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MODELS OF HUMAN OPERATORS: THEIR NEED AND USEFULNESS IFOR
IMPROVEMENT OF ADVANCED CONTROL SYSTEMS AND CONTROL ROOMS

ABSTRACT

Models of human behavior and cogniion (HB&T) are necessaov for understunding the total respoense oo
complex systems, Many such models have come avinlable over the past thirty years forvarious apphicain ns
AMuny potential model users remain skeptical showt tholr practicality. acceptabiliny, and vactulness. Sudh
hesitancy stems In part from disbelicf in the ability 1o model complex cognitive processes, and a beliet that
refevant human behavior can be adequately sccounted for through the vee of commoen-sense heuriviices
This paper will highlight ~everal models of HB&C and identify ovisting and potcntial applicanions o

attempt 10 dispel such nations.

I INTRODUCTION BACKGROUND

Over the past thirty years, the modeling of human behavior, (and more recenty) cognition hes
peen experiencing increased interest, Thicinterest stems from the pereeption human errors arc increasingis
feading 1o diminished plant safety, religbility, maintainghitite and availabilitey (SRM&A). Technologien)
advancemients have led (o the climination of many of the prevalent “bad actors” related 1o SRMAA
allowing human errors to surfuce as one of the principal contributors. Unfortunately, those who faalitstcd
the technological fixes of the pastwere dll-cquipped 1o address sdvances that involved dealing with clemenis

of "soft-science”.

Many and vuried philosophics have emierged related to the minimization of human 1o,
Hard core automation advocates insist that the bhest way 1o climinate human crror I to climinate the
Others insist that since human invelvement cannot be totally eliminated. the human should

human.
Sull others emphasize thin

function in a supervisory capacity over ¢ semi-automited control system.,
intelligent, high quality operstor support systems <hou'd be provided in order to minimize coegnitive
workload resulting in reduced levels of human cerror. At the other extreme are those who feel thet the
human should be the principal controller and be allowed 10 ma .o mistakes in control in order 1o facilitae
learning (and therefore lcad to mere optimal human-in-the-loop control and reduced human errars), so
fong as he is watched by a svstem that ensures avoidanee of @ progresseon toward catastrophic events. The
variation within these philosophics emphasizes 4 lack of understanding of the roles (and their constituenis)

of humans in compl2x process control.

*Ouk Ridge Natioral Laboratory, Cognitive Systems anc Human Factors Group
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The designs of exjsting nuclear power plant (NPP) control rooms and control systems have in the past
heen fucilitated with little formal atiention 10 the functionality of the human clement within the design.
The practical design paradigm regarding the human-in-the-loop was that good cagineering, coupled with
intense training would result in a workable controflable design. Unfortunately, the high number of
incidents of human operator error associated with da lurge percentage of unplanned unscheduled outages,
did not support this hypothesis, Within the nuclear community, such inattention stems from a number o
factors inchuding: 1) a general Jack of formud awareness and ctitention to technologios that oxist regarding
mun-machine interface, HB&C maodeling and kuman factors associated with complex process conrel, 2y
a general luck of trustin technologics involving oft-scicnees™. and 3) 4 general lack of appreciation of the
positive factors that humans contribute 1o a control emvironment, ¢.g.. humuan ingenuity. innovativenoss,
adaptability and flexibility.

The destgners of advanced NPPs are in-part interested in achicvement of increased lovdds of
automation that support a minimization of staffing for contrel. Such minimization s envisioned 10 result
in fewer opportunities for human crror, und therefore an increase in plant performance meassuies such as
rlant availability, system refiabilitys ssvtem etfectiveness, and when reloevant, safety. Reslizanon of such a
foal however, requires an explicit and detailed analasis of the Toles of humuans functioning as part of the
provess. JUis no fonger seceprable to design tor the human clement by delisult,. Witheut proper attention
1o designing for optimal human petfornmuimee, enhanced lovels of automation could actuadly reselt in
decreased levels of the aforementioned plant performance measures. A predictive model of human
operator performance can allow designers o expliditly and quantitatively study human behavior within their
emerging designs. In addition 1o havieg relevancy as a design ool models of HB&C have relevana in g
number of other arcas 10 be discussed later in this paper.

