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Abstract

Usability is a software attribute usually associated with the “ease of use and to learn” of a given interactive system. Nowadays usabil-
ity evaluation is becoming an important part of software development, providing results based on quantitative and qualitative estima-
tions. In this context, qualitative results are usually obtained through a Qualitative Usability Testing process which includes a number of
different methods focused on analyzing the interface of a particular interactive system. These methods become complex when a large
number of interactive systems belonging to the same context of use have to be jointly considered to provide a general diagnosis, as a
considerable amount of information must be visualized and treated simultaneously. However, diagnosing the most general usability
problems of a context of use as a whole from a qualitative viewpoint is a challenge for UE nowadays. Identifying such problems can
help to evaluate a new interface belonging to this context, and to prevent usability errors when a novel interactive system is being devel-
oped. From a quantitative viewpoint, condensing results in singles scores, metrics or statistical functions is an acceptable solution for
processing huge amounts of usability related information. Nevertheless, QUT processes need to keep their richness by prioritizing the
“what” over the “how much/how many” questions related to the detection of usability problems.

To cope with the above situation, this paper presents a new approach in which two datamining techniques (association rules and deci-
sion trees) are used to extend the existing Qualitative Usability Testing process in order to provide a general usability diagnosis of a given
context of use from a qualitative viewpoint. In order to validate our proposal, usability problems patterns belonging to academic web-
pages in Spanish-speaking countries are assessed by processing 3450 records which store qualitative information collected by means of a
Heuristic Evaluation.
© 2007 Published by Elsevier B.V.
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1. Introduction

Usability is a software attribute usually associated with

— the “ease of use and to learn” of a given interactive system
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specified goals with effectiveness, efficiency and satisfaction
in a specified context of use” [1]. In this setting, the notion
of context of use stands for a description of the actual con-
ditions under which the interactive system is being assessed,
or will be used in a normal working situation. Developing a
highly usable interactive system? is a complex task. Devel-
opment teams have at their disposal methodologies from
the area of Usability Engineering (UE) [49], which is defined
as “the systematic approach to improving the usability of
user interfaces by applying a set of proven methods
throughout the system development lifecycle™ [51].

The key principles of UE models are based on incremen-
tal prototyping, where usability goals are prioritized [44]. In
other words, developing a software product under a UE
model involves a number of intermediate stages that are
performed cyclically on the basis of an active user partici-
pation. In particular, an Evaluation Stage is usually
included, where usability estimation plays a major role.
This Evaluation Stage is carried out by an evaluation team
in charge of assessing the results obtained from applying
usability testing processes on the existing system or proto-
type. In this respect, the Evaluation Stage allows to intro-
duce critical changes in software development, enabling
designers and developers to incorporate user feedback until
an acceptable level of usability is reached.

In the above setting, two kinds of complementary
usability results are obtained. On the one hand, a quantita-
tive usability estimation is typically associated with the cal-
culation of metrics that assess some factors or dimensions
of software quality [19,37,62]. On the other hand, a qualita-
tive usability estimation is also normally included, since no
quantitative measure can be expressive enough to represent
something so complex as the overall usability of a software
problem or a user desire [14,19,49,37,18]. Indeed, this qual-
itative usability estimation often generates better insight,
and is typically carried out through a process that we will
call Qualitative Usability Testing (QUT). To be effective,
the QUT process cannot return just a number or “yes/
no” as an answer (e.g. “the interface is not usable” or
“the system achieved a 75% of usability”). Instead, detailed
information must be provided about why the design of a
given system S did not work as anticipated and which will
be the main usability problems that real users will find
when interacting with S. It is also expected that the QUT
process be able to prioritize the problems identified. Thus,
the main goal of the QUT process is to produce a usability
report including a prioritized list of usability problems for
S. The QUT process will be based on the application of dif-

2 This definition of usability is also used in the Common Industry
Format (CIF) for usability testing [59].

3 For the sake of simplicity in what follows we will assume that
whenever we refer to a system S we are referring to either a prototype of S
or a fully developed version of S, although we are aware of the differences
between both notions. Note that any actual interactive software S can be
always considered as an advanced prototype of the next, improved version
S’ of the system S.

ferent usability testing methods (such as Heuristic Evalua-
tion or Cognitive Walkthrough [49]).

Most QUT methods are focused on analyzing the inter-
face of a particular interactive system (see e.g.
[11,19,37,49]). Even when such methods can be successfully
applied for evaluating individual cases, they become com-
plex when a large number of systems belonging to the same
context of use have to be jointly considered to provide a
general diagnosis. The main reason for this is due to the
large amount of qualitative information that must be pro-
cessed and visualized simultaneously. However, diagnosing
the most general usability problems of a context of use as a
whole from a qualitative viewpoint is a challenge for UE
nowadays. Identifying such problems can help to evaluate
a new interface belonging to this context, and to prevent
usability errors when a novel interactive system is being
developed. From a quantitative viewpoint, condensing
results in singles scores, metrics or statistical functions is
an acceptable solution for processing huge amounts of
usability related information. Nevertheless, QUT processes
need to keep their richness by prioritizing the “what” over
the “how much/how many” questions related to the detec-
tion of usability problems.

This paper presents a novel approach called QUTY,
which empowers the traditional QUT process by extending
it through data processing and data mining techniques
coming from Knowledge Discovery in Databases (KDD)
[32,46]. Starting with the data collected by applying a
QUT process to a sample group of interactive systems
(all of them belonging to a given context of use C), our goal
is to obtain a general usability diagnosis of C. This usabil-
ity diagnosis will be based on the detection of usability
problem patterns of C. Each of the patterns obtained will
describe a relevant usability feature from a qualitative
viewpoint. By using this extended approach, queries posed
by the evaluation team will be associated with detecting
hidden relationships in the data collected from a traditional
QUT process. Answers from queries will be computed and
ranked through KDD techniques. In our approach we have
focused on the application of two particular KDD tech-
niques: association rules (as a descriptive technique that
searches for interesting relationships among items in a
given data set [32]) and decision trees (as a model for pre-
dictive usability problems). The final output will be a
usability report of the context of use under consideration.
This report will include a list of prioritized usability prob-
lems, each of them expressed in a standard format. In order
to validate our proposal, we have carried out an experi-
mentation in which a general usability diagnosis for the
context of use of academic web sites in Spanish-speaking
countries was assessed by applying the QUT process.
The experimentation involved the processing of 3450
records which stored qualitative information coming from
the application of a Heuristic Evaluation (HE).

The rest of this paper is structured as follows. First, in
Section 2 we summarize the most relevant aspects of the
traditional QUT process under UE. Then, Section 3 pre-
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sents an overview of the main concepts related with KDD
and the two particular datamining techniques mentioned
before (association rules and decision trees). Section 4 pre-
sents our proposal for extending the traditional QUT pro-
cess by incorporating KDD techniques to identify typical
usability problems patterns of a particular context of use.
Section 5 describes some experimental results which dem-
onstrate the applicability of our integrated approach. Sec-
tion 6 discusses related work, and Section 7 concludes by
summarizing the main results that have been obtained
and discussing future work. We want to remark that this
article is based on some preliminary research work from
the authors on modeling usability evaluation of early pro-
totypes under User-Centered Design through association
rules [26,27].

2. Qualitative usability testing process under usability
engineering

During the last decade the QUT process has proven to
be a crucial part of the evaluation stage in UE [19,37].
Under this perspective, different kinds of methods are nor-
mally used, each of them having its particular features.
Moreover, these methods are usually classified in inspec-
tion, testing and inquiry methods according to the kind of
activities involved [19,37,49]. Usability inspection
[7,50,51,71]methods are based on the verification of usabil-
ity principles or “guidelines”. In such methods, usability
experts examine and work with the interface of a given
interactive system to detect principle violations in their
design [61]. On the contrary, usability testing methods
require the active presence of the final users, who provide
usability related data to be analyzed by the evaluation team
[19,49]. Indeed, the testing approach usually involves the
evaluation of the system through the collection of data gen-
erated for representative users when working on general
tasks. Sometimes users are asked to complement the collec-
tion of measurable data with their opinion. Including the
participation of final users has proven to be successful to
enhance inspection methods efficacy [28,29,47], thus bring-
ing closer the inspection and testing activities. In usability
inquiry methods [19,49,33,61] usability evaluators obtain
information about users’ preferences, needs and under-
standing of the system by talking to them, observing them
as they use the system in real work, or letting them answer
questions verbally or in written form.

