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Abstract

Usability is one of the most important software lgyattributes regarding its acceptability by
end users. It is even more important in the cont#fxtWeb applications. One way of
evaluating application usability is through inspecs. The WDP (Web Design Perspectives-
based Usability Inspection Technique) presentseswid of industrial use feasibility; however
some computerized support had been suggested biitioreers. Therefore, the WDP Tool
was built, aiming to provide automated support\WigP technique application, reducing the
effort involved in usability inspections with WDHMhis paper presents two observational
studies regarding the use of the WDP Tool use,imnévo and onen vitro, which aimed to
analyze the cost-effectiveness of its applicatiowl és appropriateness to the industrial
environment through the Technology Acceptance Mo@eAM). The results provide
indications about the feasibility of using the W&ol to support usability inspections in real
software development projects in the industry.

Keywords: Usability Inspections; Software Quality; Web Softeva Engineering;
Experimental Software Engineering.

1 Introduction

Usability is one of the software quality attributd$he ISO/IEC 9126 [11] standard defines usabdity'a set of
attributes that bear on the effort needed for ard,on the individual assessment of such use,dbgtad or implied
set of users’. In [7], De la Vara et al. carried msearch on the relative importance of each efstftware quality
attributes. The research results revealed that swgects considered usability the most importarg. dn Web
applications, usability is even more important hesea'Web applications are interactive, user-cenamrd based on
hypermedia, where the user interface plays a dewole[19].

Due to the increasing importance of usability, salvevaluation techniques have been proposed toowepits
quality [8]. An issue with usability is demand aspevhich can make the system unpleasant, inefficenerous, or
unable to achieve the users goals in a typicaligordtion of use [14]. The most commonly adoptedhoés for the
detection of usability problems can be divided itém main categories: (1) Usability Inspections, vitnich
inspectors examine some application aspects inr aodiglentify violations of established usabilityinziples; and
(2) Usability Testing, which are evaluation methdtat depend on the direct participation of usstgh as:
Laboratory studies, Think Aloud, and Cooperativalbation [2].

In Usability Testing methods the usability probleare discovered by means of observation and irtterac
with users, while they perform tasks or providegasiions on the interface design and its usabilityUsability
Inspections, problems are discovered by usabikipeds guided by inspection techniques [2]. Ushitispections
cost less than usability testing because they negd practitioners with good usability knowledgéoéoperformed,
instead of special equipment or a laboratory [Z5fferent usability inspection techniques have bpenposed in
the technical literature, such as: Heuristic Eviduna[18], Cognitive Walkthrough [21], and Guidedi®m and
Checklists [6]. Amongst those, Heuristic Evaluatisnone of the most popular [18]. In Heuristic Ealon,



inspectors analyze system conformity by consideensget of heuristics representing quality patteteSned by
usability experts.

The WDP (Web Design Perspective-based Usabilityluagimn) is an usability inspection technique based
heuristics [2]. The WDP technique was developeduhh an empirical approach [24] to reduce the ok
transferring an immature software technology friwe Academy to the industry [4]. Empirical studiestbe WDP
technique also allowed the identification of theimdifficulties inspectors faced when using thenteique, such as:
(1) the effort needed for a detailed descriptiomletected usability defects; and (2) the fact thatas necessary to
change the focus of attention, going from the eat&ld application to the written description of Wiaehnique, and
the evaluation report. Such issues motivated theeldpment of tools to support the application o tWDP
technique. Some tools have been proposed withgtia such as the APIU [22], Interactive WE [9] ¢hd WDP
technique content consult assistant [10]. Howewer,considered that the issues previously identifiad not yet
been fully addressed by these tools, and propasedMDP Tool. The WDP Tool aims to support the WDP
inspection process, to reduce the effort neededd@pplication, therefore enhancing its adherancan industrial
environment.

This paper presents two observational studies uki@gVDP technique within the WDP Tool. The firgidy
was conductech vitro, with students from a software engineering MScrselat the Federal University of Rio de
Janeiro. The second one was condudatedvo, in a Brazilian brokerage firm. Both studies aoncharacterize the
efficiency of the WDP Tool and evaluate its fedgtipivhen used in real software development prgjebtoreover,
this paper also describes how the WDP Tool has lmetuated in terms of its adequacy to an inddstria
environment through the TAM (Technology Acceptarddedel) model [5]. Studies indicate the feasibiliby
successfully using the WDP technique along with\WieP Tool to support usability inspections in reaftware
projects.

