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ABSTRACT

Human perfomance is a critical aspecof sysem
pefformance. Recstly, tools ad methods for modeling
the human in sysims have begun to receivevidespread
attenton. These tools andnethodsare consisent with
other types of models a&d simulations that areused to
model ober g/sten components. In this paper, he basic
approacheso modeling human peformance are discussed
alongwith a brief cae study.

1 INTRODUCTION

Human performance is often a high risk element in the
overall operatimal eff ectivenessof mary types ¢ systems.
For example, approxinately wo thirds d aircrdt accidents
are row attributed to pilo error. Unforturately, the
traditiond designprocess tends to put a disproportionate
focus on the tehnical peformance d equpment, with
little regard for tle human comporent.

In the past, t has been ifficult to integrate human
performance models within systam performance models,
becaus of the @mplexity of human kehavior and the lack
of computaional power to address #wvariability in human
perfomance. The techniges thda have traditbnaly been
used to eamine tke human perfamance isses have
largely beenmanualand laboriousin nature. Hwever,
moden tools and methods faditate the transfer ofthis
information in a format compatible with othea sysem
computer modelsand simulations This provides a golden
opportunity to ensure that problens associatéwith human
performance are identified earlin the designproces to
prevent costly cdngesand procurenent debys.

Over the pasfew decades, tools driechniques for the
modeling of human performance in systems have evolved
and matured Thes tools are nw at a state ofnaturity
where tley could be effectivelyntegrated into the sysems
engineering procesOutlining ome of these method and
how they fit into the world of computer $smulation is the
purpose bthis paper.
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2 GENERAL CATEGORIES OF HUMAN
PERFORMANCE MODELS

Laughery and Colker (1997)have separate the world of
human performance models nto two general cateyories
that can b describel as reductionist models and first
principle models.

Reductionistmodels use human/g/stem tak seaience
as the prnary organking stucture The individua models
of human belavior for each task or task eshent are
connected to this task semeing strcture. We refeto it
as reductionist because the processmofieling human
behavior involves taking the lamger aspectsof human
sysem behavior (e.g.,“peform the mission”) ard then
successiely reducing them to amaller elements of behavior
(e.g, “perfam the function, perfom the tsks”) until a
levd of demmposition is reached tawhich reasonable
estimats of human perfamance fa the task edments can
be made One ca also hink of this as a togdown
approach tanodeling human/systen pefformance Figure
1 presents the concept of retlanist modek graphically.

L=

Figure 1: The Concept bReductdnist Models of Human
Performance
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First principle models of human behavior are structured
around an organizing framework that represents the
underlying goa and principles of human pediormance.
Tools that support first principle modeling of human
behavio havestructuresembedded in ther that represent
elemental aspectsof the human. Fo example, these
models migh directly represeh processes suchs goal
seeking behavior, task schedulingsensatn and
perceptioncognition and motor output. To use tools that
supportfirst principle modeling, o must describ how the
system and ervironment interactswith the modeled human
processes. An @rple of a vey simple stucture to
support dirst principle modeling enviroment ispresented
in Figure 2 The best gample d this type d tool is one
that was developed and is being supported ly the NASA-
Ames Reseah Center, the Mn Machine Integrated
Designand Analysis Sy&m or MIDAS.

Figure 2: An Exampk of the Conept of First Principle
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Models of Hunan Perfeamance

It is worth noting that redictionist and first principle
modelingstraegies are nomutually exclusive and, in fact,
can be mutually supportive in ary given modeling project
or environment. Often, when modeling using a
reductionist approach, one neeusdels & bast human
behavior to accuratgl represent behavidrgpheromena
and, therefore, must drav on elements d first-principle
modds.  Alternatéy, when modelirg human/sysem
peformane using a first principled approach, s®
aspects bhuman/systen peiformane may be more easily
defined using a reduanist approach.

In the remainder & this paperwe discuss an approach
to modeling human peformance,task netwadk modeling
that is prmarily redudionist, but tlat has be@& used
extensivey as a platform for first principle modeling
approaches.

3 ADISCRETE-EVENT SIMULATION
APPROACH FOR MODELING HU MAN
PERFORMANCE

Task network modeling is an approab to modeling human
perfomance in @mplex systems thahas evolved for
several reasons. First, it is a reasoealvieans for
extendingthe hunan factors engineering staple - the
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function and task aalysis. Task analyses oagized by

task segence are the bass for the task stwork model.

