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CHAPTER |

INTRODUCTION

1.1 Motivation and Problem Description

In Thailand, there are many kinds of Automated Teller Machine (ATM)
which continuously increase corresponding to increasing population and economic
growth. ATM interfaces play the important role which directly effect to ATM users. Most
of the ATM interfaces have the large number of services serving the needs of the
relevant users, where each service containSemany of processes. Consequently, an
easily use ATM interface-design-to for the users-is-the difficult to attain. Other reasons
which can also make the desigh hard are as follows: 1) the users have different attitudes
and experiences in using@ATM bankin@. 2) The users are dissimilar in ages and
genders. 3) The users have different'education levels. 4) The most important reason is
that illiterate users, who Jack sufficient?regding skill ‘and familiar technology, are
unpractical to use ATM banking. Desig;ﬁ_ing ATM interface according to Human-
Computer Interface (HCI) stand-anré IS siéjé__ijié:ant for enhancing the quality of the
interface that can improve users’satisfaction. ;_g:,a

This thesis describes a the pi"_ogosed design menu structure of seven

frequent tasks of AT banking service by modifying from _th‘:e_existing ATM interface and

developing to fit with the five main occupations in Thailand”.l The proposed interface is

created to compare with existing ATM interface.

1.2 The Objective of Research

In“this thesis, designing the proposed interface for ATM banking services
aims tossuit main oecupations’in Thailand ‘which are students, employees, government
and state enterprises officers, agriculturists, and merchants. Each group has dissimilar
capability for using ATMs. Furthermore, the users who are in the same group may have
the different potentials. One issue is to compare main function of existing ATM interfaces
among banks in Thailand. The advantages and disadvantages of these interfaces from
this comparison are applied for improving the proposed ATM interface design.

Moreover, Human-Computer interface (HCI) principles [1] are used for designing of the



proposed interface whilst usability criteria [2], [3] are employed for evaluating that

interface.

1.3 The Scope of Study

There are many occupations that are the bank’s users. It is impractical
that the users of the all occupations are employed in experiment. Hence, only five ones
are chosen for our study which is students, employees, government and state
enterprises officers and agriculturists, Various tasks of ATM banking services emerge to
serve the needs of various users. Nonetheless,.seven main tasks are considered for
proposed research methodology.in the experiment, it is impractical that the participants
take the transactions threugh actual ATM servers. Thus, a simulator is developed and
applied for testing under real environmentl. In this study, the real environment means that

the processes and tasks demonstrated in the simulation is related to the actual

processes and tasks callected from arealsituation survey.

/
1.4  Expected Outcomes - _
The expected outcomes fdlfjf_(r_]is study are to create a set of various
problems of using ATM banking-sérvices aﬂ_dtb notify that it is not difficult to take a

complicated ATM banking service. -One of the vital outcomes is to gain a proposed

prototype of usability;ioi AIM_services.which_obiained.#rem the study, namely, the

advantages and disédvantages of the existing version of baaking services.

1.5 The Benefits of Research

The benefits of this research will be as follows: 1) Designers can develop
the ATM interface according to theguggestion and methodologyste provide the ATM
bankingisystem foreasy lusage land satisfy the users’ need. ' 2)\The proposed ATM
interface "‘can help illiterate, semi-illiterate, and literate users who are not familiar with
technology to operate and use ATM servers more quickly. 3) Less time consuming.

This thesis proposes a menu structure of the proposed design of ATM
interface for ATM banking services. Chapter Il provides related works, the proposed
methodology, experiment designs, and the details of related theory such as usability

and human-computer interaction (HCI) criteria. Chapter Il discusses the usability testing



of this study. The experiment results and discussion are given in Chapter IV. Chapter V

points to conclusion and future works.

AULINENINYINT
IR TN TN



CHAPTER I

RELATED WORKS, PRINCIPLES OF EXPERIMENTAL EVALUATION

2.1 Related Works

Many existing researches study on an interface that accommodates the
needs of old adults. The study takes the cognitive and physical abilities of older adults
into account, which modifies ATM system only cash withdrawal and transfer functions
based on the task demands and needs [4] /Another study analyzes at the attitudes
towards ATM and alternative. ATM interfaces (@ speech-based interface and an icon-
based interface), which comparisons are made-between the semi-literate and literate
groups on ATM usage, general attitudes towards ATMs, ATM problems, attitudes
towards a speech-based ATM alterpative interface and attitudes towards an icon-based
alternative ATM interface f5]./This study describes the various user-centered design
techniques to involve futurg use of ATM f({r illiterate persons, and reports the results of
applying the techniques to @ group-of si;*_DutCh functional illiterate persons [6]. This
study describes an overview of thé usercen:[re[ed work-focused biometric verification of
the ATM user interface. Both'qualitative and qu:émitative methodologies were adopted in
these laboratory and field based studie'sk‘;-[',?j. .Interestingly, older adults form a
significantly different diser_group_when considering thesuser interface design, and
demonstrate that it cannot be assumed that standard user—cféntered design methods for
system development will ensure the provision of usable products for older people [8].
The use of ATMS by older jpeople hasgbeen-evaluatedrsso.as to-better understand why
some older pegple prefer not to 'use ATMs and what problems face the aging users.
From all.of.these studies,.it appears that each.user group has at.least some different
requirements‘and aifficulties' with 'Using"ATMSs, so a‘usability=Citation‘is‘used to solve this
problem [9]. The perception of the advantages as well as disadvantages of wall-
banking, the factors that determine one's choice of a bank, man-machine problems
related to the use of an ATM and demographic factors. The use of ATM's is more
pronounced within the younger population which also ties in with findings on the usage
of credit cards. Therefore, it has generally been assumed that younger ATM users will

have more experience and show a low resistance to this financial management



instrument. The test of this hypothesis is central to this study [10]. The present study was
initiated in response to this apparent lacuna on consumer perceptions, and examines
the ATM usage patterns of two banking institutions with a view to assess the relative
importance of the different perceptual variables in explaining consumer usage patterns
[11]. The purpose of the present study was to conduct an in-depth analysis of ATM
usage by older adults. This approach consisted of telephone interviews followed by
structured individual interviews. The goals were to understand the problems
encountered by ATM users, to determine how ATMs might be better designed and to
assess the training needs of older individualse#The phone interview data provided
information about the relationships betvxfeen age, sex and ATM usage within the adult
sample, as well as information.about why some people choose not to use ATMs. The
structured interview datagprovided a morlb in-depth view of the concerns of both users
and non-users, and infermation a'-bout?;f?aining needs. The training and design
implications of the resultsgare diso’uséed [}12]. Finally, comparison of ATM interface of
five banks in Thailand is carried o_,utl_based'ijqn 1_SO 9241-11. Three usability evaluations:

effectiveness, efficiency, and satisfaction afé;‘laken into account [13].

—

2.2 Overview of ISO Standards T

4 =

Over decades, several researchers have, intended to develop involving

interface standards to_"”o_lefine the common criteria of usef:bentered design and proper
practice in a field of /designing user interface. The ‘International Organization for
Standardization (ISO) and the International Electrotechnical Commission (IEC) establish
the usability and HEI standards \which both are populariandiwidely adopted. Those
standards are described in the various classes, namely, development process, use in
context;isoftware interface land lnteraction; usability capability, land/ other standards.

Table 2.1 illustrates correlated 1ISO standards along with mentioned classification.



Table 2.1: 1SO standards related to HCI and usability [14].

Characteristics Principles of ISO Standards

ISO/IEC 9126-1: Software Engineering-Product quality-Part1: Quality model

ISO/IEC TR9126-4: Software Engineering-Product quality-Part4: Quality in
Use in Context
use metrics

ISO 9241-Part11: Guidance on Usability

ISO/IEC TR 9126-2: Software Engineering-Product quality-Part2: External

metrics

ISO/IEC TR 9126-3: Software: Engineering-Product quality-Part3: Internal

metrics

Software Interface ISO/IEC11581-1: Icon"’symbols and functions (general)

and Interaction ISO/IEC 44584=2: lcon symbols and functions (object icons)

ISO/IEG# 1581434 Icon I§ymbols and functions (pointer icons)

ISO/IEGH 158 1#6: lean symbols and functions (action icons)

IEGTR 61997: Guidelines for the user interfaces in multimedia equipment for

\ #
\ ‘

gengfal plirpdse usé.«

il

Development 1SO 13407 {Human-centered design processes for interactive systems

; iy
Process ISO TR 16982: Usability metheds supporting human centered design

ISO TR 18529 ErgonomLC:Sié#human-system interaction-Human-centered
Usability Capability T o
lifecycle process descriptions ===

Other Standards . I%O DTS 16071: Guidance-on aocessibilitv_ifprfhuman—computer interfaces

2.3 Usability

In this section, usability is introduced and then definitions of both in
standards and prior works arg discussed.
2.3.1 Introduction to Usability

Currently, mostyof* designers- often use' usability piinciples for a good
design of the software or systems in the design stage. The usability plays an important
role in the design of the systems since it helps the users use the system effectively,
efficiently, and satisfactorily. The usability measure is mostly significant for solving the
complexity from different attitudes of the user, occupations of the user, and the
environment of the usage. There are numerous systems adopt the usability principle to
develop the ones that are easy to learn, easy to use, and easy to remember including

ATM, mobile phone, pocket pc, computer, ticket machine, and library system. From the




developer’s viewpoint of developer, the usability is important because it affects success
or failure of the produced system. Moreover, the system, which is high usability, can

reduce cost, time, and increase productivity.