The listings shown in Figs. 1 and 2 (based on [37]) depict
the most common testing, inspection and inquiring meth-
ods used to perform QUT processes under UE. Note that
this listing is not exhaustive, summarizing just those QUT
methodologies which are most widely used. Indeed, some
methods given in the original listing presented in [37] were
omitted (as they are related to quantitative usability testing
processes) and some other methods not mentioned in [37]
were added, such as Participatory Walkthrough, Retrospec-
tive Think-Aloud, Scenarios-Based Walkthrough, Coopera-
tive Usability Testing, Cognitive Walkthrough for the Web,

etc. Additionally, every method in Figs. 1 and 2 has been
linked to related bibliographical references. Note that some
of these methods are not defined explicitly to perform QUT
processes (e.g. Focus Group or Thinking-Aloud techniques).
However, they are considered useful tools for carrying out
such processes only if they are oriented towards testing
usability [18]. In the same way, methods such as Perfor-
mance Measurement or Log File Analysis could be more
close to quantitative usability testing than to QUT. Never-
theless, as we will see in Section 4, their results can be also
interpreted qualitatively by performing the approach pro-
posed in this paper. In spite of the differences present
among the methods in Figs. 1 and 2 # there exist a number
of common elements that can be identified in any QUT
process (see Fig. 3), namely:

- an interactive system S which is being assessed using the
QUT process

- an generic evaluation method M for qualitative usability
testing (selected among the possible methods listed in
Figs. 1 and 2

- a particularization (or instance) M’ of the method M,
defined for applying M to the particular usability evalu-
ation of the system S

- a dataset representing the results obtained from the
application of M’ when assessing the qualitative usabil-
ity of the system S

- a number of different visual representations (visualiza-
tion) of the above results, used by the evaluation team
for facilitating their processing and analysis

- a final wusability report containing the general results
coming from the whole qualitative usability evaluation
process

Next we will analyze the different steps related to apply-
ing a QUT process to a generic system S. We are aware that
in actual software development projects some parts of these
steps might overlap, as QUT is not always characterized in
a uniform and linear manner within the existing models for
software development in UE.

(1) Planning the QUT process. As a first step, a particu-
lar method M is selected by the evaluation team out of the
listings of possible options shown in Figs. 1 and 2. This
choice will depend on several aspects (the number of times
this technique was already used, the cost associated with it,
its adequacy to the system S at issue, etc.).” According to
the particular features of the selected method M, some-
times a redefinition of the team should be done. This redef-
inition could involve the addition of some experts or users
in the evaluation team. Besides, the conditions to perform

4 For the purposes of this paper, we will restrict ourselves to the QUT
methods given in Figs. 1 and 2 although we are aware that this listing is
not exhaustive.

> In that respect we assume that the evaluation team keeps track of the
techniques that have been used in previous Evaluation Stages during the
lifecycle of the system or prototype at issue.
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Method Name Description Citation ‘
TESTING METHODS ‘
(*) Thinking-Aloud Protocol user talks during test [19,52]
RetrospectiveThinking-Aloud user talk during test. Then this information is con- | [31]
trasted against other data coming from the test (e.g.
eye movement)
Cooperative Usability Testin; usability test is complemented with used-supported in- 24
Yy g Yy
(CUT) terpretation
(*) Shadowing Method expert explains user actions to tester [19]
(*) Coaching Method user can ask an expert questions [49]
(*) Teaching Method expert user teaches novice user [70]
(*) Codiscovery Learning two users collaborate [19,49]
(*) Log File Analysis tester analyzes usage data [2,49,68]
Self-Reporting Logs aper—and—pencil journals in which users are re- 49
p g Log pap p J
quested to log their actions and observations while
interacting with a product
(*) Retrospective Testing tester reviews videotape with user [49,61]
Scenario Building users confront system in expected real-life usage to | [5,61]
generate usability requirements. Focused on early
stages of system evaluations
(*) Remote Testing tester and user are not collocated during test [63]
Journaled Sessions kind of remote testing based on task performing. The | [49]
software to be tested is available in a CD or similar,
and it himself capture information about users actions.
INSPECTION METHODS ‘
Feature Inspection expert assessment products feature set within the con- | [50]
text of a task. Emphasis on sequence of tasks, acces-
sibility, potential for confusion, and documentation.
(*) Cognitive Walkthrough expert simulates users problem solving [71]
(*) Pluralistic Walkthrough multiple experts conduct Cognitive Walkthrough [7]
Participatory Walkthrough Cognitive Walkthrough performed directly by users [29]
Scenarios-Based Walkthrough evaluator systematically describes user scenarios to at- | [64]
tain the objectives of a Website and evaluates the user
actions required to complete each scenario
Groupware Walkthrough specialized cognitive wallktrough to assess groupware | [56]
systems
(*) Heuristic Evaluation expert identifies violations of heuristics [50,53]
Participatory Heuristic Evalu- | expert and users identifies violations of heuristics [47]
ation
(*) Perspective-Based Inspec- | expert conducts narrowly focused heuristic evaluation | [73]
tion
(*) Formal Usability Inspec- | expert conducts formal heuristic evaluation [44,50]
tion
Diagnostic evaluation users run representative tasks through a variety of sce- | [19]
narios using the system in question. Output: list of
usability problems, categorized by importance.
(*) Consistency Inspection expert checks consistency across products [50]
Metaphors of Human Thinking | experts inspect the interface solving representative | [35]
(MOT) tasks to establish when it supports or violates the as-
pects of human thinking that the metaphors and key
questions aim to capture.

Fig. 1. Most common testing and inspection methods to perform the QUT process. Those methods marked with (*) are based on [37].
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‘ Method Name Description Citation ‘
‘ INQUIRY METHODS ‘

Contextual Inquiry interviewer questions users in their environment [33,6]

Field Observation interviewer observes system use in users environment [49,57]

Focus Groups multiple users participate in a discussion session [14,30]

Interviews one user participates in a discussion session [57]

Surveys interviewer asks user specific questions 3]
ASQ [38]
CsuQ [40]
NAU [49]
NHE [49]
PHUE [55]

Questionnaires user provides answers to specific questions PSSUQ [39]
PUEU [16]
PUTQ [41]
QUIS [12]
SUMI [69]
SUS [9]

Self-Reporting Logs user records operations when using the system [49]

Screen Snapshots user captures GUI screens [49]

User Feedback user submits comments from solving a task [19,44]

Fig. 2. Most common inquiring methods to perform the QUT process. All methods are based on [37].

M (qualitative
usability evaluation
methodololy)

M’ (M adapted
to test S)

o7 T 1.n

Y
’ Y (Y usabiiity
| System evaluation
! ] of S
. s

N
’
Sl |

R (results
for S)
*F

Visualization

URi (usability
report for S)
—

Fig. 3. Schema of the Qualitative Usability Evaluation (QUT) process for
an interactive system S.

M (timetable, physical environment, equipment, etc.)
should be clearly stated.

Note that most QUT methods are defined in a general
way. Consequently, many times a specialization of M
should be defined in order to adequate it to the particular
QUT process in progress. As a result, an instance M’ of
the original method M is defined, including the selection
of appropriate ideal values, and a more specific definition
of the main features of M (e.g. the definition of task in
the case of the Cognitive Walkthrough, or the re-writing
of questions in the case of Questionnaires). Additionally,
the use of specialized software may be required (as in the

case of the Remote Testing). In such cases, part of the plan-
ning should include the selection of a particular software
platform. Mostly this selection will be depend on the asso-
ciated costs and the available resources.

(2) Carrying out the QUT process. This step materializes
the real performance of the method M’ on the basis of the
decisions made during the previous Planning step. If the
method M’ requires the use of a specialized software, it will
be necessary to run it with the adequate parameters. In any
case, the members of the evaluation team will apply the
method M’ to test the system S under evaluation, carrying
out actions such as task completion, time capture, collect-
ing usability data, etc. Depending on the features of M’, the
process will be carried out different numbers of times. It
must be stressed that due to the nature of the QUT meth-
ods, qualitative information (often alphabetic data) is col-
lected and complemented with natural language
explanation of its significance.

(3) Processing and analyzing QUT results. A crucial part
of the QUT process is the processing and the analysis of the
results obtained in the previous step. In the worst case, the
final usability problem set is created just by compiling the
data obtained from applying the method M’ without any
other consideration. In an ideal situation, data coming
from the application of M’ are processed and analyzed to
achieve a general diagnosis of the usability problems in
S. To do this, the members of the evaluation team should
compare those data in order to detect agreements and dis-
agreements between the different applications of M’ during
the previous QUT step. Any usability problem should be
carefully examined to decide if its relevance is strong
enough. Frequently, this examination implies not only
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the processing of qualitative information but also the con-
sideration of natural language explanations that comple-
ment the alphanumeric data available. The wuse of
different kinds of graphical representations (such as dia-
grams, concept maps, etc.) can enhance the visualization
and processing of the obtained results.

(4) Reporting QUT conclusions. As an output, the QUT
process returns a set of justified usability problems detected
in the system S under evaluation. To report this set there
are different standards and reporting sheets. For example,
Fig. 4 shows a common format to report a usability prob-
lem that can be embedded in any standard usability report,
such as the Common Industry Format for Usability test
report (CIF) [59].

Interestingly, the above QUT process steps can be
applied to evaluate not only the usability of a particular
interactive system S, but also the usability of a group of
interactive systems as a whole, all of them belonging to
the same context of use. However, as explained in Section
1, processing and analyzing QUT results becomes complex
when a large group of systems has to be jointly considered
to provide a general diagnosis of this current context of
use, since a considerable amount of qualitative information
must be visualized and treated simultaneously. In this sec-
ond situation, it would be desirable that the evaluation
team be able to consider all such information with a rea-
sonable cost and without losing the richness of the qualita-
tive perspective. As we will see in the next sections,
extending the characterization of the QUT process pre-
sented in this Section by integrating the traditional
approach with some KDD techniques can help to cope with
the above problem.