The remainder of this paper is organized as folld®estion 2 presents the background on usabilgtyentions
using the WDP technique, and the motivation fos tieisearch. Section 3 describes the technologiassee in the
development of the WDP tool, and Section 4 presiet$VDP tool and its main functionalities. In Sews 5 and 6,
we describe the empirical studies evaluating the PMDol. Moreover, Section 7 presents the resultdyais
regarding the perceptions of usefulness and easseobf the WDP tool according to the TAM model. [Bhen,
Section 8 provides a brief comparison with reldtsals. Finally, we give our conclusions and futwerk paths in
Section 9.

2 Usability Inspection with the WDP Technique

2.1 The WDP Technique

According to Zhang et al. [27] it is hard for arspector to identify all the different usability fdems at the same
time. In order to address this issue, Zhang et[2d] proposed an usability inspection techniqueedasn
perspectives called Use-Based Reading (UBR), irchvieiach inspection session focuses on a subsetability
aspects covered within a usability perspective. fypothesis behind the use of perspectives is doat to the focus
of each perspective, each inspection session w&ilehan increased percentage of identified usahiblems
related to the used perspective. Furthermore, dimebtation of different perspectives could asgistdientifying
more usability problems than the same amount @idotions sessions using a generic inspection tqabriR5].

Combining such hypotheses with the set of usabhiyristics proposed by Nielsen [18], Conte et[2].
developed the WDP technique. Empirical resultsgarsd in [2] show that the WDP technique is sigaifitly more
effective than, and as efficient as, Nielsen’s lisigr Evaluation for the inspection of Web applioas. The WDP
technique uses perspectives (presentation, corexeghtnavigation) that are proper for Web projesis that can be
used as a guide to interpret the heuristics wihezific focus on Web applications (Table 1).

The combination of Heuristics (H) and Perspecti@ies allows the WDP to define HxP pairs (Table ), i
which each heuristic is analyzed under the relgietspective specific focus. It is worth noting thedt all
associations between heuristics and perspectivée sense; therefore, in that case, there are eogity in the
table.

For each HxP pair, the WDP technique defines afstgatures to be evaluated. Fig. 1 shows parhef/DP
technique, in which readers can view the focusediifice regarding Heuristic 9 (“Help users recognii@gnose
and recover from errors”) according to each offiespectives, by pairs P.9, C.9, and N.9, respagtiv



Table 1: Web Design Perspectives related to Usability Eatidm [3]

Web Design Perspectives Usability Focus

Relates to the clarity and the conciseness ofl#raents in the problem
domain. From this perspective, the usability isséattory if different users

Conceptual easily grasp domain terms, preventing mistakesezhlhg ambiguous,
inconsistent or unknown terms.
Relates to how consistently the information is prsd to the user. Fromt is
P perspective, the usability is satisfactory if tneaagement of the interface’s
elements allows users to accomplish their taslkectfiely, efficiently, and
pleasantly.
Relates to different user’s access to system fonatities. From this
Navigation perspective, the usability is satisfactory if tlevigation options allow users
to accomplish their tasks effectively, efficienthnd pleasantly.
Table 2: Heuristic x Perspective (HxP) pairs
o Related to the Perspectives:
Heuristic - —
Presentatio Concept Navigation
Visibility of system status P.1 Cc1
Matching between system and real world P.2 C.2
User control and freedom N.3
Consistency and standards P.4 C.4
Error prevention P.5 N.5
Recognition rather than recall P.6
Flexibility and efficiency of use P.7 N.7
Aesthetic and minimalist project P.8
Help users recognize, diagnose and recover froomserr P.9 C.9 N.9
Help and documentation P.10 C.10 N.10

P.9. Help users recognize, diagnose, and recover érrors
« Evaluate if the error messages are presentedongstent way according to adopted standards.

< Evaluate if the user’s attention is directed togh®r messages.

« Evaluate if the alternative solutions to an ermar @ear to the user.
C.9. Help users recognize, diagnose, and recovar érrors

« Evaluate if error messages provide recovery stepsazedures easily understood by users.

« Evaluate if error messages are simple, and usesteymbols, words or sentences of problem domain.
N.9. Help users recognize, diagn, and recover from errors
» Evaluate if the system shows how to access thmatige solutions presented on error messages.

Figure 1: Part of the WDP technique (adapted from [4])

2.2 The Inspection Process using the WDP Technique

The inspection process using the WDP techniquévidet! into five main activities based in [23]. Tat8 describes
each one of them.



