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Abstract

The article discusses the evaluation of usabilitgralogue tourist maps based on the model. Theo&im
the paper is to design a model and to use this hfodanalogue tourist maps usability evaluatioor F
usability evaluation the modified NGOMSL model tigtised in software engineering branch is chosen.
This model serves to predict the execution timeheftypical commands that end user has to accomplis
Validation of the suggested model was conductedthen base of user testing that was conducted
simultaneously.

Keywords: cartography, maps usability, evaluation of usghiNGOMSL

I ntroduction

All spheres of human life are influenced by thealepment of information technology. Cartography has
not escaped from this trend. Currently, a lot opmare increasingly implemented in a digital eladt
form. Their advantage is the fact that these mapsbe accessed online, since most mobile phones or
similar devices allow access to the requested rapsgh the internet. Moreover, they allow you italf
paths between desired points and other facilitese, these advantages are attractive for the seis,u
but despite this, we can say analogue maps agdoeable in some situations. Analogue maps are not
dependent on the internet connection and an ersogsce. Therefore, analogue maps can be used in
places where other devices would not be functi@mal for a time that is not limited. Therefore, st i
necessary the user can rely on these maps, amdheir using the users have not problems. Fer thi
reason analogue map should be evaluated from #iilitss point of view. There are a big amount of
methods in software engineering branch that camsled for usability testing. They differ in data smmI—
data sources can be an end user, an expert or @.n@ek of the methods group used for evaluation of
usability is methods based on analytical modelss Hecessary to note, that this method group tenof
neglected. These methods are based on an anafysis analytical model that is used for usability
predicting. By the evaluation of analogue tourisips usability through analytical modelling can be
obtained, inter alia, the time required to perfdire specified operations before it is tested in riwed
word. Achieved results could be used as the idda@owaf much time you need to perform the operations
on the map. An analytical modelling method can &lsased to predict problems concerning usabllity.
seems useful to apply these methods to analogus,mlipough at this time these methods are mostly
used when developing computer software.

Existing methods of analogue maps evaluation
The main goal of the maps creation is to creath-higality cartographic product to successfully dtap

to use maps in a practice. In order to achieve gbil, various evaluation methods are used for map
products. The using of a concrete method dependh®mway they were created and depends on the
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purpose of conducted examination (Veverka and Z&n@008 or VoZenilek and Kak, 2011). The
main objective of maps evaluation according tmpek (1992) is to accomplish the optimal levelhsfits
properties, quality and fithess for a particulargmse. Firstly, it is necessary to define a hidrarof
quality indicators for map products, which are eeséd. The main requirements can be defined by a
various ways. According to Veverka and Zimova (20@8&an be classified as priority a geometrical
precision of a map, which is used for surveyingpoges. Another priority may be map’s detail. A map
should be also explanatory, especially if it is @ndesigned for orientation in the field.

Usability and its evaluation

There exist a lot of definitions of the usabilitynrzept and usability evaluation. According to Neelsind
Mack (1994), the term usability evaluation is uguaked for a set of methods based on experimeitis w
participants that have to check or verify the uigbaspects in a way to satisfy all the needs and
requirements of really end users. Definition adoug to Steve Krug says that "the usability reatigans
making sure that something works well and thatatherage person (or even mediocre) with the common
capabilities and experience could use some thifge{{wer it's a website, a combat fighter or rotargrd)

for its intended purpose without becoming hopelefisistrated” (Tullis and Albet, 2008). All the @th
definitions of usability have similar sense inchglia user experience with a product, system orrothe
things (Tullis and Albet, 2008). The usability efformation systems supports management of business
processes in company. According to Simonova (20i2)agement of business processes significantly
helps to fulfil business goals.

It discloses a large number of methods for usgbéitaluation. For example, these methods can be
distinguished according to the data source, wrgalsied for usability evaluation. These methoduuote!
(Nielsen, 1993 or Scholtz, 2014) methods basedsem usability testing, usability evaluation methods
involving experts’ opinions in usability evaluati@md usability evaluation methods based on analytic
models.

Existing usability evaluation methods based on models

Usability evaluation methods based on analyticallel®are based on the creation of an analyticalemod
which is used for predicting of usability of a useterface before usability testing with real ersrs is
conducted. These methods of usability evaluatiemat too much paid attention.

Among the best-known method based on analyticaletsadle can note (lvory, 2014):

« GOMS analysis (Goals, Operators, Methods, and Seterules), which predicts the execution
time and learning time,

« Knowledge Analysis, which deals with the predictafraptitude,

« Design Analysis, which assesses the complexithefesign,

¢ UIDE analysis (User Interface Design Environmeigt)based on an analysis of GOMS within
UIDE,

¢ Cognitive Task Analysis, its main essence is theigation of problems with usability,

e Task-Environment Analysis, assesses the mappingaftasks goals in the user interface.