Second in addition to omplex operatormodels, #sk

network models ca include sopisticated sbmodels d the

equpment hadware and softare to create a closddop

representatiorof the hunan/machine sysm. Third, task
network modeling is relatvely eay to use and understad.

Recemn advanementsin task retwork modeling technology
have mad this tehnology more accessible to man

factors practitioners. iRaly, task néwork modeing can

provide reasaable nput to mary typesof issues. Wih a

task netvork model, the humarfactors engineer can
examine a design (e.g., contrphnelredesigh and address
guestions suchs"How much longe will it t ake to perfam

this procedure?and"Will there be an increase the error
rate?" Generally, tak network models ca be deeloped in
less time andwith substntially less effort than would be

required f a protoype were developed arhuman subjects
usel.

Tak network models of human performance have
bean suljected to validation sties with favorable results
(e.g, Lawless,Laughey, and Persengk 1995). Havever,
as with any modeling approach, the real level which
validation musbeconsideredd with respect to a particular
model not with respect tahe general approach.

Micro Saint is a toofor building task network models
of human peformance. Using Mia Saint as the basic
building block, we at Micro Analysis and Desigqn have
developed anumber d human performance modeling tools
using the paradignh of “hybrid” human performance
modeing (i.e., tools that takedaantage of the ssimplicity
andflexibility of a task network approab while dso takng
advanage of known first principles). Fo example, we
have tools that include enbedded ajorithms represeting
the first principle of the multiple resource theg of
workload ard elements of the GOIS model (Gay, John,
and Atwood, 1993) For amore caonplete descriptin of
some d our human performance modeling tools and
research, please see oeb site awww.maad.om.

4 TASK NETWORK MODELING
FUNDAMENTALS

Task néwork modelng involves the extension of a task

analysis into a predicteymodel basd arounda network

representatiorof the hunan’s activity. This concept is
illustrated in Figure 2, which pregnts a smple task
network for dialing a telphone.
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phone hree digit four digit
mistake mistake
Hang up
phone

Figure 3: An Exampk of a Task Netwk Model
Representing a Human Dialing a Telephone

Tak network models & human performance have been
suljected to validationtadies with favorable resus (e.qg.,
Lawless, Laughey, and Persensky, 199%llender, et al
19%).

As stated abee, a modeling ervironment that supports
task néwork modelirg is Micro Saint. The basic
ingredient of a Micro Saint tasketwork modd is the task
analyss as representg by a netvork or series bneworks.
The perfomance of the tsks can banterrelated through
sharel variables. The relationshipsamong different
comporents d the systm (which are representetly
different segmentsof the néwork) can then eammunicate
throughchanges in thes shared variables. For @ample,
when an operator enters anwoand ona keyboard this
may initiate ctange in omputer stag¢ or the information
that is presented on an operatalisplay. This tasknework
is builtin Micro Saint via a poinand click drawing palette.
Through this environment, the user creates aework as
shown in Figure 4.

To reflect mmplex tak behavior and interrelatdonships,
more detiled charateristics of thetasks need to be efined.
By pointing and dauble clicking on a ta&, the use opensup
the Task Description Window asshown in Figure 5 wherdoy
information describirg task behaior and linkage with other
system elements can be defined.

Anothea notable aspect of thEask Network Diagram
Window shown in Figure 4 is he dianond-shaped icons
tha follow some tasks. These are present eydime more
than one path outof a taskis defned. Implicitly, this
mears tha a decisiormust be madey the human to sete
which of the following potential coues of action should
be followed By openinga window into the decigin,
decision logic ard algorithms can be developed to any
levd of complexity. Micro Saint &0 offe's many other
features tht facilitate the consuiction and u® of task
netwvork models suchas autonatic error trapping, scenario
develpment features data gatheringand analysis, and
model animation feauresthat albw the user to vew the
dynamic acivities of the humans and sgsh he or she is
using. From these basic Wilding blocks, a tas network
model @n be built to describe huan andsystem belaviors
of ary size or leel of complexity.