3. Knowledge discovering in databases: A brief overview

As stated in Section 1, KDD is a discipline which
involves the nontrivial extraction of implicit, previously
unknown, and potentially useful information from data
[32]. KDD can be formalized as a process in which data
coming from (possibly) heterogenous sources are normal-
ized and combined into a transactional database, in which
features or attributes are identified. The extraction can be

modelled as a process in which different steps [32,58] can
be identified:

- Data preprocessing: This first step condenses a number
of intermediate steps required to prepare data for the
mining task, such as data cleaning, integration, selection
and transformation. Data cleaning routines attempt to
fill in missing values, smooth out noise, and correct
inconsistencies in the data. If required, multiple data
sources may be combined in a single database, and addi-
tional selection and transformation operations may be
performed to unify and consolidate data formats.
Datamining (DM): Once data has been preprocessed
and condensed in a database, datamining techniques
can be applied in order to extract relevant patterns from
it. There exist several datamining techniques, such as
association rules, decision trees, Bayesian data analysis,
neural network models, etc. (for a detailed discussion see
[32,46]).

Pattern evaluation and knowledge representation: Differ-
ent criteria (e.g. interestingness measures) are applied
to evaluate the patterns obtained as an output of the dat-
amining algorithms. Finally, visualization and represen-
tation techniques are used to present the mined
knowledge to the user.

Note that datamining is only one step in the entire pro-
cess, albeit an essential one since it uncovers hidden patterns
for evaluation. In order to detect these hidden patterns of
information, datamining can be descriptive — identifying
general properties of the data being analyzed — or predictive
—building models upon the data available. Based on the pre-
vious steps, a typical software platform for KDD would
involve the following major components (see Fig. 5): (a) a
database or information repository, consisting of one or a
set of databases, spreadsheets, or other kinds of information
repositories where data is stored; (b) a KDD engine, which
consists of a set of functional modules for accomplishing
the datamining tasks described before. The KDD engine
provides a number of datamining algorithms, as well as
modules for pattern evaluation and visualization (by means
of a graphical interface); (c) a front-end module which
allows the final user to interact with the KDD engine,

PROBLEM Brief statement of the problem (Problem are numbered for easy ref-
erence)
SCOPE Global or local

SEVERITY LEVEL

The appropriate number and what it means

FREQUENCY How often the problem occurred and how many participants had the
problem
EXPLANATION A paragraph or two of information about the problem, including ex-
amples of it, further supporting data, perhaps users’ comments.
RECOMMENDATIONS | A bulleted or numbered list of ways to solve the problem

Fig. 4. A sample organization and page layout for reporting usability problems [19].
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=== = b 4 \\ Front-end
4 KDD K& I
,\: Engine |§
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- > \Q Mined Patterns
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Fig. 5. Major components in a KDD software platform.

typically by means of a specialized datamining query
language (DMQL), which covers a wide spectrum of tasks,
such as data characterization for mining association rules,
data classification, computation of decision trees, etc. [32].
Different general-purpose platforms like WEKA [72],
Orange [17] or DBMiner [32] have been developed to carry
out the KDD process, each of them with their specific DMQL
language. Such query-oriented languages range from very
basic command-line interpreters (as the Command-line
Interface provided by the WEKA platform [72]) up to more
sophisticated tools such as specialized scripting languages
(as the one provided by the module orngMySQL in the
Orange platform [17]), MSQL [36], OLE DB for Datamining
[48], or more recently KDDML [60], among others).

As already stated in the introduction, in this paper we
present a new, extended approach to the traditional QUT
process by incorporating two particular datamining tech-
niques (association rules and decision trees). In order to
make this article self-contained, we will summarize next
some of their main features.

3.1. Association rules

Association rule mining finds interesting relationships
among items in a given data set [32]. The discovery of such
relationships among transaction records is typically used in
many business decision making processes, such as catalog
design and cross-marketing. A typical example of associa-
tion rule mining is the so-called market basket analysis,
where a company analyzes customer buying habits by find-
ing associations between the different items that customers
place in their “shopping baskets”. The discovery of such
associations can help retailers to develop marketing strate-
gies in which they identify which items are frequently pur-
chased together by customers.

Basket | Items

milk, cheese, beer, fries
milk, cheese, beer
milk, beer, fries, cheese
beer, fries

hot-dogs, fries

T W N~

Fig. 6 shows a very simple example of a transactional
database D onto which association rule mining can be
applied. In such databases we identify a set I of items
involved (for this example, /={milk, cheese, beer, fries,
hot-dogs}). An association rule is an implication of the
form A = B,where Ac I, Bc I, and A N B= (). Two basic
concepts are used to measure the interestingness of an asso-
ciation rule, namely support and confidence. The rule
A = Bis said to hold in D with support s if s is the percent-
age of transactions in D that contain 4 U B, i.e. the prob-
ability P(4 U B). The rule 4 = B has confidence c if c is
the percentage of transactions in D containing A that also
contain B, i.e. P(B|A). Thus, confidence ¢ for a rule 4 = B
can be calculated as Suppori(A U B)/Support(A4). Fig. 6
shows two possible association rules that can be obtained
from the database D. From this example we can see how
association rules allow us to identify patterns in datasets
which suggest hypotheses (e.g. 100% of customers buying
milk are also buying cheese). Clearly, real-world problems
demand hundreds or thousands of records with different
items. The main difficulties in the generation of association
rules from large datasets involve the combinatorial explo-
sion in the number of rules to be assessed. The solution
for this problem is twofold: on the one hand, association
rules are constrained by means of thresholds to be consid-
ered useful as mined knowledge (e.g. confidence should be
greater than 95%). On the other hand, very efficient algo-
rithms have been developing for mining association rules
from large databases, notably APrRIORI and FP-GROWTH
[32]. Such algorithms reduce the computational complexity
by relying on specified thresholds for confidence and sup-
port values. Additionally, powerful query primitives have
been developed to post-process the generated rulebase, as
well as for performing selective, query based generation
as explained before.

beer = fries (Support=60%, Conf=75%)
milk = cheese (Support=60%, Conf=100%)

Fig. 6. A sample Market basket represented as a transactional database (left) and some possible association rules (right).
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3.2. Decision trees

Decision trees are flow-chart-like tree structures, where
each internal node denotes a test on an attribute value,
each branch represents an outcome of the test, and tree
leaves represent classes or class distribution [46,72]. Deci-
sion trees classify instances by sorting them down the tree
from the root to some leaf node, which provides the classi-
fication of the instance. Each node in the tree specifies a test
of some attribute of the instance, and each branch descend-
ing from that node corresponds to one of the possible val-
ues for this attribute. In order to classify an unknown
sample, the attribute values of the sample are tested against
the decision tree. A path is traced from the root to a leaf
node that holds the class prediction for that sample.
Fig. 7 (left) illustrates a typical learned decision tree. This
decision tree classifies Saturday mornings according to
whether they are suitable for playing tennis. Thus, the
instance (Outlook = sunny, Temperature = hot, Humid-
ity = high, Wind = Strong) would be sorted down the left-
most branch of the tree and would therefore be classified
as a negative instance (i.e. the tree would be predicting
PlayTennis = no). Decision trees can also be depicted alter-
natively in text format as shown in Fig. 7 (right).

Decision trees can be automatically generated from dat-
abases in which different attributes are identified, as well as
some particular “target attribute” (which corresponds to
the class to be predicted by the tree). Typical algorithms
used for generating decision trees are ID3 and C4.5 [46].
Such algorithms learn decision trees by constructing them
top-down, identifying which is the best attribute to be
selected for classifying the instances of the dataset in differ-
ent classes (according to the target attribute chosen). Fig. 8
shows a sample database associated with the behavior of
people playing tennis Saturday mornings [46]. From this
database, by applying the ID3 algorithm, the tree shown
in Fig. 7 can be automatically obtained.

When building decision trees, two disjoint subsets from
the dataset can be distinguished: training data (used to
build the decision tree) and test data (used to validate the
tree that has been obtained). Validation allows to deter-
mine the proportion of instances from the test set that have
been successfully predicted. Usually 2/3 of the original

Day | Outlook Temp. | Humid Wind PlayTennis?
D1 Sunny Hot High Weak No
D2 Sunny Hot High Strong | No
D3 Overcast | Hot High Weak Yes
D4 Rain Mild High ‘Weak Yes
D5 Rain Cool Normal | Weak Yes
D6 Rain Cool Normal | Strong | No
D7 Overcast | Cool Normal | Strong | Yes
D8 Sunny Mild High Weak No
D9 Sunny Cool Normal | Weak Yes
D10 | Rain Mild Normal | Weak Yes
D11 | Sunny Mild Normal | Strong | Yes
D12 | Overcast | Mild High Strong | Yes
D13 | Overcast | Hot Normal | Weak Yes
D14 | Rain Mild High Strong | No

Fig. 8. Sample database with examples characterizing when to play tennis
in Saturday mornings (target attribute: PlayTennis).

dataset are used for training, whereas the remaining 1/3
is used for testing [46,72]. Most KDD platforms (such as
WEKA) integrate the training and validation processes
within the same interface, giving the user facilities to
choose among several possible options. It must be
remarked that decision trees can be obtained even from rel-
atively small databases. In fact, excessive amount of data
used for learning decision trees leads to the problem known
as “overfitting” [46,58]. This occurs with noise and correla-
tions in the training set that are not reflected in the data as
a whole.

