
was effectively performed by the geometric
mean. Thus, the geometric means of the
individual ratios of weights are converted

to a combination of normalized weights.

The system designers or users evaluate the
lowest two levels, ie checklists and sub
checklists. Figure. 2 shows the example of the
usability checklists and subchecklists. The
evaluators grade a product on a rating scale.

1. PHYSICAL CHARACTERISTIC
A nocessary condition for usability which includes such physiological and formal aspocts as
"scc’ and ‘grasp’

LI U} B 1] Gy @ )
VBB P e Mecb e G VG
{verybad) (bad) (poor) (medium) (fair) (good) (verygood)

11 Appropriate Functionality
The system should mcct the nocds and requirements of uscrs when carrying out tasks.

¥ Linguistic varisblex
(106 xcabe )

\

(1) A2~} H)~{5)6)
VB.oe-Beee P oMo Foe e G VG
VB-—B—P—M—F—G—VG
VB— B——P—M—F-—-G——-VG

111 System sctup
111 installation
1112 Packing and unpacking
1813 Initiatization

112 tnput device for the tasks (c.g.. keyboard. mousc and pointing device)
vB-—B-—-P-—-M——F-—G—VG
111 Presentation of enformation
1131 Screen information for the tasks
1132 Display rate of information
1133 Accessment of information
144 Sysicm foodback.
1141 Responsc time
1142 Delay time
1143 Noisc of system
1148 Syiem tones, boeps and clicks

VA-—B.- P M—F—-G——VG
VB—B-—P—M—F—G—-VG
VB-——B—— P M—F—G— VG

VB----B—P— M F— G- VG
VBo—Boe: Po M F G VG
VB—-~B——P—M-—F—G——-VG
VBewrerBe P oM F G—-VG

Figure 2. An example of usability checklist
3.2 Rating scale

The scale used to rate the checklists is a-
7-point scale(0 to 6) using 14 fuzzy sets of
linguistic values(verygood, good, fair, med
ium, poor, bad, verybad, unknown). For
fuzzier rating, hyphenated ratings such as
fair-good can be used. There are the tem
plates of fuzzy sets used for linguistic
rating in Table 3. Rating of the checklists is
the most important part of the analysis. An
individual has to evaluate the question and
assign a linguistic value to it. (Table 3.)
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Table 3 Templates of fuzzy sets used for
lingustic rating

linguistic value membership function| shape | core
verygood (VG) 1565661 triangle | 6
good (G) [4556) " 5
fair (F) [3445] " 4
medium (M) [2334] " 3
poor (P) 1223] " 2
bad (B) 0112 " l
verybad (VB) [000,1] " 0
good-verygood (G-VG) [4566] trapezoid | 5-6
fair-good (F-G) [3456] |45
medium-fair (M-F) [2345] " 34
poor-medium (P-M) [1,234] " 2-3
bad-poor (B-P) (01.23] o112
verybad-bad (VB-B) (00,1,2] o 0-1
“unknown” (U) [0066] rectangle | 0-6

3.3 Evaluation Procedure

The evaluation starts from the lowest
level, 1e., checklists or subchecklists. That
level is evaluated and the linguistic value for
rating is assigned. The assigned values are
multiplied by the normalized weights, and
then the composite score is obtained by
summing these results. The fuzzy composite
score at that level is carried forward to the
next higher level. Again, computing the
weighted average is performed to obtain the
composite score for that level, and this process
continues until the highest level is reached.

Because the composite score from the
welghted average is a fuzzy set, the median
of composite score is used for transforming
such a fuzzy set into a representative numerical
score[15]. The final composite score(and its
linguistic approximation) gives the figure of
merit or degree of excellence of product
usability during the design and development

phases.
3.4 An example

For demonstration, a personal database
integration  program, Korea™(shareware
version), was evaluated. This system, a
program running on an IBM-PC, processes
personal data, including personal informa
tion, personnel administration, and adjust
ment of accounts. The intended user
population of this system was the general
public.

Seven graduate students(ages 22 to 33)
participated in this study and were unpaid
volunteers. All participants had at least five
year’ experience with a computer system
and had programming training or experi
ence. They read a description of the purpose
of the study and completed a background
questionnaire. After a short tutorial on this
system, they began working on the given
tasks, such as generation of personal
information, browsing and search of stored
data, a change of operating options, etc.
After doing this they completed the checklists
and pairwise comparison on the components
of each hierarchical level.

The cirteria-based quantitative analysis,
then, was performed by the above-metioned
evaluation procedure. The information gath
ered in this evaluation was analyzed by the
quantitative analysis program written in
Visual Basic for Windows 3.0™ The main
screen of this analysis program is presented
in Figure 3. and the analysis output of this
system usability is presented in Figure 4.
The analysis output shows the normalized
weights and the composite scores(or the
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linguistic values) of each hierarchical level.
The criteria-based quantitative analysis,
then, was performed by the above-me
ntioned evaluation procedure. The informa
tion gathered in this evaluation was analyzed
by the quantitative analysis program written
in Visual Basic for Windows 3.0™. The
main screen of this analysis program is
presented in Figure 3, and the analysis
output of this system usability is presented
in Figure 4. The analysis output shows the
normalized weights and the composite scores(or
the linguistic values) of each hierarchical level.

