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Abstract

Learnabilityand accessibilitgre fundamental aspeatof every system They are important

gualities that make a system easdlgd quicklyusable and understandable by new users as well

as users with disabilitie3here is awift growth in the need of IGFolutions that are learnable

and accessibl® everyonepartly dueto Conventioron the Rights of Persons with Disabilities
(CRPDand country-specific antidiscriminationlaws thatrequire design oaccessible ICT

systems fomll, including persons wittlisabilities Beside compliance to the laws, designing
products which are easily understandable and usable by larger group of users, including people
with disabilities, would establish the competitive advantage of an organizalibere have
beenusabilityand accesbility guidelines that could be used to ensure accessibility and

usability of software and webased systems. There have also been guidelines specific to

learnability proposed by some researchers.

This study aims to evaluate learnability and accedilufia software Model Server Manager
(MSM)which is developed by Jotne IT, a company in Nopaagt recommend solutions that
could improve its learnability and accessibility in future updates of the softwdestudy used
a combination oheuristic evalation performed by theauthoranda developer of MSM
followed byonline interviewswith the users of MSMThe data collectedvasanalyzed through

thematic analysis.

This researcfound some problems which coule related tothe low-level adoption of
accessibility guidelines and the requirements for universal deSigme of the problems are
easy to fix while the others require some changes in organizatronéhes. Thesolutions
recommendednclude development obrganizational guielines,developmentof heuristics
which can be used lgevelopers taensure accessibility and learnability of future produetsd
competencedevelopment of programmersn accessibility andniversal design, these
measures could be helpful not only to M3t also to other drafting tools which are used by
engineers.

Key words Universal design, learnability, accessibility, and Model server manager.
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1. Introduction

The development and extensive usebrmation technologyl{) in the form of IT governance
(Grembergen & Haes, 20Q0nline shoppingWang& Yang 2007) digital health support
(Hanna, 2015)online learning service@FRawi, 2013)online communication as well dgital

economyhas made our society dependent on(Marcus & Kara, 201%amara & Tuesta, 2017)

Regardless of high dependency on IT, half of the world population does not have access to
internet or IT servicdsMossberger, Tolbert, & McNe@007)underlined it as Digital Divide

Digital divide alsoccursif information and communication technologhCl) desigrsfail to

address usediversityin terms of disability, culture, age and other factokecording to World
Health Organization (WH& mp:’2 2 F @g2NI R L2 LJz | GA 2y .Fok @S A&
that reason, here have been guidelines farakinglCT poductsaccessible and usable for

diverse groups of user$his paper is focused on studying accessibility and learnability (which

are attributes of usability) of a software.

According tolSO standard 912glearnabilityis cthe capability ofthe software product to

enable the userto learh G & | LILIiskaGabkpéck & ysability and is of major concern in

the design of software applicationAccessibilityas described bipetrie & Bvan (2009)efers

to the quality of a system to be usdxy peoplewith disabilities. It thus is concerneudth
accommodating the interaction needs of the older people and/or people with different forms of

disability.

Accessibility and learnability die userinterface(Ul)is crucial for the whole software to be
easily and properly used by its users. Poor Ul design restitghrerror rateshigher training
costsand, as the result, affects the productivity of the overall organization. Thus, it is important

to design software products so that they can be accessible and learnable to all users to the

1 http://www.internetlivestats.com/internetusers/
2 http://mvww.who.int/disabilities/world report/2011/report/en/
3 https://www.cse.unsw.edu.au/~cs3710/PMmaterials/Resources/912620Standard.pdf
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extent possibleThis research is started by acknowledging thésfaiscussed above to evaluate
learnability and accessibility of EXPRESS Data Manager Model Server MabagetSMor

MSM), a product of Jotne fTTheJotne group is arnpvately held investment organization
establishedn 1982.They are engaged in diffeneareas such as oil and gasechanical

industry, information technologyaeronauticsand realestate. As part of their IT related activity,
they have developed a suite of moediliven database systems called EXPRESS Data Manager
(EDM). EDM is a databaserver based on EXPRESS data modeling larfglteigemainly used

for the import and export process of industry foundation classes (IFC) mddeldviodel Server
Manager (MSM) is the Ul component of the sudde viewing the surfacing, geometry, and

reporting on the related information (Further discussed in Section 1.5.2)

Besides the obvious importance for broadening the appeal of products to wider range of user
groups,learnability and accessibiligre required qualities of ICT products according to
international conventions and countgpecific laws. For instancgpnvention on the Rights of
Persons with Disabilities (CRPf)uires IT systems to be accessible for persons with
disabilities.TheEuropean Accessibility Actlso recommends for products and services in
European Union to be more accessible persons with disabilities. This Act was proposed on
2"d December 2015 and it is expected to become a binding law. Regardigsslafvsor
conventionglearnability and accessibiligre crucial qualitiegor survival of a systenPeople
abandon a systeni it is difficult to useEfforts need to be made todfp users easily and

instantly use a system without spending much time on reading its documentations or figuring
out intricacies on the UlTherecould belotsof f G SNy G A FS a2F gl NBQa
learnability and accessibilityf a softwareestablish its competitive advantagBesides that, it
would require time, energy, and cost to train new users if a software is complex to use. Thus,

designing accessible and learnable systems could help to reduce training costs.

4 http://www.jotneit.no/

5 http://www.jotneit.no/images/pdf/EXPRESS White Paper.pdf

8 https://www.un.org/development/desa/disabilities/conventicon-the-rights-of-personswith-disabilities. html
7 http://www.edf -feph.org/europeanaccessibilityact-1
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As mentioned above, theira of this research is to evaluate learnability and accessibility of
MSM. It involved heuristic evaluati@nd onlineinterviews to identify the problems confronted

by usersof MSMand provide valuable recommendations fts improvement.

The rest of thepaper is organized as follows. First, the main concepts used in this research are
defined and presented, followed by a background informatimch explains the research area

and the research question$hen, review of related research is presented, fokavby the
explanation of the methods used in the research. Then, the results are presented followed by a
discussion of the results. Finally, the paper closes with conclusion and recommendations for

further improvement of MSM.

1.1Universal design

According toCRPAuy A S NE | £ RS @dsignof péoHubts) enkiranménisK S

programmes and services to be usable by all peopléheagreatest extent possible, without

GKS ySSR F2NJ I RILIGFGAZ2Y 2N aLISOAIf AT SR RS&aArdy
devices for particular groups of persons with disabilities where thisisnégeded w2 Yy e R [ @ a
defined] 5 thadesigrof products and environments to be usable by all people, to the

greatest extent possible, without the need for adaptation or specialized d&sifhere seems

an admission for the fact that UD requirements would require sacrificing some aesthetic aspects

of products and facilities to make them usablecteeryone

According tahe Norwegian antdiscrimination and accessibility 48tUDis cdesigning or

accommodating the main solution with respect to the physical conditions, including information

and commuications technology (ICT), such that the general functions of the undertaking can

be used by as many people as possible, regardless of disability.

Perssoret al, (2015 p.524 defined UDag 1 KS SEGSYy G (2 6KAOK LINRRdAzOI

environments and facilities are able to be used by a population with the widest range of

8 http://www.un.org/disabilities/documents/convention/convention_accessible pdf.pdf
9 https://www.uwyo.edu/wind/_files/docs/resources/ud_review.pdf
10 https://lovdata.no/dokument/NLE/lov/201706-16-51/KAPITTEL 3#KAPITTEL 3
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OKIF NI OGSNRAGAOCAE YR OFLIOAfAGASAI. UbsalsoOKASBS |
RS T A y SliReqgdleaparticularly disabled and older people, can use websites in a range of

contexts of use, including mainstream and assistive technologies; to achieve this, websites need

G2 0SS RSaA3IYSR YR RS@St 2LISR ( Petdedtlal DML dza | 6 A
p.3).

Critics aidthat UD is overly ambitions with a goal impossible to attain especially in interactive
systemgqHarper, 2007; Wobbrock et a2011) However, UD could be used as a reminder for

the fact that there are user groups who have difficulties in using products and services due to

their disabilities and other cultral or language barriers. Thus, UD could be understod@d as

32Kt GKIFG Lidzia | KA3IK @GFfdzS 2y RAGSNERAGEXZ S|dz
(Burgstahler2009, P.).

1.2Usability
According taNielsert?, ausabilityis a quality attribute that assesses how easy user interfaces
are to use The word usability also refers to methods for improving eafsese during the
design process Five qualities of usability defined biielsenare:
- Learnability The ease a system offers for new userguekly learn it ancaiccomplish
basic tasken it.
- Efficiency how fast users perform basic tasks after learning the system
- Memorability:When usersome back to the system after some periochohuse how
easyis for them to recall their expertise.
- Errors: How many errors do users make, how intense are those errors, and how easy it is
for a user to recover from thse errors.

- Satisfactionhow satisfied users are when usitige system.

Bevan (1995 p.) quotes ISO924am (2 RSTA yheextmittowhicha G& | a a

product can be used by specified users to achieves specified goals with effectiveness,

1 https://www.nngroup.com/articles/usabilityl 01-introduction-to-usability/
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STFAOASYyOex YR alGAa¥loOliAzy Ay | &aLISOATFAS
contextof use,whichincludes userstasks, equipment,rad environment.This is

illustrated by the ISO usability framework showrfigurel-1. ISO Framework of

usability (ISO 92411, 199)

- Intended o
K user >1 outcome—”\ goals
- usability: extent to which goals are achieved
& task with effectiveness, efficiency and satisfaction
yas , , r
‘.\_ PN _ k effectiveness )
—~
environment ) Outcome of {
S —>| [ efficiency
use \_
Context of use =
( satisfaction )
L~ Noo
(\ product Usability measures

Figurel-1. ISO Framework of usability (ISO 9241 199},

Lal oAt AGe A& DoEzYaYS NAF STRe dbdaa (UBOYHA5gRI N2 RdzOSR Ay St
GAOK | RSGSNXAYFGAZ2Y G2 (WShiniird &KBakawgko6)S N W! a s
study conducted displayed that for better usability of a systi#ns required to be taken care of

these four attributes, such as User, Task, Tool, and environ(Bdwatckel & Richardson, 1991)

Usability of a system can be determined by the ease of use of that system it provitees to

users. Usability Is not only limited isteraction between users andél 2 F (i git a@p@ddes

other aspects as wellncludingdata, metadata, computer systems and netwo(Rsibey&

Rana2010)

12 http://www.usability.ru/sources/is0924111.htm
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All usability characteristics are useful for developers and users @ytstem to realize that a
system is useabl@fhomas, 2003)rhe achievement of intended goals can measure usability of
a systemDillon (2002)pointed that usability i 6 2 dzi dzA SN & al GA&afFlF OGAzy

system.However it might have changes in desirable levels of effectiveness.

1.3Learnability

Laakkonen (200.24) claimsthatd £ A G SNF G dzZNB R2S&a y2aG F LIISE NI G2
model of learnabilityThere is also an enormous amount of research on human learning, but its
relationship to learnability is almost totally lackin@rossmaret al, (2009 defined learnability

asthe quality of being larnable.Michelen et al,(1980)said thata system should be easy to

learn bythe class of users for whom it is intendéRkferring toNielsen (1994)Grossman et al

(2009, p650F E LI  AYSR tSIENYlFoAftAGe & altt2Ay3a dza SN
LINE FAOASYyOe g Biydelkdng arluseawh@ idldew o & sys$etn @nd measure the

time it takes them to learn the basic tasks of the system is learnafiigisen, 1994)

oLearnability concerns the features of the interaetsystem that allow novice users to

understand how to use it initially and then how to attain a maximal level of perfornix(is

et al.2004 p.26))

Santos & Badre (1998)aborated it asthe effort required for a novice user to perform basic

tasks on a Ul of a systeidolzingen2005)represented learnability asllowing users tajuickly

begin to work with the systenRieman (1996p.1) studied and explained learnability of a

system asx Yhimally useful with no formal trainirgg®e time and effort required to be able to

perform specified functionalities of a systeisilearnabilityGould & Lewis, 1985; Shackel &

Richardson, 1991; Stone, Jarrett, Woodroffe, & Minocha, 2@0%)e earnability of a design is

0FlaSR 2y O2 YLINBKSYy aAloyAR AAIRYY SAZEdHeId| agodpildtOSil Nl RASH

Grossman et a(2009)stated that,the type of users, for which learnability is important are
specified asunexperienced users or novice usefsey can be divided into two groups

experienced and unexperiencetihey also mentioned that there is no completely accepted



definition of learnabilitylnterface usage requires learning, there is a clear acceptance that
learnability is an essential and most fundamental attribute of usgif#ibranet al, 2003;
Nielsen,1994) From the definitions and explanations presented above, learnability could be
understood as a quality of a system that allows users to understand its features, functions and
design will little effort and time to start working on ktearnability$ among several qualities
desired from a system. As depicted by Mifsud (2&%i¢low with Figurel-2. External and

internal qualities of a systepfJustin Mifsud, 201and Tablel-1. Objectives of the sub
characteristics of usabilifyJustin Mifsud, 2011)it constitutes part of desirable internal and

external qualities of a system.

External and internal

quality of asystem

Y Y ¥ Y Y A 4

E
[ Functionality } [ Reliability J Usability ] [ Efficiency J[ Maintainability ]{ Portability J
.

> Learnability

Understandibility

>
Operability
—>
Aftractiveness
E—
Usahility
compliance

Figurel-2. External and internal qualities of a systg@ustin Mifsud, 2011j.

B3 https://usabilitygeek.com/thedifferenceand-relationshipbetweenusabilityand-learnability
14 https://usabilitygeek.com/thedifferenceandrelationshipbetweenusabilityand-learnability/
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Tablel-1. Objectives of the sub characteristics of usahilifystin Mifsud, 2011).

Usability characteristics Objectives
Learnability. To learn.
Understandability. Tounderstand.
Operability. To operate/Control.
Attractiveness. To be attractive.
Usability Compliance. To adhere.

1.4 Accessibility

At first, the arrival of IT enabled people to accomplish different tasks. It still does, but the
problem arose is that most of them are inaccessible by persons with disabilities. As technology
is evolving continuously the IT systems are becoming more &&olary, unless we consider

accessibility.

