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Self-se rvice products such as automatic tellermachines are becoming
more complex as they support new services. are being used in newenvi­
ronments, and employ new technologies, End-users' expectations ofself­
service products also are being raised as they gain more experience
with interactive technologies. This paper describes the cognitive engi­
neeringactivities ofself-service information technology, including end­
user perceptions, performance, and satisfaction. Such issues as specify­
ing usabili ty at concept stages, integrating prototype evaluations, and
incorporating design recommendations also are discussed. In addition,
the paper presents practical methods to design self-service products,
including heuristic usabili ty evaluations, "Wizard ofOz" investigations,
and fo rmal task-based evaluations.The paper also draws upon a number
of usability studies conducted by self-service product and advanced
technology developers.

Introduction
The ubiquitousautomatic teller

machine (A1'M) is a very important part of
daily banking for most people andis critical
to banking operations. since upwards of75
percent ofallcash transactions in the
UnitedKingdom and the United States are
carried out bythese self-service terminals.
While, from the user's point ofview, insert­
ing a magnetic card into a self-service terrni­
nal and keying in a few commands is osten­
siblyrather simple to perform, designing in
this simplicity ofuse is verychallenging,
requiring tile use ofcomplexmechanical,
electronic, software, and communications
technologies.

These terminals areno longer con­
fined to the basic functionofdispensing cash
but span complex retail bank transactions,
ranging fromcheck and bill imagingto multi­
media and remote video-mediatedassistance.
As canbe imagined,the varietyofconsumers
who useAThls isgreat, as is the range ofenvi­
ronments in which ATMs are located and the
tasks thatthey canperform.

Cognit ive Engineering. One crucial
technology in developingself-service prod­
ucts is the field ofcognitive engineering, also
referred toas usabilityengineering and
humanfactors engineering. Cognitive engi­
neering is generally understood to mean the
study ofhuman interaction with devices and
systems. Its goal is to ensure that people can
carryout interactive tasks easily, effectively.
and ina satisfying manner.Today,workers in
post-industrialized economiestypically
encounter products and systemsthat make
mentaldemands on them, rather than physi­
cal demands, especially as we see the spread
and acceptance ofcomputer-based techno­
logyin allwalks oflife.

Contemporary cognitive engineers
are dealingwith these issues withinmultidis­
ciplinary teamsdeveloping products andser­
vices.Their role in the developmenteffort is
to deal with user needs, highlighting current
user difficulties andensuring that products.
systems. and services will succeed because
theyare based on appropriate user-centered



design. TIle applied discipline oi cognitive engineering
leans heavilyon the knowledge and methods developed
byhuman experimental psychology and. to a lesser
extent. on , pplied physiologyand related human sciences.

In this paper. wefi rst introduce some oi the
applicable research in cognitive engineering. and then
briefly describe the processes andfacilities employed by
cognitive engineering at .'\T&T Global Information
Solutions (,-\T&T-GI.' ) inScotland. TIle body oi the paper
concentra es on examples ofrecentwork. introducing the
range ofmethods and the scope ofactivityundertaken in
support of set-centered self-service information technol­
ogy (11) . The paper concludeswith an outline ofplans ior
the future. and a note on the lessons learned in the appli­
cation and integration oi cognitive engineering in the
AT&T-GIS development organization.

TI1is paper focuses primarily on ATMs, although
the principles and techniques discussed are applicable
to the development ofany product or service. ATyl user
issues are addressed in AT&T-GISin a varietyofareas.
including:
- Basic anthropometric analyses, that is. the studyof a

user's position, reach, and posture inusing anAnI;
- The use ofATMsby people with special needs;
- The gathering of user attitudes towards biometrics

recognition devices. which permit a system to verify
the identity ofa user by, forexample.a fingerprint or
voice print;

- User acceptance andthe integration ofnewdevices into
product andservices, and

- The development ofcontemporary user interfaces.
Previous Research . AT&T-GISis building upon the

growing recognition, within AT&Tandelsewhere, that
ease ofuse is critical to the commercial success of ser­
vices and products.t-'