A AB
File  Aun __ Print__ Window _ Help
D g 3

B USABILITY TREE

Rating with Membership Function

kfl‘li  Funchonality MNODE ol CRITEMA

L ATZ Vesual clay E
"’f {307 Controkabilty 301
T T—

Phryscal i35 Enol tolerance

Membershe Funchon fab.c.d)

[23s )32 3 [«o7rs

10+ € sphciness
N0 Sabelaction B 1
i o 472 1 935 130G S5
= Jaer 107 831 991
QNI Salo 334 525 11221 401
734 1.906 1122 2433 3

7117214 2934 126
vzly\ 417 Hekatubty

TR gty
RLTLY
P T

Figure 3. The main screen of the quantitative
analysis program

- QUANTIFYING USABILITY by FWC technique t
‘Wi

Physical 11 874.2.804. 2634, 4.552 |
Medion - ).

Cognaiva | 2076, 034, 3612, 4561 |
Meodian = 3 116

Afiective | 2043, 286, 1442, 4 442)
nchear - 3 V90

Coavel
Usabilty 12011,2914, 3563, 4512}
Median - .25

Level 2
Physical  Linguistic Valve - Medim £ ai
Cogrilive  Linguistic Vahue ~ Modim-F aic
Alfoctive  Lingwstic Vahsm = Medim
Level 1
Usabiity  Linguistic Vahse = Medim £ on

Figure 4. The output of the quantitative analysis
program

4. Quantifying usability improvements
in iterative design

A uniform scoring of usability improve
ments could be used to quantify relative
changes of usability in iterative design
processes. The approach normalizes all
usability
scores) concerning the values measured for
the initial design. Thus, the initial design
has a normalized usability value of 100, and

the approach normalizes the subsequent

criteria’s  values(or evaluation

iterations by dividing their measured values
by those measured for the initial design.

However, converting evaluation scores of
product usability into improvement scores is
more challenging, because the approach used
in this paper is measured with question
naires and rating scales. The underlying
problem is that rating scales are not ratio
scales. It is theoretically
arrive at a perfect fomula to calculate how
much better one rating is relative to
another.

To solve this problem, thus, we applied
the method proposed by Nielsen(1993) to
transforming subjective ratings to a ratio

impossible to

scale. The transformation of the raw rating
scale scores in each design process is as
follows :

1. Rescale the various rating scales linearly
to map onto the interal from-1 to +1, with O
as the midpoint and +1 as the best rating.

2. Apply the arcsine function to the
rescaled scores.

3. Apply the exponential function e’ to
the stretched scores of step 2 to achieve
numbers for which ratios are meaningful.
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The purpose of the transformation is to
compare relative ratings of the various interface
iterations, and the same transformations were
applied to each original rating We always look
at the ratio between two equally transformed
ratings, and all the transformations are
monotonic.

The method for quantifying usability
iterative design is per
formed by calculating overall usability in
relative terms as the geometric mean of the

improvements in

normalized values of the relative improve
ments in the individual usability criteria.
The geometric mean increases more when
all the usability criteria improve a little
than when a single criterion improves a lot
and the others are stagnant.

Table 4. An example of transforming rating score
and calculating improvement score

cogitive composite score in | composite score in | improvement
characteristic version | (v]) version 2 (v2) score
transformed fransformed |~ Y2V
median median
valte valte %)

iy | 3| A | £ | 58| 13
omegodree W) e | s | s | g
User expectations

sel-descriptiveness | 45 16881 46 1751 14
vomsistency 42 1501 53 2396 1%
expliciness 38 139 45 1681 1%

geometric mean : 125.6(%)

For example, if the median of the fuzzy
composite score of learnability criterion is
3.6 while completing a task with version 1
and 4.2 with version 2 of an interface, the
normalized usability of version 2 with
respect to
indicating

learnability is 123 percent,
a 23 percent improvement in

usability. The relative change of cognitive
characteristic in an example of Table 4 is
125.6 percent.
improvement in cognitive characteristic of
usability.

This means 256 percent

5. Conclusions

The present paper was to attempt a
numerical summary of subjective data,
through the usability characteristics, criteria
and checklists. The methodology considered
for usability characteristics and criteria is
viewed as a step toward a more rational
approach to product usability assurance. A
set of criteria presented in this study
provides a quantitatively
specifying the level of usability possessed
by an interactive product.

The application of a fuzzy set theory
approach for criteria-based analysis of

means for

usability is of benefit to quantifying and
manipulating qualitative statements, subjec
tivity of opinion, vagueness of usability
concept. The fuzzy weighted -checklist
method provides useful empirical results
when the set of subjects from which to
sample is small
statistical procedures are perhaps inappro
priate or offer insufficient power.

The quantitative analysis methodology
described here lends itself to sensitivity
analysis. The figure of merit can be used
to compare components within the product
and to evaluated the overall product
usability. A component or group of
components that shows low scores should
be looked at in more detail during the

and when traditional
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evaluation. A component that has a low
score can be further judged by looking at
individual scores of characteristics and
This can help to localize the
low-usability areas and improve upon them
before release. In summary, the quantifiable
outcomes that some comparison
between interfaces of a product or signify
the relative improvements in iterative
design processes would help the decision
making during the design and development
phases.

criteria.

allow
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