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SUMMARY OF CHANGES

This revised pmpusal constitutes the Best and Final Offer by Pacific Science &
Engineering Group to perform work under Solicitation No. RS-RES-90-074, This revised
proposal entizely supersedes the original proposal, which was submitted on April 4, 1990.
It also responds to the questions posed by the NRC in a letter dated June 13, 1990. A
summary of the changes from the ongmal proposal is provided below.,

PROKIE) i T OIS NRC Question

13 Sampling plan for distributors 10
15-16 Task 1 sampling plan for medical facilities 10
20 Information and control requirements 5
2l Use of brachytherapy technicians in SKA analysis 8
22-23  Other sources of brachytherapy preblems 3
2426  Task 1 reports; relation to other task reports 9
2728  Interface assessment guide R
28 - 29  Task 2 sampling plan for medical facilities 10
30-31  Task 2 letter report 9
32 Task 3 sampling plan for medical facilities 10
33 Task 3 letter report 9
35 Task 4 sampling plan for medical facilities 10
37-38  Job positions focussed on during the training evaluation 7
38-39  Task 4 letter report 9
40 Task 5 sampling plan for medical facilities 10
42 Task 5 letter report 0
43 Clarification of Task 6 objectives
45 -46  Task 6 technical repont 9
47 - 48  References to human factors guidelines, protocols, & standards 2
49-51  Limitations of hum... factors techniques; compensatory plans 1
51 Methods to determine informal practices and policies 6

31 Exemption from OMB clearance requirements

L ““l’.','xp;mdcd subcontractor personnel available for this project 5
54 -55  Summary of related staff experience and qualifications 12

71 Related organizational experience 16

71 -74  Organizational experience in projects of similar scope 17

74 - 75  Synopses of recently awarded contracts
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SUMMARY OF CHANGES (continued)

Page(s) .. Tapic NRC Question
8S Revised introduction to the Project Management section
86 - 88 Roles and responsibilities of project team members 18
88 Clarified description of milestone chart notation
89 Summary of estimated labor hours 1 (Cost)
90 Expanded subcontractor personnel 15
90-91  Travel projections 10 & 2 (Cost)
94 Technical report format requirements 9

as Organizational conflicts of interest statemer- 19
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INTRODUCTION

Pacific Science & Engineering Group (PSE) is pleased to submut this proposal to
rovide human factors analysis support to the U.S. Nuclear Regulatory Commission (NRC)
or evaluation of brachytherapy activities involving the use of automated remote afterloaders.

This proposal has been prepared with great care to ensure that it is responsive in every
way to the requirements contained in the solicitation. As requested, this proposal is submitted
in three pans: Solicitation Package, Cost Proposal, and Technical and Management Proposal.
The Solicitation Package provides the required contractual representations and certifications.
The Cost Proposal presents cost and administrative data. The Technical and Management
Proposal presents a detailed plan for achicvmf the objectives specified in the Statement of
Work. Organi.ational experience, personnel qualifications, program management plan,
facilities, and required resources are also discussed in the Technical and Management Proposal.

Pacific Science & Engincering Group will be the Prime Contractor and wall be
responsible for the successful completion of all aspects of this important project. PSE provides
a strong group of experienced scientists and human fuctors engineers who have evaluated
numerous high techrology human-machine systems. Joining the PSE human factors

rofessiongls will be

AL team members were selected afier careful study to match their capabilities and
speci&lty arcas to the requirements of this project. We believe that an ideal balance of human
factors technical background and medical expertise has been achieved for all of the tasks
described in the Statement of Werk.

Pacific Science & Engineering Group

PSE is a small business providing technical studies and analytic services in human
factors enginzering, training, numan performance measurement, ergonomics, safety and
systems analy sis. Composed of analysts and researchers with extensive experience in man-
machine systems, PSE specializes in {he measurement and improvement of human
performance. Typical products include human-system interface specifications, training system
design guidelings, human factors evaluations of military, industrial, and medical systems, basic
and applied reszarch, simulation studies, and task/function analyses.

PSE applies a unique blend of skills and knowledge to a wide variety of system
engineering, ergonomic design, and training problems, Our staff is cxperienced with both the
scientific foundations of human performance and with their applications to operational systems.
From this back ground, we offer practical but technically sophisticated solutions to real-world
problems. PSE is committed to providing responsive, high quality products that reflect solid
scientific principles and the technical state of the art. We offer our clients a multi-disciplinary
approach, usirg proven, project management iechniques and technical personnel of the highest
qualifications.