Usabilityand human factors research into ATMs
has. to date, looked at users' mental models.t--fhat is.
how people generally conceiveofthe content and work­
ing of AThls; their general usabilityf and various adop­
tion and acceptance issues in the use ofATMs for bank­
ing.7.S

WithinAT&T-GIS, wealsohave carriedout ATM­
related investigations into end-users' mentalconceptual
models.9111e company alsohas examined evaluation
methods appropriate toself-service products.10However.
unlike, say, the domainof telephony, the self-service ter-

Panel 1. Abbreviations, Acronyms, and Terms

:\1:\ [ - Automatic teller machine
G[S- AT&T Global InformationSolutions
HCI - human-computer interaction
ISO- nternational Organization for

Standardization
HT..\.- hierarchical taskanalysis
IT- information technology
PDA - personal digital assistant
S-VHS - super video homesystem
UTT - usability technology team

minal as a walk-up-and-use product has received relative­
lylittle attention from either the human-computer inter­
action (HCn or cognitive engineeringcommunities. Our
usability work wi thin the development ofself-service
solutions for tl1e financial sector is beginning to redress
this imbalance.

Cognitive Engineering in ATBcT-GIS
Awareness ofcognitive engineering has

increased considerablythroughout AT&T·GIS, includ­
ing product developmentThis section reviews the cur­
rent state ofcognitive engineeringat AT&T-GIS, includ­
ing resources, process issues, and cognitive
engineering facilities.

AT&T-GISinScotland is a leader in self-service
technology, with developmentandmanufacturing facili­
ties in Dundee andSt,Davids. In the self-service market­
place, AT&T-GIS holds 27 percent of the world market
and exports to 103 countries.The company has received
ISO 9001 and 'TickII" certification,and was awarded the
1994 Scottish Engineering Award andthe 1995 Queen's
Award for Export Achievement

Adrive initiated by AT&T-GISCorporate
Cognitive Engineering,a core group ofcognitive engi­
neers located in Atlanta, Georgia. has led to the intro­
duction ofusability specialists in many development
organizations, including industrial design. where they
focus their work around a common user-centered
design theme. Asthe number of full-time cognitive engi­
neers has grown, theyhave expanded their alliances
with leading usability and design organizationsto sup-
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port their work. ' j They have developed i n c rt'a~ i j]gly

important links with their C.S. counterparts in AT,\:1.
particularly within:U &T Bell Laboratories. and hart'
e1l1010\"l.'d several external subcontractors in the l nited
Kingdom and 'he I.nited States. Theyalsohaw been
supported by internships.

ForAT&T-GIS. cognitive engineeri ng is more
than HCI or workplace ergonomics. It is. instead. an
umbrella for a l user-related concernsand their solutions.
Tocoordinate usability activities throughout the AT&T­
GISFinancial Systems Group.which develops ATi\1
machines. a usability technology team (L'Tf) has been
established that represents AT&T-GIS development sites
in Waterloo in Ontario. Canada; Davton, Ohio: and
Dundee and St. Davids inScotland.-This teamfunctions
as a forum for design andusability issues.andhelps
define the direction and strategy. chiefly foradvanced
development projects.

Process Issues at AT&T-GIS

As mentioned earlier. cognitiveengineering
works closelywith industrial design in the development
ofself-service terminals. The ISO-gOOl-accredited devel­
opment. supply, and manufacturingoperations at
Dundee andSt. Davids inScotland are governed by
specified processes, which are continually improved as a
fundamental part ofthe ISO philosophy. Efforts are
underway to further improve development and specific
engineering processesby induding a moreuser­
centered focus, from the earliest product conception
through post-release evaluation.

Driven by cognitive engineering, the emphasis
here is to:
- Analyze end-user requirements at the initial design

stages,
- Define these requirementsas usability specifications.
- Designiteratively usingappropriate prototyping

approaches,and
- Carry out thorough user trials.

Many usability evaluation activities have been
integrated within product development planning. We are
currently refining versions ofa process that .....ill affect all
major stagesof self-service product development, based
on research findings of discrete user needs,usability
specifications, andaccumulative evaluations.