Waddell et al(2003)underlined that, usability has subsets andaessibility i®mne of them and

the accessibility issues faced by users are adsilityissues of that systenfccording toeb
Accessibilitynitiative WA accessibility means that people with disabilities can perceive,

understand, navigated and interact with the web and that they can contribute to the web. Web
accessibility also benefits others, includingoltlgs 2 LIt S A G K OKF yIAY3 | 6Af )
Accessibility also depends on personal experiegm@metimes an application can be accessible

for one user while inaccessible for other.

As Tim Bernerkee,world wide web consortium (W3C)rBctor and inveror of the world wide

webs & AckeRsibilityis essential for developers and organizations that want to create high

jdz ft Alie 6So0aAriasSa FryR S0 G22tax yR y2i SEOf dz
Petrie & Kheir(2007,p.399a | AR (Kl X a&a! OO0OSaairoArftArde OFy o
LINPOf SYaed ¢KSe faz2 YSyUuAazySR {KI abilitiesQodtSa & A 0 A

A

15 https://usabilitygeek.com/thedifferenceandrelationshipbetweenusabilityand-learnability/
16 https://www.w3.org/WAI/
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it also creates barriers between natisabled users and systems. So, during interaction with a

system the less accessibility problems encounter by a user the more accessible is the system.

Thequalities and capabilities of a produtiat makes it useable by e range oluser groupare
accessibility features of a systeeither directly or in conjunction with assistive technologies.
Although accessibility typically addresses users who have a disalfil@dysystems that achieve

fulfillment of higher accessibility guidelines are maczessible

Waddell et al(2003)believes that accessibility problems and usability problems are different
becauseusability issues effect all usel®ppositey, accessibility issues ondffectthose users

who have some limitations (Disabilities). Referringveh accessibility initiative (WAT)In

human computer interaction, computer accessibility (also known as accessible computing)
refers to the accessibility of a computer system for all people regardless of disability or severity
of impairment. The term accessibility is most often used atspatcialized hardwatesoftware,

or a combination of bothit isDesigned to enable use of computer by a person with disability or
impairment. Specific technologies may be referring to assistive techndlbast. commonly

used assistive technologiesearcreen readeybraille keyboargdscreen magnifierwice

recognition hearing aidseye trackingand ¢osed captioniné.

Accessibility can be a reason for the success of a system. If a system is accessible by most
number of users, it means it will have marsers than the one which is not completely

accessitd. GAccessibility simultaneously describes two processes: first, the ability of the user to
access information electronically; and second, the efforts made by the designer to enable a
page to function wh the assistive devices used by individuals with disabii{iesley & Regan,
2002 p.2. The most common and obvious dimension when discussing disability issues is
accessibility to the physical environmeh€T systems, arathers. Fronthe definitions of

accessibility, this study elaborates four major steps to be consideydtle developersor the

17 https://wvww.w3.org/WAI/fundamentals/accessibilitintro/
18 hitps://webaim.org/articles/motor/assistive
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achievement of an accessible system. Whichnaeaningful, understandablgredictable and

for everyone Represented in the accessibilftpmeworkby author.

- T
Meaningful

e -

' + T

Understandable

e —
P T
Fredictable
e —
r It

For everyone

1

Accessible

Figurel-3. Accessibility Framework.

Accessibility and learnability are important duertomber of reasons. It serves to give access to
the individuals with disabilities in ways that were not previously possible. Second, they are
legislations and applicable to many institutions. Third, accessibility offers assistances for all
users by creatig more usable systems. Fourth, learnable and accessible designs are based on
more updated architecture and design that provides greater flexibility. Fifth and finally, they

indicate an increase in the need of ICT systems.

1.5Background
Jotne IT claims to bie leader in product data exchange and shayolgvelopment of
standards based software produci$’roduct data exchange, Product life cycle management,

Long term data & product archiving,ada validation & verification, code checkingjlesbased
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datamodeling anccrossplatform data sharingJotne IT aspires teeduce development and
product lifecycle costs using intelligent data management in the areas of defense, Aeronautics,
oil & gas, built environment and aerospaddeir product EDNE a suite bmodeldriven

database systems that offers data interoperability solution for data exchange, data sharing,
data integration and data archival. EDM implements the methodolog@©f10303 standard

for the exchange of product model da(8TEP. ISO 10303 responsible for identifying

language in which product data can be presented and the language is called EXBRESS.
hasbeen developing STEP 1SO 10303 product data exefsarfigvare products since 1994.

1.5.1 Express Data Managemnd Model Serve(EDM& MS)

Express Data Manager is an objedented database management system to support all the
informationrelevanti 2 | LINP RdzOG Q& RS&A3IY |YyR 2LISNI (GA2yad
of data formats, applications, users, and processes. It is bas&XPRESS data modeling

language and a standard for the computer interpretable representation and exchange of

product manufacturing information. The goal is to support all open and recognized industry

standards using the methodology and standards published by ISO20303

Buildng smart standards are used to configure the system in case of building information

modeling (BIM) or virtual design and construction (VDC)usedases. a A a Iy Ay (dSttA
modetbased process that gives architecture, engineering, and constructidagsionals the

insight and tools to more effectively plan, design, construct, and manage buildings and

Ay T NI a (N0 is baNidaly Creating the entire project virtually before it is really created.
VDCsbeneficial because of low risk,ntinimizesthe cost of the project, and remove

contradictions?{ 2 Fi o NBQa GKIFG FNB NBfIFGSR 42 5/ | NB

Navisworks.

19 http://www.jotneit .no/images/pdf/EXPRESS White Paper.pdf
20 https://www.steptools.com/stds/step/

2L hitps://www.autodesk.com/solutions/bim

22 http://www.civilix.com/virtual-designconstructionvdc/
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BIM and VDC does not have major difference, but they are not completely same. Data insertion
related to 3D nedeling and physical objects is responsibility of BIM. However, VDC uses BIM
models to schedule the process of construction from the beginning tiffeR®M offers

functionality for all four domains. One may use it to build data translators/convertens fnoe

data format to another one, where one of them may be, but does not need to be an

international standard, such as, ISO 10303 STEP or project life cycle support (PLCS). PLCS is an
open international standard and it is used for product maintenance apgpart. It is an 1SO

standard developed to insure ability of data transfer between systems and to secure, maintain
and make data available throughout the life cycle of data. It is an extensive data model and

users can select their appropriate parts of use

Onemay apply EDM to share sources into one joirtadaodel, for example into PLCEyou

may want to store your data for a long time in a durable open and standardized data format.
EDMis implementing interoperability for the design and operatiorifa bf a product,

supporting work processes for data qualitgtention, and others According to Joth&DM
implements fully the methodology of ISO 10303 (STEP) and is the tool of preference for
international open standards, such as STEP, PLCS, b&MART, POSC/CAESAR and others
Flow chart of different functionalities performed by EDM are presemieigurel-4. Flow chart

of Expres®ata Manager (EDM).

One of its key functionality ibat it is capable of consolidating and validating construction data
received from different sources and to merge them into one model. This can be one constant
merged model or merged on demand for report purposes. EDM is used to import/export,
merge, and &rsioning of IFC models. IFC makes it possible to hold and exchange relevant data
between different software applications. It is an international standard used to describe and
exchange construction and facility management information. As a data format feQtral and

it is one of five types of open standard in the building smart portfolio that each perform

different functions when it comes to the delivery and support of assets in the built

23 hitp://www.civilfx.com/virtual-designrconstructionvdc/
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environment. Using IFC means that the construction professiamaasise the software
application(s) of their choosing to work with data. 150 applications around the world support
IFC

Different pluginsare usedo perform several operational taskdotne IThave a pilot customer
in Tonsberg using EDM to register issa@d tasks directly into the model in a project phase.
They also have a thirgarty partner that create software to generate online real estate

portfolios and others.

Expont IFC Model

t

Versioning IFC Model EDM Merge IFC Model

l

Export IFC Model

Figurel-4. Flow chart of Expred3ata Manager (EDM).

EDM Serveis managed by Jotne IT pitovides data and methods which can be accessed
through extensive API and web servicesthrough MSM desktop coordination package. They
are responsible for providing standard methods for 4D timeiedule, 5D estimating/ cost

planning, 6D sustainability/ energy/ LEED, 7D facility management

The EDMmodelServerManager, henceforth referred to as MSM, is the graphagnt to
95aY2RSt { SNIBSNM gA0GK AydSINI (Sschas mage,Shedky 3 | y |
out, validate model, and execute methodeTfirst version (3.3.4) of MSM was released #n 5

July 2016. So far, Jotne has made eight versions of MSM. The latest version (3.4.0) was released
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on 29" November 2017Mainly, end usersf MSM are engineers/project managers and facility

managers.

1.5.2 Model Server Manager (MSM)

In this section, MSNk explained briefly by displaying figures of related gags mentioned, not

all functionalities of MSM are discussed and evaluated. Since, the knowledge of author related

to MSM is nobof expert level First, by launching MSM applicatioicgonwindow is appeared,
useris must enter theircredentials(user name, pssword, RoleServer host, Port numbem)
that logonwindow. It connects the user to the server or local connectid® LISy RA y 3

selection Account management can only be performed by super users of the sysksgn.can

2y dzd !

test the connection byressing the test button or they can simply logon by clicking the logon

button. In Figurel-5. MSM servetogonuser Interface windovandin Figurel-6. MSMLocal

Logon User Interface windowre presented

&) Server logon

Connection

Role:

Password:

SERVER LocaL

Username: *

Server Host: *

EXPRESS Data Manager
EDM ModelServer Manager™ (IFC)

v| [T Delete

Connection settings:

‘ xxxxxx

Log on when EDMmodelServer starts
[ use sso:

Port number: * l:l

Log on

Test Cance

Figurel-5. MSM servetogonuser Interface window
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&) Serverlogon - *

’ EXPRESS Data Manager
j EDM ModelServer Manager™ (IFC}

Connection |default v| [ Delete

Connection settings:

Username: * | |

Role: * | |

Password: g | |

Log on when EDMmodelServer starts

[ use sso:
SERVER LOCAL

DB location: = || |

DB name * |db1 |

DB password * | |

Log on Test Cancel

Figurel-6. MSMLocal Logon User Interface window.

Main Menu. After inserting user information and loggingarthe system main menu df1SM
appears. It is a simpldlwhich is by default full screen amonsistof aribbon on top of the
screen t consists of five (ptabs such ag;ile, Tools, vieyplugins,and aboutMSM allow its

users to change language frondeop-down list on thetop right of the mainmenu
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,{ ‘ Madel Server Manager: 3.3.6.1219 - 190_test (195.139.163.190: 4020) - User: faizan /Role: fm-admin - X

File ~ Tools View  Plugins  About Areal Administrasjon B [anguage| Engiish (United Stat... ~ [
| A 2
LT L L @)
i 12 v iv - @ |
Login  Change Import Export Wide Search  Narrow
Password  Model Model Search

General Import/Export Search

Figurel-7. Main menu layout of MSM.

File.The firsttab of MSMribbonis file. Its sub menusonsist oflogin, change password, import

model, export model, wide search, and narrow search.

l * Model Server Manager: 3.3.6.1219 - 190_test (195.139.163.190: 4020) - User: faizan /Role : fm-admin - X
J File  Tools  View  Plugins  About  Areal Administrasjon B | anguage | Englsh (United Stat... v ¢
A &

f i 5 3 @
i 1?2 (v iv - g g
Logn  Change Import  Export Viide Search  Narrow

Password | Model  Model Search
General Import/Export Search

Figurel-8. User interface of Drop down menu File in MSM.

Login optionallow the user to login from anotherser account and logout from theready
logged onaccount thange password sub merallow users tachange their existing password to

any new password
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Figurel-9. Change password prompt message in MSM.

Import model and export model menus are used to import and export different IFC miadels
both STEP and XML formatfieycan be accessed from project exploesr well For performing
import or export taskusersmustselect an appropriate project and type in industry, discipline,
status, and authorAll these fields are mandatory to be filled appropriately becaM&&Mhas
version control functionalitySo, the version will only increment if the above crigeaire met

otherwise the model will be imported as a new and different model.

* Export Model

Model YDOA200X00 1ARCHI |

Format

® IFc(sTEP) () IFCHML

| Export | | Cancel

Figurel-10. Export model window in MSM.
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* Import model (3]
Project = || M
Building
Discipline * -
LoD * -
Designer
Model *

File ™ Browse

Schema * -

Mapping -
Import Cancel

Figurel-11. Import modelwindow in MSM.

Tools In MSM users can build custom reports using deswgldrop feature and advance express
based functions. Functionality of reports offers the ability to view the report reflecting the
collected models currently loaded MSMviewer and the model exploreByclickingthe

reports management from tools tab menu users sae report detailsedit access settings for

reports, and assign to objects

i Report Management

@

Reports

MName
4 Context: Default (Count=6)
» Category: Katalog (Count=1)
» Category: Systems (Count=1)
» Category: Tabeller (Count=2)
» Category: TP (Count=2)
» | 4 Context: EDMCatalog (Count=5)
» Category: Klasser (Count=2)

Mok [} ? i £, F—11

Details | Assign to Objects | Columns

Figurel-12. Reportmanagement window in MSM.
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Access of any group/ user can be removed from the report by selecting the group/user and

clicking on remove buttoriJsers can alsoseunit conversation feature undeools tab. lfusers

wishto seemodified units in the propek S& GAYR2 6 Wdzy A ODRREISNEA 2Y 2
unit settings.

FEY I A ~ s

) )¥) 4
iy S —
‘ IUnit Conversion ON |
Reports Developer Administration Units
Management  Tools Center Settings
Administration | Units

Figurel-13. User interface of tools menm MSM

a3 Uinits Sebtings =N =R ="
Measures
b Lt
.:? Lergth é"'l:l:q:l:'n:' '
Ma Metre(m)
- Faot{f)
L1 LN TEEIOT
Ares Souare Malreiml]
Time Second(s)
Plane angle Radian(rad)
Salid Angle Steradanisr)
Thermod ynamic Temperature Degree Celsuis(c)
Luminous [nkersity Lurmeriiim)
oK

Figurel-14. User interface ofJnit settingsn MSM

View. MSM allow itsusersto access reload last saved, default layout and viewer functionalities
from view menulast saved functionality is usedltad last saved customization of windows

layout and restore all component windowBefault layout is used for standard layout created

by the developer.
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(i:.:i
-” File Tools View Plugins About
= =
9 & L
Viewer Reload Default
Last Saved Layout

Main Wind... | Window Layouts

Figurel-15. View menuof MSM

Functionalities that can be performed from viewer menu gneject Explorer, reports, Viewer,
Properties, and Model Explorer. Reload Last Saved and Default Layo\()Fnagor
components of MSM can be accessed from the viewer sub menu. They are Project explorer,

viewer, reports, properties, and model explorer.