Table 3: Activities of the inspection process of the WDPhigaque

Activity

Description

Planning

Detection

Collection

Discrimination

Analysis and Prioritization

Defines the inspection scope (choosinghrimderactions and modules in the
application), and preparing the material for insjpec Furthermore, to select
the inspectors, train them in the WDP techniqueassign the tasks.

Each Inspector carries out this activity individyallhe inspector, guided y
the HxP pairs defined in WDP technique should lfmskusability problems i |
the selected interactions. The problems identif#wuld be reported s
discrepancies in the inspection report.

Elimination of repeated discrepancigsdaepancies found by more than one
inspector). Creating a list containing only uniqdiscrepancies (without
duplicated ones).

The inspectors and the Web application responsibleew the reporte 1
discrepancies, verifying whether they are real iisabdefects or fals
positives.

Analysis of the degrdeseverity in the defects and deciding their cction
priority.

2.3 The Detection Activity Using the WDP Technique

In the context of this work, the detection actiwtgs studied with special attention, as previoudies with WDP
[2][4][25] indicated that this activity was the ntosffort-intensive activity in the inspection prase In order to
perform the detection of discrepancies, the inggestiould use the following supporting material:

« The WDP technique description, which completely cdbgs the technique (the complete technique

description can be found in [2]). Usually, inexgecded inspectors tend to use this description tdegu
them through the detection activity. Neverthelesmerienced inspectors use it as a support instrufoe
the classification of defects.

 The inspection script, which identifies, in term$§ activities and steps, which Web application
functionalities should be inspected. The inspecsicnipt is prepared according to the inspection.pla

» The discrepancies report, which represents thecti@teactivity product. It contains all the disceggies
found by the inspector in the inspected Web apfitinaFor each discrepancy, the inspector shoutatim

the activity from the inspection script that wasnigeperformed when he/she found the discrepanay, th

step of the activity, the discrepancy classificat{the HxP pair), the problem description, its tems (if

the activity gets repeated in other activities, ittepector should report which one of them), areddbgree
of severity (using the severity scale proposed Jddn [18]). Furthermore, the report should comaat
the information by informing the inspector ID amdal inspection time, which should be measuredhey t
inspector him/herself. Fig. 2 shows a report exampl

Inspector:
Time Spent:

John Doe

102

min

Discrepancies Report

Number

Activity

Step

Pair HxP Description of the Encountered Problem |Is the problem repeated? |Severity

ATO2

There is no Definition of the various
acronyms. For instance, DIEF, INSS and

others are not defined. No Tenuous

ATO4

When values larger than 100.00 are
informed, the systern shows an error
message: ("The current value is invalid")
that does not indicate that the problem
is that the value is larger than 100.00. No

2|CS Severe

Figure 2: Example of an inspection report



In general, the work of the inspector concerns:cfijsulting the technique and the inspection scigrg text
editors; (2) inspecting the Web applications usingeb browser; and (3) pointing out the identijpedblems in the
discrepancies report. Furthermore, the inspectonldralso measure the time spent in the detectitivity.

Based on the observations in the WDP technique rezapstudies [2][4][25], we concluded that thisnstant
context change (from the Web browser to the teitbednd the report spread sheet) is one of thfathat make
the detection activity tiring and subject to errdfarthermore, the inspectors usually complain alieei demanded
effort to thoroughly describe each of the usabititpblems found. These difficulties represent oainmmotivation
for developing the WDP Tool. We will describe thaywin which the tool deals with each of these issneSection
4,

3 Technology Bases

The following technologies were used as basedhfdevelopment of the WDP Tool:

Firefox: The WDP Tool aims to specifically suppaie inspection of Web applications. Therefore,sit i
interesting to integrate its tool support to a texbgy capable of accessing the Web. This featime to reduce the
need for context changing in the detection activity a result, the WDP Tool has been developedh &tension of
the Web browser. The most commonly used browsersMicrosoft Internet Explorer (IE), Mozilla Firefpand
Google Chrome[29]. Despite IE being the browsehliie biggest market share, it does not offer enaagources
to support developers willing to extend its funntéties. Consequently, we chose Firefox as theldgwment basis
for the WDP tool due to the support it provides foe development of its extensions, and as it ésstcondly
mostly used browser [15].