The lessons learned thus far relate mostlyto the
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need tor tlexibility when det'icing on whichmethods to
use it. determining and evaluating user requirements.
Given the variety possible in feature, product. and systen;
development. it ls prudent not to be too specific indeter­
miningwhich methodologies should be employed at cer­
tain phases. Rather. it is better to specify the boundaries
and necessaryoutcomes. leaving the cognitive engineers
somelatitude in selecting the proper methods and testing
innovative approaches.

Usability Facilities at AT&T-GIS

Thedevelopmentof usabilitylaboratories has beet:
a particularly fruitful tool. We have recently equipped a pri­
marylaboratoryat the AT&T·GISSt. Davids site. andare
developing a second facility at Dundee. These laboratories.
togetherwith appropriate "field-kif evaluations. enable us to
meet the growing number ofrequests for usability support.
chiefly user-based evaluations ofdevelopmentprototypes
and competitors' products.

The SI. David's Laboratoryfollows a standard
contemporary set-up. The laboratoryconsists oftwo
adjoiningrooms, one dedicated to the observation of
users, the other a control and analysis room. Product and
systemusersare observed by a system ofcameras, micro­
phones, and recorders.The laboratory uses super VHS
format (S-\llIS) recordingequipment with digital editing
and analysis facilities.The design andimplementation of
the laboratoryhas beenheavily intluenced by precursors
within AT&T-GISI2and current practices within the
usabilityengineering community. 13

Whileacknowledging the increased popularity of
predominantly field-basedapproaches tounderstand the
useofproducts and systerns.t! usabilitylaboratories still
remain a cornerstone ofapplied cognitive engineering.

Together with the appropriate development
processes. laboratory studies helppredictand dealwith
specific usability problems during product development.
Such a laboratory alsoprovides an extremely powerful
tool to identify and publicize generalusability issues that
affect overall product use.

Usability and Self·Service IT Development

This section describes cognitive engineering
work within two important areas ofthe Dundee organiza­
tion: technology development and ATMdevelopment. 11:1.'



Table I. Users' perceptions of privacy using a speech·based ATM•

: Condition

I ('3110p)'/(\)\'<,r 011 ..1T1\ l

Hand set

~ .:i

.-\T:\I ·l1lounll·d
s tem microphone

examples illustrate the range of usability activities sup­
porting self-service n-development.

Usability Activities In Technology Development. The
Dundee-based Technology Development Group assesses
future technologies and the skills a user would be
required to have for the FinancialSystems Group of
AT&T-GIS. 111e Dundee group alsoplays an important
role in supporting feasibility projects, such as assessing
user acceptanceof a new service or feature. This group
alsosupports usabilityinitiatives- such as the lJTf­
throughout the whole Financial Systems Group.

selt-servtce Interfaces. Projects within the
Technology Development Group have covered such top­
icsas user reactions to voice verification technologies at
the self-service interface'f and the study ofadaptive self­
service interfaces.Typically, Technology Development
Groupprojects identify the informationand expertise
needed for someone to use a product in advance of formal
development Technologyteams, such as the Ul'T, are the
primary channel for receiving such requests and for the
subsequent dissemination ofproject findings.

Biometrics recognition . Much of the usability work in
recent years has been to investigate field-based end-user
reactions towards newbiometrics recognition technolo­
gies. Such technologies permit a system to verify that
individuals, such as card-holders in a self-service sce­
nario, are exactly who theysay theyare.

Privacy Issues . Another investigation focused upon
the issue of privacy when using a speech-based ATM
transaction. Fourexperimental conditions were devi sed,
Two variables involved whether a microphone was posi­
tioned withina conventional telephone handset or within a
flexible stem extending out fro m the ATM.The other two
variables involved whether or not the ATM was located in
an integrated booth.

The results, ShO....l1 inTable I. indicated fewdiffer­
encesbetween these variables in terms ofa user's per­
ceived privacyduring a transaction. Participants indicated
their agreement ofthe statement "I felt that others could

overhear mewhen Iused the machine: ' with 1indicating
"strongly disagree" to 5 indicating "stronglyagree:'

Personal dig it al assistant . The use of portable.
hand-held devices as a means ofcarrying out daily bank­
ing chores alsohas been a focus ofattention. 111e per­
sonal digital assistant (PDA) alreadyhas many uses with­
incomputing and may wellplaya significant role in the
future ofconsumer banking, particularlywith the
increasing use ofsmart cards. Usability studies in this
area16.1i have highlighted some non-trivial HClfactors
such as the comfort ofpen-type input devices. the need
for simple menu structures. accessible input touch areas,
ease of navigation. clear design of icons. and appropriate
andcustomizable functionality.