-
A e View Plugins About  Areal Administrasjon B Lnguage| Engish (United Stat., ~ N2

9 = 0

Vigwer Reload  Defait
Last Saved Layout

S & & | options -

Wiew | Model ct | Disciphne Mie 5t.. Design Mode ... | _Type_

]
2
3
2
]

b OIAZ0NI0IA... ¥
0946 Revmatism, .. V.
meE UL
TODAZOONOD1A.., W

e
2 Ark 100
1
1
1
Pasi=nthotelet w1
2
2
1
1
1

Ark 100
Ark 100
Ak 100
100
Ark 100
Ark 1

Referarsebyag W,

G107
PET_ifcs

ark 109
Ark 100
Ak 100

FFPFEIFIZTFIEEE
B

IFC View | Blement View

- N —

Figurel-16. Viewer menu of MSM

The project explorer interfacautomatically arranges all the models by project, however the
grouping can be modified by using drag and drop functionality. The checkbox in view column

allows the user to seleavhich model to load into the MSMiewer.To open any desired model,
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usersmust select the model in the view column. Several models can be open at the same time.
To close the modeusers must uncheck the view colunifwo models can be merged by

opening both at the same time and 3D view of each will be merged 3D scene by #m.syst

Users can select the original model during check in operation and imported data will be merged

back in to the model by the system automatically.

Project

View Created Date Model Version Discipline Status
¥ UNYH_Construction
P 4 UNYH_Design
1/29/2014 10:12 AM  UNYH_EP_PIP Piping 70% Design
1/29/2014 10:10 AM  UNYH_EP_ARC Architeciural  70% Design
1/29/20149:30 AM  UNYH_EP_STR V3 Structural 70% Design

[ ]

| 1/31/2014 1:45PM  UNYH_T1_STRCT Vi Structural 10% Design

Figurel-17. Project explorer menof MSM

Eachelement of the model is checked for existence or modification by performing a deep

merge operation by the system. If the elements do not exist in the imported data, then it is

erased from the model. The model elements are updated accordingly. A confirmatio

notificationWa SNAHS FAYAAKSR adz00SaafdzZ teQ gAtf | LILISI |
completion of merge process. Show messages button allow users to check whether the merge
process is performed properly or not which provides output log efge process and it can be

investigated by the support team.

Functionality of model explorer is to organize the models which are loaded from project
explorer based on IFC structure hierarchy. Each node in the hierarchychasbamevisibility
check box that contrahe visibility of elements in MSMewer.In MSMexplorer visibility is
checked on by default for all nodddodels are presented in different tree structure in model
explorer such adFC view: Site, building, floor, aatments of the floor. Element view: Covers,

walls, doors, and windows, et€FM: Tree structure with elements tagg&tbmenclature: Main
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function, sub function, room name, space specification, capacity bearing. Catalog: Individuals
type is listed througlgrowing the anticipated type object. System: Grouping on model systems.
By double clickingn element, usecan expand the tree structure by zooming in and view the
properties of the object listed in the properties section of the desired it€he assigad

documents to the nodes in tree view will appear as icon outside the nodes. Single document
icon shows that there is document for this node while multiple document icon represents there

are also documents on underlying levels.

Model Explorer oo x

IFC View | Element View

ModelElements
- /1) 0946 Revmatismehuset (Ark, 100, V1)
- \,f m Project
-+ || @ya
- /1 {3} 0946 Revmatismehuset
v ] [om]| 01 (283)
v ] lim]| 02 (231)
v ] [im)| 03 (238)
» b1 [mm]| 04 (261)
v i [aml| 05 (339)
v i/ [om]| UL (428)
b b oozl (U2 (139)

Figurel-18. Model explorer user interfacef MSM

3D MSM Yeweris used tanteract and view the models that are loaded from the project
explorer in MSMriewer.Navigation in viewer can be performed in different ways but the most
common navigation mode is spin mode. Any other mode can be selected by clicking on spin

drop down menu.
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L @spine (B - {F S @ A s L 130,20 20+30

Figurel-19. 3Dviewerlayoutof MSM

Reporswindowis asortable and filterable view that reports results of the queries that a user

run a selected project scope to the useffereport grid contains the information based on

pre-built

report querytemplate created by users.

Demonstrate Wall Report (952) |5 k=l == | (2] == d
_Model_ -

Object Type =«
Area -  GUID_

Figurel-20. Reports windowser interface of MSM

Tool bar

spin mode for spinning the model with mouse, walk mode is used to move around the model
forward and backward using mouse. It is useful if users wish to navigate in one plan (e.g. on a
floor), zoom mode is used to zoom in and zoom ket model, predefined views can be used by
selecting view point mode. Predefined views are front, top, left, right, isometric, bottom, and
back. Solid and transpareMSMviewer mode can be used to set the model for full rendered

geometry or transparention can be used to toggle transparency settings for the selected

$ the command center for the available functions in M8Mviewer. Users can use

objects,MSMviewer also provides screen shots functionality.
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Viewer X

| @ spin- | [ -1 55 2 & & &

4l

Figurel-21. Viewer toolbar user interfacef MSM

The properties windovef MSMallows users to have a descriptive information of property
elements of a selected elemerRRroperties of any item can be accessed by selecting the desired
item and clicking on properties window. Properties on white window background are the
properties of the selected item while properties on pink background are the properties

inherited from the current object. In task tab all the task for the selected items are listed. In the
relation tab all the relations of the objects are listed. Placement taliasos the details of

objects relative coordinates and under documents tab all the documents related to the selected

object is listed

Properties o X

Properties  Relations Placement Documents

MName Value
-~ IFCBUTLDINGSTOREY:
- Spatial element owner: Undefined fUndefined Created: Mon Mov 20 13:50:43 2017  Last modi
Globalld 21 B5Jirgj21BacZ8blioVl
Name uz2
Description
ObjectType
LongMame
CompositionType ELEMEMT
Elevation 10262.000000

- BaseQuantities (IFCELEMENTQUANTITY)
= Property owner: Undefined [ Undefined Created: Mon Mow 20 13:50:43 2017 Last modified: M

MethodOfMeasurement ARCHICAD BIM Base Quantities
MetHeight 2.625m

GrossHeight 2.625m

Height 2.625m

GrossFloorArea 376.26155m2

- FM_Areas (IFCPROPERTYSET)
= Property owner: Undefined [ Undefined Created: Mon Mowv 20 13:50:43 2017  Last modified: M
BTAcalculated 858.395242 m2

Reports Properties

Figurel-22. Properties windowuser interface of MSM
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Plugintab consists of multiple plugins and grant access the users accordufgifconsst of

plugins such as, VDBCFE-and others Moreover, it also provides areal administration plugin in
separate tab. To check if a plug in is loaded, an installed clientdbe started and logged in

with a client that have access to the attachment. If there is an extra tab of areal administration,

it means that theplugin is successfully loaded.
'

[1™%
= O 2

VDC Manual BCF

Model Server Manager:

View Plugins About Areal Administrasjon

Figurel-23. Flugin dropdown menuuser interface of MSM

Usercan retrievegeneral information about the current version ISM from about tablt
containsversion information of MSM andser guide which consist of general user manual and

steps to perform different tasks.

-'} File Tools View Plugins About

@ o

Version User Guide

Figurel-24. About menuuser interface of MSM

Thisstudymainly focuses on Ul and is intended to be a forerunner to further research and
development oMSM. A focus of thisesearchis toidentify and highlight the areas that need
improvementsin the context of learnability and accessibility and to propose possible
improvements that can be made to the elements related to the interface of the software. The
concepts of learnability and accessibikie knownby everyone related to product desigmd

due to the broadness of learnability and accessibility,rssearchfocuseson amassing a
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deeper understanding of learnability and accessibility and aagines to apply them in desitfn

Theflow chart ofthe functionalities performed in MSM are below:

Report management 3D viewer

Export IFC Model Import IFC Model }

{ Model explorer }

Project explorer

Figurel-25. Flow chart of MSM.

An overview of actions that are performed by users of the system 4B ribbon are
presented in
Tablel-2. List ofactionsperformed in MSM using ribbon.

Tablel-2. List ofactionsperformed in MSM using ribbon.

Ribbon | Tabs
File Login,Change Password, Import Model, Export Model, wide seanciNarrow
search.

Tools Reports Managemerdnd AdministratiorCenter.

View Project Explorer, Reports, Viewer, Properties, Model Explorer, Reload Lasl
Savedand Default_ayout.
Plugins | VDC Manuals, BCF, and Others.

2AExpress data manager details on jotne web site
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About | User Guideand system version.

1.6 Research Questions

As pointed out earlier, tisiresearch is focused on MSM to identify the status of the learnability
and accessibility of the Ul and recommend improvementedessary. Moreover, it attempted

to offer recommendations that could be useful in the development of similar products. To that
end, it attempted to answer the following questions:

1 What are the learnability and accessibility related problems usersvibeMSM?

1 Which learnability and accessibility guidelinvesre followedto designMSM?

1 What can be done to improve learnability and accessibility of MSM and other related

products in architecture and design?
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2. Literature Review

This chaptereviewthe previous, relevantstudies performed in the field diD, accessibility,
and learnability Section2.1 presents a brief explanation of the concepts and research
performed related tdJDand accessibility, followed by legislations and guidelines relatélto
and accessibility. Further, the taggroupsand barriers oficcessibility are discussedast,

studies related to learnabilitgnd its barriersare discussed in detail.

2.1 Universal desigrand accessibility

The termUDwas first mentioned byRonald Mace, the founder of the center for UDNairth
Carolina state universit§scottat al.2003) Researchers and students of University of North
Carolinawith a goal of making interior and exteridesign easyo use for persons with
disabilities To achievehis goalthey proposedseven principlesuch asgequitable use,
Flexibility in useSimple and intuitive usdlerceptible informationTolerance of error, the
design minimizes Low physical effesize and space for approach and €8€eThe goal of these
principles is to make anpteractive system easy to use, efficient, and satisfactorg@ryone
including persons with disabilitie$he principles df/Dcan be appliedo buildings, ICT

technologies and other interactive systeths

In order to achieve UD, arguments were presented to merge different principéehdevat al,
(2015)identified how systematicsocial,and technical innovation is hecessapymake

technology economical and able to be agreed Dimey alsgrojecteda frameworkrelated to
designing sustainable information technology systems. It was based on the collectiairof t
proposed design principles. They formed their design principles by merging sustainable design
principles and UD principleshown inTable2-1. Intra-Discipline Characteristi¢Stephanidis &
Antona, 2013and

Figure2-1. FFamework for designing sustainable IT syst@&tephanidis & Antona,

2013Burgstahler2009)said that products and environments meet the needs of potential user

25 hitps://www.uwyo.edu/wind/ files/docs/resources/ud review.pdf
26 hitps://projects.ncsu.edu/ncsu/design/cud/about_ud/udprinciplestext.htm
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withawidevari@ @ 2F OKIF N OGSNRAGAOAE AF !5 LINAYOALX Sa
2dzal 2yS 2F Ylyeé OKLF NI OO0 SNR@®uirgsténier, 208p:1)i 'y AYRA.

Nordli(2016)evaluated the Norwegian Broadcasting Corporation (NRK) from UD aspect. He
mentioned that there are three levels of obstructions at NRK that prevents it from

accomplishing a universally designed system; UD awareness barriers, organizational barriers,
and technological barriers. He also recommended implementation of institutional change

theory i.e. modifying values, standards, and practices that makes NRK an institution, so they can
solve the existing problems in their organization. MoreoWwrdli (2016)claims that his

research is applicable to other organizatsoas well.

Design by
following
nature

Use systems
Reduce thinking Reduce
adverse effect resource use

practice
design for
people

Simple
flexible
design

Figure2-1. Framework for designing sustainable IT syst&tephanidis & Antona, 2013)
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Table2-1. Intra-Discipline Characteristi¢Stephanidis & Antona, 2013)

Sustainability Universal Design Design principle properties
Reduce gap between natura Equitability. Doing design following
system model and practice. nature as a mentor guideline
Being conservative in using Error tolerance. Condense the use of resourt
resources. in system design.

Expand towards diversity.  Approachability. Design for majority of users.
Optimal use of local Flexibility and simplicity. Simple andlexible system
environment. that is customizable.
Influence over time. Reduced effort. Reducing adverse effects

over time and enabling easy

alternation of design.

Systems thinking. Transparency. Understand synergies and

emergent prperties.

The term accessibility was first introduced Bginsen(1959)to study the interaction between

land use and transportation newtorKhe dfference between UD and accessibility is tHaD

focuses on everyone regardless of their diversity such as, nationality, age, languange, culture,
andothers. Whereas, accessibjlimainly focuses on providing usable syssempersons with
disabilties According tadStephanidis & Savidi€001) acessible systems in informaticand
communication communitare those whose information is accessible by everyone using any
system. First world countires like USA, Canada, Australia and EU nations have already put a lot
of efforts to fill the information gp for disabled an&lderly groups. Web Content Accessibility
guidelines (WCAGJand Authoring Tools Accessibility Guidelines (AT%®) examples of their

efforts.

27 hitps://en.wikipedia.org/wiki/Web Content Accessibility Guidelines
28 hitps://www.w3.org/WAI/standardsguidelines/atag/
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Additionally, section 508 of the US Rehabilitation’A&mendments of 1998 sets standardis.

requires all the information technology purchased or developed by federal departments to be
accessible to persons with disabilitidielsen & Molich, (1990a&}ated that, it is possible to
evaluateusability of aJlusing analysis method, computerized procedure, user testing and

heuristic evaluation. For their evaluation process they prefetredristic evaluation. They

ONBI 4GSR YyAYS KSdzZNAaitAaAOa oy2s NBFSNNBR a bASt.
experiments to evaluate user interfaces. They identified issues related to consistency,

navigation, and user guidé.might be considered as a major step towards usability

improvement2 ¥ | LQa &

PoorePariseau (201(grgued that training related to accessibility should be obligatory in
organization for all professionals involved in development of content. Professionals must be
familiar with accessibility guidelines and standards so that they can develop more accessible
systems. However, a survey conducted by user experience (UX) and Human Computer
Interaction professionals (HCI) indicated that professionals have knowledgedétat
accessibility but they are unable to utilize it due to some organizational faffoteam et al.
2012) Moreover, it has become a wedstablished fact that websites agd2 T (i gréqiBt@ a

be designed understandable and accessible

Billi et al.(2010)proposed two steps methodology for accessibility and usability evaluation of
mobile applications Ul. Bit, they suggested to evaluate accessibility of the system because it
will identify the issues relating to accessibility and modifications can be made before it goes to
usability evaluation. Once, accessibility problems are identified and fixed, usakdityation

can be performed by dividing problems and solving them separéédlyet al., 2010Q)

In two steps methodology ofBilli et al.(2010) evaluation of accessibility and usability were
performed by using different approaches. Selected users performed an evaluation combined

with an expert by following the web accessibility initiative guidelines. Usua8y (3ers can

29 hitps://www.section508.gov/content/learn/lawsand-policies
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discover most of acasibility problemgBilli et al., 2010)Different guidelines from (WCAG 1.0)
and (WCAG 2.0) were followed duringthresearch mostly related to mobile application
accessibility. Some of ¢éim are text alternatives should be provided to at@xt content, layout

and text content must be adoptable, user should be able to access all content, users should be

allowed to control time limits and make sure documents are clear and simple.