1L OVERVIEW OF SELECTED HUMAN MODELS

Activities associated with the modeling of HB&C are not new and have, over the past thinty soars,
produced a number of modcels that are as varied as the applications for which they were develoned. These

models range from guidelines related to human capabilitics (e.g. Fitts Lists') through nodons imvohng

i d

the human o< a specialized swstemy or processor (see Woods and Roth’s discussion of the human .
control ssstem, @ communication system, @ statistical decivion maker, an informaticn processor end o
svmbolic processar’y, 1o sophisticated models that emulate @ wide range of HB&C through an integranion
of such notions. This paper will provide ovenicws of selected models in an attempt 1o demonstrate thit
modcling of human behavior is indeed possible gnd that their usage has relatively widespread applications,
It is interesting 10 note that the nuclear indusiny has provided the primany stimulus for the doveiepment
of many of the more recent and sophisticated models Hf HB&C: these include the Operator Popsennel
Performance Simulation (OPPS) model. the Maintenance Personnel Performance Simuliation (MADPPS)
madel, the Cognitive  Environment Simulation (CES) tne Integrated  Reactor Operistor Sysiem
(INTEROPS) madcel and the Cognitive Simulation Model (COSIMQO). all to be discussed later in ihis

section.

A. Rasmussen's Information Processing Operator Model?

Rasmuscen’s information processing operator model is a paper-and-pencit taxonomy that provides
a map or schematic of the elements which make up @ sensing-planning-implementation paradigm. The
model involves the following eight, generally sequential. primary clements: 1) detection of @ need for action
(activation), 2) observation of information. 3) identification of present system state, d) inierpretation of
consequences, 5) evaluation of perforniunce criteria, 6) definition of tasks. 7) formulation of procedurcs,
and 8) exccution. Shortcuts within Rasmussen™s model are possible depending on the degree to which the
operator has internalized a particular scenario stimuli (1.e.. the degree to which the human has been tramed
1o provide cither an automatic response [skill-based behavior], or can identify an appropriasic procedure
[rule-based behavior]). Knowledge-based behavior involves a situation that is relatively unfamiliar 1o the
human, and requires creative thinking. This tvpe of behavior iz therefore more resource consuming than



cither skill- or rofe-based behavier. During times of high stress (g during an off-normal cvent in a
NPP).humans will have a tendeney to want to engage in skill- or rule-based behavior s apposed 10
knowledge-hased behavior in order to minimize stress and Consen e resoarees,

Rusmussen’s model provides a good generic frameswork upen which 1o build more specific models,
For example, detection. observation, or anv of the other elements can be modeled at a more detaled Jevel
if needed. On the other hand. the maodel provides no guidance on how to incorporate performance shaping
factors (PSFy) such as fatigue, stress, ahility degradution, cie. into the moded. Furthermore, the model
does not reflect feedback from subsequent elements, and is not g temporally-based model. The model's
principal usage has been as a steppingstene for more detarled modeling efforts

B. The Procedure-Oriented Crew Model (PROCRUY

(PROCRLUY) is a computer-based optimal control model (OCM) devaloped o analy e flickt ares
procedures in g landing approach. As with all OCMs, feedbuck plays an important role in the runmmg of
the model. The model portrays the humun operator as a rationud comrefler who attempis 1o oprimize
wstem performance within human perceptual. sttentonal and cognitive imitstions. In ctfect. the human
functions z< g control or decision Jdement in a closed-loop, man-machine system. The model can address
discrete mnformation processing (e.g. ovent detection), continueus information processing (C.g., stale
estimation ), procedure selection in order o maximize expected gains, diserete and continuous control. and
communication among crew members. Decision making errors can oceur due 1o pereeptual, procedurel

or workload limitations,

A conceptual model for supenvisony control of NPPs has been proposed by Baron (developer of
PROCRU ) and his co-warkers” . This model: sclects poals, utilizes stored mental models as leng-tarm
memory, utilizes short-term memon o store temporal information, selects information to be monitored.
performs state estimations @nd prediciiens vnlizing mental models in order 10 avaluate shicinative options
for action. contains @ discrete ovent simulator, performs spuglion: assessment using simple peticin
recognition or by accessing knowledge in menial moedels, mekes dedisions based on evpected net gain,
selects appropriate procedures or seripts, and evecutes procedures. Al of the actions 1eken are cliceidd
in g timeframe that is concurrent with the NPP process model timeframe.