Such investigations also permitusability tech­
niques themselves to be evaluated for effectiveness. In
the case of the PDA evaluations.we were concerned with
the effectiveness ofourexperimental arid heuristic tech­
niques. but found our results closelyaligned with the
findings ofother human factors specialists dealing with
more conventional products.IS

User perceptions. Perceptions of sell-service tech­
nology determine which problems some users experi­
ence in using public terminals such as ATMs. For
instance. whileinvestigating the use ofATMs from the
perspective ofolder adults, we have discovered that
actual experience is the prime factor in predicting the
ease with which the user can use a technology. When
other factors are looked at in isolation-such as age. gen­
der, disability status.education.work status, and
income-they don't account forsignificant variations in
ease ofuse.These figures are based upon a survey of
4.500 adults in U.S. metropolitan areas.

Furthermore. novel introductions to the self-ser­
vice transaction-for example. the use of thermal paper
to print out receipts-have to be fully understood before
embarking uponcomplete developments. For the end
user, the introductionofsuch a technology may have
implicationsfor the perceived quality of service, speed of
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the transaction.and reduced auditory feedback.
AdapU"e menus. For manvself-service consumers.

easeofuse means quickly rcadling certainservices and
avoidinz others. Thus, svstems should haw a decree of
"intelligence" and adapt"their menus via short cuts ior
experienced users.

TIle Technology Development Group has under­
taken usability studies to examine the influence oi adap­
tive systems on users' attitudes and behavior. comparing
situations in which users are either aware or unaware of
the system's purpose. Such studies reveal importantdata
on consumer attitudes.and provide knowledge essential
for the developmentof more advanced, and more com­
plex. products and systems.

111e studies of newself-service technologies
involve both laboratory and fieldsettings. including
detailed observation. the development ofappropriate
questionnaires and interviewchecklists.andthe occa­
sionaluse ofconsumer focus groups.

Usability Activities In ATM Development. This sec­
tion looks at someofthe ways usability issuesare tackled
in the development ofspecific self-service products. in
this caseATMs.Asoff-premises non-branch locations
such as supermarkets andshopping centers become
increasingly important to our customers. wehave sought
to offer optimum solutions. tailored to the specific needs
of the environment, task. and user.

New technology. The usability evaluation workcar­
ried out on the 5670ATM, a single-fu nction ATM targeted
at off-premises locations. has considered both the high­
and low-level goals in the overall design (see Figure 1).
Forexample,general access for people with special
needs and the precise formof the swipecard reader rep­
resent issues at the high- and low-levels, respectively.

One version ofthe 5670uses a swipecard reader
to initiate a transaction. rather than the type that
"ingests" the card for the durationof the transaction.The
usability investigations ofanAn1-mounted swipe card
reader were conducted for different physicalforms, ori­
entations. and positioning on the face ofthe machine.

Inthis case. the findingsofcognitive engineering
have influenced the design of the swipe reader. the design
of the swipe reader's graphicprompts to the user, and its
positioning onthe ATM. Extensive videorecordings of
end-users, subjective responses, error rates, and the num­
ber ofcorrect readings of the data on thecard were the

Figure 1. Usability evaluation work was carried out on AT&T·
GIS's 5670 ATM, a slngte-tunctlon ATM designed for off·
premises locations such as supermarkets.

main factors in reaching the final design decisions.
Accessibility. Much An 1usabilityevaluation work

has focused on the issue ofconsumer accessibility- for
example, how a user must reach to get the transaction
statement from a behind-the-fascia printer-while the
user either is standingor in a wheelchair at either lobby
or through-the-wall ATYl's. Bear in mindthat self-service
terminals are used in more than 100 countries by a great
variety ofusers. Focus on access. heights. and depth of
reach is due to ever-changinguser preferences. industry



Table II. Service engineering task analysis.