2.3.2 Definitions of Usability in Standards

Usability has been defined in different ways from different standards.
There are definitions for usability several standards, namely, the ISO 9241-11 (1998)
standard identified efficiency, effectivengss, and satisfaction. The ISO/IEC 9126-1
(2001) standard defines five factors including understandability, learnability, operability,
attractiveness, and usability"compliancey The ISONEC 9126-4 (2004) standard defines
four characteristics composed._ef effectiveness, produetivity, safety, and satisfaction.
IEEE Std.610.12 (1990)"defines usability "Ehat user can learn to operate, prepare inputs,
and interpret outputs«of a_system or vco'_m;?onent. These standards provide separate

definitions as shown in fable'2.2. —

\ #
\ ‘

r W,
Table 2.27 Usability, d_efinitio':r_uj%,irl;standards [14].

Standards Usapility Definition < /.

Usability’is defined aé}‘-‘j'-t]é extent to which a product can be used by

ISO 9241-11 (1998) specified Users. to ac{rﬁe_ye',s_speoified goals with effectiveness, efficiency
i £y A

)\ | and satisfaction in a specified context‘bf»use".

-/ | Usability is defined as “A set of attrib_tﬁ_es of software which bear on the

ISO/IEC 9126-1 (2001) = | effort needed for use and on the indi\_/idual assessment of such use by

a stated or implied set of users”.

ISO/IEC 9126-4 (2004) Uses'the term “Quality in use™. the capabllity of the software product to
enable specified users to achieve specified goals with effectiveness,

productivity, safety and satisfaction.in-speeified-contexts of use.

The ease, with“which 'a user-can learn to operateyprepares input for
IEEE Stdi610.12 (1990)

and interprets outputs of a system or component.
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Figure 2.1:

A lot of rese d different principle as shown in Table
2.3, namely, Shackel [15] deﬂne == rm of five components, Dix et al. [16]
defines usability in te:T of fou?ﬂcafgg(;rllg} defines usability in term of
four components, Constantine & Lockwood [18] defines usability in term of five factors,

and Nielsen et al., [3] d(#j\es usabi our com@nents, namely, effectiveness,

efficiency, satisfaction, learpability, and memerability. The details are defined as follows:

creco PRI Sb0) wm@w QAR car e messurec v

terms of%'ompleteness

3 DT IR Y.

S%tlsfactlon is the individual feeling of the user about using the system.

Learnability refers to how easy the system is for first time users to understand.
- Memorability mentions to how well it is for recall users to remember.
In this study, 1SO 9241-11 and Nielsen principles are pointed for usability evaluation to

improve complexity the system.



Table 2.3: Usability definitions from authors.

Usability Classification From Diverse Researchers

ARNANASI UEIAY

Number of types of Description
Researchers
Classification
Effectiveness (Speed)
Learnability (Time to learn)
Shackel [15] Five Learnability (Retention)

Effectiveness (Errors)

Attitude
/ Effectiveness
.J,_ L
= [ fficicncy
Dix et al. [16] F
. Satisfaction
earnability
- d«f: earnability
hroughput
Preece et al. [ % (“E —
M Flexibility
b
H4U€ = Attitude
Pt Efficiency in use
F -
L el Learnability
—
Constantine & Lockwood [1 LRI, Rememberability

' bility in use

r Satisfaction

ffectiveness

Efficiency

ia]sfgtion

YN INE

=

memorability

Y0 E
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Effectiveness i - Percentage of accomplished tasks

- Used time to complete task
- Spent time on emerged error

Efficiency —» - Percentage of occurred error

Usability - Frequency to help a user

- Repetition’s number of failed command

™~
i erence between the first and

econa es to finish tasks

N

| ..ﬁ

\\

e -,\ ow to use particular task

Figure 2.2: Usability:

e

In this=section, human-computer interfacesis’ introduced and then any

factors in HCI and pnnﬁj’ of HCI for
|

2.4.1 Introduction to HGI . /s

ﬂ%—%r@tﬂlﬁ%pﬁ(% &It@ ‘ﬂdﬁof interaction between
people and con%uters. Three compgnents of Hcmclude the use&)he computer, and
the Waa W%@(@eﬂr‘jw aﬁﬂ %6%@0?%@’1@ av\Hn humans and
computeﬂe. The major aims of HCI are to produce uséble systems, safe systems,

functional systems, and well usability systems. Consequently, developers must attempt

to perceive the factors that determine interaction between the user and the machine.

2.4.2 Factors in HCI

There are a large number of factors which should be considered in the

analysis and design of a system using HCI principles. Many of these factors interact with
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each other, namely, input devices, output devices, dialogue structures, use of color,
icons, navigations, graphics, button, and screen. Human factor is one of the important
factors such as attitudes, education levels, and ages. They directly affect to the

interaction with the computer.

2.4.3 Principles of HCI for interface design

Formal design is an important in human-computer interaction (HCI). Dix
et al., defined design as “The process of designing product so that they can be used by
as many people as possible in as many; situations as possible.” The Royal National
Institute for the Blind defined @esign as “witheut"the need for special adaptation or
specialized design.” Otherguidelines for the use of texteompose of the following topic:

- Font style: Using bothrupper andvfower case characters are more readable than
either all upper or all lewer gase characte_rs,. Italic character is difficult to read because
poor font quality and underlines also reduee readablllty

- Font size: Userswho is Iess aple ‘io read require larger font size. Some users
require smaller font size. Thus it is |mportant to allow for customizable the font size in an
application. For larger font S|ze most vnsually |mpa|red users benefit from having white
or yellow font on a dark background ttis better When the users use black font on a white

background of small font size.

- Text leading: Spacmg between I|nes of text should be 25-30% of the point size.

Partial vision of numeraus people has difficulty finding the beginning of the next line.

- Letter spacing: Condensed fonts are less readable than widely spaced fonts.

- Background:sTextis hard to read when the background has a pattern.

- Moving text: Flashing text can attract atteption but it can kerdifficult to read. If
this is employed, the text can flash few times then stop. Moying text also emerges vital

vision problems for people.

2.5 Techniques for usability evaluation
There are many techniques for usability assessment. Accordingly, each
research paper proposes a different technique for evaluation depending on suitability of

each task. These methods can be categorized into two main areas, namely, field
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evaluation and laboratory evaluation. These two evaluations are described in details

bellow:

2.5.1 Field evaluation

Evaluation of technology in the field focused on realistic settings and the
real users taking their tasks in the real context of use that provides a very dissimilar kind
of information. The users can walk, stand, sit or do whatever that they would normally do
while performing the tasks. It is especially: helpful for identifying not only what makes a
product or software easy to use, but also.what will make it useful to users. The
advantages of field usability evaluation can bewuseftlness and the user feeling during a
task is like real situations=The disadvantage of field usability evaluation is difficulties for
the evaluation and use“Circumstances st'ich as travel time for test, not to mention high

expenses.

2.5.2 Laboratory evaluation J %

Laboratory tgstsiwere cond@p‘te‘d in a typical usability test environment.
The setting is well controlled: there _ére no '(jar;f_gxpected external interruptions, disturbing
noises, and varying lighting co‘hditjons. Thé;éﬁk/antages of laboratory test are that a

large number of usability information is collected, costs are lower than field tests, and

higher quality usabjli‘t},l/ information_are_collected._Even -ith(‘jugh laboratory testing is
widely and effective-lyjﬁutilized in the evaluation of appliégt-ilon interfaces, it has some
limitations. Laboratory “based usability studies capture a snapshot of the use in a
simulated useenvironment. ‘Simulating! the~use/setting is“very-hard, time consuming,
expensive andfisometimes impossible to attain. The disadvantage of laboratory

evaluation was claimedithatithe-feelingduring a“task,was,unlike=in the real world.



CHAPTER I

EXPERIMENTAL DESIGN AND METHODOLOGY

The proposed design of Automated Teller Machine (ATM) interface
focuses on hierarchical menu structure in seven main functions of ATM banking
services. This study divides into two experiments. The first experiment compares seven
main tasks for ATM service of the top-five banks in Thailand. The second experiment is

to solve the problem of using ATM ban ing service of five user groups which have

Analysis Experimental

Results from Exoeriment1

6. Establishing proposed
M Interface

aUsability and Statistical

Evaluation

b-o-- { 9. Comparison of Experimental Results }4' -

|
v

[ 10. Conclusion }

Figure 3.1: Framework of the experimental procedure.
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3.1 Experiment 1: Usability Comparison of Seven Main Functions for Automated
Teller Machine (ATM) Banking Service of Five Banks in Thailand

The objective of this experiment is to compare the seven main functions
of ATM banking services from five banks in Thailand. The selection of the five ATM
banks is based on the fact that they are popular in Thailand. In the research, 200
participants are separated into two parts. 116 participants for first group are required to
complete a questionnaire in order to identify the seven main tasks of ATM banking,
whilst 84 participants of second group are required to perform the experiment on the
ATM simulator. The second group is subdivided.into four groups, namely, students,
employees, government and state enterprises officers and agriculturists. To compare
seven major functions, a_simulator of each of the five banks’ ATM machines is
developed and then testedrin the laboratc")ry environment. Usability is evaluated in terms
of effectiveness, efficiency, satisfaciion, and occurred error. The results suggest that
different menu structures will affect the us;biljiy of ATM banking. Moreover, the different
types of user provide adifferent SCOre bas%_c}il on usability measurement. Only one bank
received the highest score on mQ_éft of thé:f__géability criteria for all the different user

groups. S b

This experiment contains fodgf:rflém groups of participants with different

occupations and different lifestyles, Hence it is assumed that they have a different

experience of using ThetATM. Methodology of the first expériment is divided into three
parts. (1) Evaluating by survey, what the seven main tasks of ATM banking are, (2)
designing and~establishingthenrepresentative s ATM simulaters of the five selected

banks, and (3) testing the ATM simulator with the four participant groups.