PSE has an established track record in applying technical and analytic methodologies to
the study of operational characteristics of medical devices, their instructional materials, and
their use. Human facters analyses, ergonomic evaluations, and instructional technology
assessmer. * were used to construct a comprehensive picture of the factors influencing the safe
and effective use of portable blood glucose meters, And in-depth assessments of instructions
for contact lens care were coupled to detailed observations of lens wearers in order to isolate
and characterize critical factors in contact lens care. PSE is thus strongly and uniquely
qualified to make valuable contributions to identifying errors and their likely root causes in
remote afterloading brachytherapy systems. '
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UNDERSTANDING OF THE PROBLEM

Brachytherapy (Greek, brachy: short) is a type of radiation treatment of cancer that
uses encapsulated radioactive isot opes to irradiate tumors, Sources can be placed within a
natural body cavity (intracavitary), i .npl.mmd directly into a tumor (interstitial), or positioned
near lhc body surface in custom molds. Brachytherapy contrast, - ith teletherapy (Greek, tele:
far) where the radiation source is separaied by several feet from lhc patient, Originating shortly
after the discovery of radium at (hg turn of the century, b@fh)lh(td py has become a major
cancer treatment modality. It has, however, been beset by problems of excessive radiation
exposure to medical staff and of suboptimal dose di stributions in patients (Goffinet, et al.,
1988, Perez & Glasgow, 1987),

As identified by the NRC, this \v'm sal focuses on issues associated with remote
afterloading techniques in uud.\:,,cr.;p'\, The human factors analyses undertaken in thi

pre “ul will'§ systema tically identify the errors committed by human operators in these systems.
determine their likelihood Ofouuzc’ﬂu. @ .,d examine their severity and consequences. Any
error in a bi mh\\..'mp\ system is po \'wn ly very serious. The PSE Team will therefore
carefully c\.’ jate the puuum importance of every error that is identified as a result of our site
visits to brachytherapy facilities proach 1o an 1\...w‘u."m error xum'\'cﬁc”" o the
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In azdition to this valuable gquantitative ar
comprehensive error analyses will contribute substantial
stated in the Request for Proposals:
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¢« Id :mf) factors (i.e., root causes) v hich contribute to errors in remote afterloacing
brachytherapy systems

" . P Yy ¥ ~ % k . - \ rnalyu e - . AT T 1 - o
« Evaluate the impact of these factors, both singly and in combination, on th2
performance of functions and tasks essential o meet system goils
D { -y - | . 5 J. e - - ) ‘—.“ 1 > - - - -~ - » -
+ Priontize function and task performance problems rela ted to human errors causes
| the vy - yig vans "o
oy (hese factors 1n terms of their safety S1E 1ficance

aches for resolving safety significan:

-

ith the goal of formulating viad

o s A ——————




» Lhe resinictions on [he Litle page

AL AR .:vpvcnq‘,'.wp'\wq‘mmmr-vp\"vl P




This page conlaing propriciary iaformaiion subject 1o the resirictions on ihe Ll




This page contains praprieiary informalion subject to the restrictions on the title puge

Summary

The preceding discussion conveys the dxur\ ty among remote afterloading units,
Qmm »s can be moved mechanically or pneumatically using man ual or Cl“c ncal power, Low
dose rate units d l.plu ate conventional treatment regirmens, whereas high dose rate systems use
high activity radionuclides to shorten treatment times. Sorne units k..u single souices, others
have m lt\'\k sources. Some units allow source configurations to be changed automatically fos
each application, while other systems are limited to ;w“w! source distributions. Some systems
have been built to use existing app! ‘Lu!’»"ﬂ whereas other systems use their own n,‘-"'.!t(. ors,
Prescribed three-dimensional dose distributions are achieved in several ways. Source trains

i |8
i

ombinations of active and inactive pc;:c'.s) can be during tréatment, Or p

Shaped sources ca either oscillate or move 1n a ste P-Wis€e mani
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Regardless of the details of their operati te afierloading systems are complex
A O < ~ ~th ient I - ] 33 1l nee Wl e 1T - ’
ind cost of errors is high, both for patients and me staff. All possible precautions mus!
therefore be taken to assure that these stems function proper! Failure raeAlus €almn
1ICIeiorne C 1aREN 1O d5Suileg that these .\'\Mu. ! INCUON i'\‘l\"".\ grure (O resolve saies
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significant problems can lead to excessive s.:u:f exposure to ionizing radiation as well &8

nsatisfact

b i
story dose delivery to the patient. We now turn to the biological bases for the acticn
of ionizing radiation. This will increase our understanding of the dangers inhe t
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brachytherapy treatments, both for patient and staff,
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Biological Effects of Tonizing Radiation
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rachvtherapy Facility Site Visit
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Function Allocation

I‘\.Hh\‘-!.ll(‘ Corrective Measures
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TECHNICAL APPROACH

e Statement of Work in the Request for Proposals specities a comprehensive
e Breso e n Ha ‘._1.1.-’”. ',v .}v'|'. ey lve sal. { i
arch program 1o ¢« ect andg a alyze gata that can help (O TesOIve Salviy concert \H lated to
human error in the use of remote aflerloaders for brachytherapy. This section considers the
' rements specified in the Statement of V'ork as interg.2ted by the PSE Team. No
exceptions are taken lut‘m provisions of the Statement of Work.