ISPIS (nfra-estrutura de Suporte ao Processo de InspegéoSoftware or Software Inspection Process
Support Infrastructure): A framework to supporttaafre inspection software that can be used byilliged teams
to inspect different artefacts throughout the safevdevelopment life cycle [12]. The ISPIS framekvprovides
support to all activities in the inspection progeéssm planning to rework and follow-up of resultsowever, as a
generic inspection framework, it does not deal lith particularities of any specific inspectionheigjue (such as
WDP). In order to tackle this limitation, the ISPp8ovides an integration mechanism, allowing digsareies that
were identified using other tools (such as the WB®) to be integrated into the ISPIS frameworke(§ég. 3). In
that sense, we found that it would be valuablentegrate the WDP Tool with the ISPIS. This inteigrais done
through the generation of a XMl file, with all tligscrepancies identified by the inspector in theeckon phase
(using the WDP Tool), which can be automaticallyded and used within the ISPIS framework.

Integration Tool

O, B

External Tools

Moderator Planning

OORTs Tool

Ea

provde®

3 Inspector Discovery P | [ PBR Tool

\L/ WDP Tool

Moderator /—{ Collection

~m=  Moderator, ) L. .
& % Inspectors Discrimination

:

Author Rework

Moderator Follow-up

i

ii

Figure 3: ISPIS structure and integration schema (adapted ft@])



The WDP technique content consult assistant [16¥ides access to the WDP technique descriptionyistgp
its content in small parts and allowing the naviathrough links, which make the reading process tiring. The
inspector may choose which perspective he/she wantsee, and pairs for this perspective are predeit
numerical order. Usually HxP pairs are evaluatedthiis order: first the Presentation perspectivergpaas
presentation is the most immediate observable cteistic of Web application interfaces; secondhg inspector
evaluates if he/she can understand what is beiagepted, following the Conceptual perspective Halspand
finally, the inspector navigates to other pageslwating the Navigation perspective pairs. Althoubls is the
suggested order, the inspector is free to follositigr own order.

For each HxP pair, the assistant shows the pdistisshould be evaluated, links to examples andgatien
buttons (see Fig. 4). This window is shown in tbeeen right bottom, in order to minimize its inerdénce with the
Web applications that are being inspected (see5¥Fig.

=
P.6) Recognition rather than recall OO0 f?‘
1) Evaluate if system interface allows the user to identify key information

during a task.

2) Evaluate if it is easy to recognize/identify data already provided. =

3) Evaluate if it is easy to recognize/identify the correct option to reach a goal. L
\

Figure 4. Content consult assistant for the WDP techniquex the Firefox browser window

@ Mozilla Firefox Start Page

abouthome "" Google P i B- m . o u /
o -

(Em 3];.‘ Search

0 Répido. Inteligente. Seguro. Use o navegador que se preccupa com vocé.

P.6) Recognition rather than recall faln if
(f\, Q E\E' = Evaluate If it is easy to recognize/identify the correct option to reach a goal.
e = Evaluate if system interface allows the user to identify key information during a task. e
Downloads Bookmarks History

= Evaluate if it is easy to recognize/identify data already provided.

« Click_here for some examples.

Figure 5: Content consult assistant for the WDP techniqua &irefox browser window

The development of this assistant was the initiages of this work in providing automated supportthie
application of the WDP technique. The WDP tool risewolution of this work, and therefore, was depelb as an
integration to the assistant.

4 The WDP Tool

The requirements for the development of the WDP weve directly derived from each of the problemieritified
in the application of the WDP technique (see Tdble



Based on these requirements, we proposed a sebhatidnalities to be offered by the tool (see TaleFig. 6
shows the location of such functionalities in tbels menu on the browser’s tool bar. The only deatwe do not
show in this menu is the “Edit tool preferencesidtionality, which is shown in another browser tbaf.

Table 4: Origin of WDP Tool requirements

Problems of Usability Inspections Derived Requirements

Effort needed in the detection activity: the ingpec The tool should allow inspectors to report
should leave the context of the evaluated apptioaid discrepancies in the Web browser window.
report the usability problem in a spread sheebedit

Effort needed in thoroughly describing the repc The tool should allow taking screenshots of the

discrepancy during the detection stage. system’s screen, allowing inspectors to indi ate
usability defects. This feature will reduce he
inspector’s effort in describing the identified plem.

Effort needed in reproducing the error in the systeEach reported discrepancy should be associated to a
during the discrimination meeting. screenshot, reducing the need for accessing thensys
in order to review the identified problem.