Although the supervison control sersion of this operator modcel is more complete than its OCM
ancestor, it has only begun to address knowjedge-intensive activities of the operator. including plunning.
fault diagnosis, und problem solving.  Integration of these models with knowledge-bised models would
approximate the kind of approach needed to predict behavior of the operator of advanced control sastems.

C. The Human Operator Simatator (HOS)

HOS was developed for the US Naval Air Davelopment Center as @ humin engineering toel Lo
the test and evaluation of physical Tavout designs und selection of tvpes of displass and controls. Teis o
computer simulation model, and 1s therefore somewhat distinet from the previousiy desertbed modals. A
computer simulation model attempes 10 mimic or 1o represent some aspect of real Hife® and may imvolve
embedded stochastic processes. The model simulates the performance of a goal-oriented and well-trained
operator of a complex weapon svstem. Simulation detailo down 1o the fevef of hand reaches, control device
manipulations, cve shifts, absorptions of sisusl information, and internal information processing and
decision making can be achieved. The behavior of the simulated operator is assumed to be predoninanthy
in a rule-based domain, and can be viewed as highly procedure-intensive. Furthermore, because of single
channel processing Hmitations, procedures are erecuted one st g time,

The general model functionality of HOS is as follows:information about current displays and
controls are absorbed into a short-ierm memory and compured to information stored in a long-term
memory: quantitative information is inferred from the compuaricon und used to determine how 1o
accomplish procedural steps: appropriaic anatomy movement (head and eves, hands and arms, and fect)
is determined; and times for body movements are defined™?. The activity times are treated



determinisueally, while the memory process is treated stochastically, Some validation studics have been
conducted. They dealt with prediction of human reach, display reading, simultancous dial monitoring, and
trucking, and have shown good correlation between the prediciic s functionality of HOS und coliected da.

D. Early Sicgel-Wolf Models'=#

The carly modeling efforts by Siegel und Wolf involve a Targe number of simulution models focused
on humans operating and maintaining equipment. These medels come from what Sicgel referted 1o as the
fumily of wsk-oricnted models. The three primany models within this family weres 1)y the 122 mun model,
2) the intermediate crew size model (4 (o 20 men), and 3) the Lirge group model (20 to 100 men). These
maodels were developed for the US Nuvy, and generated estimutes of cuccess probabihitics i task @nd
missien performances, task performance times, and @ plethora of other factors related o the quidies of sk
and mission performance and the state of the human teams (e.g.. most error-prone tasks, amount o
productive time, amounts of idle time. stress profiles for job tvpes ciel). The madels required a Turge
amount of input data (¢.g.. the intermediate crew size medel required more than 90 input parameiersy,
however, utifization of default values ensured that the unavailability of corrain diata did not prohibic the

runmng of the model.

The Sicgel-Waolf models are stochastic in their treaiment of task completion times and process
crrors. Furthermore, the models are characterized as being input-ouiput models. That i< they can provide
redivble predictions of human performance given o relatively wide range of PSEC and the comploy
interactions that oxist among them. but Jo net attempt o assure the pachotosical plausibiling of the

individual componcents of the model

Time <tress (the pereeption of the ditference between the time remaining and 1ime necessan 1o
perform a task) occupied a central rele in the carly Siegel-Woll models. Task performancee wended o be
degraded when time stress ook an g negative value. The MAPPS madel (developed by Ouk Ridge
Nutional Laboratory [ORNL] and Sicgel-Wolf and associates) departed from the traditional notion o
having time stress as the major purameter of influence in the model. Within MAPPS, this paramcter was
ability foading, and will be discussed in more detail Tater.

E. The Oncrator Personnel Performance Simulation (OPPS) Modct™

The OPPS mode) waus developed by ORNL and General Physics Corp. to predict i probabiling
Jistribution of time to correctly complete NPP osafety reiated opergtor actions [Uis 4 relaively simple
maodel of @ human operator that utilized characieristies related to task reguirements, informastion
presentation and system dyvnamics to generate estintates of sk tming. Cognithve processes were modelad
at g relatively gross level, Thev imvobved detection of disturbances, internal processing of information, 1he
fucilitation of switch manipulations 1o operate cquipment and control the noclear process, and crror
recovery in the event of a detected error. The OPPS muodel charucterized crrors and some PSE
stochastically. The sources of data to support the stochastic processing came from experiments conducted
in NPP training simulators. OPPS was written in the SAINT (Svaems Analysis of Integrated Networks
of Tasks)™ network simulation fanguage which i very amenable to the building of human-machine models