3.1.1 Survey of the Seven Main Tasks in ATM Banking Services

In the first part, the seven main tasks are studied and reported. The
results of the survey are subsequentially incorporated into the design of the ATM

simulators.
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3.1.1.1 Participants

116 participants are used in the experiment, comprising of 33 males and
83 females, using purposive sampling. The age ranges are: 32 participants between 16
and 25 years old, 58 participants between 26 and 35 years old, and 26 participants

above 35 years old.

3.1.1.2 Questionnaire
The questionnaire mc‘lr,s ten questions. The average time for

;49

completion is 5 minutes per parii }Q’

3.1.1.3 Surveying

The tey/

questionnaire answers as.g Table 3.1, and the top seven frequently used tasks

are selected for developing assin J
t, pin god phang gqa d cha g% withdrawal limit.

the th‘ree less common tasks in the top

ten are barcode pay

Table 3.1: The Most Freq nﬂy-l’érf& med Tasks on the ATM Banking Service.

‘1Jan i

Rank Percentage
1 Withdrawal 76.7
2 Statementyino liaad | 65.5
3 Transfe ;L 7 61.2
4 Mobile c_“ p | 52.5
5 Credit Card szgant o 43.1
B sastsai IRIVISRURIANE sE e
7 | ﬂa C yme t ot L v 241
y Y la100n A ano1d i’

W&ﬁﬁ hd 68 VT 1 4 VI TTEN e
|
10 Changing the Limitation of withdrawing money 8.3

3.1.2 Establishing ATM Simulators of Five Banks

Good ATM simulator must have characteristics similar to real ATM such
as button layout, instructions, and hierarchical menu structure. The following paragraphs
describe hierarchical menu structure and the development of the ATM simulator of all

five banks.
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Figure 3.2-3.6 shows flow diagrams of the process for seven main tasks

of Bank A, B, C, D, and E, respectively. Because each bank uses different process,

usability is different accordingly.

Menu of Bank A

v v A v A v A
Barcode
Transfer 500 10,000 200 Other
Payment
Select i
Receive Sli Receive Receive Slip
Account
i WO N,
b r'i'.
N
Select banks -
7
2588
cl v.
l A = = v v A
f ment Credit Card Insurance
Select Transfer it - ) English
ATITR - B Inquiry Payment Payment
¥
L oal s
Select cf i Select Select Select
Account J
Items ount Ite! Account Company Company
Number e
| ! ! !
Select Sele elect Select Select
A t P! ! o Confirm
Confirm ccoun t Account Account
] ! !
o
4 e Credit Card Refer
X ) b Number Number 1
Receive Slip i i
Select Specify Select Select Refer
Amount F= Code Metri ’ Amount Amount Number 2
ccou Invoice % Select
q Confirm
Number - Number Number Amount
ql I I firm i I n nfir l ! Confirm
Receive Receive Receive Receive
Slip Slip Slip Slip

Figure 3.2: Flow diagram of the process for seven tasks of Bank A.
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| | | | | l l

l

‘ 500 ‘ ‘ 1,000 ‘ ‘ 2,000 ‘ ‘ English ‘ ‘ 5,000 ‘ ‘ 10,000 ‘ ‘ 20,000 ‘ ‘ Other ‘

} | ! | |

Receive Slip Receive Slip

Receive Slip

Receive Slip Receive Slip Receive Slip

l

L | l | | l l

Mobile Top- BarCode
Payment Fund

Statement

Education

Withdrawal Transfer
Inquiry Up Payment Payment
Select Select Select l
Select Items Credit Card Insurance Specified
Account Account Account Infrastructure
i L 'I Payment Payment Code
|
Select v [ l
Confirm Select Items | | | ' Select Select Select
Amount ||
i L \‘\-\\ i [ Company Company Electric Bill
Receive Slip Receive Slip Selec e g Select Select
P I E A Account Account
Refer Specify

. e
g -*"} .

e A1 |

Number1 Code Metric

Refer Invoice
Number2 Number
Select Select
Amount Amount
Confirm ‘ ‘ Confirm ‘

42 | ’
& % i ‘Receive slip
..M/" 4

Figure 3.3: Flow diad !‘fff.~=

Receive Slip

]

X
ﬂ‘UEHﬂEJ'VIiWEI"]ﬂ‘E
’QW'WéNﬂ‘iflJ UAIINYAY

for seven tasks of Bank B.
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Menu of Bank C

N I Ll

Statement Mobile BarCode
Transfer . Payment Withdrawal Other
Inquiry Top-Up Payment
Select Select Select Spectied
Account Account Company 500 1,000 1,500 3,000 5,000 10,000 20,000
i i i Receive Receive Receive Receive Receive Receive Receive Select
Select Select . R . . : i f
Confirm Slip Slip Slip Slip Slip Slip Slip Account
ltems Account v
i Select
i Amount
Select Receive Telephone
Receive
Banks Slip Number
i i Slip
Select Select
Amount Amount L L i
Product
Leasing Register
Service

Confirm Confirm

I i

Receive Receive
Slip Slip

Figure 3.4: Flow diagram 6f the processifor seven tasks af.Bank C.
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Menu of Bank D
\
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‘ Choose Language ‘

]
v v v

Thai ‘ ‘ English ‘ ‘ China

A

‘ Menu of Bank E ‘

Spectfied Statement
500 1,000 5,000 10,000 Service Other
¢ ¢ ¢ ¢ Amount Inquiry
Select Select
Receive Slip Receive Slip | | Receive Slip
Account Account

Confirm

v

Receive Slip

— ' " v v v
; Ba Change
atnent ComCodg ( C Funds Transfer g Other
—— y AN 7 st
Select Select
Account .
S
L ¢ Select
Insurance
Internet Transfer
payment
Select Select
Account Account
Select Account
Company Number
Customer S
no ‘
Referance Receive
nf Slip
Select
Amount
. | - q ﬂ i
Receive ‘
Slip ‘ 5

RIAINTUNVTING1AE

Figure 3.6: Flow diagram of the process for seven tasks of Bank E.

The difference between the number of mouse clicks and steps is as
follows: mouse clicks are derived from user clicks from menu key pad. Steps refer to the
number of instructions in each function. For example, “Please select company”, “Please

enter credit card number”, and “Please enter amount of money”. Each step can contain
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several mouse clicks. Thus, it is possible that there are a large number of mouse clicks

per one step.

Table 3.2 indicates a number of steps in each task for the five banks

summarized from Figure 3.7-3.13, i.e., Bank C has the lowest number for the first six

tasks while Bank E has the highest number for all seven tasks.

Table 3.2: Number of steps in each task for five banks.

Number of steps in each task for five banks

Items Tasks 1 F
Bank A»’; ank B Bank C Bank D Bank E
¥
1 Withdrawal 5 o 5 5 6
-
2 Statement Inquiry 5 o 4 4 6
3 Transfer 9 S 7 9 10
4 | Mobile Top-Up 9 10 7 9 12
5 Credit Card Payment 813 4 10 8 8 11
6 Electric Bill Payment S 4 9 9 10 14
7 Insurance Payment 9 J . ) 9 8 13

<)

Table 3.3 indicates"bossibléJr‘ffinimum number of clicks to complete the

task summarized from F|gure 3 7 313, e statement inquiry has the lowest number

from all five banks. Bank C has the Iowest numberforﬂrst SiX tasks

Table 3.3: Possible minimum number of clicks to{complete a task.

v _ Possible minimum number of clicks to complete a task
Items Tasks ¢ F

< al10 | pBankAs BankB _‘ Bank.G. Bank D Bank E

1 WithdraWal | 13 13 13 13 13

2 Statement Inquiry 8 8 7 7 8

3 Transfer 30 28 25 28 27
4 Mobile Top-Up 23 23 23 23 24

5 Credit Card Payment 32 38 25 31 37
6 Electric Bill Payment 32 34 28 34 37

7 Insurance Payment 27 21 25 31 26
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3.1.3 Establishing ATM Simulators

ATM simulators of the five selected banks are developed using C#.NET
programming language. For each ATM simulator, vocabularies, buttons layout, and the
hierarchical menu structures are similar to the actual ATM in Thailand. Prior work
comparing between laboratory and field testing showed that field testing was not worth

the time and expenses [19]. For instance, flexible testing location can be held; there is

safety of the system from the participants; every participant is in the same context; and

D Bar Code Payment
D Subscribe / change:

Apply for Services D

Other

3 Englishiianguage

|_cuw |
|
Figure 3.7: An example of an 'ATM simulator.
- Main Menu: Figure 3.8 shows all main menus in each transaction of all five

banks. Each bank has different hierarchical menu structure, screen, and button design.

Moreover, access procedures are different.
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Select Transaction Select Transaction Select Transaction

Transfer Specified amount

Mobile Top-Up

Statement Inquiry

Barcode Payment -

4 000 Service
Limit Changes . AN \ ,00 Other
Bank = N
Figure 3.8¢ An¢ ‘- | main menu screens.
- Keypad: In designi M sim \ r all five banks includes 0-9
L

digits button, “Clear” butt

screen or back to the main.

the process and then go to th@;@@q%

a

Figure 3.9: Keypad of an ATM simulator.

