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As market demands have ledto increased functionality oftransaction pro­
cessing systems, suchas those usedbycashiers, banktellers, and users
ofautomatic teller machines (ATMs), limitations and complexities inthe
underlying technologies have created challenges inuser interface (VI)
design. Thispaper discusses NCR's work with new VI technologies that
are having a significant impact onthe easeofuse oftransaction terminals.
These technologies include touch screens, pencomputing, and the use of
video andgraphics. Thispaper also describes some ofthe tools and meth­
odsthat support VI design for transaction terminal systems.

Introduction
Whatis transaction processing? A

transaction is simply the exchange or saleof
goodsor information between two or more
parties. The processing oftransactions is,
therefore, the processing ofagreements.
These agreements maybe aboutthe
exchange ofmoney forgoods, such as ina
retailtransaction, but theycould just as well
be aboutthe processing ofinformation, such
as the requestfor an account balance from a
bank. Aswith anyprocessing task, issuesof
speed, accuracy, and efficiency are critical.

Technology has driven improvements
in these areas. For example, ina retailenvi­
ronment, the machines used to recordsales
andcollect money are no longerknown as
cash registers, but as point-of-sale (POS) ter­
minals. Completing a banking transaction no
longernecessarily meansgoingto a bank,
thanks to the high popularity and acceptance
ofATMs. In both instances, the roleanduse
oftechnology has evolved from a behind-the­
scenesapplication (mainframes, specialized
tellerterminals, and other equipment) often
hiddenfrom the customer, to include exten­
siveend-user interaction at the pointoftrans­
action. In fact, without technology, mostof
the transactions conducted today would not
be possible.

In transaction-processing tasks,users
havewell-defined goals (for example, placing
an itemon layaway, or withdrawing $20.00

from an ATM) , andmust recall and imple­
mentthe appropriate, well-defined method to
achieve that goal. Usertasksare determinis­
tic, in that alltask sequences are predefined
or predetermined. There is no needfor cre­
ative problem solving bya user to develop a
way to perform a task.

Perhaps due to time andresource
limitations, a lackoffocus onusability, or an
assumption that the UIis inherently simple,
somesystemdevelopers have ignored the
user.Asa result, UIsto transaction process­
ingsystems are often needlessly difficult to
learnanduse.

These problems have broughtnew
importance to the roleofhumanimachine
interaction in transaction processing. This
paperdiscusses NCR's currentefforts to find
ways to apply newUItechnologies, meth­
ods, and tools to improve the usability of
transaction-processing systems. It goes on
to describe currentproblems in transaction
processing, particularly as they relateto
retailenvironments, andnewNCR tech­
nological solutions to these problems. The
paperconcludes with newdirections in
UIsto transaction-processing terminals
and systems.

Current Problems In Transaction Processing
Transaction-processing tasks may

be classified in terms ofthe people who per­
form them.Onecategory typically uses the
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product to perform a specific job,such as a cashieror
a bankteller. Another category, such as anATM cus­
tomer, has a choice whetherto use the product or not.

Human-factors issues, such as training time and
end-user efficiency, are important design considerations
foroperators ofPOS terminals. Systems in which use is
optional (ATM machines) must also address subjective
factors, including the needfor a user to perceive some
advantage ofone systemoverother available options
(such as choosing between anATM or bank teller).

In the set oftransaction-processing tasks known
aspoint-of-sale tasks, the transaction beingcompleted can
be organized intoseveral distinct phases. These phases
include:
- Itemization-Information aboutitemsbeingpur­

chasedis in someway recorded by the system.
- Finalization-Payment for the itemsis collected and

changeis returned.
- Modification-The characteristic ofa transaction,

groupofitems, or single itemis changed.
- Error Correction-Improperly entered or incorrect

information is fixed.
Itemization andfinalization occurin alltypical

POS transactions; not alltransactions requiremodifica­
tion or error correction. Opportunities for increased pro­
ductivity at the POS terminal shouldaddress improving
error-free performance ofone or moreofthe above
phases.