This project addresses the safety and c'h;'nrr ¢ss of remote afterloading brachytherapy

systems from the "’-""‘zi"*' t of human error and its causes. Its major goals are to (a) ider 'xf\

the factors contributing to hum n error in these systems, (b) evaluate the impact of th

factors, both singly and in combination, on (he ,ufm_‘..x e of 1asks and funcuons essential to
4

(¢) A=termine actual or potential root causes of human error in remote

| B

sVsiem r“‘J"\. ant

afterloading ,-‘\.\}v_;ytf-!. is ¢ fort, function and task performance problems will be priontized
n terms of their safety sigr ficance Varous strat Z:L‘\fwt 7S¢ '\H'\_' these ;-'«-?‘v'tf"“\'.x | also

be proposed

Six separate Tasks have been enum.erated in the Statement of Work., It is undersiood
that all but the first task are Opuoi al. bels g Conl ':'L"!{w". the ¢ fm,rn;'."l} COI ;“"3 1, Of Task ]
Letter Reports will be prepared upon completing each Task, and Technical Reports will be

! !
submitted at the conclusion of Tasks 1 and 6
FAsSK ]
Fuuction and Task Analysis of Activities in
Remote Afterloading Brachythoraoy
Kick-Off Meeting
Within two weeks after conaract award, the Principal Investigator and two project staff
t with '.‘:" NRC Project Officer and \"“nl appropnate individuals 1o discuss ;“ ns a")d
perating procedures for ;n"»'" ing ;: l'w\ l work., The Principal Investigator wi .H 'vci
1O present a s 'm',.\_\ "'Lu’"; crit § U C:d‘-uu'.zf'.}"._:'\';!‘;‘f..t'.\,:?:» ‘,‘.'w"k\l L, (€)
! Cl management approag n, ”"'," 'd) " ¢ Propx sed ap roach for Task 1. Detailed discussions
will then be held in order to clanify in ;‘*"!.-nl points, to identify sigr mu'.":! operational
constraints, and to determine how the various aspects of the project fit with other NRC efforts

ve valuable discussions will serve as the ‘ is for refinin r the r. sk 1 Work Plan

Based on these discussions at NRC, the plans for Task 1 w.al be modified as
|

sary. A detailed 3"'1 of action w1l then be finalized and proposed vavel will be
tted to the NRC Project Officer for approval,

Develop Field Assessment Tools -
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The purpose of these L iides is not to encourage 1""\\1 adherence 1o a pre-scri pted Aata
collection routine. Rather, they will be ux(d as a foundation for building a thorough human
factors data buse for bra ..)!.?.v.l.l;, funcuons and ...U.‘I.u,y PSE analysts will be free 1o
wgment the guides with additional :'1fm:r.at;(v'\ l}'.'.t may c‘\M uniquely at each facil ity. By
virtue of this approac h, PSE site assessments will capture all the characteristics of remote
fterloading brachytherapy systems that have been identified for study by NRC,

Visits to Distributors and Medical Facilities

The site visits to the distributors and 1.edical f,e "‘H'(‘s will collect the data ne Cessary forr
the task analyses and human error analyses for each of the operation al and ancillary functions
Fhese sie visits comprise the majority of the swork in L.&k 1, Accordi '“("\. a detailed
[ 15

irese

ampling Plan for Distributors

e selection of the distributors tc be visited will be made in consultation with the NRC
Project Officer. Our first priority will be to sclect distributors that handle the most widely

distributed efterloaders. In this way, we could develop the greatest familiarity with the devices
that are most likely to be encountered during the medical facility site visits

\s & result of our initial survey of remote afterloader distribitors, we understand '

\ nasaes Nucletron (distributing Selectron devices) and Mick Radio-Nuclear Instruments
listributing GammaMed devices), dominate the market. Except for & very few facilities with

er afterioader models (e.g., ".";':-v'ﬂ, IH..I\ all brachytherapy facilities in the U. S. use
ne of these two remote afterloaders, Thus, we propose 10 visit both of these distributors, In

preinminary discussions, both have indicated that they are ¢ ST 10 COX x;-u.:m with us on this