3.1.4 Design of Testing
For this section, participant allocation, questionnaire design, and

procedure for testing existing ATM interface of all five banks are discussed.
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3.1.4.1 Participant Allocation
84 participants, including 49 males and 35 females, are used to test the
simulator. The age ranges are 22 participants between 16 and 25 years old, 36

participants between 26 and 35 years old, and 26 participants above 35 years old.

3.1.4.2 Questionnaire Design

Designing the questionnaire was fundamentally based on the Human-
computer interaction (HCI) [1] whichiis “The comfort and acceptability of the work
system to its users and other people affectedbyits use” (ISO 9241-11, 1998) [2]. To
obtain this, designers should-eonsider tk_lje concepts of the ease to learn and attractive,
the ease to use the interfaee; Useiul functionality, enjeyment level, and the efficiency of
service. Satisfaction seore is"based on 5 points likert — scale [20] encompassing
strongly agrees, agreey neuiral; disagree, and strongly disagree. The questionnaire is

comprised of 21 questions' and the-average spent lime each participant on the

i
\ -

questionnaire is 30 + 5 minutes (raﬁge of 25 - 35);
In appendix/A shows the satisfaction guestionnaire for the participants for

£
five banks in Thailand. — 3

3.1.4.3 Procedure el S =

The précedures for this study are four étages. In the first stage, a

participant randomly‘éelects just one of the seven tasks'.'l In the second stage, the
participant randomly sélects any bank from the given fivé banks. In the third stage, the
participant perfofms the task enithe lappropriate; simulatorforsthe selected bank. The
participant can perform the selected task any times until that task is completed. In the
fourth stagesthe. participant must-completesthe, questionnairesfor-the, task completed.
The participant carries out stage 2 to"stage’4 until the "participant' finiShes testing the

task on all five banks. The procedure is summarized in Figure 3.10.
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I Start l
@ Randomly choose

y

Randomly choose

!

Perform a selected

O

No

Complete @

55iing process.

3.1.5 Usability Evalu |on of Comparison

- ﬂummmmm o
b ENRLY) Wﬁ%m N

XYl 100. )
y

where e is percentage of error, x is the actual number of mouse clicks, and y is the

possible minimum number of clicks.
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Table 3.4: Usability Criteria for evaluation.

Usability criteria Measurements

1.  Effectiveness - Percentage of tasks accomplished

- The number of mouse clicks to complete the task

2. Efficiency - Time to complete the task
3.  Satisfaction - Satisfaction score
4. Error - Percentage of error

There are two aspects for effectiveness evaluation including percentage

of tasks accomplished and the number of+moeuse clicks to complete the task. For
2

efficiency, satisfaction, and errorinclude time to.complete the task, satisfaction score,

and percentage of error, respectively. The following is the detail of each aspect.

|

- The percentage of tasks accomplishfed: a number of participants which couplet a
task in first time divided by thg total qu_ber of the participants and then multiplied
by one hundreds. #‘ .‘

- The number of mouge glicks fto comp|§ete the task: a number of clicks from the
participants which use the mogﬂse to CInigk-dtmI;rg button appearing the screen.

- Time to complete the tgsk:»time Conﬁﬁeq_by the participants to complete the
considered tagk.. | i

- Satisfaction scéré: Rating scale for user's sati-sfra‘ction with functions and
characteristics.

- Percentage. of error: ‘percentage.of difference between actual number of clicks

and the possible minimum numiber of clicks toleemplete'the task as shown in (1).

3.1.6 ExperimentaliResults of Comparison
The following is the given results from measuring usability criteria. Tables
3.5-3.7 illustrate total average values measured the usability criteria for Bank A, B, C, D,

and E, correspondingly.
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Table 3.5: Total average values measured from usability criteria in Each Bank.

Bank
Measured Parameters
A B C D E

Effectiveness
® Success rate (%) 90.9 | 90.9 | 95.0 | 92.3 | 80.0
® Average of number of clicks 29.1 258 | 246 | 274 | 30.9
Efficiency
® Consumed time to complete the task (second) 63.9 | 59.2 | 56.3 | 579 | 72.0
Satisfaction
® Satisfaction score (Range 0-5) 429 | 416 | 444 | 414 | 3.97
Error :
® Percentages of errors 2] 8.81 148 | 11.7 | 274

)

From Table 3.5,/Bank C gi_ves the best result in effectiveness, efficiency
and satisfaction. Howgver it snows a high' percentage of errors be the third high error

rate of the five banks. BankIE i§ the WorSftJ results in every measured parameter when

compared to other four banks. 5 -
- #

From Table 3.6, lt s clear that the payment of an electric bill has a poor

usability since it shows the hlghest number Of cllcks and consumed time to complete

the task. On the other hand, cash Wlthdrawal is the best usab|||ty with the lowest error

rate and number of CliCkS to complete the task. s

From Table 3.7, the agriculturist group has'lowest ability to use the ATM
since it has the lowest"effectiveness and“efficiency whilst has the highest error. In
contrast, the employee.group had the mast powerful.capabilityto use the ATM because
it provides the highest effectivenesstand efficiencyawhilst provides the lowest error.

Appendix B demanstrates screen of bank given| the best and the worst
results of usability evaluation in Thailand whilst appendix C depicts the comparison of
the hierarchical menu structure of bank given the best and the worst results of usability

evaluation.
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Table 3.6: Total average values measured from usability criteria for Each Task.

Tasks
< k< -
() (=
_ £ g £ £ =
g e | 5 | 2| & F =
Measured Parameters % = L o o o &
5 = 2 — ° = [0}
= g g 2 < @ e
S g B 8 b 2 &
S = o © >
0 o K9 2
(@) w -
Effectiveness
® Successive rate (%) 1.7 91.7 83.3 86.7 90.0
® Average of number of clic 8.7 30.0 37.9 38.5 35.0
Efficiency 1
® Consumed time to com ' s
2.6 75.6 86.4 83.2
the task (second) -
Error "':';ﬂ »
- ‘ \
® Percentages different of egfor 3 (i< Oa ' 9 17.0 17.0 34.8
S
Ma
Table 3.7: Total average valu meas‘yx riteria for each user group.
/ 4. User group
A7, £ o
» O
o
, 2 & 2
Measured p s > =
T o =
o 2 3
€ & =
w £ 5 5
e o
‘a L7 ()
Al AAD :
Effectiveness PI u J \I L
® Successive ra?é'(%) J 88.7
® Av e um |ﬂiz“ 29.5
Efficiencyq
® Consumed time to complete the task
54.3 45.4 57.3 90.4
(second)
Error
® Percentages different of error 16.0 9.16 19.8 22.9
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3.2 Experiment 2: A Proposed Design of ATM Interface for Banking Service

This experiment proposed a proposed design hierarchical menu
structure of seven frequent tasks of ATM banking service by modifying from the existing
ATM interface and developing to fit with the five main occupations in Thailand.
A proposed interface is created to compare with existing ATM interface. From the
experiment, five occupations of 105 participants are used for testing. Participants are
asked to the use of a proposed design and an existing design. Simulators of the
proposed interface are adopted for testing in laboratory environment. The paper
describes a study of human-eemputer interacion«(HCI) [1] in developing the proposed
design methodology and creates a USer-interface™o be easy to understand. Five
perspectives of usability evaluations arevclassified as follows: effectiveness, efficiency,
satisfaction, memorabilityand Iearnabilit;l

The purpose of this exzperir;aé'ht is to design a proposed interface for ATM

banking services that'is suitable for peophe and to compare main functions of existing

ATM interfaces in main 6Ccupations in Thailié}n‘d;'

i -! #..
321 Establishing a Propoged ATM Interface

ery
sl

The proposed d-ésign interface. was created from the emerged

[y gy
g

disadvantage of the €xisting ATI\_)I— interface which is summarized in Table 3.8.

Table 3.8: Emerged problem derived from comparison of fi_\'/"_e‘- banks and their solutions.

Problems from existing ATM'interface Problem Solutions

1. Alignment of main menu,is not appropriate to be used Design main menu by frequency of

selecting function

2. Process Redundancy Merge two steps into one step
Forgexamples~in seredit cardspayment,suser must enter

reference numbertwice to identify-oneseif

3. Difficult to go back to prior step Add back button on the key pad
4. Difficult to go back to main menu Add return to main menu button
5. Many pages per task Multiple functions per page and

multiple steps per page

6. Difficult to use for illiterate and semi-literate user Add icon button to simply the

process
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Seven main tasks of each bank are employed for comparison. The existing
ATM interface, which is the most efficiency and effectiveness from first our experiment,
is selected to compare with a proposed design interface. In the proposed design
interface, a number of steps to complete seven tasks are reduced as shown in Table 5.1
of chapter V. In this experiment, Human-Computer Interaction (HCI) [1] principle is used

for designing of the proposed interface for ease to use and to access.

N ‘M the principles of HCI in part of
S

sng(ey

3.2.2 Design of Keypad

A keypad is
accessibility to improve acces: n. In addition, the problems given
from comparison five b TM interface. These problems
are listed in Table 3.8:

components of the ke

'UTabIe 3.11: Keypad‘of the proposed interface design.

52 Seakh of i Skl AN

There are many components for the proposed interface design
composed of button layout, logo, many menus per a page, many steps per a page, and
logo associate with the menu. Appendix D shows screen of the process of the proposed
ATM interface for seven main tasks. The following is the details of the components

concerned.
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3.2.3.1 Touch Screen

A Touch screen interface is used for designing because it is easier to

use than other input devices and saves time in the operation.