4. Incorporating KDD techniques into the QUT Process

In this Section, we propose a novel characterization of the
QUT process based on the integration of the traditional
approach described in Section 2 and KDD techniques. In
our proposal, KDD is used to gather common usability fea-
tures of a large group of systems Sc={S; ... S,} (each S;
belonging to the same context of use C) in order to achieve
a general usability diagnosis of C as a whole. In what follows
we will call this new approach QUT ¢. By performing the pro-
posed QUT < process, the members of the evaluation team
will be able to formulate different gueries to an underlying
KDD engine, getting as an output additional, qualitative
information that will condense usability problem patterns

Humidity Wind

High Normal

ONO

Strorig \weak

OO

Outlook=sunny
Humidity=high: PlayTennis=no
Humidity=normal: PlayTennis=yes
Outlook=overcast
PlayTennis=Yes
Outlook=Rainy
Wind=strong: PlayTennis=no

Wind=Weak: PlayTennis=yes

Fig. 7. A decision tree obtained by ID3 from the database shown in Fig. 8 (left) and the alternative representation of the same tree in textual form (right).
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in C. The result of every query performed by the evaluation
team will be expressed in terms of a decision tree or a ranked
list of association rules where every association rule will
express a (possibly hidden) relationship among usability fea-
tures of S¢. Decision trees, on the other hand, will represent a
predictive pattern derived from those usability problems of
S¢. These trees will provide a model that can help to under-
stand the usability features of C and to better assess the QUT
evaluation of a new system S, belonging to C that has to be
tested under a UE perspective.

Fig. 9 shows a schematic view of the framework for per-
forming the novel approach QUTc. Following the UE
principles, our proposal relies on different data collected
during the existing QUT process and automatically com-
piled as a transactional database onto which KDD tech-
niques can be applied. In fact, our proposal is based on
extending the traditional QUT approach by adding the fol-
lowing elements:

- a transactional database DB which stores all the results
obtained from applying the traditional QUT process to
a group of systems Sc.

-a KDD engine (such as those present in the platforms
described in Section 3) capable of automatically comput-
ing association rules and decision trees.

-a DMQL Front-end for the KDD engine, which should
provide the interface for the evaluation team in order
to pose queries (using the DMQL associated with the
KDD platform) to detect usability problem patterns
which will be given as an output of the KDD engine.
In our case, for every query made by the evaluation team
these patterns will be represented as a decision tree or as
a ranked list of association rules.

M (qualitative
usability evaluation
methodology)

M’ (M adapted
to test C)

' usability
evaluation
of S

Ri (results

C (Context of Use) for Si)

QUT Process for the systems S1..Sn

URc (usability report for C)

() —
=

- a visualization module (in most cases provided by the
KDD engine itself) which provides different alternative
graphical representations of the patterns found (e.g.
tree-like charts for decision trees as those provided by
WEKA [72] or 3-D representations for association rules
as provided by DBMiner [32]).

- a collection of usability problems patterns related with the
context of use C. Every pattern in this collection will be
either a decision tree or a ranked list of association rules.

As before, we will analyze next the steps related to
applying a QUT ¢ process to a given context of use C:

(1) Planning the QUT ¢ process. As in the QUT process
described in Section 2, the QUT process will start with
the selection of a particular method M by the evaluation
team. A specialized method M’ to focus M on C may be
required as already indicated in the Planning Step of the
traditional QUT process (see Section 2). This may required
the possible redefinition of the evaluation team on the basis
of M'. Besides, if M’ involves the use of specialized soft-
ware, the selection of a particular software platform should
be also included.

Clearly, the ideal QUT ¢ process for the context of use C
should involve an exhaustive usability evaluation of all sys-
tems in C to ensure a complete vision of such context.
However, with the exception of some particular situations,
this evaluation is not practically feasible for two main rea-
sons. First, the cost associated with this exhaustive usabil-
ity evaluation becomes prohibitive if the context of use
includes several systems (e.g. it is practically impossible
to consider all the systems belonging to the context of
use of electronic banking). Second, in most cases the defini-
tion of a context of use is not static but rather dynamic, as

1..n Queries
______ 2
! KDD %% DMQL
«_ ! Engine | & Front-end
wr S
“ans™
W
- R (set of
D.?felign ranked lists
of ARs)

Visualization

Evaluation team
analysis

UPPc
(usability problem
patterns for C)

Fig. 9. Schema of the proposed Qualitative Usability Evaluation (QUT) Process for a context of use C of interactive systems.
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the context changes whenever new systems are developed
or existing ones are modified. Consequently, a sample
group of systems Sc = {S;...S,} must be selected to repre-
sent the full context C. Choosing this sample group is not a
trivial task, and the use of a random-based criterion or
another selection criteria will depend on the nature of C.
Respecting how many systems must be included in S¢ to
ensure that they provide a representative sample of C, sev-
eral possible guidelines can be adopted, as those given in
[58].

Planning a QUT ¢ process will also include the selection
of a particular software platform and the associated
DMQL to carry out the KDD process. As before, also
the conditions to perform M’ (timetable, physical environ-
ment, equipment, etc.) should be clearly stated. Addition-

ally, the conditions to perform the KDD process
(software requirements, equipment, etc.) must be
considered.

(2) Collecting the QUT ¢ data. The QUT process relies
on different qualitative usability data collected during the
application of the same QUT process to Sc. Thus, perform-
ing the method M’ within all the elements in S is a central
task. For the sake of simplicity, we are assuming that only
one evaluation team will carry out the usability evaluation
of every system in Sc. However, probably more than one
evaluation team can be involved in such evaluation without
invalidating the methodology, as shown in [20]. As the
evaluation team carries out the usability evaluation of the
elements in S¢, the obtained results (qualitative data) must
be collected in an information repository (a database, a
spreadsheet, a data warehouse, etc.). Note that this repos-
itory can be used later on to obtain statistical information
that could complement results coming from the QUT ¢ pro-
cess as discussed in Section 1.

(3) Applying KDD techniques within the QUT ¢ process.
Once the qualitative data related to usability problems
has been collected, the next step in the QUT ¢ process will
consist in discovering patterns in that data by means of
KDD techniques. To do this it will be necessary to auto-
matically transform the data repository obtained in the
previous step in a transactional database [58]. The follow-
ing steps will be carried out, as described in Section 3:

- Preprocessing the qualitative usability data. As pointed
out in [58], there does not exist a fully automatic system
capable to preprocess the data to clean and integrate
them. In the case of the QUT ¢ process cleaning and inte-
grating the data is worthwhile, as the result can be used
later on to obtain statistical information as explained in
the previous step (Collecting the data). Note that data
integration will be necessary only if more than one trans-
actional database is generated (i.e. in the case of multiple
teams performing M’).

- Mining the data to obtain usability problem patterns.
Once the data has been treated as described before, the
evaluation team can use the selected KD D software plat-
form and the associated DMQL in order to pose queries

using the DMQL Front-end. In our approach the evalu-
ation team can pose queries oriented towards obtaining
two kinds of models for patterns: association rules and
decision trees. Association rules will express (possibly
hidden) relationships among attributes present in the
qualitative information of DB, whereas decision trees
will represent a predictive usability pattern characteriz-
ing the qualitative usability behavior of the context of
use C.

In a first stage, the evaluation team will post a start-
ing query just to detect the most relevant relationships
(expressed as association rules) among the attributes in
the database DB on the basis of a threshold value for
support, confidence and a maximum number of rules
to be computed. As a result, a ranked list R; of associ-
ation rules will be automatically obtained, containing the
most relevant information (with possibly hidden relation-
ships) that needed to be considered by the evaluation
team. By performing the next step (Visualizing and ana-
lyzing QUTc results) the evaluation team will be able
to observe and analyze the different attributes and rela-
tionships present in the association rules of R;. In the
case of decision trees, queries will include the target
value. By default, 2/3 of the available data in DB will
be randomly assigned to the training set, whereas the rest
of the data will be used as the test set. However, as
explained in the next step of the QUT ¢ process, this pro-
portion can be modified by the evaluation team if
required. It must be remarked that, according to our
experiments, the computation of decision trees in this
first stage does not make much sense, as at the beginning
of the KDD process any of the attributes present in DB
has the same chance to be considered a target attribute.

Next, on the basis of information available in R;, the
evaluation team can pose more refined queries expressed
in a MSQL language by means of the DMQL Front-end.
This time the aim will be to deepen the analysis of the infor-
mation collected in the database DB. Thus, each new query
for mining association rules will produce additional and
more focused information, characterized as new ranked
lists R», Rs,..., Ri. Note that all these ranked lists are
available to the Evaluation Team. For example, given the
context of use of some electronic banking and a database
BANK_EVALUATION with the information about the
usability evaluation of the website of 50 banks, the follow-
ing query in MSQL language can be performed:

GetRules(BANK_EVALUATION) where
[Antecedent has{(profession=*)and... and age > 30}
and Consequent has{error_type=*}
and support >0.8 and confidence >0.9]

The outcome of this query will be a ranked list of usabil-
ity problem patterns showing relationships between the
profession of those users who are more than 30 years old
and the most common errors made by them when browsing
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a bank website. In the same way, the following query in the
WEKA Command Line language:

java weka.classifiers.trees.ID3 -t BANK_EVALUATION.xls
-c 7 -d r.txt

will generate a decision tree (given as an output in the
file r.txt) using the ID3 algorithm, the file BANK_EVAL-
UATION.xls as the database DB, and the seventh attribute
in the file BANK_EVALUATION.xIs (the attribute error_-
type) as the target attribute. This tree will allow the evalu-
ation team to characterize a usability problem for the
context of use of the electronic banking based on predicting
the behavior of the attribute error_type.