Common POS-terminal interfaces consistofa
display and a keyboard. The display ranges in configura­
tion from an 8-character light-emitting diode (LED) read­
outto a 9"monochromatic colorgraphicsadapter (CGA)
monitor. The keyboard mayinclude from 22to 100 dedi­
cated function keys,with a numeric keypad,to a full
alphanumeric keypadwith up to 23dedicated function
keys (seeFigure1).POS terminal interfaces traditionally
have been designed incrementally, function byfunction,
and have been subject to problems common to many
incrementally designed interfaces, including a lackof
internal consistency in the interface design. Asa result,
most oftoday's retail POS systemsunintentionally accen­
tuate the potential for human error. Some ofthese prob­
lems wereidentified by observing a numberofretail POS
systems as shown inTableI.1

In addition, POS interface problems are exacer­
bated by a numberofother characteristics ofthe task,

the user, and the environment. Aretail environment
is both time-constrained and interrupt-driven. For exam­
ple, a cashiermay be pressuredbylongwaiting lines
duringa holiday season, or may be interrupted in the
middle ofa transaction byanothercustomer or bya tele­
phonecall. The tasks cashiersperform are eitherhighly
practiced, as with a normal sale, or rare events, as with a
layaway. The rare events leadto longtask timesand
increased errors. Many retailers instructtheir cashiers
to ask a supervisor to handlethese rare events, rather
than training cashiersto complete tasks that mightdelay
a transaction.

Retailers attempt to combat interface limitations .
throughtraining sessions that cantake as longas three
daysfornewemployees. Additional training is done"on
the floor." Training costsare highbecause many cashiers
have limited skills andexperience working with advanced
technology,andfrequently changejobs. Currentestimates
for employee turnover among generalmerchandise retail­
ers rangefrom 100- to 300-percent per year.

The high and increasing costsassociated with
training and lostproductivity are pressuring retailers to
find newVIdesign solutions. Hardware andsoftware
vendors are startingto offer retailers newinputanddis­
play technologies, including touchscreen, voice recogni­
tion, andgraphical interfaces. In fact, the transaction­
processing marketseemsprimed to makesignificant
advances inhuman/machine interaction-ehanges simi­
lar to those seen in the early 1980s in the office environ­
ment. Suchadvances canbe hastened, inorder to make
appropriate use ofthe newtechnology, bya thorough
understanding ofa users' tasks.

User-Centered Design
The breadthofthe problems described above

suggeststhat a unified, user-centered approach is
required to avoid the piecemeal solutions ofthe past,
which haveonly compounded usability problems. To be
successful, newVItechnologies requirecareful consider­
ation ofwho the end-users are, the tasks theyperform,
and the environment ofuse. NCR cognitive engineers are
working to develop and promote a user-centered design
process, which canbe applied to the development ofany
product that has end-users. Toolsand methods to sup­
port user-eentered design are also beingdeveloped and
applied within NCR, including the use ofusability and
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Figure 1. NCR 7054 ITS Work Station operates
with the NICE Touch library of building blocks to
simplify touch-screen transaction processing.

field testing, quality-function deployment, focus groups,
andethnographic observation. Amajor emphasis is
beingplaced on educating management and developers
aboutthe importance ofdesigning products that meet
end-users' needs.

Field observation and researchprovide valuable
feedback to user-centered designprocessesfortrans­
action processing. NCR uses field research extensively
in retail-industry segments, wherevirtually allretailers
are focused on improving the perceived levels ofcus­
tomerservice. Customer service must be defined and
measured for each retailer. For a grocerychain, it may
be defined as the amount oftimea customerspendsin
line, while a department store maymeasureit in terms
ofeyecontact and communication between the clerkand
the customer. NCR uses a variety oftechniques, includ­
ingvideo transaction analysis, in-store interviews, and
observation to help retailers define and quantify their
current level ofcustomerservice, identify areasof
improvement, and accurately measureresultsofnew
procedures, tools, and technologies.

New Technologies
The implementation ofnewtechnologies in the

use oftransaction terminals has been driven both bypur­
chasers and by end-users ofthe systems. Rightly or
wrongly, purchasersperceive newtechnologies as a
way to achieve greater efficiencies in transaction pro­
cessing, employee training, and overall customerservice.
End-users oftransaction terminals havecometo expect
improvements in the systemwith which they interact.
This "pull" from the markethas forced producersoftrans­
action terminals, including NCR, to tum to newtechnolo­
gies as a staple for survival, as opposed to merely a source
ofdifferentiation or enhanced image. The following
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sections discussa few ofthe newtechnologies that are
rapidly finding their way intotransaction terminals.