3.2.3.2 Button layout

The location of each button is considered based on the frequency of the

use according to [22]. The most frequent task and the second most frequent task are

located on the top-right and top-left as ¢ in Figure 3.12.

Please Selact-Trans=clion

: nt k\ hdrawal
hile /‘(/ﬁ &\ nsfer
Elocific Bill Pafmen

Insuh g !@
i

Sta

t&.\l\ d Payment

\\ herfLanguage

-

J design main menu.

Select Transaction

itib,
S (a)?tbibank

5200

q.

S,
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Credit Card Number

4712858 §— 4712858252

Please enter amount

5200

(d)

(c)

rocess (a) Example of process of

selecting credit card companies 3 @5 of specifying money amounts,

(c) Example of process 0 S edit . er, (d) Example of process of

ure 3.13 (a) illustrates example

of logo appearing on th ide” ‘page the boIs represent desired logo of
a\h‘l "I 1

credit card companies. han .\t ogn|t|on.
?“‘J"‘ / :

3.2.3.4 Multiple functions per page: For dra

al of the proposed ATM design, a
|

participant can withdraw by eith 5 specifying the amount on the same page

3.2.3.5 Multiple steps-pel

) ,‘J many steps on the same

r'eer_m\/vhen a participant specifies

credit card number, the p@@ipants can entWhe amount of money immediately.

3.2.3.6 Logo tﬁ uTH\ Qt%gewaj wgﬂoﬂu‘}creen is designed by

encompassing m; icon to demonstr%;e a step of eaoh task for ease to understand. The

o QTR T LRV NI e oo

total number of steps for each task in advance and the button can be pressed in order

screen. Figure 3.13 (Cm (d) she

to go back to the previous step as shown in Table 3.9.



Table 3.9: Examples of logo buttons.
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&)
@@ Select Bank
Bank

3.2.4 Design of Testing

This study is tested in the laboratory environment. The reason is that
none participants agree to open account to testing because of the security issue. In
addition, Kaikkonen, et al [19] found the same problem in both environments from
comparison between laboratory and field ‘testing. Hence, testing in the laboratory
environment is chose because it is more convenience for participants to test without
worrying about limited time...Three stages for. the.usability testing methods, namely,

participant allocation, questionnaire design, and procedure.

3.2.4.1 Participant Allocation !

A total of 405 particibgntsiy\x/ere divided into five groups of occupation.
The age ranging from 1640 25 years oldl'j.ar'é collected from 33 participants while the
range of age from 26 t0 35 years old. are Icq,lle_cted from 49 participants and above 36

years old are collected from 36 participants.

3.2.4.2 Questionnaire Design . © o

a Ja vy
g =i

HCI pr'i'rjoiples are used to guideline questi;(')rjnaire design. A total of 21

questions are create‘d_.‘i‘ The first part of the questionnaire ‘v;s-'focus on user background
including gender, age-range, and occupation. The second part questionnaire survey
about satisfaction of using ATM banking interface. The average_time of each participant
spending on the questionnaire islk30 =5 minutes.(range! ofi25 - 35). Appendix E
illustrates comparison of the questionnaire satisfaction between thé existing and the

proposed ATM interface.

3.2.4.3 Procedure:

There are three procedures of usability testing. First step, a participant
randomly chooses just one of the seven tasks. Next, each participant performs the task
on the simulator of the proposed ATM interface. In case the participant cannot finish the

task on the first time, the participant must continuously perform until the task is
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completed. Final step, the participant is asked to complete the questionnaire as shown

’ Start l

Randomly choose

in Figure 3.14.

one of the seven

Complete a

question
Perform a selected

A

task

No

ompleted the tasks?

Figure 344: K for ¢ ‘Usability testing.

AUEINENINYINS
RN TUUMING AT



CHAPTER IV

EVALUATIONS AND EXPERIMENTAL RESULTS
This chapter discusses evaluation not only in usability but also in
statistics to assess the existing and the proposed ATM interface. In the last of this

chapter shows experimental results.

4.1 Usability Evaluation

The usability is antimportance for evaluation of software and system
because given results from the evaluation’can illustrate characteristics of considered
ones. Many researchers«have-defined in different-eriteria as shown in Chapter II.
However, five components_oirusability evaluation are used to measure effectiveness,
efficiency, satisfaction, memorability, anéj learnability: derived from Nielsen et al [3] as
shown in Table 4.1. 7

Table™4. 1FUsability (_Drite?ljra Used for ourevaluations.

]
T AN
Usability criteria [/[ b -i-f-'_lh _ Measurements

FRAS 4%

Effectiveness F Perb'éhtage Qfg}as'ks accomplished

aldl N
- The-pumber of mp},lise clicks to complete the task

T

Efficiency - Tifme fo complete ine task
‘o2 -

= Percentage of emerged error §

Satisfaction \~F Satisfaction score

-

Memorability |- Difference of time used to finish the task between the first and

the second time

Learnability 4 Usérs must be,able toilearn thersystem easily and shortly

4.2 Statistical Evaluation

Z-test is,camparison between twa mean values of lboth“samples derived
from the same population to recognize a significant difference each other. The z-test is
used when a number of samples are more than or equal 30 samples. The z-test is better
applied when the variance of populations is known and always uses normal distribution.
However, the variance of population can estimate from the variance of sample.

The t-test is properly applied when the variance of populations is not

known, as well as a number of samples are less than 30 simples. If t-test is used in large
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samples, the t-test is very similar to the z-test. The t-test is divided into three groups.
First, single sample t-test is a statistical technique used to compare mean value of a
sample and known mean value. Second, Paired sample t-test is a method of statistical
measurement that is adopted to compare two mean values of both samples that are
correlated. The paired sample t-test can be used in terms of either first-second or
before-after testing. Third, two independent sample t-test is comparison between two
mean values of both samples that are not correlated. There are two variations on the two
sample t-test. First, two means of both samples have not equal variances called pooled
variance. Second, two means of both samplées.have equal variances called separate

. J‘
variance.

4.3 Experimental Results ul

In this part, given resglts féor.,rln poth usability measurement and statistical
measurement are discussed: The z-test (z}’, t-test (t), and paired t-test (t) are applied to
statistically evaluate the usapility résu!ts té récognize a significant difference between
the existing ATM interface andithe pv'roposefd;_-{":'AT'M interface. Three given hypotheses are
investigated in this study as jollows: - S

22
H1: Thereis a significanf-difference off‘_‘e_szjectiveness criteria between the existing
and the proposed ATM interfaoe.s i
H2: There is a:srignificant difference of efﬁciency- ciiteria between the existing
and the proposed ATM interface.
H3: There is a signifieant difference of satisfaction criteria between the existing
and the proposed ATM interface.

The purpose of hypotheses H1-H3s=is to know significant differences of
effectiveness, efficiency, and satisfaction betweensthe existing ATM (interface and the
proposed ATM interface. A significant level as 0.05 is selected for comparative
analysis. For investigating, if probability value is less than five percents (P-value<0.05),
there is the different that is accepts the hypothesis. In contrast, the hypothesis is
rejected. For this evaluation, the z-test is used to know a significant difference between

the existing and the proposed ATM interface for success rate, the number of mouse

clicks, time used to complete the task, and percentage of error. The paired t-test is used
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for the difference of time used to finish the between the first and the second time while
the t-test is applied for satisfaction score and three perspectives, namely, ranges of age,

occupations, and tasks, respectively.

4.3.1 Evaluation of Effectiveness
There are two aspects for effective evaluation to accept hypothesis H1

including success rate, and the number of mouse clicks.

fon cess rate of 105 participants is
Oim_suCc
depicted the success ra@ @S than the success rate for the

proposed ATM interface 87. ectively. For analyzing z-test,

4.3.1.1 Success rate (%)

The results

there is a significant diffe the proposed ATM interface for

ply that there is the different

between the existing or students in occupations and

statement inquiry, tran bill payment, and insurance

payment in tasks and the Id as shown in Table 4.2.

P
4§ i

-

Table 4.2: Eva ---—_—— S rate for effectiveness.

Significant difference

Task (Yes = different,
No = no different)
Ranges of Age 'E" ’ ‘
1. 16-25 ~ 71.43 i 90.47 8.50’2‘I 0.05 Yes
2. 2635 , N ] 7561 | omi2 | 86l 0.05 Yes
3. Above 35 | ’ ‘52%?4 ‘v g%S?W 1.?34 O@ Yes
Occupations 'u o ' 7* : S -
1. Sttﬁnt% . 76.19 & 801‘47.("! ;‘;-1‘1&'?17 (}25 ’&Jﬂ I Yes
»enbetd] OV [ 1 e0eb1d [ $be | (bt oo b £ o
3. Goveﬂument Officers 71.43 95.24 7.00 0.05 No
4. Agriculturists 61.90 80.95 7.49 0.05 No
5. Merchants 52.38 76.19 5.40 0.05 No
Tasks
1. Withdrawal 80 100 9.00 0.05 No
2. Statement Inquiry 86.67 100 14.00 0.05 Yes
3. Transfer 73.33 86.7 11.96 0.05 Yes
4. Mobile Top-Up 60 86.7 5.49 0.05 No
5. Credit Card Payment 53.33 80 4.99 0.05 Yes
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6. Electric Bill Payment 66.67 80 11.00 0.05 Yes
7. Insurance Payment 53.33 80 4.99 0.05 Yes
Average of 105 participants 67.67 87.62

4.3.1.2 A number of mouse clicks
The results of evaluation from a number of mouse clicks of 105
participants is shown an average of a number of mouse clicks for existing ATM interface

is greater than that average for the pro osed ATM interface that is 31.65 and 21.96,

respectively. For analyzing z-test, ificant difference between the existing

and the proposed ATM mte

as shown in Table 4.3.