An experimat was conductedby Billi et al.(2010)applying tvo stepmethodologyto the
interfaces designed by MAIS designer. Users with visual impairment and blindness were
considered for the experiménoperating different devices. They identified more than thirty
problems during the evaluation of the system. Major problems identified &ir gtudywere
navigation and orientation problems faced by participants, Alternative text were missing in
some paces, users are not allowed to set their font type, incorrect entries are permitted, and
some features are not completely clear. Accessibility barriers were identified as the major

problems during user and system interaction

Step 1 accessibility evaluation Step 2 usability evaluation
oy
p
| Accessibility usability and
Initial mobile Selected users evaluated accessibility
application ‘ evaluation mobile - ‘ evaluated
(quided application maobile
) - Expert application
inspection) evaluation
heuristics
pert
evaluation
(adapted
guidelines)
—
—

Figure2-2. Twosteps Methodology of evaluating accessibil{illi et al., 2010)

Yamaguchet al (2008)developed a software named Infty software through their organization
science accessibility net. Infty reader can treat those scientific printed documents which was a

problem for most of the optical character recognition (OCR) technologies. It helps tovienp
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information interfaces for persons with visual disabilitiegty can be converted to many
accessible formats while this organization already worked on a math document editor
G/ KFHrddeLyFideéod LG LINPOARSA | rmath@dchnfeditandl 2 @A a dz

author them with speech output providing a feature to convert documents to braille math code.

Persons with visual impairments can access Chattylhétgvaluateits accessibility, they had
different experiments before launching it bgroparing it with accessibility guidelines whether

it full fills its requirements or not. This Organization claims that Infty is an accessible system
because it fulfills all the guidelines of WCAG 2.0. The identified issue in this system is that it is

hardfor users to author or to write math expressions.

Aizpurua et al (2014nentionedthat user testing may not be an accurate methodology to
evaluate accessibility of a system. Tlaeguethat it is possible to have difference in opinion
between userand evaluator which can affect the evaluation resuliss suggestedhat

evaluators and users should have a conversation/dialog as a user involving evaluation method.
They also mentioned that it is better to involve user by navigating through web (e to

identify complications in the system rather than giving them tasks which can stress them. Study
conducted bySantaneet al. (2013)pointed that it is easier for dyslectics to use web content

with mono spaed, sansserif fonts, not using too large text without line breaks, adding boxes,
boarders, background, and white space, not using italic fonts, not using too small fonts

highlighting linksavoiding pure white backgrounds and justification

Burgstahler et al. (200€pnducted a study to evaluate accessibility of windowsNkExosoft
supported this studyvith a purpose to determine the ease with which persons with visually
impairment, elderly disabilities and mobility impairment used the accessibility features of
windows XP. Tasks were located at the laboratory for usability testing and evaluation &£ UTE)
university of WashingtorMsualy impaired and participants withmobility impairment took

longer than the elderly participants. They outlined more than sixty (60) significant problems in

windows XP usability. Some of them ausers were not aware ohe presence of accessibility
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features after finding the accessibility feature it was difficult for the users to use it. The lack of
information provided by the systenSometimes, it was difficult to locate the feature due to

high contrast or other barrierencountered by visually impaired persoNet allowing users to
access information and features. For example, Narrator skipped over options on the screen,

leaving blind users without sufficient information to complete tagks others

However accessiility evaluationof newproducts is infrequentlperformedand, when they

are, they usually take place after standard usabéimgluation process complete. If
accessibilityevaluation was possible fwonduct throughout the design procedbe availablity

ratio of better accessible systems to persons with disabilities would have been more than what
it is now. @rrent accessibilitgvaluationpractices ofterprovide productswith better

accessibility features'his methodchormally provides @roduct tha fulfil the minimum

accessibility standardbut it does not mean that the system is easy to use, learn, or provide
sufficient performanced L G Q&4 SF aA SN 2 FAYR LI222N) RSaAdaya
even easier to write guidelines about Whi LJS 2 LJt S & KPerdife® NiglS2®2 A y 3 ¢
p.43.

Researchers have demonstrated a diversityCT systems evaluation. UD and accessibility both
are now in more focus than ever because it is need of time not only persons with disabilities
needs it but people with no disability or impairment also requires accessible ICT sy$tems.
legislations ad guidelines proposely organizationgsor UD and accessibility are discussed

sub sectios.

2.1.1 Lgjislationsand guidelines
CRPE? principles states thatirespect for inherent dignity should be preserve. Non
discrimination Full andeffective participation and inclusion in society. Respect for difference

and acceptance of persons with disabilities as part of human diversity and humanity. Equality of

30 hitps://www.un.org/development/desa/disabilities/conventicon-the-rights-of-personswith-
disabilities/article3-generalprinciples.html
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opportunity, accessibility, equality between men and women. Respect for the evolving
capacities of children with disabilities and respect for the right of children with disabilities to

preserve their identitie&

CRPEB}is amajor initiativetowards accessible systems. It was presented dh D&cember

2006 at the United Nations Headquarter, New York. It was opened for signatorieston 30

March 2007. Total eightywvo (82) signatories take part in the process. Fdayr (44)

signatories to the optional and 1 ratification of the convention waslm It holds the record of
highest number of signatories in the history afitéd Nation convention for any treaty on its
foundational day and the fastest negotiated human rights treaty. Moreover, it is the first human
rights convention to be open for sigture by regional organizations. The convention became
acting on 3 May 2008. It takes decade of hard work by the UN convention to reach to the point
to minimize the gap between persons with disabilities and systems. A path which can identify

the rights d persons with disabilities and a way to reinforce it.

United Nations (UNJ has declared Norwagsa progressivee-Government country. Civil rights

services are being linked to information and communication technology, such as voting during
elections.Theefore, it is necessaryhat no one is being discriminated, including persons with

disabilities. International telecommunication union (I¥#cknowledge the need d§Dby

implementing laws for the empowerment of around one billion persons with disabi(iEr

Accessillity Policy Report2014). The Norwegian government is planning to make Norway

universally designed by 2025 and to achieve this ambitious gd2ikability AntDiscrimination

Act is already in effect since 2008 L (i & dlllthé & sysiefnk tArgetd to the public

AaK2dzf R 0S dzyAGSNREIFIff& RSaA3aIYSRQd® LG Aa | LILXAS

personal relations. The purpose of this Act is to ensure equality, equal opportunities, and

31 https://www.un.org/development/desa/disabilities/conventicon-the-rights-of-personswith-disabilities.html
32 hitps://publicadministration.un.org/egovkb/efus/reports/un-e-governmentsurvey2014
33 https://www.itu.i nt/en/pages/default.aspx
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prevent discrimination basedn ethnicity, skin color, and religio(Norwegian Ministry of

Children andequality 2013.

In Norway, theanti- discrimination and accessibility act Diskrimineri@&
tilgjengelighetslovers the Act dto promote equality, ensuring equal opportunities and rights
for social participation for all, irrespective of functional capacity, prevent discrimination
dueto disability. It obliges public authorities to implemektDin their product or services. The
act applies to ICT, built environment, transport, and educatiordic guidelines mentioned
four different categories of users who will benefit from tkiad of supportPeople with
physicaimpairments sensorympairments cognitive impairmentsand Elderlypeople. (By
2020, 25% population will be aged 60 or abadieability occurs when exposed to different

disabling environment®.

Hrst world countres are following web content accessibilipyidelines (WCAG?®, web
accessibility initiative (WA ergonomics of humaisystem interaction 1ISO 9241171:2008¢,
Nordic guidelines for computer accessibfiftyauthoringtool accessibilityguidelines(ATAGY,

Nielsen usability heuristiésandothers when they are referring to accessibility guidelines.

ISO 9244171:2008 is responsible to provide guidelines for the interface of accessible system for
use at home, work, In public or education sector. It deals with the problems related to designing
accessible systems for persons with disabilities (physieakory, and cognitive abilities) and

elderly people. It applies on the accessibility of interactive systems (web, learning support,

34 https://lovdata.no/pro/#document/NLO/lov/200806-20-42?searchResultContext=1131

35 hitps://ec.europa.eu/eip/ageing/standards/iehnd-communication/accessibilitand-desigrall/nordic-
quidelines_en

38 hitps://en.wikipedia.org/wiki/Web_Content Accessibility Guidelines

37 https://www.w3.org/WAI/

38 https://www.iso.org/standard/39080.html|

39 https://ec.europa.eu/eip/ageing/standards/icand-communication/accessibilinand-desigrall/nordic-
guidelines_en

40 https://www.w3.org/WAl/intro/atag.php

4L https://www.nngroup.can/articles/ten-usability-heuristics/
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office, etc.}2. Section 50&f the Rehabilitation Act of 1973 amended1898,stated that, all
federaldepartmentsare requiredto createtheir electronic and information technology (EIT)

accessible t@veryone includingpersonswith disabilitie$?.

CKS a2Fds6l NSQa dzaASR o6& | dziK2NBR ORSaA3aIySNBRI 4SS
applications are referred to as authog tools*. ATAG guide authors how to create accessible

authoring tool for persons with disabilities. So, they can also create websites and applications. It
facilitates authors with creating more accessible authoring tools with the help pf WZAG.

check athoring tools whether they are accessible or not ATAG guidelines can be approached

for the evaluation process.

Anotherwell-known standard is Web Accessibility Initiative (WAI), which is part of World Wide
Web consortium (W3C). This organizatismespamsible for thedevelopment of web content
accessibility guidelines WCAG 1.0 and 2 provides all the guidelines drow to make web
content accessible to everyone includingrponswith disabilitiesIn US, under the Americans
with disabilities ACT df990, new public and private business construction generally must be
accessiblé®. In Australia, the disability discrimination Act 1992 has numerous provisions for

accessibility®.

TheWeb Accessibility Initiative (WAI) produced the first version ofiteb Content

Accessibility Guidelines (WCAG 1.0) in 1998fter the production of WCAG 1.0jswidely
recognized thatisers with disabilitieshould be able to access all systems. Accepting the fact
that WCAG 1.0 would become out datetle World wideweb consortium(W3Q formed a

working group in 2000 tdevelop new guidelinesamedWCAG 2.0 as the second version of the

W3C Web Content Accessibility Guidelines.

42 https://www.iso.org/standard/39080.html|

43 https://www.section508.gov/content/learn/lawsand-policies

44 https://www.w3.org/WAl/intro/atag.php

45 https://www.eeoc.gov/eeoc/history/35th/1990s/ada.html

48 hitps://www.humanrights.gov.au/ouwork/disability-rights/about-disability-rights
47 https://www.w3.0rg/ TR/IWCAG10/
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From year 200Qunusual changes are seentie Web.In the early days of web, it was only
HTML but now it has changed into an exciting, and convincing medium for providing services on
both static and mobile deviceBescribing the requirements of Web content accessibility in a

neutral language was one of the major goals of WCAGRR & SnowVeaver, 2008)

Web Content Accessibiliguidelines (WCAG 20provides wide range of recommendations

for ensuring better accessibility of the system. Following these recommendations can help to
build a system which can be used by persons with blindnessyigan, deafness, hearing loss,
learning disabilities, cognitive limitations, limited movement, speech disabilities, photo
sensitivities and combinations of these. Adding these guidelines can make a system more

usable in general.

WCAG is separated into three levels of compliafic@A, andAAA each level requires a strict

set of conformance guidelines and creates different web accessibility features accordingly.
9EIFYLX Sa 2F | O0S&aaroAtAte TSI GdNB Ay Of dzRSay a-
20/ F2NJOKS LI I$AA2902FNEWI I K/S{ £ o@I FRRI GKS LI 3
with all guidelines from section 508 of the US Rehabilitatioi®Aathigh contrast version of the

site for individuals with low vision, and low contrast (yellow and blue) version of the site for

individuals with dyslexia, alternative media for any multimedia used on the site (video, flash,
FdzZRA2Y SGOPOLI AAYLIES yR O2yaAadaSyd ylFrg@gAaaraaz

WCAG 2.providesa lot of technical information and set of rules to be foleshby web
designers, coders, and editors. Web accessilgl®pde of practice has been introduced,
initially in the UK to help site owners and product managers to understand the importance of

accessibilitgl. Web accessibility testing is a subset of usabtbisting where the target users

48 https://www.w3.org/ TR/IWCAG20/

49 https://www.section508.gov/content/learn/lawsand-policies
50WC# accessibility standards

SIWCAG 2.0
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are disabled that affect how they use the web. Goal to achieve in both accessibility and usability
is to determine how difficult it is for people to use a web site and with the help of findings

providing recommendations thmcan help to improve upcoming designs and implementations.

Web accessibility is a goal, not a yes/no setting. It is a tie of human needs and technology. In the
future may be these standards will be outdated. There will be a need of new standards and

updr 1 SR OSNEA2Yya 2F az2FGol NBQa gAGK Y2NBE | 00Saa
system and user for example if a kid wants to use a web site, but he is visually impaired and

uses assistive technologies. So, accessibility guidelines and tools idgle threse experienced

gaps. However, the accessibility of a system can be measured by the level of guidelines followed

by the systems.