F. The Maintenance Personnel Performance Simuliation (MAPPS) Model™

The MAPPS model was developed by ORNL and Applicd Psychological Services for the Nudeur
Regulatory Commission (NRC) as a ool for generating human crror probability data related 10 NPP
maintenance for use in probabilistic risk assessment (PRA) studics. MAPPS i< a Sicgel-Wolf tvpe model
that focuses on abilities. rather than time stress as a principal model paramceter. The notion of vtilizing
abilitics as the focus of the model involves the assumption that ability requirements for successful subgisk
completion varied with the nature of the subtack and various job factors such as accessibility 1o the
equipment, the need for protective clothing and the availability of procedures. Furthermore, maintenance
teams have available both cognitive and psycho-motar abilitics that are assumed to degrade with fatigue
and other factors such as stress. At any point in time, the prehability of successful task accomplishment
is a function of the differcnce between the current ability fevels of the maintainers and the required abilin



levels of the subtask. The model includes a ibrary of 28 generic NPP maintenance subtasks (e.g. activate.
cannect, inspect, remove) which are utitized within a task analysis 1o characterize the maintenance tusk.
Furthermore, information from job analyses conducted for four generic maintdiner types (supenisor,
clectrician, instrumentation and control technician and mechanic) provided ability requirements associuted
with cach library subtask.

MAFPPS can shmulate a crew of maintainers (2 10 8 persons) and addresses printarils activities that
are human motor-oriented. The moded Joes, however address decision making and trouble-shooting which
tend 1o be more cognitively-oriented, but does so generally in the input-output fashion thatis characiensiic
of Sicgel-Wolf models. The model generates a large amount of output information that is useful for PRAC
as well as maintenance structure desizn and evaluation, o was extensively documented and was evalustod
over a vears period of time with relatively positive outeomes’,

G. The Integrated Reactor Operator Sistem (INTEROPS) Maodel™ ™
The INTEROPS modcel is @ cognitive model of human funciions associated with (required fory the
operation of one of three General Electric (GE) modular PRISM (Power Reactor Inherently Sufe Module)
liquid metals reactors as represented by GE'S ARTES-P thermal-hydraulics code. The INTEROPS modd]
is dyvnamicallv linked o ARJES-P <o that plant state information atfects the model of human o perator
functionalitv. and the resuhtant human performance affects the progression of the thermal-hyvdrauhios code,
INTEROPS cun alvo be run in an open-focp made whercin the model provides information relutcd
avtivities which might be expected to be exnerieneed, but does notactually implement the control senssiies

in the ARIJES-P code.

The devetopmient of INTEROPS is buing conducted within a Department of Energy sponsercd
program at ORNL entitled the Advaneed Controls Program™.  INTEROPS is a knowledge-enhiunced
network simulation model programmed within the SAINT netwerk amulation language. Tt i dubbed
knowledge-enhanced because the simulation network has been wugmented by a kpowledge-base consisting
of procedural information required for addressing a sclected number of off-normal events. The medel is
predictive, and can provide information related to the expected cognitive behavior of human operators in
the control of a PRISM module.

The human functions modeled within INTEROPS include monitoring, sunailiance, aitentien
aflocation, classification, interpretation. svetem fatlure detection, fault disgnosis, normal and emergena
planning, situation assessment and detection of human crrors, . These modals are firmiv based on the
associated literature.  In wddition to modceling functions required for conuol of @ PRISM module.
INTEROPS wus developed to reflect a number of human heuristios and blases. At the current tme, five
of these have been programmed into INTEROPS. First, the model reflects the human foreeting process,
e, the importance of a picce of datg that the eperator has monitored diminishes with time. Sceoond. the
maodel embodices @ susceptibility to recendy bisses i in perferming disgnoses, the operator has g tendona
1o utilize data and information that i< most recent. A third bias involves confirmation bias, e in the
process of confirming a hypothesis, @ human operator has a tendeney 1o seek data and intormation that
confirms the candidate hypothesis. Fourth, human operators have g tendenay 1w “chunk” duta and
information, i.c.. once the operator engages in a particular line of reasoning, ~uch reaconing will continue
until a minimum sufficicnt amoeunt of evidence has heen received that suggests @ change to another e
of rcasoning. Lastly, humans are susceptible to cognitive tunneling, e, under high levels of sress the
human operator will focus only on g cubset of data and information that i readily available.