Table 4.3: icks for effectiveness.
Significant difference
Task p-value (Yes = different,
No = no different)

Ranges of Age

1. 16-25 0.05 Yes
2. 26-35 28. 62:—, L Yes

LY
3. Above 35 \1 34 34 Yes
L4
Occupations '
-

1. Students = «,‘2‘5_3‘62 Yes

2. Employees .Ll.’ 25.24 No

3. Government Officers g &'48 2569 2.89 0.05 Yes

4. Agriculturists 31. ! 05 i 2.(2-1 F)ﬁ Yes

. Merchants lﬂd = %010 "M T % 527" |" .08 Yes
Tasks ¢ F— /s

Yy i SN O D

1. Wiaaﬁl W 1.1 : 1149 2'#1 F 0.05 n F- Yes

2. Statefpent Inquiry 9.86 7.20 2.31 0.05 Yes

3. Transfer 38.67 26.33 6.01 0.05 Yes

4. Mobile Top-Up 31.13 26.73 1.25 0.05 No

5. Credit Card Payment 49.87 29.60 4.24 0.05 Yes

6. Electric Bill Payment 34.53 24.73 5.15 0.05 Yes

7. Insurance Payment 63.93 27.20 2.19 0.05 Yes
Average of 105 participants 31.65 21.96
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The results are summarized that the proposed ATM interface is the
effective more than the existing ATM interface. Hypothesis H1 is accepted since both
success rate and a number of mouse clicks between the existing and the proposed
ATM interface are significant different to each other. This cause indicates that there is
the significant difference between the existing and the proposed ATM interface for

effective evaluation.

4.3.2 Evaluation of Efficiency \}Jj
There are two aageétsf / evaluation to accept hypothesis H2

composed of time used to C‘U!%é"fhe _tjsk @entage of error.

4.3.2.1 Time used to com : \

The resul T rom time used to complete the task of 105

e WA -

participants is shown an afn'urépg‘r f mouse clicks for existing ATM interface
e ! \

is greater than that avera 1€ efto%seﬂ interface that is 72.06 and 47.53,

respectively. For analyzing t, thére-is i%ni icant difference between the existing

F A L < A
b o,

The results rorﬁ'}:l‘-&g"st irﬁ@t most of aspects are the different

between the existing and thé*b‘éépo%-é&%—interface excepting employees in
k N g

occupations and mof; e top-unintask

Table 4.4: ﬁaluation of time pletg- he task for efficiency.
, g

Existing ATM The proposed Significant difference

Task ¢ interface ATM interface | ttest | p-value (Yes = different,
| Ve W EIT)NT1S | vo=moaioem
L L B ) -
Ranges of Age q]
1. 1625 7212 ¥ 4886 #maoo9 | o005 P Yes
P . T - WY N F B IAASA BADBIASA D
b 5
2. 26 AR Z IV AL 300 [ Joog EN Yes
3. Abov935 75.88 49.60 2.310 0.05 Yes
Occupations
1. Students 64.48 48.86 1.844 0.05 Yes
2. Employees 48.53 33.19 2.682 0.05 No
3. Government Officers 61.43 48.57 1.436 0.05 Yes
4. Agriculturists 89.81 53.14 2.007 0.05 Yes
5. Merchants 96.05 53.90 2.457 0.05 Yes
Tasks
1. Withdrawal 57.13 25.20 ‘ 3.367 ’ 0.05 ‘ Yes
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2. Statement Inquiry 32.13 19.13 2117 0.05 Yes
3. Transfer 63.93 46.87 2.363 0.05 Yes
4. Mobile Top-Up 81.47 53.33 1.632 0.05 No
5. Credit Card Payment 80.20 78.40 1.916 0.05 Yes
6. Electric Bill Payment 96.07 50.87 1.967 0.05 Yes
7. Insurance Payment 96.53 58.93 1.084 0.05 Yes
Average of 105 participants 72.06 47.53 9.03 0.05 Yes

4.3.2.2 Average of Error

The given results ‘ ion from percentage of error of 105

participants is shown an av e of error for existing ATM interface is

Significant difference
Task (Yes = different,

No = no different)

Ranges of Age

1. 16-25 : Yes

2. 26-35 2T : | Yes

3. Above 35 0.31 0.16 3.64 0.05 Yes
o —

e HUNINHNIWEANG

1. Students = 071 L 0. La7sa | logs Yes

| ]
2. Employees 0.26 'y 0.04 gh5.952 0.05 No
r
RERIEIREE LTINS

! IO.£ 9 N 1! ) 3.4d b O.O'5ID Lt Yes

5. Merchants 0.42 0.19 3.61 0.05 Yes

Tasks

1. Withdrawal 0.93 0.29 4.084 0.05 Yes

2. Statement Inquiry 0.34 0.06 4.095 0.05 Yes

3. Transfer 0.29 0.08 4.417 0.05 Yes

4. Mobile Top-Up 0.18 0.12 1.045 0.05 No

5. Credit Card Payment 0.30 0.15 5.052 0.05 Yes

6. Electric Bill Payment 0.31 0.06 6.989 0.05 Yes
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7. Insurance Payment 0.49 0.10 5.052 0.05 Yes

Average of 105 participants 11.65 10.9

The evaluation results are summarized that the proposed ATM interface
is more efficient than the existing ATM interface. Hypothesis H2 is accepted since both
time used to complete the task and percentage of error between the existing and the
proposed ATM interface are significant different to each other. This cause indicates that
there is the significant difference bethr the existing and the proposed ATM interface

for efficiency evaluation.

4.3.3 Evaluation ofSaW "f

not since each user group contains

,to analysis for questionnaire measuring

i"na Figu’re 4.1. There is a significant
hé‘proposed ATM interface in
), and agriculturists (t=3.050,
p<0.05) and merchant (t=1. 02)3%4}05)" N results show that the satisfaction
f th ATM i her than th isting ATM interf.
score of the propose\d mteﬂgt:_b_ IS(Q%Q er than the existing interface

[ ¥

o/
m@tiﬂtﬂl\ﬂ Interface

H Proposed ATM Interface

=1

Students  Employees Government Agricultures Merchants
officers

Figure 4.1:  Evaluation of satisfaction score.
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The evaluation results are summarized that the proposed ATM interface
is the satisfactory more than the existing ATM interface. Hypothesis H3 is accepted
since three aspects (student, employees, and agricultures) are significant different
between the existing and the proposed ATM interface are significant different to each
other. This cause indicates that there is the significant different between the existing and

the proposed ATM interface for satisfactory evaluation.

4.3.4 Evaluation of Memorability

Time used to finish the task#for the first and second time of 105
participants is used for memorability evaluation.

The evaluation frem.paired t-test illustrates there is significant difference
between the first time-and the second tiEne used to complete the task for the existing
ATM interface (t=4.39,49<0.05) and fQ_r the p,roposed ATMinterface (t=5.45, p<0.05).

From experimental results -an average of time used to finish the task for
the first and the second time'as 72 06 and 57 09 for the existing ATM interface and as
47.53 and 30.79 for the proposed ATM mterface This indicates that the proposed ATM
interface has more memorablhty than the ex13t|h9 ATM interface since the difference of

average of time used between the flrst and‘the second time is more than that of the

d "

existing one. This implies that the users can weII remember any processes from first

time.

4.3.5 Evaluation of Learnability

Time used 16 finish the task for the!first is used for learnability evaluation.
From experimental results, an average of time used to finish the task for the first as 72.06
for the~existing~ATM interface* and| as 47 H3~for-the rproposed=ATMj interface. This
indicates:that the proposed ATM interface has more learnability than the existing ATM
interface since the average of time used for the first is less than another. This implies

that the users can easily use, to understand, and to access.



CHAPTER V

CONCLUSIONS AND DISCUSSIONS

5.1 Conclusions

New ATM interface design in seven main functions of ATM banking
service for the main occupation group have been performed by applying the human-
computer interaction (HCI) principle [1] and then adopted usability criteria [2, 3] to
measure the usability of the new ATM interface. Moreover, statistical analysis, including
z-test, t-test, and paired t-test, is used to evalgateusability results to know significant
difference between the existing-and the new Afiisinterface.

Before designing_ihe new ATM interface, exiting ATM interfaces of seven
major tasks on ATM Banking@ services fror"p the five banks in Thailand were compared so
that the advantage andgdisadvantage, derived from comparing the exiting ATM
interfaces, are used for designing__.thé ngw ATM interface. The usability results of all
seven tasks for Bank C.had the highest efféctiveness, efficiency and satisfaction scores

measured in the usability €riteria [2, 8]. Ho’mgg_ver, it demonstrates a low accuracy value

of clicks. In terms of the ©ccupation, the agriculturists gave the lowest number of

completed tasks and the largest.aumber ogﬂigalj_é;:ks to complete the task. They spend

more time, and get a h’@igher percentage difference-in their;‘hu‘mber of clicks. In the other

hand, the employeeé h“a.ve the highest value of effeotiveness"énd efficiency.