(Nielsen & Molich, 1990l@eveloped heuristics for heuristic evaluation199Q In 1994 Nielsen
refined the heuristics based on a factor analysis of 249 usability probleorsdte a set of
heuristics with determined explanatory poweZurrently, €n usability heuristics by Nielsé&2
are well recognized principles foll evaluation.Sincethey are broad rules of thumb and not

exact usability guidelines they are called heucksti

Ten usability heuristgfor Ul desigiare: usibility of system statuspatch between system and
the real world, User control and freedormpnsistency and standardsgror prevention,
recognition than recalflexibility and efficiency of useestheic and minimalist desigrhelp

users recognize, diagnose, artover from errors, help and documentatiéh

2.1.2 Digital divide
Wy OIS yiimzNE RAIAGEIE RAGARS gl a NBFSNNBR G2 (K
AG o0S3ry G2 0SS dzaSR T2 N¥ Ndwalabslly thid térik is refgrRed té A (i K 2 dz

the difference in access to ICT systems. Those Circumstances in venelsth difference in

52 https://www.nngroup.com/articles/terusability-heuristics/
53 hitps://www.nngroup.com/articles/terusabilityheuristics/
54 https://whatis.techtarget.com/definition/digitaldivide
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access to or use of ICT devices is digital di@aenpbell et aR001) New ICT systems does not
consider digital divide between poor and rich, highly educated and educated, or male and
female Gomez, Hunt, & Lamoureux; Madhusudan, C. 2088wever, several studies indicated
that persons with disabilities often experience digitalidéfFox,2011; disabled consumers
report 2013) Warschauef2004)argues that the concept of digital divide is unfounded and

unclear, it depends on the person whether s/he wants to have an ICT system or not.

2.1.3 Accessibility barrierand solutions

According to Government of OntafRythere are five main barriers to accessibility. They are
attitudinal barriers are related to perceptions or behavior assumption about somaané.
someone with visual impairment cannot understand ywwou are superior from them.
Organizational or systematigarriers occurs due to policies, events or rules that stops an
individual to participate completely in a situatiae. requiring students to take all subjects
whether they are relevant or no#rchitectural or physicabarriers are thosevhich happens
due to inaccessible building designs, such as stairs, doorways, rooms, and oifioensation or
communicatiorbarriers are those barriers due to which persons with disabilities cannot access
to information i.e. Poorly organized document or inaccessible by screen retdgmological
barriers arise when a digital device fails to provide access to its users or does not support

assistive technologies. i.e. An inaccessible learning management systetudents®.

The accessibility barriers in an average software or website are several. However, the world
wide web consortium (W3€)lists some common accessibility barrieafternative text,
equivalent alternative text should be added to imagkKsy bard input,all functionalities of

the web sites should be operable using key board, and transcripts or captions should be

provided for audigit makes information accessible.

55 hitp://www.uottawa.ca/respect/sites/www.uottawa.ca.respect/files/accessibiitpu-understandingbarriers

201306.pdf
56 hitp://www.accessiblecampus.ca/understandiragcessibility/whatare-the-barriers/

57 https://www.w3.org/standards/webdesign/accessibility
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According to World Bank Grotfpover 100 million people around the world suffers from some
type of disability Crow (2008 mentioned four types of disabilities which effect online learning.
They aremotor impairments (restricted movement or control of armgsual impairments
(partial sight, Blindness, and color blindnes&gring impairments (deafness or hearing loss),
and cognitive impairments (cognitive language and learning, attemtédicit disorder, dyslexia

etc.).

Paciello (2000identified that visual impairment is the most referrégpe ofdisability in the

literature related to accessibilityt issinceY2 &8 2F GKS &a2FG 6l NBQa [ yR ¢
graphical and written presentation of the contetitis crucial for products to be universally

designed or support assistive technologi€gpically screen readers and screen magnifiers are

used as an asdive technology by persons with visual impairméatow, 2008)A good

navigation mechanism can help persons with visual impairment due to the fact thattbstyy

use screen readers as assistive technologies. It is crucial to provide decent navigation

mechanism because screen readers can work more efficightlyording to World Health

Organization (WHE), almost 466 million people around the world suffersnfr hearing

AYLI ANXSY (G AyOtdzZRAY3I on YAffA2Yy OKAf RNByQao®d

According to section 508 of the US Rehabilitatiorf@dl electronically delivered media should
provide real time text captioning for all audio, video, andltimedia presentationsPascual et

al. (2015kvaluated accessibility of two websites developed in WordPress. Patrticipants of the
evaluation process &re persors with hearingimpairment, they identified that participants felt
annoyed when they encounter netextual content without captioning and due to threason,

they refer to the websites as comple2hung et al. (2013uggested to simplify and provide
graphic representation of text, to increase clarity among persons with hearing impairment. This
method might be fruitful since, persons with heagiimpairment are more attractive towards

graphical presentation.

58 hitp://www.worldbank.org/en/topic/disability
59 hitp://www.who.int/en/news -room/fact-sheets/detail/deafnessind-hearingloss
60 hitps://www.section508.gov/content/learn/lawsand-policies
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Persons with motor impairmentmostly encounter difficulties accessing computer keyboards

and mice Therefore they most often depend on assistive technologies to interact with ICT

systems These assistive technologies are mostitks, voice recognition, and othegjdudson,

2002) Pérezet al. Q014 p.4suggestedthati  RR K2 G | NBIF | NRdzy R | Ke&LJS
odziti2yad oAGK fFNHSN) aAl Sas GLINRGARS yIF @Al GAzZ2

can facilitate persons with motor impairments.

Persons withcognitive impairments encounter low memory, problem solving, and

conceptualizing issues. It is also considered as autism, brain injury, cerebral palsy, epilepsy, and
others. Bohman(2004)presented recommendation®r makingaccessible web conteno

persons with cognitive impairmest It should be simple, consistent, focused, error tolerant,
provide enougtime to users to interact with the system, and user should be allowed to

recover from errorRello & BaezXates (2014)argues that, it is possible to make textual

content easy to read anelasy tounderstand by dyslectics througimplementation of lexical
simplification. i.eimproving the words presentation and providing synonyms of diffivoitds.

They suggested that content developer should adopt lexical simplification strategies as well.

Crow (2006highlightedsome UD practices that can facilitate designers to improve accessibility
of designs. He mentioned that unnecessary graphics and flashing ofemnsubjects should be
removed. Easily navigable designs, distinguishable text, and providing enough time to use the
system can improve the accessibilithe weakening of sensory, motor, and cognitive abilities
makes it tougher for persons with disaldiliS & G 2 A y ((BaMihddri) 20@0Rnd 6 | L Qa

acquirenew computertechniques(Wendyet al,2009)

2.2 Learnability
The term learnabilityas a component of usabilityas introduced back in % (Licklider, 1977)
Ly wm,earlyiuQability research were performed to asses users learning within word

processing tool¢Carrollet al, 1985) Human computer interaction (B researchers maintain
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the term learnability and it became popular as an aspect of usability irgmrid@ &lsen,
1994Db) In this section, research performed related to learnability evaluation is reviewed.

However, focus of this research is not on reviewing specific evaluation methodology or system.

Leunget al, (2010 used three design approaches to lower barriers of learnability for elderly
peopleusing mobile applicationdg heyclaimthat using similar icons or allowing users to select
from alternative icons of their choice can reduce learnabilityessThey identified that simple
AYGSNFIFOSa OFry Ffaz2 KStL LS2LX S MthelsegiataINI O

=

(1980)used MADAM system which is an information storage and retrieval sy#teras
designed mainly as research todheymentionedthat using new commandscrea® in
complexity of commandgiving less time for thinkingontent rebted to learnabiltiy

minimizing rate of errg less guidance from help commancin be used to find the progress of

users relating to learnability

@KS tSFEFNYyroAftAGe 2F | RSaAaly A& olaSR 2y 02YL
learn it (Heim, 2008p.12. Hementioned that comprehensibility effects learnability and

learnability in return increase the comprehensibility of a desRieman(1993) used diary

method to evaluate learnabilityde used naturalistic learnability methodology in which he gave

a diary to the participants and ask the participants to keep all records of all the learning related
activities of one week. He also mentioned that it might be difficult for the participantsdall

all the activities. So, the report might be incomplete, but diary study followed by interview can

cover the missing activitie&ey results of diary data showed that only one learning event take

place after eight hours of computing for a us€her study also identifiedhat tryingnew

things readinguser guide and asking for help are the three preferred stratedigsuserdor

resolving a problemn some scenariohey approachonline help.

Elliott et al, 2002brought participants into a lab and ask them to perform set of tasks. After
performing tasks, they gave participants a questionnaire of 25 questaated to learnability.

Similar method was implemented IButler (1985)to evaluate learnability of a system. They
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also recorded the completion time of task to measure learnabiliazar, Jones, & Shneidgin
found that users lose up to 40% of theiterestsince they are frustratedvith computers.The
most common causes of these frustratica® missingfile, hard to find, andeatures that are
unusableby the usersBirdi &Zapf,(1997)identified that elderly people reacts depressingly to
errors. It isbetter to design error messages with more motivation and emoteart of difficulty
is that interface usage requires learniagd to make it learnableuser friendlyand easy to
operateapplications are required. To make a system learnable it is necessary to follow
learnabilitystandards organizationsnust set andmplement learnability legislations and

guidelines for systesto improveuserinterfaces

Kato(1986)asked theusers to interact with a system witlut using any instructional manuals.
An expert sits with the participant and solve quessaha participant cannot answer/solve
during the use of system. It was used as an alternative of thlold protocol. Novice users of
the systemcantake part in this experiment because it was mentioned that participants are not
expected to have any pnikknowledge of the system. Tutor was also instructed to not
encourage the participant to ask any question. No informati@sgiven to the user except
solution to the current problem. The results shown that even cursor positioning was difficult for
some nwice users, identification of individual problems is a major use of quess&img
protocol.R. Mack & Robinsoif1992)mentioned that thinkaloud method helps user to find

and learn something new about the system. However, tlatdud was only used for usability
evaluation. He argues that thirddoud must be used for the evaluation process of learnability

and it assisted rgearchers to identify learnability issues.

Measuring learnability doesot have set of rules or guidelines but such suggestions and ideas
are wellmotivated in both human computer interaction and software engineerRafiqueet

al. @012)evaluated two onlingadio web applicationsDouban and Xiamihey are online music
recommendation services in chinBheyspecify different matrices that makes them capable to

measure different dtibutes.
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A matrices database was created to take suitable matrices from it. Six main learnability
attributes were also presented in their study depictedlable2-2. Learnabilityattributes

model. (Rafique et al., 2012Jhey evaluated, the group interface understandability and the
group visual issues by observing all the groups who were involved in the task. Results of
evaluation using matrices were presented. The overall understandability percefutiaBeuban

was 89.7% whereas, Xiami received 86.1% because of its low scores in textual contents which
was 63.75% making it a textually crowded interface. Douban scored only 66.67 % in

understandable/ clear animation because of the unsuitable size andtsfirsed.

Rafigque et a(2012)also performed a Questionnaire based evaluation. Four questions related
to learnability characteristics, task match, and interface understandability were asked as an
online surveyRafique etal (2012)measured one learnability characteristic using two questions.
Interface understandability of Douban was 4% better than Xiami. Their study pointed some

learnability issues such as, low animation quality, page overloaded with text and others.

Table2-2. Learnabilityattributes model. (Rafique et al., 2012)

Learnability attributes

Interface understandability.

Feedback suitability.

Predictability.

Task match.

System guidance appropriateness.

o g M W N E

Operational momentum.

Davis & Wiedenbeck (1998)troduced another methodology in manner of summative
learnability evaluationUsers were givetime for training and during test task they were left on
their own only with the system manuals. Users need to perform a task in given time and then
evaluation to perform based on final product. Similar protocols were suggesteddogke

(1995)where the hints given to users were followed and measured.
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Butler (1985)argues thatwell-organized, dependable, and effective tools are required to
measure learnabilityHe discussetbrmativeand summativeevaluationand mentioned that it
is about learning the usability problesmelated to the system, in a hope to improve the
interface.ummative evaluation is fansability evaluatiorof the overall system. lis possible to
perform summative evaluatiohy comparingpne systento another system or checking if it
follows theguidelines He claims thatdrmative learnability methodology is one of the most
common forms of usability testind.o evaluate initial learnability thirloud protocols were

used in the HCI field.

A survey of software learnability: matrices, methodoésyand guidelines has been observed

and conducted bysrossman efal (2009) In their researchihey proposed metrics related to
learnability of system according to the definitions presentedbbgersen et al(2012); Davis &
Wiedenbeck(1998; Santos & Badr€1995); & Holzinger(2007) Grossman et a[2009, p651)
splitslearnability into two main categoriesinitial Learnability: Initial performance with the
systemand Extended Learnability: change in performance over érfiée first three
dimensionddentified byGrossman et a(2009)were related to Nielsen(1994) categorization

of user experiencelhey added the fourth dimension for the designers interested in subsequent
learning. Furthermorethey transformed the previous definitions hysing its various

dimensions and illustrated full taxonomy kilgure2-3. Full TaxonomyGrossman et al., 2009)

Their survey revealed that several matrices for learnability are prebehthey are not

together but in different research papers from a long tifgossman et gR009)were also
unable to find a single collection of learnability matrices. They identified seven categories of
matrices, they are supposed to be used for quantifying learnabllgyidentify learnability
issuesGrossman et a(2009)also approached the methodology used®yL. Maclt al, (1983)
They asked users to verbalize as theyked, this protocol takes place during training and for

analysis they recorded all the responses from the users.
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Figure2-3. Full TaxonomyGrossman et al., 2009)

According tadGrossman et g2009)for a software that depends on consumesgirlyimpressions,
task matrices and capturing initial learnability can be used. For this experimgntitiea the
popular computefraided design system (AutoCAD). Participants were university architecture
undergraduate students. Researchers thought it wouldibsuitable to seek participants with

no AutoCAD experiencklowever, in some situations participants have difficulties in learning to
use a function of the system without verbalizitngse difficulties. Those events were also

recorded as learnability issae

¢KS LINRPOfSY FNAaSa gl a dzaSNRa | gl NBySaa _
T OSR 0@ dzaSNER® ¢KSeée KIFI@gS G22fazx odzi GKSe R2Yy.
categorize by the researchers was that users can not locate the toolg.Khee that the

adadsSy Aa OFLIoftS 2F GKA&A TFdzyOuA2yl tAGes 0 dz

were not able to utilize it. Understanding functionality is other issue identified in their research.
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Final problem categorize by the reseaech was that users were aware of a specific tool or

Fdzy OGA2y Il fAGET o6dzi GKSe& OK22aS 20KSNJ YR RARY!