(4) Visualizing and Analyzing QUT ¢ results. As in the
usual QUT process, an important part of the QUT pro-
cess will involve the analysis of the usability problem pat-
terns obtained in the previous step. The use of the
visualization tools provided for most KDD platforms (such
as WEKA [72] or Orange [17]) can help members of the
evaluation team to observe different graphics and charts
representing the obtained patterns. For the elements in
ranked lists, results could be displayed as a sequence of
association rules (each of them with the format described
in Section 3.1). Additionally, a number of Cartesian charts
can be generated, each of them depicting relationships
between different attributes and their values present in
the input database. Decision trees are so expressive by
themselves that usually their tree-chart representation suf-
fices. Due to the possibly interdisciplinary nature of the
evaluation team, having different alternatives for visualiz-
ing the usability problem patterns detected above will pro-
mote a better understanding of them.

The goal of the evaluation team analysis will be to
decide whether every pattern found depicts a usability
problem of C. Indeed, each detected pattern will be dis-
cussed on the basis of its relevance and significance. For
example, the relative position of every association rule in
a ranked list expresses these features, jointly with its inter-
estingness (support and confidence). Note that the relative
position of an association rule with respect to the general
ranking obtained (i.e. its position in the ranked list) is
directly related to the prioritization of the usability prob-
lem pattern depicted by the rule. Moreover, metrics such
as support and confidence guarantee that only significant
patterns will be obtained, according to the criteria of the
usability evaluation team. For decision trees, the validation
process mentioned in Section 3.2 is used in the QUT ¢ pro-
cess to determine whether a particular tree is valid or not.
Indeed, the members of the evaluation team can adopt a
minimal threshold value for accepting each decision tree
(e.g. taking into account only those trees with at least
80% of correct predictions). The selection of the minimal
threshold will depend both on the context of use under con-
sideration and the criteria adopted by members of the eval-
uation team. Those trees which are acceptable will be
included in the final usability report. In the case of a tree

which is not accepted, members of the evaluation team
can come back to the previous step in the QUT process
to redefine the criteria for building the training and test
set in the particular query used to generate the tree.

(5) Reporting QUTc conclusions. The QUT process
returns as an output a set of justified usability problems
patterns detected for the current context of use C. It is
desirable to rephrase each pattern as a usability problem
expressed in some standard format similar to the one
shown in Fig. 4. If necessary, also the different visualiza-
tions of the usability problem patterns generated during
the QUT ¢ process can be added to the final output using
this format.

5. Experimentation and discussion

In this Section, we will summarize the results obtained
after using the proposed approach to evaluate the usability
of the context of use formed by academic web sites in
Spanish-speaking countries.® In what follows we will refer
to this context as Cy,p. Note that Cy,p involves hundreds
of millions of potential users (persons who speak Spanish
either natively or by adoption) whose cultural background
is primarily associated with the Spanish language and cul-
ture, regardless of ethnic and geographical differences. In
particular, the QUT ¢ process was carried out by process-
ing qualitative information stored in 3450 records which
were collected by means of a Heuristic Evaluation (HE).
This experimentation was carried out within the Second
Stage of the UsabAIPO Project (UsP),” a project focused
on usability research which involved the participation of
more than 15 university research groups specialized in
Human—Computer Interaction. In UsP four different cate-
gories were considered, namely Design Category,Content
Category, Navigation Category and Search Category.
Besides, during the First Stage of the UsP, the partners
of the project decided to consider the web sites of all uni-
versities listed in the Universia portal® (69 universities in
total) as the sample which will represent Cyyp in every
stage of UsP.

Concerning the Second Stage of UsP, the evaluation
team was formed by three usability experts and two Com-
puter Science advanced students with solid knowledge
about UFE and usability. Two of the experts were university
professors and the other was a PhD student. All members
were also frequent users of academic web sites in Spanish-
speaking countries. First, as established within the UsP
Project, the web sites of the 69 universities listed in the Uni-
versia portal were considered as the sample of Cyyp to be

© The Spanish-speaking countries are formed by Spain and all Spanish-
speaking countries in the Americas, including almost 35 million people
living in USA with Spanish-related cultural origins.

7 See www.aipo.es (webpage of the Asociacién Interaccién Persona
Ordenador — AIPO)

8 The Universia portal is a widely used official portal about universities
available for Spanish-speaking countries. See www.universia.es
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used. Second, HE [49] was selected as the evaluation
method M to be applied. In order to define M’ (a special-
ization of M), two general heuristic principles for each of
the above categories were defined on the basis of 300
answers corresponding to a poll carried among users
belonging to Cyyp and results coming from the UsP First
Stage [42] (in which the usability of the homepages in Cyp
was assessed by means of a HE specialized for homepages).
Each general heuristic principle was decomposed in several
heuristic-related questions, all of them related to features
to be tested. As a result, 25 questions were defined (from
question #1 to question #25), (see Fig. 10). Ranges and
ideal values were defined for each possible heuristic-related
answer. As an example, Figs. 11 and 12 summarize the heu-
ristic-related questions corresponding to the Design
Category.

Since there was no suitable software package available
for the application of the method M’ (which involves the
jointly HE of the 69 selected webpages on the basis of
the 25 heuristic-related questions mentioned before), we
developed a specialized software tool called UsabAIPO
Heuristic Management System (UHMS). Fig. 13 shows a
UHMS screenshot. This tool was mainly intended to sup-
port the usability evaluation of the 69 selected websites
on the basis of the 25 heuristic-related questions that were
defined. Indeed, the UHMS provides a simultaneous visu-
alization of the current website that is being evaluated, the
current heuristic-related question that needs to be answered
(including possible answers), its significance within the
website being considered and a pull-down menu to carry
out the evaluation. To do this, every heuristic-related ques-
tion was linked with an attribute in an output spreadsheet
called Usability_Universities, which stores the result of the
evaluation (as an example, see the correspondence between
heuristic-related questions concerning the Design category
and attributes in UHMS in Fig. 15). Every row in Usabil-
ity_Universities represents the whole usability evaluation of
a particular university. Besides, the tool provides a special
form (see Fig. 14) that allows the evaluator to add his/her
comments expressed in natural language, which will be
automatically stored as part of the answer. When a user
introduces some comment in UHMS, a pair of the form
<Attribute Name: evaluator comment> is added
to the last column of Usability_Universities in the row asso-
ciated with the university under evaluation. If necessary,
different comments related to different Heuristic-related
questions can be concatenated in the same row, separated
by a slash (/). In order to perform the KDD tasks
required for our experimentation the WEKA platform
[72] was chosen, as it provides the implementation of the
datamining techniques that are needed (induction of deci-
sion trees and mining of association rules) along with an
embedded Front-End with a very simple Command-line
interface for posing queries and a visualization module to
improve the interpretation of final results.

Next, the evaluation team was divided in two sub-teams
in order to carry out two independent usability evaluation

of the 69 websites considered by applying the method M’
described before. The browsers MS Internet Explorer 6.0,
Morzilla Firefox 5.0 and Netscape 8.0.1 were used to visual-
ize the websites. The strategy used for each HE execution
included a first overview of the website under evaluation
for about 10 min, followed by an in-depth evaluation sup-
ported by the UHMS. As a result, each sub-team obtained
1725 qualitative answers (25 heuristic-related questions
applied to assess 69 websites). that were stored in two tem-
porary spreadsheets Usability Universities_1 and Usabil-
ity_Universities_2. During the preprocessing of the data
stored in the two spreadsheets, each evaluation sub-team
controlled the data produced by the other sub-team. After-
wards both spreadsheets were condensed in a final spread-
sheet called Usability Universities, which contained 3450
records automatically generated by the UHMS. As an
example, a partial view of the sheet corresponding to the
Design Category in Usability Universities is shown in
Fig. 16. Except for the comment column, all the rest of
the spreadsheet was automatically transformed into the
Attribute-Relation File Format (arff)’ suitable for being
processed by WEKA. Note that with the usual QUT pro-
cess, a throughout analysis of all these answers from a
qualitative viewpoint is not a feasible task, and going
beyond the generation of some pie- or bar-charts is hardly
tractable for the evaluation team. At this stage of the
experimentation, the evaluation team was able to apply
the proposed approach to process and analyze the informa-
tion stored in Usability Universities (the qualitative
answers coming form M’).

Different kinds of queries were posted by the evaluation
team to mine the data stored in Usability_Universities.
First, a general ranked list of association rules for each cat-
egory of the UsabAIPO Project was computed using the
Apriori algorithm provided by WEKA (with a support of
60%, a confidence of 90% and by selecting the best fifteen
rules obtained). As an example, Fig. 17 shows the ranked
list L; obtained corresponding to the Design Category.
Note that the rules in L; provide a first guideline for iden-
tifying which attributes were involved in the discovered
patterns.

In order to focus the detection of usability problems pat-
terns within the context of use under evaluation, only those
association rules containing some attribute whose value
denoted a usability problem were considered. These attri-
butes were tagged as “problematic attributes’” . Besides asso-
ciation rules expressing similar usability problems were
jointly considered, taking into account the possibility of
involving one association rule in more than one usability
problem pattern group (if the rule had more than one attri-
bute with values denoting usability problems). For exam-
ple, the association rules #1, #2, #3, #5, #12 and #15 in
L, showed that, according to the information stored in
the spreadsheet Usability Universities, there exist usability

% See http://www.cs.waikato.ac.nz/ml/weka/arff.html
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Cat.