INTEROPS is capable of generating a number of outputl parsmeters. At the current time, with
an cmphasis on allocation of function, INTEROPS gencrates three primany output measures. The first s
called cognitive resource utitization and reflects the number of simultanco .~ cognitive processes being
engaged in by the human operator atany peint in time. The sccond measure is called the monitoring task
que length and reflects the number of items that require the operstor’s attention to monitoring. The third
measure is time-siress.



The model™s primany intent was o be a decision support 1ool for control sysiem and conirol room
designers. More specifically, INTEROPS's primary function was to provide informution useful for
allocation of function.  Its usefulness, however, goes far bevond its initial intent. Tt can also provide
information relevant 1o staffing decisions in the control room. assessment of the cognitive loading of the
operators, control and display design. determining the content and quality of procedures and the
wentification of requirements for operator aiding.

It should be noted that although INTEROPS i 4 network simulation modell it is not an input-
output modelin the sense of rraditional Sicgel-Wolf models, What INTEROPS attempts to model are the
cognitive activities which when studied, provide insight into how humans function as prohlept-solvers,
Therefore, the human is not treated as a "black box™ or a "single-point™.

Future INTEROPS rescurch directions include: 1) modeling multi-operistor performance, 2)
modeling multi-modular control, and 3) modeling of knowledge-based behavier (Le., bohavior which
requires creative problem-solving, g in addressing severely otf-normal events for which procedures do

not ¢xist).

H. The Cognitive Environment Simulation (CES)™
The CES wus developed by Westinghouse Electric Corporation under sponsorship ot the NRCO Ui
simulation of cognitive processes that allows exploration of plausible human responses in ditferem
emergeney situations, CES focuses on the following cognitive competenciess controf of attention ¢including
dutg-driven control of attention, competition for limited resources und evidencee processing). situation
assessment (involving expectations and qualitative reasoning), explanation building, response management

and knowledge representation.

The CES utilizes the EAGOL artificial intelligence problem-salving system™ (@ proprictary product
of Scer Systems) for providing capabilities for reasoning in dynamic situations. Becsuse CES modcels the
processes by which intentions to act are formed. it can be used 1o find points in the cognitive processing
which are prone 1o crrors associated with intention formation, and to identify the sources of cognitive
processing breakdowns and intention formation failures.  CES also provides an anahvtic tool for
investigating the cffects of changes in NPP person-machine systems including new instrumentation,
computer-based displays, operator decision aids. procedure changes, training, and multi-person problem

sohing shvles,

The CES can function in two modes. First it can take data und information from a NPP iraining
simulator (or other source of process systent data) and can gencrate control intentions. Although CES
docs notdirectly interface with the training simulator. @ human subject has been utilized as an intermediim
between the CES and the simulator. The second mode imvolves the CES gencerating control intentions for
a data file of process parameters on an a-posteriori basisc. For this mode, there is no control feedback into

the process.

The CES has been exercised on several NPP accident seenarios. One case imvolved  failure in
portion of the system that connected the reactor coolant system to the residual heat removal system=. This
event was disgnostically challenging becguse it produced symptoms in multiple regions of the plant that
are normally unconnected, suggesting the possibility of multiple independent events. The performince of
the CES on this event was successful in revealing the knowledge and reasoning required to diagnose this
class of incidents, but it did not account for the difficulty that humuans have in assessing the relevant
knowledge and integrating the evidence. Future arcas of rescarch will investigate the addition of human
cognitive processing biases.

A cognitive reliability assessment technique (CREATE) was developed that utilizes the CES 10

generate input for human reliability analyses portions of a PRA™. Within the CREATE technique. CES
is run on multiple variants of accident sequences of interest, The vanants arce selected 1o provide



cognitively challenging situations. The goal is to identify sets of conditions (characteristics of the situation
and/or the operator) that combine 1o produce intention failures with significant risk consequences, Once
the range of plausible intention errors and the conditions under which they will arise are identified. a
quantification procedure is used 10 assess the likelihood of these intention crrors.