Grossman et al (2008)ggested thi categories to be set as guidelines for imrpoving interface
learnability. They also mention that understanding task flow can be difficult for users while they
are using complex interface&ccording toGrossman et gP009)graphical user interface is a
better way of making tools visible for the userkwerever, their study show that user prefer
transitionoverexpert behaviorFive main principlesffecting learnabilityspecifiedin human

computer interactiorby Dix et al. (2004are presented with definition itable 2-3.

Table2-3. Principleseffectinglearnability(Dix et al2004)

Principle Definition Relatedprinciples

Predictability | Support for the user to determine the effect of future| Operation visibility

action based on past interaction history

Synthesizability Support for the user to assess the effect of past Immediate/eventual
operations on the current state honesty
Familiarity ¢tKS SEGSYyld G2 6KAOK | dzi Guessability,

in other reatworld or computerbased domains can bg affordance

applied when interacting with a new system

Generalizability Support for the user to extend knowledgé specific
interaction within and across applications to other

similar situations

Consistency | Likeness in inpyabutput behavior arising from similar

situations or similar task objectives
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In comparison with literature, it can be concluded timat a single methodology can be

referred for learnability measurement. However, learnability of a system can be measured by its
qguickness that how quickly a new user can learn basic and advanced functionalities of a system
considering their abilities. Theverall discussion made so far about learnability and accessibility
shows that the main aim is to make the systems easily usable and understandable to maximum

people, including persons with different forms of disabilities.

2.2.1 Learnability barriers

Ko et al, (2004)efined learnability barrier a#f, the belief of userstowards asystem igight

before thebeginning ofearnability processtheywill improve but if his/helbelievesare
unacceptablefailureswill probably be obviousTheyidentified six learnability barriers related

to end user programming systemdesign barriers are related to cognitive difficulties of a

LINEIANF YYAYTI Aadadz2S AdSd | aAddzZ GA2y o KENB dza SN
Selectionbarriers are related to features of environmental functions aaituation where user

1y26 o6KIG (2 R2 o0dzi R2SayQid (y2¢ oKIFG G2 dzaSo

Goordinationbarriers are related to the restrictions on programming interfaces i.e. a situation
whereuSNB (y2¢ o¢KIG (G2 R2 odzi GKSe R2yei (1y26 Kz
barriers are related to interface usability problems i.e. a situation where users know what to do
gAGK GKS O2YLlzi SNI I LILX A OF A ®ndastaddiziparie && R2 Yy Qi
related to the functionalities of a system i.e. a situation where users knew what to do but they

RARY QUG LISNF2N)Y Al nimndatibrebariefsbeirdibtedtt thiSafributes 6f2 y & @ L
an environment that make it difficult for users tccess information i.e. a situation where users

know thereasonA (i  FhapBeyi Bcdordingp their expectationsp dzi G KS& R2y Qi {1y 2
check it Methods used in this study to evaluate learnability and accessibility of MSM are

discussed in next chagt three.
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3. Methodology

This research used a combinationheuristic evaluatiorand interviews to evaluate the
learnability and accessibility of MSMhe product evaluated in this study is proprietary to
Jotne. Therefore, it was required that the data collection process should be confined to Jotne

and users of its products.

3.1 Selection of participant@and data collection methods

An introductory meetingvas held at Jotne before the start of this proje&trief introduction
regarding Jotne and MSM was presented by their offi@ats notes were being taken during

the meeting.After the meeting the team responsible for the developmenttbk MSMwas
contacted first to help with the heuristic evaluation of the system and second to help with
recruitment of participants who can be contacted for data collections. During this study, it was
possible to contact only seven of the participants which were latatamied via skype and

email communications. Jotne required for all respondents to be selected from their own users
first, due to business and intellectual property concerns and second, since it is reasonable to get
feedbacks from the engineers who arengsiMSM.The results of the interviews were compared
with the results of the heuristic evaluation to provide an overview onabeessibilityand
learnabilityof MSM

3.1.1 HeuristicEvaluation

According taNielsen & Molich(1990 p,249> & | S dzNJR & (i A Oe b§ I@dkifigdrttad A 2y A &
interface and trying to come up with an opinion about what is good and bad about the
AYGSNFIOSéed Li A& | YSUK2R ¢6KSNB QGhat®dli & 2dzR3
related to usability. Heuristic evaluation was developea asability evaluation method for

those experts who had some knowledge of usability principlesiburot regardthemselves as

usability expertsHalsteadNussloch1989)

Jeffrieset al, 991)compared four software evaluation techniques such as heuristic evaluation,

software guidelinescognitive walkthroughs, and usability testing. They claimed that heuristic
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evaluation was effective in finding the most serious prokdenith the least amount of effort.

The benefit of heuristic evaluation for the evaluatothat it is the least expensive meth@hd

the fact thatit doesn't requireexpensive tools omodern researchabs(Jeffries et al., 1991)
Heurstic evaluation alone can help to identify a wide range of usability problems without
putting many resources and in limited amount of time. Howewdagtera, et al.(2002) said

that heuristic evaluation is more subjective when compared with traditional user testing

SOl tdzr A2y YSGK2R& 0SOldzaS AU Aa RSLISYRSyl

The set of heuristics to evaluate user interfaces can be different from system to s{Edémer

& Bosch, 2004 Pinelle et al(2008) for instance, developeleuristicsto evaluatea video game
design They weresimilar to thoseten heuristicsdeveloped byNielsert. However the

heuristics byPinelle et al(2008)were morerelated to problems related to computer games
They identified problems such as slow system response rate, limited freedom of customization

andlack of enouglinformation to use it functionalities.

Nielsen(1994a)underlined that, heuristic evaluation may igify more major and less minor
issues but still it has the capability to identify bolealso mentioned that sometimes it can
identify those problems which are not identified by user testing but still both methods should
be used to evaluate a systemploblem unidentified by heuristic evaluation can be identified

by user testing and vice versa.

Heuristic evaluationvassignificant for this study becausé its advantagesit provides some

quick and relatively inexpensive way of collecting data desgoeuld use to improve the

design of MSM. In addition to the data, the heuristics themselves could be used by designers as
guidelines to design accessible and learnable products. Every method comes with its own
advantages and disadvantages. Thereforeiauld be important to use heuristic evaluation

together with other usability testing methodologies

61 hitps://www.nngroup.com/articles/terusability-heuristics/
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In literature there are several methodologies to evaluate software usability. However, there is
little said about evaluating learnability specificglirossman et al., 2009) herefore, in this
research, a list of heuristics is develoded evaluating the learnability as well as accessibility of
MSM using guidelines and heuristics proposed by other researchers. The learnability elements
were taken fromNielsenusability heuristics, Microsdft and the learnability attribute model of
Rafige, et al. (2012) The accessibility elements for the heuristics were taken fkbetsen

usability heuristic® and WCAG 2.0 he developed set of heuristics was used by a software
developer in Jotne and the author for the heuristic evaluation of MBable3-1. Heuristics us

presentsthe heuristics with their sources.

Table3-1. Heuristics usd for heuristioevaluation.

Heuristics Sources

1. Does MSM provide alternative text for images? Perceivable (WCAG

2. Does MSM provide visual presentation of text and images ¢ Perceivable (WCAG
least ratio 4.5:1 except large text, logos, and those inactive

user interface content?

3. DoesMSMallow usesto perform all functionalitiesvith Operable (WCAG).
keyboard?

4. Supportive of Assistive technologies? i.e. screen magnifier, Robust{WCAG)

screen reader or voice recognition.

5. DoesMSMallow usesto resize text ugo 200% without Perceivable (WCAG

assistive technology?

6. Does MSM guidasersto recognize, diagnose, and recover | Nielsen usability

from errors? heuristics (NUH}

7. Does MSM provide exactly the information and functionality NUH andRafique et
0 KF G dza S NEcenplisibtigirtasksii 2 al. (2012)

62 hitps://msdn.microsoft.com/enus/library/windows/desktop/dn742443(v=vs.85).aspx
63 https://www.nngroup.com/articles/terusabilityheuristics/
64 hitps://www.nngroup.com/articles/terusabilityheuristics/
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8. Info tips does the icorProvides descriptive information? Microsoft

9. Does the system provide enough documentation that can h| Learnability
new users to learn and perform all the functionalitidsioe Attribute Model

systeme.g. user guide or tutorial (Rafique et al., 2012

10.Does MSM provide captions to ndextual content? Perceivable(WCAG)

11.DoesMSM provide ways to help users navigate, find contenn Operable(WCAG)

and determine where they are?

The above set of heuristics wdsveloped believing that it is relevant for evaluating MSM.
There might be criticism on the adequacy of the heuristic. However, it was able to identify some
issues on the MSM. Moreover, there is always a possibility of improving heuristics with more

details in other related further studies.

A meeting was set upith one of thedevelopes of MSM So, that he can evaluate the system
with the above set of heuristic¥he author conducted another heuristic evaluation by himself
but left the items om.1.11navigableto the developerFor that reason, it wagnportant to

garner the opinios of real users through the interviews conducted after this stage.

3.1.2 Interviews

As stated earlier, one metlibmay not be enough to complete the evaluation process of a

system. Therefore, it is important to have inputs from users of the system so that the research
findings could be more credible. Therefore, users were selected forstenutured interviews.
Nielsen(1994)explained the interview method as, regardless of potential flaws, as one of the

useful method in evaluative research. Interviewing is one of the suitable method to collect data

to know user opinior(Bryman, 2016)Nielsenused the interview method to learn how using a

webd AGS F2NJ I LISNA2R 27F (A YSNicsdnfldoRsaid dat S NDa A Y LI
AYGSNIBASSGE || NB dzaS¥dxd 6KSy 2yS glyiaa G2 SELX 2
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about a problen after getting informationSeveral methods can be combined for teealuation
and data collectionwhich referredto as datatriangulation methodBegley 1996) This

research also applied data triangulation by combining interviews with heuristic evaluation.

Kahn & Cannell (195dgscribedhe interview method as a discussiorwith adetermination

and they used ifor collectinginformation related to a specific topiteonard(2003)pointed

some drawbacks of face to face interviesigh as, the cost and time associated with travelling
for interviews from place to place and the possible impacig#, gender, facial expressions and
appearance of both interviewer and interviewea the interview process. Online interviews

could resolve those drawbacks and they were the methods used in this research.

hytAyS AYyGSNIBBASsa NB (K2asS WO2yRdzOGSR dzaAy3a
collection of data$almons2014, p.2) Interviewsrequire planning of not only the questions to

ask but also choosing whom to interviéiason, 2017)Interviewees mayind online interview

less tense and more suitable because they can be interviewed at home or at work, in a familiar

environment which would not affect their respons@sruberet al, 2008)

Nielseng N2 GS F O2ftdzvYy Ay wHnnm aFA N ANDZLASS y20/  dzd2l Aoy
view was informed by his experience. He said that users would provide inaccurate feedback

saying what they think the researcher would likek&S F N |'S | f a2 al AR GKIQ
them to remember all their problems with user interfaces. However, Nielsen said that using

user opinions could be more valuable if they are collected after users started using a system

and have a good understamdy of how well it satisfies their needs.

The respondents of this study are users who have already been using MSM. Thathene
good eason ofchoosing thanterview methodwas the fact thathe target group (users of the
systen) are well positioned to identify good and bad aspects of a sydtlar testingor task

based evaluatiots not performed in this research due to the busy schedule of the users of

65 hitps://www.nngroup.com/articles/firstrule-of-usability-dont-listento-users/
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MSMand the geographical distance involved. Five of them were from theé¥leiids whereas
two of them were from NorwayHowever, all the questions asked in the online intervieere

related to the tasks they usually perform.

Thesemistructuredinterview guides were mainly informed by tlset of heuristics developed
for the first part of the study. The main points of the intervieshedule,

1 How easy it is to uskISM?

1 How informative isMSMwith feedbacks as users perform their ta8ks
1 Accessibility features of MSM.
1

What changes they want to see in MSM?

The average duration dfie online interviews were around 20 minutes, varying from
approximately 1&5 minutes. One online interview was interrupted due to some
communication problems and it was conducted on the next day. All the interviews took place
during the office time mosyl around 13:00 in the afternoon. It could be possible that the office

environment might have affected the duration of interviews.

3.1.3 Ethical consideration

Audio recordings were made, and notes were taken during the interviews with the
AYISNIDASoEFaOYy WENDASENDQ ARSYGAGASA | NB | SLI
the study.The respondents were informed about the procedure and assurance was given that
audio recording will be discarded after analysi®wever, privacy is still consideredpantant

and all audio recordings were stored on a separate offline medium. Furthermore, when audio

recordings were transcribed any personally identifiable and sensitive information was left out.

3.2Method of data analysis

Huberman & Miles2002 p.309S ELJ  AYSR GKIF G ljdzZt £t AGEHGASGS RIEGI

detection, and the tasks of defining, categorizing, theorizing, explaining, and mapping are

Fdzy RFYSYyGlrt (2 GKS lFylfeadqQa NRftSéd LYy (GKAA
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analyze the collected data. Thematic analysis is a common qualitatteeadalysis method that
identifies themes within the data. It is a flexible method that provides autonomy to the

researcher to include, discard, and interpret data according to their choice.

Harwood & Garg2003)explained that thematic analysis was first d4e analyze magazines,
articles, and political speeches in theM&ntury. Currently, it is used in several fields such as,
physiology, sociology, journalism and other fiel@deuendorf, 2002)Themain purposeof
thematic analysis is tgaina completeknowledgeof the phenomenaThefindingsof the

analysis are catega@edthat may be used t@areatea model, theoretical map or categoriéSLO

& KYNGA'S, 2008)

Denzin & Lincoln2011)and Silverman(2014)also used qualitative research methods in their
studies.The six steps use to conduct thematic analysis are: drilling data, creating initial codes,
themes are searched, themes are reviewed, defining themes, and creating the®%eport
However,Lazaret al (2017)identified onedrawback of this method of data analysisetresults

are made individually frorthe understanding®f the researcher that may create biagadfair

results

3.2.1 CodingData

In this study, interview data transcriptiomasused to draw out the responses from the
interview participants. Coding eases to arrange interview data and direct us to present the
explanations of it as one qualitative meth@@un & Bach, 2014)mportant data from audio

recording during the interviews were coded and grouped in the same manner as interviews.