Standard completion i Actua l completion
lime (minutes) ! lime (mi nutes)

Task description,
compl etion status

Carr.reader removal
and replacement

Postural
difficulties

• Back bem
· lb e' limb below

shoulder 1t'\'('1
• L03 r! i :l~ on one I t'~

only. Ieg' bent

Exposure
rime

6~1 seconds.
repeated ~ times

during maintenance

Engineer rating
on task ease

standards. andgovernment legislation. Allaccess studies
must. therefore. incorporatebalanced experimental
designs and appropriate task selectionand measures to
accommodate a wide range ofconsumers.

Serviceability. Obviously, the consumer represents
onlyone type ofuser. Broadly. there are three main end­
user groups:
- Consumers, who use the terminal to withdrawcash or

receive accountinformation;
- Replenishers andbalancers. often a combined function

carriedout bya bank's staff. with some very basic main­
tenance responsibilities; and

- Service engineers. dealing with detailed terminal main­
tenance. upgrading. and repair.

The terminals also must be installed, overseen.
andsupervised within a computerized network. adding
the usability issues of these specialiststo our concerns.

One areaof impact on usability engineering is ser­
viceability-for example, how easy it is for service engi­
neers to repairboth front-and rear-access ATM products.

Service engineering investigationshave looked at
two major issues:
- Evaluation ofthe minimum service footprint. the area

around the ATM that mustbe leftclear for service engi­
neers to make repairs, and

- Investigation into the general serviceability ofinternal
modules.

Both these issues were analyzed bydetermining
how repair personnel work. the time it takes them to com­
plete a task, and the footprint needed based on actual
experiencein the field. This earlywork also shed light on
someof the "pet hates" of maintenance engineers and
replenishment staff. This data was shared later during
designsessions for future products.

Postural analysis. Amore specific indication ofease
ofserviceability is postural analysis using what is known
as the OWAS posture set.Hl.2(1 OWAS provides a means of

categorizing body positions. coupled with information
fromquestionnaires and the measurement of task com­
pletion times. that can be compared to a known mean.
Table II provides an illustrationof the typesofdatacol­
lected from such studies,

111C postures ofserviceengineers and product
assemblers were studied. according to their dynamic
and static stress level-that is. stress associated with
body movement or a held.fixed position-against the
time it took to performa specific task. Asa result. spec­
ific designchanges were made andthe size ofthe mini­
mum service footprint for rear access was increased by
250 percent (see Figure 2). The results of this studyare
to be incorporated intothe designofnewproducts.

Serviceability research. recently embodied
wri thin the usability engineering process. is fast becom­
ing the prime focus of hardware ergonomics within
AT&T-GIS at Dundee,

Software usability. Increasingly important is the
software controlling, monitoring, and reporting on the
status ofthe self-service terminal. One such software
tool, called State of Health, helpsanATM operator
replenish andbalance the machine. By using hierarchi­
cal taskanalysis (HTA) ofeveryday operationst' and
determining user requirements. areas for further
improvement canbe identified (see Figure 3).

Interviews with a number ofcustomer mainte­
nancepersonnel regardingthe day-to-day runningofthe
system provided specific recommendations on the con­
figuration of the newdesign and helped validate the
existing system structure.

The graphical interface nowbeingdeveloped
draws heavily uponthe information derived from these
studies.When completed. the interface will be proto­
typed andevaluated bycustomers prior to empirical
task-based evaluation workand final design iterations.

Another area of research concerns the soft-
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ware tools with which developerscan produce applica­
tions to run on self-service terminals. Developing tools
for these application: an' necessarily sophisticated and
broad in terms of functionality. Recent work has concen­
trated on a new product that is object-oriented. present­
ing, in contrast 10 previous tools, a graphicaluser inter­
face. An evaluation by users in Europe and the U.S. of
tilt' design of icon sets in a functioning prototype pro­
vided valuable and timely feedback to the software
developers. Issues such as system navigation and the
status of system clements were found to be crucial in
the overall ease of use of the product.

Development projects in the area of sell-service
network management also arc being supported by usabil­
ity engineering. providing assistance in the evaluation of
alternative user interface conceptsand earlyprototypes.