Need for leaving the evaluated application confa Integration with the tool developed by [10], wF ch

order to consult the technique contents. allows the visualization of the content of the teiglie
in a more comfortable way, without closing the \ 'eb
browser.

Need for measuring the inspection time. Automaliycadeasuring the inspection time.

Table 5: Functionalities of WDP Tool

Functionality Description

Edit tool preferences Allows the inspector to cgafe some tool parameters: format of the
discrepancies report (CSV or XMI — for the integratwith the ISPIS[12]),
directory where the report will be saved, and paogiffor image editing (for
screenshots edition, such as MS Paint [20] or ampth

Start inspection Starts measuring the inspection time, and regrgietihe inspector and t i1e
evaluated application’s name.

Report Discrepancy Allows the user to report anoentered usability problem during the
inspection. Allows him/her to automatically saveyatem screenshot in which
the problem was found, and edit such image by uasingxternal image editor
(which will be configured using the tool’s prefeces).

Edit discrepancies report Allows the discrepancies report to be opened iexa ¢ditor for consultatic 1
or edition.

Consult the WDP techniqueStarts the WDP technique’s content consultant @sgigsee Figs.4 andb).
contents .

Pause/restart an inspection Allows the user to pause the inspection chronometed restarts it whe n
necessary. While the time is paused, the inspe@nonot continue with tt 2
inspection, as the application screen is blocked.

Finish inspection Registers the total inspectianetiand indicates the directory where the
inspection has been saved for the user.




@ Paging incal do Magils Finefox - Mogills Firefos | ——
Arquive fdrter Epibw  Metorco Fayomos Ferementas  Ajude
.o & 28 repsiwmmgoogecemies 0 - (0l Kl e\ / o 9 2R <
B Mais visitades  Primeires passos 5 Uiinas noticias A i ' N '
, ’ r i 1
Y Pagina imicial deo Mosdla Firefox - L ; i \
Web Imagens Videos Mapes Moticias Ot Lmos mas 3 ’f; 4 ‘I " Consult Techniquers
# 4 [}
s ; ' Content
Start/Pause Inspection------- — . '
r f
Finish Inspection -------- ' s '- Edit Discrepancies
Report Discrepancy -------- / Report

Figure 6: Buttons of the WDP tool in the browser

The inspection starts when the user clicks thert$tagpection” option. Then, the WDP Tool asks ithepector
to enter his/her name and the name of the appitdieing inspected. Afterwards, the tool startsntiog the
inspection time and creates a new directory in Witievill store the discrepancies report. Lateg ihspector carries
out the detection activity, following the stepsidefl in the inspection script and verifying eachtlef suggested
HxP pairs of the technique. Furthermore, if thgpettor wants it, he/she can view the techniquelickiog on the
“Consult the Technique Contents” option, which witien the technique consult assistant. In thisesthg assistant
remains open throughout the inspection, withowrfisting with the WDP tool or the inspection. Sotfee assistant
provides support only for the technique’s contemtg not to the inspection script. However, as thaistant is
configured through an XML, it is possible to alsclude the script steps in its content.

When finding a usability problem, the inspector @Whopoint it using the “Report Discrepancy” optichhe
system will show a form that can be used to descaitd classify the discrepancy, as shown in Fidt ig. worth
pointing that, after describing the encounteredfam, the user can either: (1) not save, (2) sand,(3) save and
edit an image of the window in which the discrepam@as found. Then, the system will automaticallietaa
screenshot and save it in the inspection directbiiie user selects the “Save and Edit” optioe, glistem will also
open the file containing the screenshot with aremel image editor. In this case, the inspectormake drawings
and marks that can indicate and facilitate the tstdeding of the discrepancy (see Fig. 8).

Where it was found
Enter activity identification 3

Enter step identification 5

Discrepancy

Perspeciive: Mavigation = Heurishic 9. Help users recognize, diagnose, and recover from errors =

Enter problem description

The error message doesn't allow me to access the alternative solution.