3.2.2 Summarizing coded data

Recursive abstraction method is used to break coded data into smaller parts. This process is
performed to remove unnecessary data and make the information easy to analyze
comparing the data using themes and codes, it becomes possible to identifynzatteh in the
RFEGF GKIFG 20KSNB@PakBghormeIS Ayiddii2014 1L AneNdS tife(péoblem

66 hitps://jvrafricagroup.co.za/sisimplestepsto-conducta-thematicanalysis/
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that many researchers mentioned in recursive abstraction is, thaing summarizing data, it is
possible to conclude data poorly, or in a way that is completely different from interviewee point
of view. In this researcltoded data and summary are reviewed more than one time to

maintain the same meaning of the data as intended by the intervien®@ering a sequence of
stepsperformed to analyze data, a matrix containing interview guide and recognized themes by

the researcher was used to position the cod€able 32 provides an example from this matrix.

Table3-2. Selection from the matrix with coded themes and interview responses.

Intervieweesresponse

Themes A B

Navigation 1 Simplify interface. 1 Improve navigation.

91 Accessibility button.

User support 1 Add tutorials. 1 Improve useManual.

After coding data and organizing data arouhdmes thesethemesare grouped into
categoriesThecategorieswvere created in understanding to what were the maiotive for the

rise and propagation of theoncept.The results are presented in tmextchapter.
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4. Results

This chapter presents the findings from data collection and analysis methods used in this study.
First, the results ofieuristic evaluatiorperformed by thedeveloper of MSM anduthor are
presental. Secondthe results of online interviews conducted from the users of MSM followed

by duration ancethical considerationapplied during the intervieware explainedLast, the

results of heuristic evaluations and interviews are summarized.

4.1 Resultsfrom heuristic evaluations

As mentioned, all theelatedguidelines from Nielsensabilityheuristics(NUH), WCAG 2.0
Microsoft, and learnability attribute model (LAM) biRafique et al(2012)are compared with
MSM in this stdyto performheuristic evaluationHowever, all functionalities of MSM are not
evaluatedby the authorsinceK S R 2h&v@ the&odmplete knowledge of those functionalities
and no training were provided by Jotne to learn théfne results oheuristicevaluations
performed by authorland developer of MSMre discussedn subsectionsvith the help of

pictures

4.1.1 Alternative text
Guidelinel.1of WCAG 2.@equires text alternatives for images and graphss identified by
both evaluators thatn MSM, no text alternatives are used for images such as, images used in

user guideandgraphs used to represent models

Figure.4-1. No text alternative example
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4.1.2 Contrast

Guideline 1.8" of WCAG 2.0 require color contrast ratio of at lea&t1 except for large text,
incidental, and logotyperirst, the developer of MSM believe that, it follows standard color
contrast requirement. He said that during the development of MSM accessibilitglned

were not followed. Therefore, it is possible that some pages of MSM might not fulfill the color
contrast requirement of WCAGo0 evaluate whether MSM is compliance with ratié:1 or not,
GKS O02f 2NJ O2yGNFad 27F a{ aQémpéaledtytheYadiof.giby y R
the author. The color contrast used in MSM is compliance with ré&ttol. However, it fails
WCAG AAA for normal text as showrkrigure4-2. MSM color contrast evaluatiolloreover,

MSM does notlo well in terms ofn high contrasasshown inFigure4-3. MSM example of

failing in high color contrasthis finding suggests that this specifigpaf MSM fails WCAG
guideline 1.4.3

Foreground Color Background Color
Contrast Ratio
#18293c | #90AnC1 | T 6 23 1
Lightness Lightness * *
[ S permalink
Normal Text

WCAG AA: Pass
WCAG AAA:  Fail

Large Text
WCAG AA:

WCAG AAA: The five boxing wizards jump quickly.

The five boxing wizards jump quickly.

Figure4-2. MSM color contrast evaluation

87 https://www.w3.0org/TR/UNDERSTANDHMGECAG20/visuahudio-contrast.html
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Import new version of model

Site:

Building:

Discipline:

Lok
Author:
Maodel:
File:

Schema: *

Figure4-3. MSM example of failing in high color contrast

4.1.3 keyboardaccess

Guideline 2.9 of WCAG 2.8tates that a system should allow its users to use all functionalities
of the system through keyboard because there are users, including many older users with
limited fine motor control, who cannot use a mo§3eHeuristicevaluations performed by

author and developer of MSM identified that, MSM does not provide complete keyboard access

to perform all its functionalities.

4.1.4 Assistive technologies support

Principle 4.1° of WCAG 2.0 requires wetsed systems to ensure assisttechnology
support’t. According to ADA section 50&sistivetechnologiesare equipmentQ developed
commerciallywhichis usually used tgrow, sustain, or expand practical competences of
personswith disabilities?. During heuristic evaluations, authosed default windows voice
recognition, screen reader and screen magnifier assistive technolmwye&luate whether
MSM support assistive technologies or nibtwas identified that MSM does not support voice

recognition and screen reader assistive teglogy completely but it only support screen

88 https://www.w3.0org/ TR/IUNDERSTANDHWE AG20/keyboardperation.html
89 hitps://www.w3.org/standards/webdesign/accessibility

70 https://www.w3.org/TR/IUNDERSTANDHWE AG20/ensurgompat.html

L https://www.w3.0rg/ TR/WCAG20/#ensureompat

72 https://www.section508.gov/
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magnifier. Howeverthe developeralsomentioned duringhisheuristic evaluation that MSM

does not support assistive technologi®y using assistive technology, a person who cannot use
a keyboard or mouse due to some impairment will still be able to perform all the functionalities.
i.e. if that person is using voice recognitiomiight bepossible to perform most of the tasks.

During the evaluation, MSM was lacking in this capability.

4.1.5 Resize text
According to WCAG 2.0. Guideline 1.8,4xcept captions and images text, all other text
should be allowed to resize up to 200% without using assistive technology. Dothng

heuristicevaluations it is identified that MSM does not provide that capability.

4.1.6 Error detection and diagnosis

| OO2NRAY3 (2 bAStasSyQa dzloAfAde KSdZNRadGAldax
language precisely indicated the problem, and constructisietizad 3Sa G P The2f dzi A2y ¢
developer said that MSM provides error notification and possible recovery suggestions to the
users. According to him, MSiMformsthe user immediately about the error and the user will

not be able tgproceed tothe next step untithe failed step is recoveredde said that, irsome

tasks the user can go back two or three steps to correct their erboitst is not possible in all

tasks.lt depends on the nature of the taskiSM can identifyhe location of error by providing

an aror messageprovidesimmediatefeedback to the userexcept for some ofhe errorsas

the system is sometimes not capable to identify the errtmghat casethe developersf the

MSMare approachedo solve the problemsThe system also informs thearswhether the task

is completed or failed with a message on screen.

However, theheuristicevaluation made by the author showed some difference from that of the
developer. The author found th&iSMprovides error message but for some tasks, it does not

provide hints on how to recover from the error. As showirigure4-4. MSM notrecommend

73 https://www.w3.0rg/TR2008/REGNVCAG22008121 1/#meaning
74 https://www.nngroup.com/articles/tenrusabilityheuristics/
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possible solution of an errgrthe user has entereatorrect datato import model butMSM
providedonly an error notificationthat import failed.It is identified thatMSMdoesnot
recommend possible solution of an erfar import model section.

 Impart madel

adssd

Designer asda

File dasda Browse
Schema * -
Mapping ’ . -

Import Falled Messages :____r[?_u_rl:_ Canesl

Figure4-4. MSM notrecommendpossible solution of an error

4.1.7 Simple design

In NielserQ @sabilityheuristicsit is statedthat, system should use minimalist design by

removing unnecessary features from the systerRafique et al(2012)mentioned that,
softwareshouldproviderequired time to its users to perforfunctionsor to complete his/her

task Results of both heuristic evaluations recognized that MSM might not be senplegh
because all thdasic and advanced functionalities are together (perhaps it may not be a desired
attribute for MSM and other EDM suite products to have separate simplified and advanced

views).

4.1.8 Info tips
Info tip provides a descriptive pop up message to the sisdrenthey point towardsa labeled

button/icon. Tool tip is a small pop up window occurrence when user points towards an

5 https:// www.nngroup.com/articles/terusability-heuristics/
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unlabeledicon, it labels theunlabeled icon®. Developer of MSM mentioned that MSM
provides info tips to its userglowever,during heuristievaluation by author it is identified that
MSM only provides tool tips for labeled icorisis not helpful for the users of MSahd it

should provide info tips which can help users with descriptive messages. MSM fails to
implement tool tips and info tips according to a definition by Micro§dfecause tool tips are
used for unlabeled icons but in MSM they are used for labeled iiffsrence betweertool

tips andinfo tipsare presented inFigure4-5. Tool tipsexample in MSMand Figure4-6. Info tips
T =
E_:‘ [P TR AP

Login  Change Import  Export
Password Model | Model

General Import/Export

Import Model

example (Microsoft word 201

Figure4-5. Tool tipsexample in MSM.

E -

Insert Design Layout References Mailings

B Calibri (Body) ~[11 ~| A" A7 Aa- f» = - £
Paste = 2 A . - ==

- ' Farmat Painter O & deeaip &= 7 A N —

Clipboard ] Font ]
L Format Painter (Ctrl+Shift+C, Ctrl+Shift=Vv) ' " °* E .
- Like the look of a particular selection? You
- can apply that look to other content in the
document.

To get started:

1. Select content with the formatting you like
2. Click Format Painter

3. Select something else to automatically

apply the formatting

F¥l: To apply the formatting in multiple
places, double-click Format Painter.

- e Tell me more

Figure4-6. Info tips example (Microsoft word 2016)

76 https://msdn.microsoft.com/erus/library/windows/desktop/dn742443(v=vs.85).aspx
T https://msdn.microsoft.com/erus/library/windows/desktop/dn742443(v=vs.85).aspx
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4.1.9 Userguidance

To extentto which asystem provideguidelines or assistance to the user could determine how

well a user carperform his/hertasks(Rafique etal., 2012) Y b A Sf aSy Qa dzal oAf Al
mentioned that,it might be essential toqevide help documentation to the users. However, as

the definition of learnability entails, it would be important to remember that it is better if a

system is designed in such a way where a user can perform certain tasks without the help of
documentationsThe heuristic evaluations by the author and the developer of MSM identified

that MSM includes a documentation where users can get guidelines for performing tasks. The
documentation includes explanations with the help of images. However, video tutorels ar

missing which could have been preferable for some users who could have some disabilities.

4.1.10 Captions
WCAG 2.0 requires captions for all Aextual content including audio. It is identified during
the heuristic evaluations that MSM does not provide caping to any nortextual content. The

developer said that captions feature is not added with MSM.

4.1.11 Navigaion and progress update

Il OO2NRAY3 (G2 bAStasSyQa dzaloAftAde KSdZNRadGAOaxz
confirmation message befothey commit an action. A guideline from WCAG 2.0 require ways
to help users navigate, find content, and determine where the users are in the task. The author
was not capable of comparing this heuristic with MSM due to the lack of knowledge. This
heuristicis only done with MSM by the developer. The developer said that Mi®vVdes

progress updatekeeps the user updated about his/her position in the taakdinforms the

users about the steps that are already performed by the udd&Malsonotifies theuser

about the steps thatire possible to take aftecertainaction. It also provides a notification

about the result of committing an actiorlowever, MSMloes notallow theusersto know

about the sub taskthat can be performed under a specific task because most of them mates

havesub tasks.
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4.2 Results of user interviews

Theother method usedo evaluate learability and accessibility of MSiglonline interviews.To
conduct the interview alist of questiors (Table8-1. Userinterview questiong.were created
according to the guidelines of WCAG 2.0, Niels&inrosoft, andRafique et allnterview results
aredivided into subsections and related questions were grouped together in sections such as,
recognition and recovery from errpnavigable user supportappearanceuser opinionand

awareness

4.2.1 Recognitionof errors andrecovery

The respondents were asked, in the event of errors, whether the system informsaheut

the location and nature of the error and whether it allows them to go back and fix it. All of them

said MSMnforms the use about the occurrence of errorand®2 Say Qi Fft2¢ GKSY
without correcting the error. However, they said that not every time it informs them about the

nature of the error. As shown at section 4.1.6, the heuristic evaluation by the researcher
confirmed that problem! & YSYy(iGA2y SR ORSNBELFNBYOA LI viizydg 27F
aedaidtsSy y263x odzi dzaASNI AYyOSNFI OS FTNASYRtAySaa A

4.2.2 Navigation

In questions related to navigationhé respondents were askedpes MSM provide information
about the location ofiser andcompletion or failure othe task Whetherit predicts the next
possibletaskand allow users to redo or undo actiorfBarticipants mentioned thaMSMnever
provide sufficient information tahe userabout where they are in the tasi®metimes it is
difficult for the users to identify in which specific step they are nimasome conditiongyiISM
provides notification about the succes$ailureof thetask! &8 YSy A2y SR BSM | LI NJ
have a bol box,but its functionalities are not easy to understantt does notallow its userso
know whatis going to happen nexte. providing information to users befocmmmitting an
action. Participants mentioned that it casave users from making too many errargd their

time can be savedihey also mentioned that in some tasks MSM does not allow its users to

redo or undo actions.
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4.2.3 User suppotr

The respondents were asked, in the evenusérsupport, whether they receivedecial

training before using MSM or not. Do they solve issues by getting help from user guide of MSM
or they consult the developers™e participants mentionethat they receivevery less help

from the user guideUser guideis sometimesapproached fobasic functionalitieand it is

difficult to solve major issues using user guitieeyclaimthat it is difficult to learn all the

functionalities ofMSMfrom user guidéecause it i® complex system.

A wser pointed that, MSMhouldprovide a button omoption of dadvanced and basic
functionalitiesfor the ease of useés The one button feature can help novice users to
differentiate between major and minor functionalities of the systéimointerview participans
said that weR A Rrgc@\ieany special @ining to learn the functionalities diSMand it tooka

lot of their time to learn functionalities oMSM. Users of MSMry to resolvethe issues by
themselveausing user guide or interndtut sometimes it is difficult for them to resolve error
then, developers 6MSMare consulted forhelp. All participants mentioned that providirag

step by steputorials canhelp tosolve this issueThe MSM already has included a user guide.
Howeveri KS dzid SNE R2 Yy Q iby-aNBShdaNRorial. (nsektian 411.9 kearistis LJ

evaluations also identified problems regarding video tutorial and simple design.