Employing usability engineering from the early
project requirements and planningstage, alsocalled the
scuping stage.~ ~ has increasedthe developers' confidence
in the desi~n of newproducts- fromexternal fascia
design to internal hardware engineering.

Uublllty Methode In Self·Servlce IT
The success of usabilityenginel'nng in sclf-ser­

vicer. depends to a large extent upon the flexibility of
approaches and till' user-centered methods that are

inherent in such approaches. Within product develop­
ment. the regular use ofquantitativeand qualitativetech­
niques. user-based evaluations. checklists,and heuristic
eval uationsl n.~3-:!' ofdesign iterations oftendepend upon
schedule and resource requirements and constraints.'?

In other cases. where the usability questions may
be broader. focus groups and user surveys can playa sig­
nificant role during earlier stages ofdevelopment.

Also.where fully-functioning prototypes may be
unavailable. 'Wizard of OZ":!l;approaches can help in
understanding and solving user difficulties. One "Wizard
ofOz"investigation employed a non-functioning proto­
type, To simulate a working machine. a "wizard-e-an actor
performing the necessary ATM functions without the
user's kno.....ledge-prompted the user. manually changed
screens. accepted cards and deposits. dispensed cash. and
provided receipts.

TIle test allowed realisticuser behavior to be stud­
iedat a very earlystage. before commitments were made to
the initial design, The evaluations. which included users in
wheelchairs, resulted ina radically redesigned cashdis,
penser andan improved monitorangle.

Putting together usability specifications grounded
in user requirements and task analysis an' the essential
starting points for anycognitive engineering work with
product development, be it software or hardware design."
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It is thenencumbent upon the cognitive engineer to follow
theseupwith usabilitytesting throughoutthe develop­
mentprogram.

Finally, assessments must be made ofself-service
IT as it isdeployed in the field. to benchmark and provide
datato future development. In all, a pluralistic perspective
ofmethodology, inwhich weviewtheend-users' experi­
encesasa whole, helps guide theadoption and develop­
mentofappropriate techniques.

Lessons Learned and Future Challenges
Some ofthe most important lessons learned have

been intheareaofresults, communication. and process.
The useofacross-site technology team chartered with
the coordination ofusability activities.suchas the lJIT,
has proved tobe valuable inlearning projectneedsand
disseminating research results.

In thesamevein, thepilot activities conductedwith­
in"usability awareness"courses for developers have proved
a success, providing developers agrounding inthebasics of
usability engineering and user-centereddesign, and provid­
inganopportunity to examine the localimplications for par­
ticular groups and their approachto development,

The issue of user-centered processes and their
integration also has been shO\\11 tobe ofgreatimpor­
tance. Wherever possible we are consolidating these

Figure 3. By using the hierarchical task analysis (HTA) of
everyday operations21 and determining user requirements,
areas for Improving ATM functionality can be Identified.

processesas a means ofensuring appropriate usability
engineering roles throughout development

Finally, the use ofexternal, sub-contracted orga­
nizations for assistance with major usability engineering
is initially attractive. but the need to retain and build
upon in-house expertise isclear. In the long term, in­
house resource development should reduce dependence
upon external support

Conclusion
111is paper has presented a brief overviewof

usability engineering atAT&T·GIS in Dundee. It isevi­
dent that the standing ofthisdiscipline hasincreased
dramatically over recent years, both with customers and
competitors. With the introduction ofusability laborato­
ries and the support from thewhole organization. the
growth ofcognitive engineering within AT&T-GIS in
Scotland will continue.

The recentintroduction todevelopmentofuser­
centered design procedures ensures thatthe success
storiesassociated with usability engineering .....ill contin­
ue. From advanced developmentprojects examining, for
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instance. psychological factors underlying consumer
reactions and expectations. to schedule-bound user-cen­
tered evaluations oi prototypes, the work continues ttl
grow in both s 'ope and visibiliry.

111e message from the various activities within
sen-service product development is clear:TIle users.
their experiences. needs. and expectations are central to
good product and system design. which. in turn. is
clearlylinked to the commercial success of our products.
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