Severity | pMedium -

Is the problem present in other activities?

es, in the whole system

Identify the activity(ies) where this problem is also present:

Screenshot

Don't Save Save @ Sav ea ﬂd Edlt

Save ] [ Cancel

Figure 7: Window within the WDP tool that can be used to mepodiscrepancy



Compose a Message (150-8859-1 format)

From: OSBORNE, MARK L <mark@software.com=

To: rob@software.com

Subject: D Notify when Delivered

C 7 Notify when Read
/[ cc

E Save copy in;: QOUTBOX
‘\Ecc: Help on the new status codes [ send as HTHL
In most web mails the subject is presented after Cc and Bcc
Hello

Figure 8: Example of a screenshot that has been edited itidtcthe understanding of the reported discregan

After finishing the inspection, the inspector shibalick the “Finish Inspection” option. The repadntaining
all the reported discrepancies will be availabléhia inspection directory. The inspector can openréport directly
from its folder, or use the “Edit Discrepancies Bepoption in the WDP Tool. Fig. 9 shows an exaenpf a report
created by the tool in the CSV format. The imagegd for each discrepancy are shown in the repostgh links
that point to the related image file.

Discrepancies Report

John Doe
‘ xpm\
D Activity Step Pair HxP iption of the d Problem Severity Is the problem repeated? |In Which Activities?
file:///R:\Sistem
There is no Definition of the various acronyms. asRl\Projetos\U
For instance, DIEF, INSS and others are not SABILIADEN] scr
1 ATO2 4 c2 defined. Tenuous No eenshot.png
When values higher than 100.00 are informed, - G
- file:///R:\Sistem
the system shows an error message: ("The .
current value is invalid") that does not indicate asRI\Projetos\U
that the problem is that the value is bigger than SABILIADE\2 scr
2 ATO4 2 o] 100.00. Severe No eenshot.png
Total Time: 00:15:43

Figure 9: Report that has been generated using WDP Tool

The WDP Tool is available for download at [28] untlee Mozilla Public License Version 1.1[16] licenfor
those interested in its use.

5 First Observational Study

We carried out two empirical studies to evaluaee\WDP Tool. In these studies we aimed to obsemwddhsibility
of the WDP Tool application to support usabilityspections, using the WDP technique. We carriedtoitfirst
empirical studyin vitro, with eight Software Engineering MSc students whroried out an inspection in the MPS.Br
[17] website. None of the subjects had previousdgpce with usability inspections. All subjectseied the same
training and the same inspection script. Each stilfspected the system individually, using the WigEhnique
along with the WDP Tool. The goals of this firsudy are described using the GQM (Goal Question iE)etr
paradigm [1] shown in Table 6.



Table 6: Goals of the first empirical study (GQM baed)

Analyze The application of the WDP technique with the WD&bIl
With the purpose of Characterizing
In terms of Efficiency (number of defects divided by the timgest to find them) in the

detection stage.
From the point of view of | Software Engineering Researchers

In the context of MSc students in Software Engineering evaluating ukability of a real Wel
application used to provide information on the MB¥Sprogram to the general
public.

Analyze The application of the WDP technique with the WD&bIl

With the purpose of Understanding

In terms of Perception of usefulness and ease of use of tle too

From the point of view of | Usability inspectors

In the context of MSc students in Software Engineering evaluating ukability of a real Wel
application used to provide information on the MB¥Sprogram to the general
public T

Following the first goal of the study, we collectédta regarding the time each inspector spentry ocat the
inspection, and the amount of discrepancies anddefacts found per inspector. The number of redéds is the
number of discrepancies pointed by the inspectousthe number of false-positives (discrepanciasate not real
usability problems). The false-positives are id@di during the inspection discrimination stagee(3able 3). We
have summarized the collected data in Table 7.

Table 7: Quantitative results from the first empirical spud

Effort(hh:mm:ss) Disc,\rlg;;)g;cies N%e?‘fe?c(saal (dgzzltz?hcgur)
Inspector 1 00:54:41 13 8 8,73
Inspector 2 00:52:37 20 17 19,25
Inspector 3 00:42:03 9 7 10,00
Inspector 4 00:59:37 19 11 11,00
Inspector 5 01:01:26 13 12 11,80
Inspector 6 00:44:47 5 5 6,67
Inspector 7 01:01:10 16 13 12,79
Inspector 8 01:32:53 14 12 7,74
Average 00:58:39 13,625 10,625 11,00

When analyzing the data, it is possible to seetti@mbiverage efficiency of WDP Tool was of aboutdéfects
per hour of inspection. It would be interestingctimpare such efficiency with the average efficienggorted in
other studies on the WDP technique. However, soohparison is hard due to the fact that the efficyeimdicator
directly depends on the inspected application,camsesapplications can have more defects than othéerefore,
such comparison will only be possible after obtagndata from other studies involving the same apptn. We
propose those studies as future work in Section 9.