As it was said, the analytical modelling is a sktrethods that are used to predict usability ofruse
interface. Feedback of this forecast can be usékinlesign stage for selecting from various adtéves
and in system performance assessment.

Unlike other evaluation methods the analytical nllotlpis less expensive and it requires less tifirtee

disadvantage of these methods is less reliablgoposite with methods that use real end users (Jvory
2014). Within analytical modelling mathematical logical relationships describing how the system
works are used. Analytical modelling methods alan be classified according to whether they support
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automation or not. Group of automated analyticadetiing techniques includes the GOMS analysis

UIDE analysis, cognitive tasks analysis, programimaiser models. Group of non-automated analytical

modelling techniques includes task environmentyais| knowledge and design analysis (Ivory, 2014).

According to the purpose of the modelling methdussé methods can be divided into four groups (De

Haan et al, 1991):

« task environment analysis models — these methodsbased on the modelling focused on the
characteristics that lead to the goals of the wéthin the user interface. Between these modelsave
include Task Internal External-Mapping,

« user knowledge analysis models — analysis and septation of knowledge that are used in the user
interface. This group includes Action Language greanand Task-Action Grammar,

« user performance models — these methods focusambesavior and analyze, describe and predict a
time to complete the task. The user performanceefscte GOMS analysis, Cognitive Task Analysis
and User Programmable Models,

« user interface models — the aim of these modedis Bovide to users full privileges in the use loé t
virtual machine and the ability to present the usterface in multiple levels of abstraction. Betmne
these models are Command Language Grammar anddextdask-Action Grammar.

GOMS model

Goals, Operators, Methods, and Selection rules M{@&@MS in short) is used to analyze the knowledge
leading to the successful completion of the tagkabse it focuses on the user experience. We auhlyz
the goals indicating the intention of the user.tik@imore, operators towards achieving the objestive
methods consisting of sequences of operators,rigatdi the completion of the intention and selection
rules for selecting an appropriate method for enguthe achievement of the objectives (Oyewole and
Haight, 2010). GOMS model is used to predict theetithat is necessary to perform a task and learning
through automation. The automation focuses on pedace and enables a quantitative analysis, whkich i
not too difficult to automate. This model is inckelamong the analytical modelling methods based on
model of human processor (Model Human Processoeoahich is very effective at problems related
to usability predicting. GOMS model is ranked amamglytic modelling approaches. These are mostly
used even if it is used by only one user model irequa clear definition of tasks. (Ilvory, 2014 or
Oyewole and Haight, 2010) GOMS models can be basethe type divided by Oyewole and Haight
(2010) as follows:

Keystroke-Level Model (KLM) is considered one okthimplest models, which is used to predict the
soundness and time for expert performance.

Card, Moran and Newell GOMS (CMN-GOMS) is the anagiformulation of GOMS-based architecture
including goal, operators, methods and selectidesrurasks can be entered here in pseudocode, which
leads to subsequent adjustments to avoid syntal G@MS method can be used as supporting material
in formulating the selection rules.

Natural GOMS Language (NGOMSL) is formed by a siengtructure of GOMS rules so that it is not too
difficult for the user and it also achieves theidgsperformance and the flexibility of the corresding
standard traditional technique GOMS. Among the athges of the NGOMSL method we can note an
estimate of operating time and the time neededamlthe system.

Cognitive Perceptual Model GOMS (CPM-GOMS) is usedase of division of roles on perceptual or

motoric level. The tasks are arranged in a rowuaiike other models it can detect overlapping tabks
are performed simultaneously and thus reduce tiraaed time of completion.
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GOMS model can be according to De Haan et al (188&3 e. g. for modifying of the text user inteefac
where the goals are defined by a task at diffderels. Firstly, general objective formed of seVer-
objectives is set. Sub-objectives can be regardetbmmands of the computer system which are further
divided. At the moment when operators or basic grt@l, motoric, or cognitive task can be used for
their solving, partition is broken down at the efidhe level, in which the operators are defined, is
necessary for the prediction of time to performtidek. It is obtained by adding the times for whicly

are executed elementary operations of a model.€Ttas include pressing or making of a selection.