Touch Input
Although touchscreensprovide a number of

advantages for end-users, they also presenta numberof
design challenges for developers. Design issuesinclude:
- Desirable sizeand spacing oftouch-sensitive areas
- Desirable feedback fortouch-sensitive input
- Bestlocation for inputareason the display
- Effect ofviewing position on data-entry accuracy.

The application oftouch-activated VIs ina retail
environment wasexplored byan NCR advanced develop­
mentgroupthat engineered a customer-activated termi­
nal (CAT). The CAT allowed customers to place orders
in a quick-service restaurant. This terminal wasdesigned
and implemented by usinga user-centered process.f The
development processculminated ina two-month, in-store
evaluation. It showed that customers would use such a
self-service device if they perceived therewere
significant advantages, suchas decreased waiting time,
overdealing with a humancashier. The CAT develop­
menteffort alsodemonstrated the sometimes subtle
interplay between designconsiderations thatarisewhen
developing touch-activated VIs. Forexample, it wasnec­
essaryto sacrifice somefunctionality in the systemto
achieve simplicity in the interface.

NICE™ Touch
The CAT project demonstrated that there is

nothing intrinsically easyaboutusing a touch-activated
Dr. Its successdependson the way inwhich the end-user
application is developed. NCR has traditionally soldhard­
ware platforms, with third-party software companies
responsible for developing end-user applications. Due to



Table I. Common problems with retail POS terminal interfaces

Problem Example

Commands with arbitrary syntax

Commands withmultiple meanings

Limited on-line help

Arbitrary rules ofoperation

Outdated and cryptic retail
terminology
Command-based interfaces; that is, no
selection mechanism from a listof
choices
Displays that do not reflectcurrent
systemstate

Many keysthat createthe potential
forerror

Key presses that provide little to no
feedback

Command sequencesthat placegreat
demands on long-term memory

Cryptic error messages

To discountan item, a cashierenters the discountpercentage fol­
lowed by the item. However, to changethe priceofan item,a
cashierenters the itemfollowed by the newprice.
Atdifferent pointsin a transaction, pressingthe CLEAR keywill
either cleara numericentry,cancelthe function currently being
performed, or signal that a sliphas been placed in the printer.
It is stillverycommon to see a user's manual or paperhelpchart
at a workstation to aida cashier.
Acashierperforms a checktransaction differently basedon the
amountofthe checkdue to store policy/security reasons.
"NoSale" causesthe cash drawerto open."Void" is used to
remove an itemthat has beenentered.
To discountan item, a cashierenters the discount percentage or
amountinsteadofselecting the typeofdiscount; that is, employee
discount, seniorcitizen discount, etc.
Many POSsystemsrequirea cashierto indicate the typeoftrans­
action (cashsale,chargereturn,layaway) to be performed before
anyitemscanbe entered.This information is oftennot indicated
to a cashier,and a mistake remainsunnoticed untilafterallthe
itemshavebeen entered.
AcashiercannotVOID an itemifno itemshavebeenentered.
However, the VOID key is always physically presentonthe key­
boardand will elicitan error ifit is pressed.
A"TaxMod" key is used to change (ormodify) the taxcalculation
forthe nextitementered.Whenpressed,there is nofeedback
that the nextitementeredwill be chargeda different taxrate than
normal.
Acashierin a department store must rememberat least25dif­
ferentkeysequencesto enter or modify itemsandfinalize a trans­
action.
''W003'' and"Invalid Input" are common error messages.

time pressuresand resourcelimitations, these interface
developers mayhaveto trade offease-of-use for meeting
deadlines. The NCR E&M Atlanta facility developed the
Natural Interface for Computing Environments (NICE) to
address this problem and the emerginguse oftouch
screensin computing, especially in transaction processing.

NICE Touchis an application building block li­
brary, designed specifically for the NCR 7054, Release 2.0,
Integrated TouchScreen (ITS) workstation. It includes a
set ofinterface controls, an iconlibrary, accesslibraries
for retail-specific peripherals, and a UIdesignguide.