Fig. 10 shows the qualitative results from thisdgtuVe collected the qualitative data in this sttitlpugh the
subjects’ answers to a follow-up questionnairevialgate two aspects: (a) perceived usefulnessig¢bese in which
a person believes that the technology could implroséher performance at work, and (b) perceived edsise: the
degree in which a person believes that using aifspéechnology would be effortless [13]. Seven aifiteight
subjects answered the questionnaire. For eachigueaire we used a four leveikert scale. We did not use a five
level Likert scale with an intermediate level, as suggestefd Bl as this neutral level does not provide infation



regarding the side to which the subjects is indigeither positive or negative). We can see thatdhbjects had
positive answers regarding the usefulness and @fasse of the tool. Furthermore, all subjects stateat they
would use the tool again if they were to perforrotaer usability inspection using the WDP technique.

How useful do you think the tool is? How much easy to use do you think
6 the tool is?
5 6
4 5
4
3
3
2
2
1] 1]
Not Useful Little Useful Useful Very Useful Alot difficult Difficult Easy Very Easy
How much does the tool makes it If you had to perform a new usability
easy to apply the technique inspection using the WDP technique,
6 would you use the tool again?
5 8
4
3 6
2 a
: B
4]
It makes it alot It makes it hard It does not |t makes it easy It makes it a lot 1]
harder make it easy easier Yes No

Figure 10: Qualitative results from the first empirical study

6 Second Observational Study

Having characterized the use of the WDP Tool infits¢ empirical study, we carried out the seconé,in vivo, in
a firm from the financial market area (a brokeréigm) in Rio de Janeiro, Brazil. In this compankete are about
40 collaborators, 10 of them being software develspMoreover, the company develops software agjibics
related to the financial market for its own use. Wese two of the developed applications as thevaoé to be
inspected in this study. The selection criteriorswe opinion of an internal project manager ofdbmpany, who
considered these applications to be critical aretiad to improve their usability to reduce userrsremd improve
user satisfaction. Five of the company developezseveelected as inspectors. These inspectors weded into
two teams, each of them allocated to evaluating afrihe selected applications (we refer to the iappbns as
System 1 and System 2). There were a total thigeeators in each team and one of the developers wasmber
of both teams. We carefully divided the subjectstio$ study so that none of the developers wougpéat a
functionality he/she had developed. The goalsisfdtudy are shown in Table 8.

Table 8: Goals from the second empirical study

Analyze The application of the WDP technique with the suppbthe WDP tool
With the purpose of Understanding
In terms of Perception of usefulness and ease of use of tle too

From the point of view of | Inspectors (developers from the organization)

In the context of Usability evaluation of two real Web applicatiors the financial market that
have been developed by the organization

Table 9 presents subject characterization and TbEhows the quantitative results from this studig. worth
noting that one of the subjects did not carry twetihspection in System 2. This inspector was atkxt to another
task during the study execution and was not ablgatticipate in the inspection. Furthermore, Sysgpresented



some functional defects that were not related &bilisy, but that were identified during the insgien. Therefore,
we have separated the identified defects in usghplioblems and other problems (see Table 10). dvexall

inspection allowed the identification of 33 uniqdefects in System 1, and 31 unique defects in By&t€please
note that the sum of defects per inspector is grahtin the total number of unique defects in $ys?e as some

defects where pointed out by more than one inspedibe company used these results to improve tiaity of its
applications.

Table 9: Inspector Characterization

Previous Experience with Experience with Time Previous knowledge
usability software software working in of Mozilla Firefox
knowledge inspections development (years) this Web Browser
(1-5 scale) (1-4 scale) company (1-3 scale)
Inspector 1 4 3 3 1 month 3
Inspector 2 2 1 2.5 6 months 3
Inspector 3 2 1 4 1 year 3
Inspector 4 2 1 1 4 months 3
Table 10: Quantitative results from the second empirical gtud
System 1 No. of Discrepancies  No. of Usability Defects No. of Other Defects
Inspector 1 31 25 0
Inspector 2 5 4 0
Inspector 3 9 4 0
System?2 No. of Discrepancies  No. of Usability Defects No. of Other Defects
Inspector 1 25 16 4
Inspector 4 18 12 4

As expected, more experienced inspectors weretatiletect more defects. However, all inspectorgedjion
the tool's usefulness to support the inspectiorargigss of their experience level, as it will b@wh in the next
section. We consider the results obtained usefillagrindicators of the feasibility of the WDP Tool.