The results from the evaluation of both Usability criteria and statistical
analysis indicaté gnews proposed nATMy interfaces can, welle=improve effectiveness,
efficiency, satisfaction, memoability,"and learnability"in point of View of usability criteria.
Besides,, there..is the significant.different between .the .existing..and, the new ATM
interfacel for ‘effective, efficient, and' satisfactory evaluation. The results indicate that
employees mostly prefer proposed ATM interface whilst other ones are quite prefer. This

thesis can be useful for designers for ATM interface and other related fields.

5.2 Discussions
In this part shows the comparison of existing ATM interface given the
best usability results and a proposed ATM interface, and then discuss the causes of

appeared results from proposed ATM interface.
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Both interfaces have the differences of hierarchical menu structures,
button layout, and a number of command buttons. Therefore, usability results are
different. The following shows comparison of a number of steps in each task between
the existing ATM interface and the proposed ATM interface. The ATM interface of Bank
C is selected from existing ATM interface of all five banks since it is the best from

evaluating usability.

Table 5.1: A number of steps in ec'h task for the existing and the proposed ATM

S\

—_— /
A 'number o tep@ for five banks

'stir]g ‘\: TM interface Step difference
" A damec) ™
o™ T RO »

Items Tasks

1| Withdrawal "‘ B 3 3

2 | Statement Inqui ‘;-* Ty \ 3 1
atement Inquiry ‘ O - \\

3 Transfer 4 ‘ 0
4 Mobile Top-Up 1 0
5 Credit Card Payment 3
6 Electric Bill Payment 3
7 Insurance Payment 3

ber of the steps for the

proposed ATM interfag is les umber@ steps for the existing ATM

interface. However, transfer.task is not different in the number of steps as shown in

ﬂummmwmm
beamg RPN IEN (1M b

ATM interface is better than this existing ATM interface. As a result, a number of steps
and minimum number of mouse clicks of this the proposed ATM interface are less than

ones of this existing ATM interface. Flow diagrams of two tasks are shown in Figure 5.1.
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e

Statement
Inquiry Statement
¢ Inquiry
2
Select ¢ @
Account
¢ 3 Show ltems

Show ltems

Select
Transaction?

(a) Diagram of statement in

Figure 5.1: Flow diagram®

(&
Ref
N« (1
¢ s Credit Card
. Payment
Number 2 ¢
2
v s
Select Select
Amount j Company
vy (3
Confirm
v e/ Select
4 ﬂﬁl # ] a Account
Receive Sli ) Acount » 4

Credit Card

(c) Diagram of insurance payment for existing (d) Diagram of credit card payment for the

ATM (Bank C) proposed ATM interface

Figure 5.2: Flow diagram of tasks which is the worst usability for existing and the

proposed ATM interface.
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From Figure 5.2, Insurance payment for existing ATM has the worst
results whilst credit card payment for exiting ATM has the worst results. Nevertheless,
the results of this credit card payment is better than the results of insurance payemnts
which a number of steps and minimum number of mouse clicks can be cause of this
results.

From this study found that, the merchant and agriculturist groups are
less effectiveness, efficiency, satisfaction, memorability, and learnability than other
groups because most participants of these groups were illiterate and semi-illiterate.
Nevertheless, they can operate in new ATM liaterface better than the existing ATM
interface. In contrast, the employee ah%j government groups are high effectiveness,
efficiency, satisfaction, mgmorapility, and learnability since most of them are literate and
often use the ATM server: }

One of founding is that agéjénge of 26-35 years gives the best results in
effectiveness and efficienCy /because th"; users of this rage can good learn and
understand to new technology. Addi_tionalli}:',}thgy aften use ATM banking service too. In
contrast, the range of above 35 years giife’ﬁ--l,he worst results both effectiveness and

efficiency since they is less abléds fearn to né_ﬂlféchnology.

SIS indicate that mobile top-up task of
proposed ATM inte‘rféee—has—measufedv-usability better phan that of existing ATM
interface. However, fh‘ey are not significantly different. The ééuse may come from a total
number of steps of botﬁ are equal. There is no significaﬁt difference of usability result
from employee group between the existing ‘and-the proposed ATM interface. The reason
may be that users of this group often use the ATM and well learn to use technology, so
there is_thelleastierior.in both'ef the existingland the proposed ATM interfaces from this
group.

During new ATM interface design, most of participants can conveniently
operate to the task. When they have some mistakes such as choosing incorrect account
type or bank, they can go back to recently prior step to correct and then continue that
mean they have not to press cancel button to go to main menu which is cause to
decreasing number of clicks and time to complete the task. Besides, the step button

can note the number of step of each task and used for go back to specified step too.



48

Figure 5.3 reveals comparison usability results in each perspective of
usability principle. A proposed ATM interface is better than an existing ATM interface in
every perspective, namely effectiveness (success rate and a number of clicks),
efficiency (time used to complete the task and average of error), satisfaction score,
learnability, and memorability. These results indicate that new hierarchical menu
structure and increasing of the command buttons, such as return to main menu button,
back button, return card button, and logo buttons of the proposed ATM interface can
help the participants of all five // to use, to learn, to remember, and to
recover from the emerged er ' &

!

Compariscntisabi o5 cac ient of existing and

L1 Existing ATM interface

H Proposed ATM interface

Figure 5.3: Comparison ‘yibnity results in %c’:h component of existing and proposed
AULINININYINT
AN TUNM NN Y
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Appendix A

A satisfaction questionnaire for the participants for five banks in Thailand.

Agreements

5 = Strongly Agree

4 = Agree
3 = Neutral
2 = Disagree

1 = Strongly Disagree
General Data
- Sex [1 Male [l Female

- Age []116 - 25 yearold [ 2é —35.yearold [] Above 35 year old

Level of satisfaction : Make \/ on thewyour satisfaction level aceording to above agreements

\
\

Aeaghl 17 BankB Bank C Bank D Bank E

ANDNA ——— -
5‘4/5]21@2‘32154321543215432

W7 i

Do you think hierarehical | \

. 4
menu structure is easy o ’ 2
make mistakes? i rE
i :
| N
J o

Iy

|
Hierarchical menu ‘
f
structure is easy to get |
|

where you wanted to go?

Do you think screen is

easy to learn?

Do you think the systém

unnecessarily complex?

Do you thinkstext on user
interface short and direct
so that users‘can absorb

itquicklzandieasily?

Do_you think"hierarchical
menu structure is easy to
get started and not take a
long time to learn to use

the system?

Do you think interface on
the screen is easily visible

and accessible?

Hierarchical menu
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structure is easy to

access?

| can easily find an ATM

when | need one?

10.

The bank provided me
with enough information

to use an ATM?

11.

The bank should offer
training or practice in

ATM use?

12.

| easily recover error

during conducting task?

13.

It is easy for me to go«te

the next screen?

14.

The layout of the
hierarchical menu
structure is  consistent

from screen to screen?

15.

| enjoy operating this

bank?

16.

| feel easy to operate this
bank and | have never

had a problem withit?

Iy

o |l

17.

I like  the | wisual
appearance of icons-and
colors on this ank

interface?

18.

It is easy|to get started

with this bank?

19.

l.«believes that AIM .are
mare reliable than bank

tellers?

20.

| prefer using ATM than

going into a bank?

21.

| not read text on screen?




1.

Bar Code Payment
Mobile Top-Up

Appendix B
A screen of bank given the best and the worst results of usability evaluation in

Thailand.

Withdrawal

- A screen of withdrawal of bank C

Select Transaction Select Transaction

[
s

5,000 Baht

10,000 Baht

-

7 N

Please select the aéc ount :.5 (* =

20,000 Baht

Specify the amount

(1) )

FPlease specify the amount

5000

Correct

Incorrect

AUEINENINYINg
ARIAN TN INGINY

54



- A screen of withdrawal of bank E

Select Transaction Select Transaction

500 Baht Enter the amount

Correct

Incorrect

Select Transaction

Bar Code Payment
Mobile Top-Up

TN
My

RaY

leci Transaction

W

.' M
il
Statement Inquiry

Balance 4,000 Baht
Amount withdrawn 4,000Baht
Do you want to continue?
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- A screen of statement inquiry of bank E

Thai 500 Baht Enter the amount
English 1,000 Statement Inquiry
China 5,000 Service

10,000 Other

Request a list saving

‘Want

Mot want

Pleas® select the account

’ . -
Please specily the amafint io transfer

' '

9000
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Please enter the account number

Account Number 2349874423
2152748859

Transier to account 2152982234
Kamonwan Taohai
Amount 1,000

Select Transaction select Transaction

~ NN
A ANEN

K% PUNN

0 b2 WNNIE

Enter your accoun’ umf T r},; o , ?l. e select the account you want

y AL

Payment to Comp w—' ]’H_

Current account

: < r - ’
Please se'. it 3 zce. wity.."w,n « ) 2% .56 € w2 ~check amount

-
-
ard
X A M7 IND 1/l % -

|
Pank account ofher




2458096632

Confirm
Clear

Cancel

(7)

4. Mobile Top-Up K\X\,

A1/ -
72

Bar Code Payment
Mobile Top-Up

Confirm

Cancel

Select Transaction

Enter your phone number

0862141044
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- A screen of mobile top-up of bank E

Select Transaction

Please select the service you w# ito ay

Insurance

Direct Selling #

P
one-2-call 50 Baht
nl A K
vl
one-2-call 200 Baht

FuSE'ie el* a3 St Cce"

=

']

- . g —
one-2-call 260 Baht

L] L] Ly
one-2-call 350 Baht
one-2-call person

Select Transaction

500 Baht Enter the amount

Account that you use

Saving Account
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5. Credit Card Payment

- Ascreen of credit card payment of bank C

Select Transaction Select Transaction

Select Transaction

citibank card / credit w f Please select the account

AN

PR

Wl‘ -~ Saving account
L (1508

VoTAy%

:‘; l:f_t.';'_"_]‘f "t b
;?J"J"‘*

Enter your customer ID / reference number. 1 oo e R your customer ID / reference number. 2

528091447 589007412

Standard Chartered -

Standard nations
Current account

3) (4)

- Correct Correct

Incorrect

LEOTE ) T E W1 <
P URIINYIA

Incorrect

Correct

Incorrect
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- Ascreen of credit card payment of bank E

Select Transaction

Enter your account

=7
A

Please ; ' :ss the credit card number

80669314 77085123°

Select Transaction

Please press the amount of the invoice

IR TORS
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6. Electric Bill Payment

- Ascreen of electric bill payment of bank C

Select Transaction

Select Transaciion

)

Enter your customer ID number.