NICE Controls. NICE Touchcontrols are similar
to those found in Microsoft Windows. (Microsoft is a
registered trademark, andWindows is a trademark of
Microsoft Corporation.) They provide the application
developer with a set ofobjects to create the UIfora
touch-screen application. Atouchis physically different
from a mouseclick. Therefore, different control charac­
teristics are requiredforthe user to be ableto interact
successfully with the system. Radio buttons, check
boxes, and scroll bars-although quitesuccessfully used
with a mouse-are muchmoredifficult to manipulate by
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Figure 2. The NCR
7870 Scanner, featur­
ing a bi-optic, two­
window scan zone,
reduces the necessity
to reorient items for
bar-code registering.

the touch ofa finger. NICE Touch controls provide
touch-screen analogs and additions, with special empha­
sis on the typeoftasks beingperformed in an order­
entrycontrolled environment.

NICE Design Guide. The NICE Touch User­
Interface DesignGuide wasproduced to help application
developers usingthe NICE Touchlibrarybuildbetter
touch-screen VIsfor order-entry environments. It helps
developers makeVIdesigndecisions based on an under­
standing ofthe end-users, the tasks they need to accom­
plish, and the environment in which theywork.

NICE Icon Library. Included in the NICE Icon
Library is a predefined set of interface display and con­
trolelements; for example, food itemsand transaction­
processing functions. Asample application, withlimited
functionality, is alsoincluded. This application demon­
strates the recommended usage ofthe VIobjects based
on basicVIprinciples.

Pen Input
The NICE productprogramis currentlyexplor­

ing the expansion ofNICE controls to the pen-computing
environment. Pen computing has been laudedby many in
the computer industryas the next important evolution in
the way people interactwithcomputers. If this is the case,
it will be greatlyinfluenced byhowwell developers of
hardware and software recognize that the users ofpen
computers wantto complete their tasks quickly, efficiently,
andwith little training. In the designoftransaction­
processing equipment, pen computing is particularly
challenging, becausethe range ofusers is so wide. More­
over, the pen can perform a wide variety offunctions.

Like a finger, mouse, or track ball, a pen stylus
can function as a pointer. It canbe used to select items
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from lists,push buttons, and activate controls. This is a
verypowerful approach, whencombined with the proper
software, and offers a particularly effective way to inter­
act with a computer. This approach has many advantages
in the designoftransaction-processing systems, and as a
result requires little or no training.

Asecondwaythe penstyluscanfunction in pen
computing is as a command-input device. Gestures, the
set ofcodedcommands written withthe stylus, initiate
an action whenrecognized. Unlike a pointing device,
however, the user must know the commands and their
meanings to communicate with the machine. This pre­
sents interestingchallenges to the world oftransaction
processing. Speedand efficiency offered bygestures
mustbe balanced with training requirements, natural­
ness ofoperation, and use ofthe interface by non­
computer-literate users. Currentapproaches to charac­
ter recognition are limited in somerespects.3

Athird way the pen stylusfunctions is as a
device for depositing electronic "ink." Although a con­
ventional ball-point pen emitsliquid ink that adheres to
paper, the pen stylusemits"electronic ink"in the form of
activated pixels on a display. Drawing pictures andwords
is a widely accepted methodofcommunicating between
people, but has onlyrecently been possible between
computers and people. In transaction processing, the
ability to replace conventional writing with an electronic
equivalent showsgreat promise in many areas.

Fromorder entry in restaurants, to signature
captureand recognition in banking transactions, pen
computing offers manyopportunities. This approach,
while conceptually appealing, offers the mostchallenge
in terms ofhaving user perceptions and expectations
meet the reality ofthe technology. Capturing written



Table II. Two POS-system data-entry methods

Keyboard Method Potential SR Method

Coupons
Departmententry

Itemlookup

Finalization

Enteringthe tender
amount

Error correction
Item void

<170> + MEAT key

Look up on paper
sheets

TOTAL key

<500> CASH key

VOID key- scan item

"One-point- seven­
zero-rneat"

"Tomatoes"

''Total''

"Five- cash"

"Void" - scan item

input, and recognizing it for computer processing, tend
to be lumped togetherby end- users in their perceptions
ofpen computing. The reality is that write capturecur­
rently offers muchmore, in terms ofsystemreliability
andspeed, than doeswrite recognition, in terms of
meeting user expectations.

Scanners
NCR has aggressively explored newinterface

developments inbar-code scanning technology.' The
recently released NCR 7870 Scanner, featuring a bi-optic,
two-window scanzone, effectively increases first-time
bar-code registration without physical reorientation of
the item (seeFigure 2).