The next section presents the qualitative resutis fthis empirical study. As we wanted to desciibéetail
the application of the Technology Acceptance Magelpresent this part of the study in a separatéosec

7 Applying the TAM (Technology Acceptance Model)

The Technology Acceptance Model (TAM), as propadsgdDavis [5], has been applied in the evaluatioseferal
new technologies [26]. We used this model as asbfasithe qualitative analysis in this second sfualyning to
evaluate the indicators of perceived usefulnessease of use. The reason for focusing on theseatuads is that,
according to Davis [5], these aspects are strooglkelated to user acceptance.

In this second observational study we prepared st-ipspection questionnaire, which was based in the
guestionnaires applied by Conte et al. [4]. In thiestionnaire, the subjects had to answer how rthehagreed
with each of the statements regarding the tool&fulsess: (i) the tool improves the productivitytbé inspection;
(ii) the tool makes facilitates the applicationtloé technique; (iii) the tool makes it easier tadenstand the reported
discrepancies. They also indicated their agreemvihtthe statements regarding the tool's ease ef (is the tool
was easy to use. In order to assess the degregesfraent, the inspectors selected one of the foilpwalues from
a Likert scale: (1) totally disagree, (2) greatlgadjree, (3) partially disagree, (4) partially agré5) greatly agree,
and (6) totally agree. Fig. 11 shows the overalllts from the questionnaire.
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Figure 11: Qualitative results from the second empirical study

The results show that all inspectors greatly oallptagreed with the statements regarding the Urses and
ease of use of the tool. Furthermore, all inspscstaited that they would use the tool again, wharhoborates the
results from the first empirical study.

One of the limitations from this study is the numbé subjects. As the number was low we were nbt &b
perform a statistical method and could not genegalis results either. However, they are posithaidators of the
feasibility of the WDP Tool to support the inspectiof Web applications in an industrial environment

8 Comparison with Related Tools

In [22], Santos and Conte presented the APAPojo ao Processo de Inspecéo de UsabilidameSupport to the
Usability Inspection Processpol that supports the usability inspection precéghe APIU, differently from the
WDP Tool, aims to support the overall inspectiongass, from the planning to the prioritization aedrection of
the encountered defects.

As the main advantage of using the WDP Tool over ARIU tool, we can say that, as the WDP Tool is
integrated to the browser, it allows an easierrauton, enabling inspectors to report the disanees without
leaving the application context they are inspectifgrthermore, despite the fact that the APIU adldiae inspector
to upload an image to show the identified discrepait is not able to automatically take a screensts in the
WDP Tool.

In [9], Fernandez et al. proposed the InteractivebVEEvaluation (Interactive WE) tool. The InteraetiwE
supports the inspection process of the Web Evalmafuestion Technique (WE-QT), a derivation of W&®P
technique in the shape of questions to assist aaugpectors. As the WDP Tool, the Interactive WiBports the
defect detection phase, albeit with the use offaraechnique.

The main advantage of using the WDP Tool over tfieractive WE is its integration with the Web brews
Furthermore, despite being able to capture thesystreen, this screen shot always grabs the vgoodéen and not
the inspected application. Furthermore, the InteradVE does not allow inspectors to edit the straieot to point
the identified defect, which makes the informatiess specific. Finally, the report generated bylttieractive WE
is in text format and does not provide links to slseeen shots, which is a feature that is suppdyetie WDP tool.

9 Conclusion

This paper presented the empirical evaluation tdch to support usability inspections, the WDP Tobhis tool
aims to solve the issues regarding the applicatfdhe WDP technique. The results from the obsé@wat studies



offer a positive indication on the WDP tool’s fdslsly when used in an industrial environment. Weph such
indications can encourage its use by practitioiretse software development industry.

The main contribution of this work is to identifpé solve the main issues in the WDP technique egjidin by
offering the WDP tool. Furthermore, the WDP toohcalso be used integrated with other tools forvemfe
inspections (such as ISPIS) or the WDP techniqguBfV¢ontent consult assistant), extending their tianelities
and increasing their potential use.

As future work we intend to increase the possibsitof using the WDP Tool by: (1) developing toetsions
for different browsers, and (2) doing more empirgtadies to compare the inspection efficiency aghmspection
teams using and not using the WDP tool. In thesdiess, it will be also important to compare notyothle detection
phase efficiency, but also the discrimination aefedt correction phases. The reason for these aisopa is the
screenshot capability, which can facilitate the amsthnding of discrepancies and reduce the effmtied in other
inspection stages.
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