4.2.4 Appearance

In questions that relates to the appearance of MSM, participants were asked, whether the icons
used in MSM are understandable and theirmpn about the colors used in MSM if they are

user friendly and editable. Thrgaarticipants mentioned that, most of the icons usedvsM

are easy to understand and well positiondhe participant said that,consused in MSMare

not selfexplanatory, ad d¢it does not convey proper message to the useksowever, itsnfo

tip featureis missingand it does not provideomplete descriptiorof the icons The colors, font

size used in MSMre user friendly and most of the users feel comfortable with théns. also
pointed out thatMSMdoes not allow its users to change font size, font color, and background

color according tahe needs of userdAs shown at section 4.1dnd 4.1.8 heuristic evaluation
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by the author of this studglso identified teseproblem.

4.2.5 Useropinion

To provide user opinion and awareness about MSM users were asked, whether they wish to see
any changes in MSNh responsetheysaidthat MSMshould focus on improving its user
friendlinessand usabilityissues User guide should be wated byprovidingtutorialswhich can

explain everything to everyone even the nesgers, it can save time and training co§ine

participant claims thattMSMis capable of quite ahings,but it needs proper on time

maintenance. Interview participantdadvery little knowledge regarding UD, accessibility, and
learnability.According to their knowledge UB mostly related to persons with disabilitieBhe

reason they associate UD with disabilities could be the fact that they are engineers and UD has

become a welknown concept in architecture and facility design.

4.3 Summary

The overallesultsof heuristic evaluations and intervievgbows that the MSM hagualities

such asfeedback mechanisms, error reporting, sekplanatory iconswhich could help the

user to quickly adapt to the system. However, there are areas that require improvement. For
instance, thanfo tips can be fixed to be more descriptive, instead of telling the name of an

icon. The help documentation could be designathwideo tutorials to make it more effective

On the other side, there are important featigmissing which have to be considered for the
next improvement of MSM. For instance, supporting assistive technologies, adding the
possibility to enlarge text to@®% without AT, providing captiomdalternative texts to some

of the features on the interface could be considerations to be made for further improvements.

The results of heuristic evaluation and user interviews identified mostly similar isstMSM
The common identified issues by both methods are presentethinle 41. However, for some
issues it is quite difficult to differentiate whether it is an accessibility issue or learnability issue.

Since, some accessibility guidelines are related/similé&amability such as, sections 3.2 & 3.3
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from WCAG 2.0. It states that web pages should appear in predictable ways and it should help
users to avoid and correct mistakes. Recent literature related to learnability also suggests that
for a learnable systent is required to be easy to learikelp should be provided to users in

finding content, learning the system apérforming other tasksSo, inTable 41, issues are
described according to their types, some issues are not clear whether they are acegssibili

issue or learnability issu@herefore, they are described as accessibility/ learnability issues.
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Table4-1. Issues highlighted by heuristic evaluation and interviews.

Type Issues

Accessibility No alternative text for images

Accessibility No complete access to all functions using keyboard.
Accessibility No access using voice recognition.

Accessibility No complete access usisgreen reader

Accessibility No direct access to featuréaccessibility button)

Accessibilitifearnability

Not efficient navigation.

Accessibility

Not more than one way to perform a task.

Accessibility

System does not allow users to change font color, size, or type

Accessibilitiftearnability

Animation isnot presented in at least one neanimated

presentation mode.

Learnability

No info tips.

Learnabilityaccessibility,

User guide consists vague, no tutorials.

Learnabilityaccessibility]

No captions for nofiextual content.

Learnability/accessibility

User awareness.
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5. Discussion

Accessibilityand learnability of a software are important qualities to make it quickly
understandable by its users and at the same time to extend its usability to people who could
have different types of disabilities. Thissearch aimed to evaluate JoQdSM to see how the
interface is accessible amelrnableto its customers.
Thisstudy thusaimed to answer théollowing researclguestions:

1 What are the learnability and accgbility related problems in MS®1

1 Which learnability and accessibility guidelines are followetip?

1 What can be done to improve learnability and accessibility of MSM and other related

products in architecture and design?

To answer theequestions, two types of data collection methodsre@pplied. The first was

the heuristic evaluatioomethod which utilized list of heuristics developed out of existing
guidelines as well as recommendations from different studies. The researchenard the
developers of the system performed heuristicaduation on MSM. In addition to that online
interviews and email correspondences were made with some of the users of the system. The

findings were analyzed and interpreted through thematic analgsaswer the questions.

5.11dentified problemsin MSM

Thedatacollectedindicated that evaluators and interview participants agoeemost ofthe
identified learnability and accessibilifgroblems The problems identified in this research could
be categorized broadlgs awareness, learnability and accessihilltge purpose of this

categorization is to explain the basis of the barriers, and to suggesssiblesolution.

AwarenessThis studysuggestsi K & G KS 1y2¢f SRIS 2F a{aQa dza SN
universal desigandlearnability is at novice levealeither theyare provided sufficientraining.

However, according to participants universal design and access#rgditymorerelated to

persons with disabilitieand legal obligationg-urther, this study identified that the awareness

of users and devefeer related to accessibility guidelines and legislations are very little. These
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are the major reasons which results into awareness baamet makes it difficult for the
developer to recognize what, when, and where accessibility features should be caubsidées
also suggested to provide learnability and accessibility awareness training to the users of the

system.

Learnability. The learnability problems identified in MSM during this study are mostly similar to
thoseissuegroposed byRafique et al(2012) In their study, they used learnability attribute
model, to compare two websites and determine which one of them is more learnable.
Following are thesimilarlearnability issues identified iMSMduringstudy.

1 Navugability feedback completeness: MSM Does not provide complete navigation
feedback to its useras mentioned in the learnability attribute model system should
provide accurate navigation

1 Predctive information suitabilityMSM Does not inform users abotlite outcome of the
task before committing the task.

 HelpR2 OdzYSyd I LIINBLINREFGSySaay af{aQa dzaSNJ Idz
the system. No video tutorial provided to its usdise users need for a stepy-step
tutorial would suggest the nekof adding video tutorials

1 System warning approteness: The users are not warned before performing a task or

committing a mistake.

Accessibility In this research it is concluded th&1SM does not provide complete accessible
system to its users. However, study conducBadgstahler et ali2004)identified similar
accessibilityssuedn Ul of Microsoft windows. They identified pieimsrelated tonavigation,
support of assistive technologies, and othefkeidentified problemsin MSMduring this study
are:

1 Does not allovall functionalitiesto be accessettom keyboard.

1 Does not povide ways to help users navigate, find contemd determine

where they are.

1 Does not lelp users avoid and correct mistakes.
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1 MSM is not completely compatibigith assistive technologiesuch as, voice
recognition, and screen reader.

1 Not sufficient help is provided to understand the system.

1 Caption &ailability: No captions are provided due to which disabled users may

suffer.

In order to make an even more direct comparison, Niefdamability heuristicand WCAG 278
guidelinesare approachedThis research suggests that, MSM is not completely cantphath
WCAG 2.0. Some functionalities of MSM evaluated during this research does not follow
guidelines of WCAG 2.0. However, it is known that WCAG mainly focuses on web content, but
still similar functionalities of software may also follow them. i.eemative text, keyboard

access, and others. It can be concluded that MSM does not fulfill the requirement of G&PD

Universally designed system

In Nielserf®&usability heuristicsit is required that system should provide freedomit®users,
becausehey often perform actionsmistakenly and might need to redo the actioor exit i
MSM does not allow its users to undo or reglctions in soméasks andusers must go through
a dialogue after committing a mistakiklSMis a complex systemndusers might require
regularhelp. However, the help documentation of MSM does not provide any tutorial to its
users. Its user guide has vaguad it need an update with the inclusion of video tutoridis
usability heuristics by Nielsen, system shouldvie complete information of its functionalities

to its users.

8 https://www.nngroup.com/articles/terusabilityheuristics/

7 https://www.w3.org/ TR/IWCAG20/

80 https://www.un.org/development/desa/disabilities/conventicon-the-rights-of-personswith-
disabilities/article2-definitions.html

81 https://www.nngroup.com/aticles/ten-usability-heuristics/

82 hitps://www.nngroup.com/articles/terusability-heuristics/
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5.2Learnability and accessibility guidelines followed B4SM

This study, in combination with previous research, identified ¥&Mis notcompletely
compatiblewith basiclearnability andaccessibilitystandardssuch as: Nielsen usability

heuristics learnability attribute modelWCAG 2.0, and US access board section 508. Therefore,
it shows thatMSMdo not completely follow learnability araccessibility guidelines, by not
providing assistivéechnology support in the system, shortcuts, ancho complete key board

access to its users.

The developer of MSMIso mentioned that during the developmeot the system no

learnability andaccessibility guidelines were followed. Standard software development
procedure wagollowed,and no testing related to learnability and accessibility was performed.
The documentation oMSMdoes not provide any relevant information regarding learnability

and accessibilitgupport It has no information of using the system for persons with disabilities.

5.3What can be done to Improv&SMand other related systen®

The need of institutional policy to consider accessibility and learnability (or in general UD)
during further improvements of MSMBuild on the heuristic set used in this paper or modify

other available guidelines according to the nature of the software, to create accessible systems.
Add accessibility button as part of the toolbox or add it in sather way. Users who have
problems with color contrast or other accessibility issues can opt to use the tools to change the
appearance of the interface to what they wain example of accessibility button is shown in

Figure 5-1. Direct access to accessibility featu(asspirg.

Moreover,it is important tofollow all theusabilityguidelines, principledegislationsand

standards set by international organizatiosst, before implementing a new design, testing
mustbe performed on the old design and good features of the system should be kept. Second,
systemshould be compared to othexrompetitive designs and create new prototypes of new
design and evaluate themfter evaluation of prototypes compare the best prototype with the

usability (learnability and accessibilitwiidelines and principletastly, design must be tested
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at least once before implementatioit.is necessary to include the users of MSM durimg t

design phase of new versigrto know what is missing in the existing system.

——————

......

Accessibility Menu. Select a profile
from the ‘List of profiles' or define
your settings.

List of Profiles

Screen Reader
Keyboard Navigation
Color Contrast
Monochromatic Colors

Text Color Contrast

Block Blinking

Help

Define your Settings

Feedback
Accessibility Statement

Turn off Accessibility

Powered by Userist
=3

Figure.5-1. Direct access to accessibility featufasspird?).

83 https://inspira.un.org/psp/PUNAL1J/?cmd=login&language Cd=ENG&
74



6. Conclusiormandfuture work

Importanceof learnability and acessibilityin the field of ICT igresented in this researclit is
identified that, MSMand otherproductscanincrease their userbaday following principles,
guidelines)egislationsand standards set by organizations fearnable and accessésystems
This study useBISMas a case study tgaininformation on the relationship betweebl,
learnability, and accessibility. Further, this research attempt to explain the redsdmisdthe
occurrenceof these barrierdetween usesand MSM Lastly it is assessed holearnability and

accessibility effect the system and iilsplementationcan change user interactiomith system

This research had three main aims: to idenkdgrnability and accessibility relatgaoblemsin
MSM To investigatevhichlearnability and accessibiliuidelines were followed during the
development of MSMLastlyhow to improve learnability and accessibility of M8kt related
products All threeresearch questions were answered during this study memdmmendations

are suggestedor improvements of MSM

During this study, date collectedrom the users and developer 8SMthroughonline
interviews ancdheuristic evaluationlt helpedto identify major issueshat exissin MSM. The
issuegdentified in this researclvere categorizedas awareness, learnability and accessibility.
This categorization is to explain inability of MSM to achieve learnability, accessibility and to
provide possible solutions. The findings and recommendations sfésiearch can be applied

to other productsA ®S® ¢gSo60aAiSa yR az2F0s6l NBEQao

Using the findings, this researphovides authentic recommendations to MSM to become a

learnable and accessible systeltnis suggested that changes in organizational routinektie

should be considered. Users of MSM must be involved in the design phase of next version of

MSM because user awareness is an important aspect which is identified during this research.
Information related to learnability and accessibility mustbe ®&vS R (G2 GKS RSOSft 2 L
and users. System and user interaction also depends upon the level of user awareness regarding

an issue. Guidelines and legislations related to learnability and accessibility must be
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implemented to solve problems such as, natign, user assistance, assistive technology
support, and othersTo accomplish completely accessible system in an organization it is
important to provide sufficient awareness to the employees and the users about guidelines and

legislations.

Other recommadation to be considered ihe addtion of image descriptionn MSM although

first step can behe addition of alternative text by the developer to existing images or graphs.
Second step might be providing a functionality to the users of MSM to incltelaative text

for images and graphs. It is necessary that users add sufficient information in text description to
convey the meaning of the image to the readers with impairments. It is important to provide
complete information in the text description bagse it can change the meaning of the image

specially for assistive technology users

This researcidentified that the color scheme for main menu comply with WCAG guideline

1.4.3. However, it provides insufficient output between foreground and backgtauhigh

contrast settingsTo achieve sufficient contrast to comply with WCAG guideline 1.4.3ldhe

colors should be altered to colors that comply with WCAG guideline 1.4.3. WCAG guideline 2.1.1
require all systems to enable users with or with@sBstive technologiego identify anduse all
functionalities of the system with keyboard. This study recognized that MSM does not provide
access to all its functionalities using a keyboard. It is recommended to add this feature to

benefit users with diffeznt forms of disabilities specially those who are unable to use mouse.

MSM does not support voice recognition and screen reader (narrator) efficiently. It is
recommended that MSM should focus on providing sufficient support for assistive technologies
because users including, persons with disabilities use these technologies to perform their tasks.
This study also suggests that in some cases MSM provide insufficient information to the users
when error is occurredsshown inFigure4-4. MSM notrecommendpossible solution of an

error. It is recommended that a simple error and recovery description should be provided to the
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users. It should support assistive technology such as, screen reader. So, that all users including

persons with disabilities can also recover from an error situation easily.

It is recommended to provide training about all the functionalities of MSM. If training is not
possible due to long distances and other issues, video tutorials with captions munstlioeeid

in the user guide of MSM. Captions are necessary because persons with hearing impairments
can encounter problems while learning from the tutorials and they can feel discriminated. Info
tips for every icon must be descriptive. MSM provides toolfipscons but they should be used

for unlabeled icons. However, the icons used in MSM are labeled so, they should use info tips to

convey complete information about an icon to a user.

As this study has identified a set of obstructive factorduture wak user testing could be
consideredo gather data related to more in depth functionalities of MSM. Further studies
might help todiscoverthoseaspectof MSMrelated to learnability and accessibilifyat are

not cleared during this study.
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