I. The Cognitive Simulation Model (COSIMO)™ ™

The COSIMO i being develaped by the Commission of the European Communitices™ Joint
Research Centre i Ispra, Taly, Itinvolves two cognitive levels of reasaning and decision making, Thoese
arc: 1) high-level decision making (HLDM)j involving cxploitation of an operator’'s knowledge by
continuously engaging in situation ussessment and by building supervisory and control strategics (planning).
and 2) Jow-level decision making (LLDM) involving ¢ working memony and conscious memory dsnamics,

The HMDBL includes 4 knowledge-base involving knowledge-frames (descriptions of the processes
and structure of the system) and action-frames (pre-defined plans of action for different situations). The
mechanism for bringing the products of the <tored knowledge-base into working memon involves
“similarity-matching” and "frequency gambling”. This mechanism is justified on the grounds that humins
tend 1o engage strongly in pattern matching activities when confronted by i new situation. Within this
muechanism, fuszy set theory is emploved along with confirmation bias principals. Planning within the
HMDL is assumed 1o be an analogical process imvolsing selection from amangst the most appropriate

action-frames.

The LLDM involves implementation of an identificd plin and s accomplished via g Fuzeyv-Goal-
Oricnted-Script (FUGOS). The FUGOS involves 4 hicrarchial goal-oriented structure which decomposes
goals into subgoals, and subgoals in1o acts (portions of tasks). Through a prioritization of goals, and
traveling top-down in the FUGOS, acts can be sclected for implementation and therefore tasks can he
carried out. A blackbouard architecture has been proposed as the primany means for implementing
COSIMO.

The development applications for COSIMO ure various and numerous. At a high Jevell it is
intended to support enhancement of safety by providing means for the design and validation of emergena
procedures: the study of the usefulness and need for automation: the cvaluation of the completeness and
functionality of human-system interfaces and decision support sastms: and the design of architectures that
support appropriate allocation of functions.

1. APPLICATIONS OF HUMAN BEHAVIORAL MODELS

In reviewing the models that hiave been discussed in this paper there have been two primarny arcas
of focus for their development. First, there s the arca of design Many of the models desceribed were
developed to understand the role of humans in human-in-the-toop process control. These include decisions
related to staffing, cutomation. allocation of functions between humans and auiomaled systems, man-
machine interface oosign, procedure development and assessment, and overall svstem optimohity, The
second area involves risk assessment. tis clear that the general unasailability of human performance duta
mukes the generation of such data via modceling an attractive approach.

In general, @ number of uses of human behavioral models can be identificd. These uses are
provided in the following non-exhaustive list:

Rcliability/Risk/Safcty Assessment Arca
0 Estimation of human reliability in existing and proposed process control  environments.

0 Identification of error-likely situations,



Q Estimation of improvements in human reliability due to modifications in equipment,
procedures, training, cie.

0 [dentification and estimation of the cffects of critical human variables,

System Design Evaluation

0 Estimation of the overall effectiveness of system designs.
0 Identification of porential human-in-the-loop problems in existing and proposcd process controj

cnvironments.

0 [ntegration of human cngineering and personnel-cquipment  designs into process control
enivronments.
0 Identification of personnel requirements.
0 Development and evisluation of procedures.,
Opcrations Analysis
0 Optimization comparison of control strategics,
0 Optimization of the roles of humans.
0 Planning’scheduling of operations.
Human Performance Data Basc
0 Contribution of human performance data and information to g human performance data buse.

Other applications of human hehavioral modcels that can be envisioned o be appropriate for future
advanced control systems and control room designs. They imvolve the following: 1) a faster-thun-real-time
forecasting tool that accoumts for uncertainties associated with human activities und actions, 23 as a model
of expected human behavior against which actual human behavior could be compared (large differences
indicate crror-likely situations, and could theorcetically be utilized in much the same modality as model-
based control), 3) a rcal-time simulated partner to facilitate team training, 4) an advanced. intelligent,
interactive operator associate, and 5) the basic for expectancy models of intelligent machines.

IV, CONCLUSIONS

Models of HB&C have relatively wide applicability. In the design of new dand advanced process
control environments, madels of HB&C are almost mandatory in order to c¢nsure that a philosophy of
human-centered automation can be achieved, and that the design facilitates not enly @ "physical fit” for the
human, but a "cognitive fit” as well.

As such models become more widely accepted, and as such models move out of the research
cnvironments into the process control indusirics, it is feJt that they will play major roles in clements of
svslem design and optimization.
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