5809632221475

Select Transaction

Please select the account

Press the 9-digit invoice number

258096325

62



7. Insurance Payment

- Ascreen of electric bill payment of bank E

Select Transaction

English

Enter your account »

=

Please select the service you want to pv

v

Insurance

Direct Selling # |} -
Utility / tax

']

Select Transaction

Enter the amount

Statement Inquiry

()

Account that you use

Saving Account
Current account

Credit card

Please select a service

1'__— MEA
ﬁ-'

Department of Lans

TOT Company Limited

Phone companies. /

i 458 .E mér 9-"Nit| e er

]

805221474
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Press the 9-digit invoice numbe

885096325
C

| Sy

’ ._
R
<Y

%‘ e

oy
. Ml .
NP li_'l " Fue
Ky i
A Rl .
Al Bes 3
W i IS A -
- % W By -
A | %
" | A i, o

\I
&

4

-y
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Appendix C
The comparison of the hierarchical menu structure of bank given the best and the worst

results of five banks for usability evaluation.

1. The hierarchical menu structure of withdrawal for Bank C and E.

- Menu of Withdrawal of Bank C

L7

I B

|

q

awal OIFBanK L

i) 77
Y Y Y Y
EETRRE Payment Transfer Statement
Payment Inquiry

Y

‘ ( Specified
500 / / f Jr \\ 10,000 20,000 Amount
e
J Select
g v , Account

Yaibinid < 4 i (@)
AT Select
ﬁ?g‘t - Amount
' @
Receive Slip

ﬂuﬂ’mﬂ‘ﬂﬂ’\lﬂ’]ﬂ‘i
QW’]ﬂ\i\ﬂiﬂJMﬁﬂ’mmﬂB



Menu of Withdrawal of Bank E

Choose Language

v

Thai

v 1
English

Menu of withdrawal of Bank E

r'y
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l

l

l

500

1,000

v

Barcode
Payment

Payment

5,000

|

RIAIATUUM TN

Statement
Inquiry

Service Other

=]
A

A

| (D)

|

AULINENINYINT

L Withdrawal Transfer Statement
Inquiry
@
Select
Account

elect ltems
Transfer

Select

Banks

@®
. ®
©

Select
Amount

I

Confirm

NG

Receive Slip
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3. The hierarchical menu structure of mobile top-up for Bank C and E.

- Menu of mobile top-up of Bank C

Menu of mobile top-up of Bank C

| | | & | I l }

ErTeEEe Payment Wietzll® Trege= Other Withdrawal Transfer Staten_ﬁent
Payment Up Inquiry

-5,
LAy

Public

Payment Utilities/ Text

‘ Credit Card

‘ Other ‘

6
Mobile Top-
Up

Select
Company

Telephone
Numbers
Select
Amount
Telephone
Numbers
Select
Amount
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4. The hierarchical menu structure of credit card payment for Bank C and E.

- Menu of credit card payment of Bank C

‘ Menu of credit card of Bank C ‘

| | \ o | I | |

Barcode Statement

Mobile Top-
Payment Payment Up T‘ Other ‘ Withdrawal Transfer Inquiry
e TR i i i (2) i i i
enti =] .
Insurance Peoduct/ Credit Gard Telephone/ Tax/
Cz:‘f";[‘y payment e 9 Service Payment Internet Regrter Electricity bill




5. The hierarchical menu structure of insurance payment for Bank C and E.

- Menu of insurance payment of Bank C

‘ Menu of Insurance of Bank C ‘

! L I ! 4
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‘ Barcode MoblLepTopr‘ - ‘

‘ Payment

| o 1 | | [ [ |

B
Tdentify the i
Insurance Peoduct/ Credit Card Telephone/ Tax/
Ci':gf’;t”y payment ﬁ) (Lerein @ Service Payment Internet ‘ Register Electricity bill
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6. The hierarchical menu structure of electric bill payment for Bank C and E.

- Menu of electric bill payment of Bank C

‘ Menu of Electric Bill of Bank C ‘

i ! T o 1 |

(((((((((

Barcode Mobile Top-
‘ Eevent ‘ Payment e T‘ Other ‘ Withdrawal ‘ Transfer ‘ ‘ P
T@entify the
Insurance Peoduct/ Credit Card Telephone/ Tax/
Cz'f;’f;;‘y payment Leeein d ‘ Service Payment Internet ‘ Rogpster Electricity bill
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7. The hierarchical menu structure of statement inquiry for Bank C and E.

- Menu of statement inquiry of Bank C

Menu of Statement Inquiry of Bank C

v (0

Statement
Inquiry

(2

Select
Account

A 4 A 4 A A 4

B0 Payment L= fep- Other Withdrawal Transfer
Payment Up

A 4 A 4

Confirm

v (@

Receive Slip

- Menu of statem

v

Specified
Amount

Select
Account

o

Confirm

:

Receive Slip

-3




Appendix D

A screen of the process of the proposed ATM interface for seven main tasks.

1. Withdrawal

Select Transaction

ﬂiJEI’J'VIEWlﬁWEI’]ﬂ‘i
’QW]NT]‘EEUNWTJWEH&EJ
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2. Statement Inquiry
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3. Transfer

@ Select account type
T

trm Please select the fund transfer

Transfer to Transfer to
- own account other accou other banks
o
: )f" ——

S

Enter accot .. nuprer B

ossiirzz 4 4 A NN 2

=
b ol Enier amount

o
¥

IR NT RS A T

Q)

;
AULINENINYINT
RN IUNRINYIAY
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4. Mobile Top-Up

coount [ ‘\;’

- MiFasiil

Please select the account

Enter telep® _iie p* b

ec2iaios g 4 S T

Enter amount

.......

;
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RIAINTUNNIINYAY



77

5. Credit Card Payment

Select Transaction Select Transaction

GCurrent
. o EREIES

H (2)

£ F/ N " | "“;-

i Enter account numboer
2 18214741225

Enter amount

@ i ©
ﬂUH?ﬂﬂWiWﬂ*1ﬂ§
ammmm UAIINYAY
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6. Electric Bill Payment

Q ' Please select the account type C
: Current

Enter amount

5000

£

(1) __“ p.
NN

Enter your invoi¢® aur.oe' 9 digits a
/

08471236

o

Q712362

Please enter your 9-digit meter

805412365

5 K | EEE

% noow
ﬂ‘UEHﬂElVIiWEI"]ﬂ‘E

ammmmumwmaa
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7. Insurance Payment

Please select transaction ‘ : Please select account type

Current _
ey | - EREIEE
wha Assurance || 4IF Allianz {) C.P. .

s

[

Bangkok

aw @
PRLDENTIAL Assurance

gl Muangthai

v
Insurance

g/

Enter account number
085214714 0I5 7142

Enter amount
A

(2)

(3) | ] 4)
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Appendix E
The comparison of the questionnaire satisfaction between the existing and

the proposed ATM interface.

Agreements

5 = Strongly Agree

4 = Agree
3 = Neutral
2 = Disagree

1 = Strongly Disagree
1. General Data
- Sex [ Male [] Female
- Age [116 - 25 yearold [ 29 - 35 yearold [1 Above 35 year old

2. Level of satisfaction : Make \/ on the your satisfaction levelraccording to above agreements

— r
The existing New ATM
Queésti ATM interface interface
/ / 5/4(3[2]1 4(3[2[1

1. It is easy to get started with this function®? \

2. The hierarchical menustructure of this ATM bankmg service is
attractive? rils

3. | feel quite easy to operate this navigétion menu 'a;md I have never
had a problem with it? Al

4. | like an emergence of the iicon and step represent s,tatus on this
screen? —

5. | feel comfortable to operate in thisfunclion? oo

6. This function is easy to get back to where | want to be, when |
make a mistake? | =%

7. This function has several options of data entry. | can choose the
style | prefer and | feel it is comport to use?

8. | feel layout button is €asy to understand?

9. ltis easy for me to go_ to the'next screen?

10. It is easy for me to;go back te the previous screen?

11. | am sure that'l can complete this task after a period of non-user?

12. J~eannyrecali=the=~iconslocationand=informationy presenteds ony the
screen after a period of non-use?

13. | think the names of icons or labels are important so that | feel easy
to remember?

14. If | made some mistakes, it is always possible to cancel prior to
completion?

15. The grouping and ordering of menu options is consistent?

16. This function is easy to get started?

17. The text on screen is always short and direct so that | can
understand quickly?

18. The text on the screen is easy to read?

19. | can easily understand how to input data and output by using this
function to perform this task?
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20. The items and information on the screen are grouped
understandably?

21. The icons of menu options are easy to understand and recognize?

-y
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