Heuristic

Related questions

Graphic
Design

- Friendly Interface: Does the website have a friendly interface, with uniform
colors in most pages, matching with the university corporate image?

-Clean Interface: Does the website offer a clean interface, without visual
noise and with a correct usage of space?

- Text Destgn: Does the text have a simple design, with enough contrast be-
tween background and text, limiting the font type and other text attributes?

- Liquid Design: Is a liquid design being used?

Images

areas

- Labelled Images: Are images labelled? Does their title appear when the
mouse is moved over them?

- Animated elements: do animated elements exist?

- Image Resolution: Has image resolution been taken into account, so that
images are not pixeled and have an appropriate size for their correct visu-
alization?

Navegation

areas

-Number of elements in menus: Has the number of elements and terms per
element been checked in order not to produce memory overload?

- Visibility: Is the totality of the elements in the navigation area visible
without requiring any interaction from the user?

- Existence of site map: Is there a site map on the website?

- Affordance from links to applications: If a link leads to an application, is
that clearly indicated?

Orientation

- Access to homepage: can the homepage always be reached from any navi-
gation level?

- Orientation elements: are there elements that allow the user to know
exactly where he/she is in the website and how to move back? (breadcrumbs)

- XIdenLinks

Information

- News update: Are academic news properly updated? Do they have publi-
cation date?

- Contact data: Is it easy to access to the information in the different areas
of the university (secretary, departments, etc.)? Is there clear information
about the data needed to contact some particular area (phone, email, etc)?

- News clarity: Are news published on a salient place on the website, with a
link to the news associated with the news headline, and with a clear abstract
of the contents of the news?

- Affordance from links to applications: If a link leads to an application, is
that clearly indicated?

Internacion-

alization

- Language: Does the website offer a multilanguage option?

- Scope: The academic information available for the different languages is
one page or is it the most part of the website?

Search area

- Visibility and Simplicity: Is it easy to start a search? Is the textbox used
to search terms on the website to be found on the homepage? Is it easily
accesible from any place of the website?

- Size: Is the text entry box for search wide enough? (it must contain
between 15 and 30 visible characters)

- Complezity: Is there an advanced search option? Are there enough options
to carry out a properly bounded search ?

- Engines: Are links to Internet search engines included?

Search result

- Comprensibility: Are search results shown in a clear form which is com-
prehensible enough for the user?

- Assistance: is the user assisted when no results can be found?

13

Fig. 10. Heuristic-related questions for the UsabAIPO Project (D, N, C and S corresponds to Design, Navigation, Content and Search Categories).
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Heuristic-related Questions

Possible answers

Question #1 (Friendly Interface):
does the website have an interface with
uniform colors in most of its pages,
strongly related with the corporative
image the university has in the real
world?

- No: the interface does not have a uniform color design in
most of its pages, or the used colors are not related with the
the corporative image the university has in the real world

- Sometimes: only those pages belonging to the intermediate
hierarchy of the website map do not have an interface with a
uniform color design or are not related with the corporative
image the university has in the real world

- Yes: the interface colors are coherent with the corporative
image of the university in the whole website

Question #2 (Clean Interface): does
the website offer a balanced use of the
screen space, without “visual noise”
such as unnecessary and/or unpleas-
ant elements, excessive use of blank
space, unnecessary decorative images,
excessive ornamentation or elements in
movement which distract the user at-
tention without any relevant purpose?

- No: most of the pages in the interface present some “visual
noise”, disturbing the user attention

- Sometimes: there exist some “visual noise” in less than the
half of the whole website, and this “visual noise” is not
critical for disturbing user attention

- Yes: the whole interface does not have “visual noise” ele-
ments

Question #38 (Text Design): is the text
designed to facilitate its reading, with
sufficient contrast between color text
and background, and less than five dif-
ferent format styles (color, size, under-
lining, bold, italic, line spacing, etc.)?

- No contrast: there exists relevant text without sufficient
contrast

- Sometimes: there are more than five different format styles
for the text or abrupt changes in the text format when
browsing the website

- Yes: text in every page in the interface has sufficient con-
trast, and there are no more than five different format styles
used in the whole interface. Besides, the text style remains
similar between the different pages without presenting sud-
den changes when browsing the website.

Question #4 (Liquid Design): does the
website interface automatically adapt
itself to different screen resolutions and
sizes?

No: less than 30% of the interface supports liquid design
Middle Level: between 30% and 50% of the interface sup-
ports liquid design

High level: between 50% and 90% of the interface supports
liquid design

- Yes: more than 90% of the interface supports liquid design

Fig. 11. Heuristic-related questions concerning Graphical Design (Design Category).

problem patterns related with the absence of a liquid design
on the websites of the context of use under evaluation (i.e.
CUSP)'

Note that the usability problem patterns in rules #1, #2,
#3, #5, #12 and #15 in L, not only pointed out which are
the “‘problematic attributes” of Usability Universities
related with the absence of a liquid design (considered as
a usability problem), but also allowed to detect the most
relevant relationships among them. This way, in the future
these patterns will provide valuable information for assess-
ing the usability of a particular system which is not
included on the Universia portal but belongs to the context
under consideration. Indeed, these usability problem pat-
terns highlighted (based on the correspondence shown in
Fig. 15) the most relevant heuristic-related questions that
should be considered when assessing the usability of S with
respect to its liquid design). Moreover, these patterns can
be used as guidelines when designing and developing a
novel system S within the context of use of academic web-
pages in Spanish-speaking countries, since they reflect crit-
ical interface elements that influence or are influenced by

the liquid design in this particular environment. Addition-
ally, we want to remark that relationships on rules #1, #2,
#3, #5, #12 and #15 in L; were non trivial and therefore
not easily detectable for the evaluation team from the avail-
able information. Thus, the results obtained follow from
the successful application of the KDD-based procedure
when performing the proposed method M.

On the basis of the “problematic attributes” present in
the association rules and the evaluators’ comments in nat-
ural language stored in the spreadsheet Usability Universi-
ties, members of the evaluation team could post more
specific queries to mine the data in the spreadsheet. The
queries included different values for support and confidence
according to the criteria established by the members of the
evaluation team. As an example, the queries shown below
were basically intended to analyze some ““problematic attri-
butes” present in the association rules of L;.

GetRules (Usability_Universities) where
[Antecedent has {Friendlylnterface=sometimes}
and support > 0.8 and confidence > 0.9]}

Softw. Technol. (2007), doi:10.1016/j.infsof.2007.06.001
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Heuristic-related Questions Possible answers

Question #& (Labeled Images): are | - No: more than 50% of the images are not tagged or the
the images consistently tagged and/or associated label has no a clear relation with the image itself
an appropriate title is displayed when | - Sometimes: between 50% and 80% of the images are tagged
passing with the mouse or keys over with consistent tags

them? - Yes: more than 80% of the images are tagged with appro-

priate tags

Question #6 (Too many Animated El- | - No: there are no animated images or elements in the inter-
ements): there exist animated images face (ideal answer)
or elements in the website? - Homepage: only the homepage of the website presents less

than two animated elements that do not disturb excessively
the user attention
- Yes: the number of animated elements is excessive

Question #7 (Adequate Image Resolu- | - No: more than 50% of the images are too small to be cor-
tion): do the images have an appropri- rectly visualized and/or they are pixelated. There exists at
ate size and resolution to be visualized least one image in the website homepage without an appro-
without pixelation? priate resolution and/or size.

- Sometimes: between 50% and 90% of the images have an
adequate resolution and can be correctly visualized. Besides,
the inappropriate images are not in the website homepage

- Yes: more than 90% of the images have an adequate reso-
lution and can be correctly visualized

Fig. 12. Heuristic-related questions concerning Images (Design Category).
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Fig. 13. Interface of the UsabAIPO Heuristic Management System. Form for introducing results from usability evaluation.

GetRules (Usability_Universities) where Besides, using the attributes present in the the fifteen asso-
Consequent has {(CleanInterface=no) or ciation rules in L; as targets, the evaluation team was able to
(Cleaninterface=sometimes)} post more specific queries to obtain decision trees which
and support > 0.6 and confidence > 0.7]} helped to predict the behavior of the context of use under
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>
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En el caso de las paginas en distintos idiomas. la
informacién aparece bastante completa en todos
ellos, a niveles superiores, pero cuando se
profundiza mas el texto no esta traducido.

associated with
the current
university

Fig. 14. Interface of the UsabAIPO Heuristic Management System. Form for adding comments to the usability evaluation.

Heuristic Related Question Id

Associated Attribute Name

#1 FriendlyInterface
#2 CleanInterface

#3 TextDesign

#4 LiquidDesign

#5 LabeledImages

7#6 AnimatedElements
#7 ImageResolution

Fig. 15. Correspondence between heuristic-related questions concerning the Design category of UsabAIPO Project and attributes in UsabAIPO Heuristic

Management System.

evaluation. In the case of this experimentation, 2/3 of the
available data in Usability Universities were randomly cho-
sen by WEKA to be included in the training set, and the rest
of the data was used as the test set. The threshold value for
accepting decision trees was set in 70% of correctly classified
instances. As a result, different decision trees were obtained,
as the one shown in Fig. 18. This tree is the result of calculat-
ing the query shown below with the target FriendlyIn-
terface (attribute #1 in the Design Category of the UsP):

java weka.classifiers.trees.ID3 -t usability_universities.arff
-c 1 -d r.txt

Fig. 18 shows the text-based representation provided by
WEKA of the resulting decision tree for the target attribute

FriendlyInterface. Every line of text shows the value
assignment for an inner node (attributes in the DB) with
the format “Attribute_Name=value”, and every “|” corre-
sponds to a new level in the tree. Those lines including “:
class_value” indicate that the target attribute has been
assigned a particular class value. Note that every branch
in the tree can be read as an ““if-then” rule (e.g. the branch
corresponding to the first three lines of the text in Fig. 18
stands for the rule “if (LabeledImages=yes) and
(ImageResolution=yes) and (LiquidDesign=no)
then (FriendlyInterface=no)”).