Reductions in the physical manipulation ofprod­
ucts to orientthemfor scanning havemajor implications
forscanning efficiency andcashiertraining.

Multimedia
The challenge ofeffectively integrating new

technologies intotransaction-processing systemsis
readily apparent in the technologies ofsightand
sound-eollectivelytermed multimedia. The integra­
tion ofhigh-resolution imagesintotransaction termi­
nalsappeals to many NCR customers. However, the
potential to decreaseemployee training timeand
increase its effectiveness, and the visual marketing of
products and services, are tempered by the current cost
sensitivity ofmostretailers and bankers. The NCR
Transaction Terminal andRetail Systems Division has
experimented with images and text as a way to teach
simple hardware maintenance tasks, such as changing

the paperin a printer. Trends suggestan increasing
demand for on-line training andadvertising.

Speech Recognition
Speech recognition (SR) technology offers sev­

eralopportunities for increasing efficiency in transaction
processing. If there is a significant reduction in the
amount oftimerequiredto enter information viaa voice
command rather than as a keyedinput, then efficiencies
canbe realized.

In a scanning POS environment, SRtechnology
has been explored in a jointproject between NCR and
AT&T Bell Laboratories. SRis especially attractive when
it canbe used to replace keyboard functions that nor­
mally requirean operator to stopscanning and enter
information. Forexample, whenmultiple quantities of
the sameitemneed to be entered, an operator must shift
attention away from scanning, look at the keyboard, and
enter the quantity before or afterhaving scanned the
item. Typically, this takesaboutoneto three seconds,
depending on the location ofthe keyboard and the
expertise ofthe operator.

WithSRtechnology, this task could be short­
enedby not requiring the operator to change position
relative to the scanner. Instead, the operator could speak
a command to modify the quantity, scanthe item, and
then move allsimilar itemsto the take-away area. The
operator mightsay"quantity 7", scanthe itemto be
modified, and then move the other sixitemsto the take­
away area.The benefits ofthis approach include:
- Operator focus staysat scanner
- Reduction in scantimebyeliminating switching
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between scannerandkeyboard
- Lesspotential for operatorstress due to reducedtwist­

ingand shifting
- Greaterpotential for increased productivity because

operatorcan now use two hands to move and scan
items, rather than keeping onehand on the keyboard

- Greaterpotential for increased efficiency by allowing
operatorto complete sometasks in parallel rather
than serially.

The samerationale couldbe applied to other
tasks in the pas environment, including payment tasks
and product look-up.

In environments that do notuse scanners-such
as kitchen-display systemsin fast-food environments,
baggage handling, and processcontrol-the opportuni­
tiesforSRtechnology are mostapparent whenan opera­
tor has both hands occupied andwould otherwise need
to stopa task to enter information viaa keyboard.

User Assistants
Another set ofinterface technologies, user assis­

tants, is beingdeveloped by the NCR Human Interface
Technology CenterinAtlanta. Userassistants are on-line
"intelligent advisors" that monitor an operator's actions
while usinga device. Auser assistant, by relying on
"knowledge" ofspecific tasks,will recommend alterna­
tive coursesofaction whena user makesa mistake. The
user assistant's "advice" will adaptto varying levels of
user expertise. User-assistant technology has been
applied to an NCR retailpas system. This resultedin a
working prototype that reducedtraining time, acceler­
ated performance, and decreased user errors.Anumber
ofkey issueshas been explored in evaluating such adap­
tive systems.

Conclusion
The futureoftransaction processing, or the pro­

cessing ofagreements, will relyheavily on the roleof
newtechnologies for incremental improvements in
efficiency and productivity. Implicit in this reliance is the
requirement that newsystemsbe easyto learnand easy
to use.This is due to the varying levels ofskill and tech­
nology acceptance byend-users, and the financial reali­
tiesofoperating a transaction-processing businesswith
great speedand efficiency. NCR seeks to implement new
technologies in products through a processthat is based
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on a thoroughunderstanding ofusers, the tasks users
mustperform, and the environment inwhich users must
function. The user-eentered design approach is being
driven intoNCR's existing hardware and software devel­
opment processesviathe projects discussed. NCR cogni­
tive engineers are alsoinforming NCR stakeholders
aboutthe substantial benefits that canbe realized from
this approach.
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