Case study

The main goal of the maps creation is to creath-higality cartographic product to successfully dtap

to use maps in a practice. In order to achieve gbil, various evaluation methods are used for map
products. The using of a concrete method dependhenvay they were created and depends on the
purpose of conducted examination (Veverka and Z&am@&008 or VoZenilek and Kak, 2011). The
main objective of maps evaluation according apek (1992) is to accomplish the optimal leveltaits
properties, quality and fitness for a particulargmse. Firstly, it is necessary to define a hidrarof
quality indicators for map products, which are ee#td. The main requirements can be defined by a
various ways. According to Veverka and Zimova (20@8&an be classified as priority a geometrical
precision of a map, which is used for surveyingpoges. Another priority may be map’s detail. A map
should be also explanatory, especially if it is @ndesigned for orientation in the field.

Goal of evaluation

The aim of the evaluation of usability based onrtiwlel is the prediction of necessary time to catepl
the various tasks performed when working with agaéotourist map (lvory, 2014, Oyewole and Haight,
2010).

Subject of evaluation

Subject of evaluation are operations done on analdgurist map that are made on the basis of firmly
defined steps. Tourist maps are among the mosbiéeglmaps used by a public. By the help of the
designed model it is possible to determine the tivhéch is necessary for completion of the operation
while working with the map.

Subject of testing

There are a large number of maps, which can beifiks on the base of various aspects. The attiibée
refers to the fact that as the subject of testimg@gue tourist maps were selected. They have aumed
scale ranging up to 1 : 50 000. The tested maparatgue in its nature. It is a form of recordieglity

in the form of the classic "paper" maps. Tourispmaere chosen for testing because they are thaoght
be among one of the most popular maps. In such ,maps necessary quality design, which has
predictive value whether a given user will be widjito use the map or not.

For testing comparable products that meet certataria - similar to the display area, scale, yeér
publication, map orientation, etc., were chosemdtetely, for testing three tourists analogue nfeqs
leading publishers of cartographic products in@zech Republic. Geodésie On Line, spol. s r. scale

1: 25 000, Klukteskych turist 1 : 50 000 and SHOCart s. r. 0. 1 : 40 000 werseh. Tested tourist
maps show the area Ralska pahorkatina (Ralsko dpladl selected maps mainly consist of the same
territory and are the up to date (issued at thesstah 2011).
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Choosing an appropriate model

The subjects of evaluation are analogue touristsmahese maps are important for how long a user is
able to search assignments tasks on a map. Forghsen, it is essential to choose the method that
focuses on the analysis of completion time. Amdrgrethods belonging to this group GOMS analysis,

cognitive tasks analysis and programmable user himeleng. These methods fall into the category of

user performance models that focus on the behatitre user and for completing the task (Ivory, 201

After detailed examination of these methods GOM&lyais (specifically NGOMSL model) was chosen.
This model predicts predict the time required tofgren the task completion. NGOMSL model is based
on a simple structure of GOMS rules, which is mat tomplicated for the user. This model was chosen
primarily because it is among the most acceptetyaea methods to create the model that correspond
to the desired structure of tasks (Oyewole and taip10).

NGOMSL model design

NGOMSL model is based on a detailed breakdownetdp-level goals on methods and operators. Their
fulfilment leads to successful goal achievement Tiethods consist of the steps, which are arramged
ascending order below. Each method can take areiiffenumber of steps. Individual steps include
operators, which are assigned a fixed amount of.tinGOMSL model is thus composed of top-level
goals, methods and steps with operators. These iseenreferred to as commands. Their total nunsber i
used in calculating the time NGOMSL commands. (&ee Koubek, 2011)

Procedure for construction of a NGOMSL model (Led Koubek, 2011)
« choose the highest level of user goals and methods,
« perform the following recursive procedure - suggesthods to achieve each goal, check the
consistency and move to a lower level of analysis,
« check decisions and assumptions,
e to complete the analysis.

Firstly, when constructing a NGOMSL model it wagabtished 13 goals at the highest levels (e.g.
Unpacking maps and preparation for a work, oriémain a map list, locate the desired targets etc.)
Subsequently methods to achieve individual goaltschvare composed of different steps, were designed
In these steps, it appears a total of 18 oper#tatsare listed in the following table (see Tabje 1

Table 1. Operators used in methods defined to aelgeals

Operator Description
Unpack Unpacking of a map product from the cover.
Unfold Map product layout.
Verify Verification that the revious steps were performed prope
Identify Identify the item on the map prodt
Locate Find the village on the map.
Indicate Mark the position of the water surface.
Show Point to a river flowing through the municipal
Speak Say the name the specified objec
Find Locate the symbol of the object in the leg
Set Determine the location of the object.
Allocate Define the railway route, which is locditeetween two points.
Define Define colour tint of hiking paths betwe®mtpoints.
Learn Find out which shortest hiking trail is locatedweén two point:
Calculate Calculate the length of specified rontkem.
Look at Find out where on the map geographic doatds are located.
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Express Express latitude or the length of the site.
Tell Tell altitude, which is determined by the dlije
Estimate Estimate the distance between two paintsni.