Note that the decision tree in Fig. 18 showed that,
according to the information stored in the spreadsheet
Usability_Universities, the values stored in the attributes
LabeledImages and ImageResolution (attributes

Softw. Technol. (2007), doi:10.1016/j.infsof.2007.06.001
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Fig. 16. Partial view of the sheet Usability_Universities corresponding to the Design Category.

1. CleanInterface=sometimes
==> FriendlyInterface=yes 8 conf: (1)

TextDesign=yes

AnimatedElements=no 8

2. CleanInterface=sometimes TextDesign=yes LabeledImages=yes 8

==> LiquidDesign=no 8 conf: (1)

3. FriendlyInterface=sometimes AnimatedElements=no ImageResolution=sometimes 8

==> LiquidDesign=no 8 conf: (1)

4. LiquidDesign=middle-level AnimatedElement=no ImageResolution=yes 7

==> CleanInterface=sometimes 7 conf: (1)

5. CleanInterface=yes AnimatedElements=no ImageResolution=sometimes7

==> LiquidDesign=no 7 conf: (1)

6. FriendlyInterface=no LiquidDesign=no ImageResolution=yes 7

==> CleanInterface=sometimes

7 conf: (1)

7. FriendlyInterface=no TextDesign=yes AnimatedElements=sometimes 7

==> CleanInterface=sometimes 7 conf: (1)

8. TextDesign=yes LiquidDesign=no AnimatedElements=sometimes 13
==> CleanInterface=sometimes 12 conf:(0.92)
9. FriendlyInterface=sometimes CleanInterface=sometimes AnimatedElements=sometimes 12

==> LiquidDesign=no 11 conf: (0.92)

10. FriendlyInterface=sometimes LiquidDesign-=middle-level AnimatedElement=somewtimes 12
==> CleanInterface=sometimes 11 conf:(0.92)
11. AnimatedElements=no ImageResolution=yes 12 ==

TextDesign=yes 11 conf:(0.92)
12. TextDesign=yes LabeledImages=yes 12

==> FriendlyInterface=sometimes LiquidDesign=no 11 conf: (0.92)

13. FriendlyInterface=sometimes CleanInterface=yes LiquidDesign=no AnimatedElements=no 11
==> FriendlyInterface=sometimes TextDesign=yes 10 conf:(0.91)

14. CleanInterface=yes LiquidDesign=middle-level AnimatedElements=no 9

==> FriendlyInterface=sometimes 8 conf:

(0.91)

15. ImageResolution=sometimes FriendlyInterface=sometimes 11

==> CleanInterface=no 10 conf:(0.90)

Fig. 17. Ranked list L, related with the Design Category of the UsabAIPO Project (visualization provided by the WEKA platform).

#5 and #7 concerning the Design category of the UsP
Project) were crucial to predict the value of the attribute
FriendlyInterface (as they are close to the root of
the decision tree in Fig. 18). On the contrary, the value
stored in the TextDesign attribute (attribute #3 con-
cerning the Design category) was not extremely relevant
when predicting the value for FriendlyInterface.
We want to remark that the information stored in this
decision tree was previously unknown for the evaluation
team, as it was not intuitive enough to be discovered by
means of statistics or simply by observation. Conse-
quently, for the evaluation team this tree represents

new knowledge about usability problems concerning the
context of use under study.

At this stage the evaluation team was able to analyze the
results obtained using the WEKA visualization module.
On the one hand, ranked lists of association rules were visu-
alized as shown in Fig. 17. On the other hand, decision trees
were examined (as the one depicted in Fig. 18). Additionally,
the evaluation team generated different Cartesian charts
using the WEKA visualization facilities. Everyone of such
X Y-charts represents the frequency of different possible val-
ues associated with an attribute 4> with respect to the values
of two other attributes A y and Ay in Usability_Universities.
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LabeledImages = yes

ImageResolution = yes

| LiquidDesign = no: no

| LiquidDesign = middle-level: no

| LiquidDesign = high-level: sometimes
| LiquidDesign = yes: sometimes
ImageResolution = no

| LiquidDesign = no: sometimes
| LiquidDesign = middle-level: no
| LiquidDesign = high-level: sometimes

| LiquidDesign = yes: null
ImageResolution = sometimes: sometimes
abeledImages = no
ImageResolution = yes
CleanInterface = yes
| AnimatedElements = yes
| | TextDesign = yes: yes
| | TextDesign = no: sometimes
| | TextDesign = sometimes: null
| AnimatedElements = no: no
|
[
|

AnimatedElements = sometimes

| TextDesign = yes:no

| TextDesign =no: yes
| | TextDesign = sometimes: null
CleanInterface= no: null
CleanInterface= sometimes: sometimes
ImageResolution = no
| TextDesign = yes: yes
| TextDesign = no: sometimes
| TextDesign = sometimes: null
ImageResolution = sometimes: sometimes
LiquidDesign = no: yes
LiquidDesign = middle-level: null
LiquidDesign = high-level: null
LiquidDesign = yes
| AnimatedElements = yes: yes
| AnimatedElements no: sometimes

| | AnimatedElements = sometimes: yes
abeledImages = sometimes
ImageResolution = yes

| LiquidDesign = no

| | AnimatedElements = yes:

| | AnimatedElements = no: null

| | AnimatedElements = sometimes: yes

|

I

|

sometimes

|
|
|
|
|
|
|
|
|
|
|
L
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
|
|
|
|
|
| LiquidDesign = middle-level: sometimes
| LiquidDesign = high-level: sometimes

| LiquidDesign = yes: sometimes

| ImageResolution = no

| | CleanInterface = no: null

| | CleanInterface = yes: sometimes

| | CleanInterface = sometimes

| | | LiquidDesign = no: no

| | | LiquidDesign = middle-level: null

| | | LiquidDesign = high-level: null

| | | LiquidDesign = yes: sometimes

| ImageResolution = sometimes

| | TextDesign = yes: sometimes

| | TextDesign =no

| | | AnimatedElements = yes: sometimes

| | | AnimatedElements = no: null

| | | AnimatedElements = sometimes: yes

| | | TextDesign = sometimes: sometimes

Fig. 18. Decision tree #4 (target attribute FriendlyInterface with possible
values {yes, no, sometimes, null}) corresponding to the Navigation
Category within the UsabAIPO Project (visualization provided by the
WEKA platform).

Values on the axes X'and Y correspond to the possible values
of Ayand 4y. A number of marks or symbols is use to denote
different possible values of the attribute Az. The size of every
symbol used for representing values of 4 is related to its fre-
quency in Usability_Universities (the bigger the size is, the
more frequent that value occurs in Usability Universities).
For example, Fig. 19 shows the relations among the attri-
butes CleanInterface, TextDesign and Friendly-
Interface present in the ranked list L;.

To give a formal account of the usability problem pat-
terns that were obtained, the evaluation team rephrased
them using a format similar to the one shown in Fig. 4
(see two examples related to the Design Category in
Fig. 20). A report describing the results was written [28].
As explained before, sometimes similar association rules
were grouped and jointly rephrased. The scope (global or
local) and severity degree of each usability problem pattern
were discarded as relevant features, as within this experi-
mentation they can be extrapolated from the values stored
in the pattern attributes. The scope was defined by which
data records were included in the database used as an input
for the datamining process. The severity was determined by
the KDD-metrics used for computing the patterns. Fre-
quency was also disregarded in the case of decision trees,
as it is not significant in a predictive tree-like chart. In
the case of association rules, the frequency of every pattern
was calculated on the basis of a weighted percentage which
represents the number of rules supporting the pattern
adjusted in function of the support and confidence of the
rule. The explanation was replaced by a list of alphanu-
meric characters identifying association rules, ranked lists
and decision trees supporting the usability problem pat-
tern. Also the corresponding comment of the evaluation
team (automatically stored by UHMS in the last column
of Usability_Universities) was included.