63

fin Edi eamch [rply Epcin Sctocges freo indes Heo

BEEEE

s [ o]

Eiadmints Wb, featwecrbi & o Buses | A ah Tk diacpam

Figure 4: The Mmm Window in Miao Saintfor Task
Network Construction and Viewing
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Figure 5: Tk User Interfae in Micro Saint for Providing
Inputon a Task

6 A CASE STUDY USING TASK NETWORK
MODELING TO EVALUATE AUTOMATED
TELLER SYSTEM DESIGN

The above approach has beendusestudy many aspects
of human performance n systans answering questins
swch as:
« how many people are needed to fely and
effectively peform their job,
¢ what is the rangef@eformance we might expect
from the humans in the systerand, theefore,
how prone to éilure isthe sysém,
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*  how will the humans respond to stress

» what is tke value of a new designor piece of
equipment on human and, ultimately, system
performance

In the emainder of this paper we will discuss a
projectwe performed looking at th value d an avbmated
teller sysem on a Japanese bank. Withis model we
were able to emonstrate th value of an equpment
investment in enhanced human prodinity and the
resulting mprovement in cusbmer sevice.

The transaction ampletion process inthe Japanese
banking industly hasmany areashat could bermproved to
bette meet cusbmer and bank needs. The current
transacton ocompletion process at Japaeesankng
institutions indudes sveral tasksthat are ime-dintensive,
ineffi cient, and may prevent telles from keepingup with
cusbmer cemand. Potential nethodsthat could be used to
decrease the e required for each dnsaction and
improve accurey include hadware mprovements (e.g.,
ATMSs), software enhancements (e.g., the design of the
ATMs), and process redesigrA provide of equpmentto
the Japaese baking industy detemined that a cost-
effective and efficient method to 1) investigate the
Japaese banking industy problens and 2) evaluate
potentid solutions vas simulation.

Onre purpo® of the Japanese banking projecas to
identify the effects of changingvarious paameters on the
overal transation process. In particulart was desired to
obtan resuts from the effects of changing system,
personnel, thing, and/or resources.The output desired
included time per transacin, average &nsacton time for
each transation type total cusbmer time in the bank,
cusbme wait times, telle utilization, transation queue
times at the teller stations, anthe maximum queue
lengths.

The basic seuence of events formost transsction types is
as preseted n Figure 6. More detail modelsof eat of
these tensations were developed in the model. Eah
transactin had itsown unique setf steps that were rejuired.

customer waits Istline teller teller takes Istline teller
tobe called calls customer custemer form |[| perfarms tasks

swperviser hands
Sorms hack o
2nd Hine teller

customer

customer
arrives athank | akes mumber

superviser

st line teller 2nd Line telle:

— 2nd line teller "
P ms vy passes forms 1o o ks
10 2nd lime teller ) | Periorms tasks supervisor poriorms

2nd line teller
hands forms
o 1st line teller

1st line teller
hands matls
o customer

st line teller
calls customer

customer leaves

Figure 6: The Basic Sequence of &us for Most
TransactiorTypes

For the base Japanese bankingpdel, a graphical
anmation was constucted alongwith the simulation to
show the general layout of the bark alorg with various
outpu pammeters. WiHe the model executes, the
animation is updated to represent the entristateof the
system. The ammation backgroundsshown n Figure 7.

The model was constructedso that certain sysm
input pamameters could be ea$y manipulated. For
example, the user can easilyodify cusbmer arrival rags
basa& on branch and type d day, transactbn type ratios,
number of tellers, probalti of transactio types swch as
the percerdge of custmers who require chnge and
perceitage d customers who withdrav more than
1,000,000 Yen.

The output data collectettom the modd includes
time per transactn, aveege transetion time for each
transacibn type, totd cusbmer timein the bank, custmer
wait times, teller tilization, transacton queue imes athe
teller stations, and ¢maximum qeue kengths.

Proposed transaction processruies were evaluated

ard analyzed in order to understand, identify, and test

opportunites for process mprovement or reengineering
including cross training of tellsrto eliminate the multi-
tiered ystem and bankautomation (e.g., audmatedteller
machires) on resource requirams (e.g, teller§ and
cusbmer throughput.

In sum, smulation provided a tool to evaluatthe
payoff of human factors mprovements an employee
productivity and cusbmer service.
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Figure 7: Graphical Animation Background
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7 SUMMARY

Task network modeling provides ae way to assesshe

valueof human-omputer interface designs the operating
envionment. Together wih usablity andysis to ensure
model acuracy and sysems analys to define how the

sysem will be used, a better assessmneinthe value of the

human interface an be gained.
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