Furthermore, all decisions and assumptions reldtinigdividual targets were checked. For this psgo
the operator "verify" that is part of each objeetiwas used. Finally, an analysis revealing conpieti
objectives was conducted. Part of the NGOMSL méaishown in the following figure (see Fig 1).

NGOM SL commands

Method: Unpacking map and its preparation for-fidtiged work
Step 1. Unpack the map from the pack

Step 2. Unfold the map and have it ready for full-fledged work
Step 3. Verify that the map is ready for full-fledged work
Step 4. Report on goals completion

Method: Orientation in the map list

Step 1. Identify the map name

Step 2. Identify the numerical scale

Step 3. I dentify the graphic scale

Step 4. I dentify the legend

Step 5. I dentify the overview map

Step 6. I dentify the year of map publication

Step 7. Verify that items mapping product designed correctly
Step 8. Report on goals completion

Fig 1. Part of the NGOMSL model

Time defining in NGOMSL model

Usability evaluation based on the model is gengradked mainly in the software development. Defomiti
of basic operators’ times in this case accordin@&od et al (1983) is determined on the basis atex
measurements. For example, the defined value 8ffor2he keypress, 0.1 to press and release thseno
button, 1.1 for mouse movement etc. (Card et 8831.9To use the NGOMSL model for analogue map
have not been set times basic operators yet. Basdierature the most accurate values are gotrby a
empirical investigation. In this study two methatisre tested. Firstly, the times were determinedhen
basis of a questionnaire and secondly the methateimining the base times of the operators based
the exact measurements was conducted. With helfhisfmethod exact time at which participants
performed various subtasks was measured.

Survey

To establish the times of operators, a survey wasducted. This research was attended by 104
respondents. The group of respondents was compdggistudents from the Faculty of Economics and
Administration, University of Pardubice, 6 partiaigs who were involved in user testing and two
employees of the University of Pardubice. The qaestire was created through Google Forms and was
composed of 25 questions, with 23 questions abauking with maps, where respondents estimated
duration of the task (in seconds). Before begintimgquestionnaire they were shown a paper mapto b
familiar with the various tasks related to the wavith a map that displays unfamiliar territory with
unknown villages, rivers and other sought aftetuess.
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Calculation of times necessary to complete the task in NGOM SL model

From a statistical set, which was obtained by thestjonnaire survey, they were determined indiidua
values operators. These operators were determméoeaaverage of all values of a given operatoe Th
resulting operators times are given in the follayviable (see Table 2).

Table 2: Operators times established on the bésisraey

Operator Time[g
Unpack 6.8¢
Unfold 16.1:
Verify 12.3¢
Identify 12.7¢
Locate 32.4:
Indicate 16.3¢
Show 16.1(
Speak 5.2¢
Find 17.21]
Set 26.5¢
Allocate 34.2¢
Define 19.5¢
Learn 41.9:
Calculate 71.5¢
Look at 33.5¢
Express 49.0¢
Tell 56.9(
Estimate 47 .5

After determining of individual operator times # possible to calculate the time that is necesgary
accomplish each task and the total execution tifitee of execution of all commands in the created
model, according to Helander (1988) is determingthk following formula:

Execution time = NGOMSL command time + Basic opmiatime + Time of mental operators + System
response time

where:

*« NGOMSL command time — number of NGOMSL commandstiplied by the 0.1 sec,
< Basic operators time — the sum of basic operators,

¢ Time of mental operators — the sum of mental opesalefined by an analyst,

« System response time — total time of user inagtivit

Substituting the appropriate values into the foanabove, it was found that the time necessary to
perform the operations carried out on the analagap that are listed in the scenario, is 26 minukes.
values of operators set by questionnaire are oltezdla This is probably due to a distorted ideahsf t
duration of the various activities carried out be thap, because here the respondents stated balsed

on estimates rather than experience.
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Exact measurement

Because previous questionnaire survey set valuepearators that have been greatly overestimatedt, an
therefore did not give an optimal result, it wagdigprecise measurements to determine the times of
operators. Accurate measurement of the times dérdifit activities was conducted in an experiment
when 6 participants worked with the analogue ma&ps. participants performed the same tasks that were
itemized in detail and assigned to them relevaetratprs. Time of the task in this case includesgyv
times, which were measured separately. Each paatitiperformed the task using three scenarios and
three different map products. Using this principleas obtained 18 measurements used to calcuiate t
times of individual operators.