6. Related work

To the best of our knowledge, there are no other
approaches to extend the traditional QUT process by

Friendly Interface: No= “*” Sometimes= “A” yes = “é”
N
x
84
no —+ R *
A A
sometimes é A
i 1
* ¢ A A
.
L R 4
yes L Ae
A'A o AA
A Clean-
f t | Interface
yes sometimes no

Fig. 19. Relation between three attributes present in the association rule
#1 of the ranked list shown in Fig. 17 (visualization provided by the
WEKA platform).
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USABILITY PROBLEM

PATTERN #1

The absence of a liquid design is related to non clean interfaces

FREQUENCY (1 TO 5)

4

JUSTIFICATION

- association rules #2,#5,#6,#8,#9,#10,and #14 in ranked list #1

EVALUATION TEAM

COMMENT

The usability problem pattern involves most pages of problematic

websites

RECOMMENDATIONS

e Recommend a liquid design to ensure a correct usage of space
e The excess of images, animations and visual noise becomes critic

if the web site does not includes a liquid design

USABILITY PROBLEM

PATTERN #10

The lack of an adequate corporative image (friendly interface)
and the use of non-labeled images result in an

imbalanced use of the screen space

FREQUENCY (1 TO 5)

3

JUSTIFICATION

- association rule #15 in ranked list #1
- attributes close to the root in decision tree #4 (computed to

predict “friendly interface” as a target attribute)

EVALUATION TEAM

COMMENT

The usability problem pattern can be better observed in

the web homepages

RECOMMENDATIONS

e Include a study of the corporative image of the university within
the Requirement Analysis and use results as guidelines for the
webpage graphic design.

e Labeling images and image resolution are crucial to enhance

corporative image

Fig. 20. A sample table reporting an usability problem pattern [19].
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incorporating KDD techniques as presented in this paper.
Typical models for usability evaluation under Usability
Engineering [6,14,25,44,61,66,67] are defined for the evalu-
ation of particular interactive systems rather than for the
usability evaluation of a context of use as a whole. Several
recent articles discuss the state of the art of the existing
methodologies and methods for usability testing, and in
particular  for  qualitative  usability  evaluation
[4,8,10,21,23,34,37,43,54,61,62]. None of these survey
papers discusses the relationship between the usability eval-
uation process and the use of KDD techniques as a tool for
finding (possibly unknown) relevant patterns related to
usability problems.

There exist some approaches which include association
rule mining for assessing usability, but always oriented
towards the evaluation of a single interactive system. For
example, the Awusa framework [68] presents an automatic
tool for evaluating the usability of a web site by combining
logging techniques and datamining, along with the static
structure of the web site. Association rules allow to detect
problematic patterns in the attributes of the resources
requested by users. Another approach where association

rules are used to test the usability of a single system is
described in [2]. In this case, logging techniques are based
on browsing activities performed by users. Recommenda-
tion models are defined as sets of association rules which
allow to improve the usability of the system.

The potential application of decision trees as a tool for
improving usability evaluation has been analyzed in [22].
In this case, decision trees are used to model user profiles
using as an input the user interaction with the system, pre-
dicting interface features on the basis of such interaction.
However, such approach is not intended to test the usabil-
ity of a context of use as a whole. In [65] a similar approach
is presented. In this case decision trees are used as a meth-
odology to evaluate the interactive quality of a system
beyond the usability testing. The approach is based on
the notion of ‘““user satisfaction”, which is determined by
computing a decision tree representing a hierarchy of the
user’s expected benefits when using the system. Techniques
for statistical analysis (such as correlation) can also be
applied to find relationships in usability testing on the basis
of the available data. However, this kind of techniques are
more adequate for performing quantitative analysis than
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for being used in proposals like the QUT - process pre-
sented in this paper, which focuses on a more qualitative
perspective. Besides, approaches to computing correlation
between two random variables are usually based on
numeric data rather than on purely categorical data (such
as those attributes involved in qualitative descriptions).
In addition, note that in our proposal the variables to be
analyzed do not need to be identified explicitly, as they
are found automatically by the association rule mining
algorithm.

With respect to the development of the specialized soft-
ware tool UHMS (see screenshots in Fig. 13), it must be
noted that a similar tool is available in the open source
uzReview sidebar of the Mouzilla browser. This sidebar,
which was designed to facilitate HE by the logging of heu-
ristics used against an URL or a keyword (this one allow-
ing the review of processes or workflows), incorporates a
rich text editor to support drag and drop of content from
the browsed pages and the edition of user comments. How-
ever, in available versions of the uzReview sidebar it is not
possible to make the user vision of the interface that is
being currently evaluated independent from the uzReview
screenshots, making difficult the perception of this interface
as a whole. Indeed, the uzReview screenshots needed to be
displayed over the interface under evaluation in order to
capture its current usage. Even when this characteristic of
the uzReview sidebar can be considered as an advantage,
in the case of inspection methods like HE the closer to
the real user perception the usability evaluation is per-
formed, the more relevant will be the obtained results. It
must be remarked that other platforms similar to the
UHMS are intended to test only one interactive system
or are defined for specific contexts of use (different from
the one considered in the experimentation included in this
paper). For example, a preliminary study to develop a HE
tool for assessing the usability of Healthcare Information
Systems is discussed in [45]. In this case, the aim is to work
with clinical systems, without establishing clearly if the
final product will be able to perform the usability evalua-
tion of more than one system simultaneously or not.

7. Conclusions and future work

Identifying usability problem patterns in a given context
of use is a challenging problem nowadays, and providing
an appropriate solution for such a problem can be extre-
mely helpful for software development and Usability Engi-
neering (UE) in several respects. On the one hand, usability
experts can rely on those usability problem patterns
detected for a given context C in order to evaluate new
interfaces of software systems from the same context C.
On the other hand, the contextual knowledge about usabil-
ity problems can also help software developers to prevent
possible usability problems when novel interactive systems
are under development in that context C.

QUT methods provide a powerful tool for assessing the
usability of interactive software systems. However, as we

have discussed in this paper, these methods are rather lim-
ited when analyzing a context of use C as a whole on the
basis of the joint analysis of a large number of interactive
systems belonging to it. To cope with this problem we have
proposed the QUT ¢ approach, a novel characterization of
the QUT process based on the integration of the traditional
UE methodologies and KDD techniques. Although the
QUT ¢ process involves a more complex procedure, accord-
ing to our experiments the associated costs did not increase
significatively. In that respect, it must be noted that during
the traditional Evaluation Stage under UE different data
generated during the evaluation processes are usually com-
piled into databases (as such databases are required for the
statistical analysis performed during the quantitative
usability evaluation). The re-utilization of these databases
minimizes the cost associated with the generation of the
documentation needed to carry out the proposed
approach.

An additional advantage of the QUT approach is
that the computation of KDD algorithms should be per-
formed only one time to achieve satisfactory results. This
computation should be performed either on the basis of
the previously decided parameters (values for support,
confidence or other metrics in the case of the association
rules; particular “target attributes™ in the case of decision
trees) or on the basis of the queries posted by the evalu-
ation team. The high level of automatization in the KDD
stage within the QUT process is also a highly desirable
feature [37]. Such automatization enhances the systemati-
zation and the predictability in the findings of this usabil-
ity evaluation, minimizing the bias of the evaluation team
when considering a large amount of qualitative data.
However, it must be noted that the evaluation team is
always in charge of controlling the QUT process as a
whole. Even when the QUT - methodology improves the
decision making capabilities of the evaluation team, it
does not replace the final discussion within the team
about the results obtained after the usability testing of
a context of use.

From our experiments we can conclude that the integra-
tion of a KD D-based methodology for assessing qualitative
usability of a context of use C can be performed success-
fully as part of a real-world case (the assessment of usabil-
ity problem patterns in the Universia portal). One
important advantage of our proposal is that many intu-
itions that were informally stated by the evaluation team
during the QUT process can now be appropriately ana-
lyzed through KDD-based techniques. On the other hand,
the Evaluation Stage under UE can be enriched with the
detection of hidden relationships among qualitative data
that are detected and documented with a formal basis
(e.g. when there is a particular association rule supporting
a given relationship). Another interesting application of
our proposal is to detect the qualitative usability problems
of a prototype belonging to a particular context of use C by
focusing its usability evaluation on the critical patterns
obtained through the application of the QUT ¢ process over
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C. Detecting such situations at early stages can reduce con-
siderably software development efforts in time and money.
In summary, the integration of KDD-based techniques into
the traditional QUT process allows that QUT capabilities
go further than the testing of one individual system, mak-
ing possible the qualitative usability estimation of a context
of use as a whole.

Part of our future work will be focused on testing dif-
ferent ranking functions for association rules, evaluating
their applicability in the QUT ¢ process. In particular, we
are interested in modeling rule prioritization by taking
into account the cost associated with software develop-
ment, as suggested in [13]. To achieve this, more power-
ful KDD software platforms will be required. In that
respect, recent research has been oriented towards the
integration of KDD and query languages for developing
higher level systems, as the one proposed in this paper.
In this context, the KDDML platform [60] integrates a
mixture of data access, data preprocessing, datamining
models extraction and deployment, providing a powerful
middleware mark up language for KDD. The language of
KDDML is XML-based, both for query syntax and
data/model representation. As stressed in [60], this kind
of platform can be seen as an evolution of KDD engines
like WEKA, on top of which higher abstraction levels or
final applications can be built. We think that through
such extended KDD platforms the modeling of alterna-
tive ranking functions can be better analyzed and
constrasted.

Another research line we are currently exploring is the
development of a usability evaluation module based in
the QUT process capable to be integrated in a Usability
Evaluation Management System. This management system
should allow to carry out the usability evaluation of a con-
text of use by providing different alternatives for choosing
usability evaluation methods. In that respect, note that the
database required in the QUT process to compute the
KDD-based steps could be used to calculate metrics or
other quantitative usability results. In particular, the inte-
gration of our proposal with SketchiXML [15] (a multi-
agent interactive application that enables designers and
end users to sketch user interfaces with different levels of
details and support for different contexts of use) is under
consideration. In this setting, the QUT ¢ process could be
included as an additional feature of SketchiXML, helping
to identify relevant usability problem patterns for an inter-
face under design. Research in this direction is currently
being pursued.
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