Calculation times needed to complete the task model NGOM SL

From the values obtained from measurements thesalfioperators were determined. They were, as in
the case of a questionnaire survey, determineldeaaverage value of all the values appropriatbab t
operator. The resulting time operators are givethénfollowing table (see Table 3).

Table 3: Operators’ times set by measuring

Operator Time[s]
Unpack 1.9t
Unfold 14.0;
Verify 3.5(C
Identify 5.6t
Locate 12.7(¢
Indicate 13.8:
Show 3.5¢€
Speak 4.5¢
Find 14.91]
Set 14.7:
Allocate 16.6¢
Define 12.5¢
Learn 7.7¢€
Calculate 26.0%
Look at 3.5¢
Express 18.1¢
Tell 18.0z
Estimate 20.0:

After the exact times of individual operators detiing it is possible to calculate the executiand;j
which is necessary to execute all commands listethé NGOMSL model. This calculation is made
based on the formula above. After performing thieration, it is found that the time necessary to
perform the specified tasks on the map by an exaetsurement is 12 minutes.

Model evaluation

The evaluation of the model was carried out by cammg the time necessary to execute commands
contained in the NGOMSL model and using the abokecquures. Firstly operators’ times were
compared to the time obtained by questionnaireeguand the exact measurements. They are listdgin t
following diagram (see Fig 2)
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Operators' times

Estimatee
Tell
Express
Look at
Calculate
Learn
Define
Allocate
Set
Find
Speak
Show
Indicate
Locate
Identify
Verify
Unfold
Unack

75 €0 45 30 15 0 15 30 45 60 75

|Questionare  Time[s]  Exact measurement |

Fig 2. Operators’ times set by both methods

The figure above shows that almost all operatams$ obtained by exact measurements are seveks tim
smaller in comparison with the times obtained frqoestionnaires. This is due to the vagueness of
guestions in the survey. Respondents estimatee weitlhout trying of tasks and their idea about risal
duration of individual operations was greatly ditdd. It negatively affected the times of indivitlua
operators.

Make it clear whether it has achieved the fair galwf the times necessary to complete the task by
questionnaires or by exact measurements, thesentetbods were compared with the durations of
individual tasks identified by the realized usestiteg. This testing was performed with six partaifs in

a simple test room. Some tasks times identifiedumstionnaires much higher in comparison with v&lue
measured by user testing. Especially the operakocate, delimit, determine, estimate, expressindef
and calculate.

Times detected by exact measurement and by aesterg give similar results. Based on the compariso
above, we can say that it is preferable to detegrttie times of operators by using of exact measemem
method. This method gives minimal deviation of eslin comparison with user testing method.

Conclusion

Each product and service must meet certain paraspethich ensure user satisfaction in their use. Fo
this purpose, manufacturers or service providessthavalidate their usability, which is carried oot
interaction with the user. In the case of analoguags it can be tested usability to identify thebilgs
undesirable problems encountered in working withilep or estimation of time that a user must spend
working with the map. Elimination of usability prigms is very important as it desired product become
easy to use product that meets the needs of users.

The aim of the artic it was to design and to vdkdasability testing and evaluation based on aitallyt
mode and to validate this model in a case studynvtheee analogue maps are evaluated by this model.
For evaluating of the usability the NGOMSL modelswdnosen. This model serves to predict the time of
execution of all commands contained in the model.
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The method of user testing was performed on thredogue tourist maps from leading publishers of
cartographic products in the Czech Republic: Geieden Line, spol. s r. 0. 1 : 25 000, Kldbskych
turisti in a scale of 1 : 50 000 and SHOCart s. r. ocadesl : 40 000. These products show the same area
and have similar characteristics.

For the chosen model it was conducted setting efaiprs’ times by two methods. Firstly they were
determined on the base of the survey, which wasné#id by 104 respondents. These were mainly
students of the Faculty of Economics and Adminiigira University of Pardubice. This method proved
to be an unsuitable. Times of individual operateese overvalued. For this reason, a different nobtho
was used for determination of operators’ times,clwhis based on exact measurements. There was
measured the exact time at which participants peéd various subtasks. Measurements were performed
on six participants; each participant performed tih&k using three scenarios and three different map
products. Using this principle was obtained 18 meaments used to calculate the times of individual
operators.

As the benefit of the article it can be considesetcessful application of analytical modelling for
analogue maps, since this method has been maiatyinscomputer software so far.
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