Three members of the PSE Team will visit two distributors of remote afierloading

\ ipy levices, Tl 1 aCluvity will familiarize the PSE Team with
flerloading equipment that rent Besides the remote \f'm]' ading units themselves,

all accessory devices and equipment that are stocked by the distributors will be l‘w oughly

analyzed Examples of accessory devices are treatment planning computers, dose calculating

devices, quality assurance devices (for calibration and maintenance), source transpon hl»cu and

their conneclors, source preparation ae¢vices, printers, nurse slation d*x'\‘:\& and alarm

' . ) X s . - : \ . iR AR
ystems.  Whenever feasible, we will conduct a hands-on (\v]'ulnuh of equipmeni
rat both high and low dose rate, that are most commonly used in medical facilities
-

Stratified Sampling Method for Medical Facilities

hytherapy using remote afterloaders is a specialized treatment noi found
ible vaniability may well exist between those facilities that do

scilities, considery

edure

1R W T 2 Y TSRS TR T AP AN 8 4 5 . B ST . R o



or Task 1 are those thai most ¢ "c:ll' determine

r aspects of remote afterloading activities: Geographic Region & j Afterloader Model,
Ceographic Region. One of the m Ot importa, it objectives of our sampling procedure is
(0 obtain a geographically balanced sample of medical facilities which perform
remote afterloading brachytherapy. Any regional t‘.;lf'c:;', es in the types of remote

afterloading c»;.J‘;\'wc*! and procedural, swaffing, or operational practices can
thereby be identified and evaluated. As one example, regional variations in the

training ~ = diation therapy technicians could lead to differences i~ patient set-up

and handling that impa t 1?4‘ overall quality of brachy \,‘.\ apy treatment. Likewise,

different state licensing requirements for radiological pe rsonnel could affect the

nature of brachytherapy activities, For this Task, we w .1] visit an equal number of
facilities in the East, € L""d] and West regions of the U S,

\fleroader Model. Different afterloading systems may well impose different sets of

! b ['o systematically examine this possibility,

10 observe differe nt afterloader brands. Two

inant the U.S, mar lectron and Gamma

European \.-:'xu. anies (Selectron is

etron; Gamina Med [ West Cerman-based

e, such as the Ralsvon, Buc hler, Cathetron,
untries other than Aiaerica for the most part

A given manufacturer usually produces more than one madel of afierloader. Often,
maodels differ in terms of dose rate. ‘This s LRSS that the relative ;";"\“.!L.n.{ of
} and low dose rate treatments must also be considered. Low dose rate
brachytherag done on an inpatient basis and reproduces traditional treatment
schedules. | dose rate brachytherapy, on the other hand, uses much shorter
gatment t HES &8 OPPOS f\vl..'\\ d ¢can be !
] outpat I'» fact that different bospital facilities are usec

'T.:“’,w"u;‘\ t’,:“‘w'["' totveaiment aom) and low dose ra
brachytherapy as well as different models of afierloaders make

fac tux to consider in cor ;.:w;t:wrx with afterloader brand.

Several other factors have been found to duu t for differences between medical
facilities using remote afterloaders for brachytherapy. V 1!; these factors are recognized as

influential, I‘»cv will ?‘u'»t be used for sample i\(‘!cdmn. Nonetheless, t';u‘h site will be
characterized in terms of these factors, providing a comprehensive depiction of each facility,
hi

Analyses of similarities md differences on both these factors will be ‘;v:..". rmed. Results can

B L S



be used in conjunction with the human factors evaluations (O compare numerous aspects of
ch facility to other facilities,




Once selected, each site will be contacted by phone and by formal letter inviting their
| « the ¢ A AT (LA s : .
I contact will explain the objectives of the visit, th

L 1t 1al

¥ ! LN
! ! Jv - 5 ! L \_v"
' » s A ' ' . - 1 Y A matyv 11 Ka anntieal A ITE 2 U -
! ia 1o be ¢co (S { and the vis t schedule [.‘“1.\...:“-."1\\1 | be enurely valuntary: no
| 1 4 ) 0 ™ ¥ Y p . y‘ 1 15 Tl
| yment Of ¢ maiéna i ntis ¢ piated Faric ipaung facilities will be assured
tleai all A 11 ¥ g ™ Rl anit iy " : . 1
| all data collected will be confidential and will he used for research purposes only
| : ; : t ‘ ’

tasks performed in remo!

For the purposes of } ¢ ¢
fiasinad hrachyth - o ; ngs. referred 1 § OIxTa .
! Oracnyux y are pi £ IPINGS, reierred ‘ ] {

{ Y aem 2 — ' | ' ' v v " A B T th 1val d v - _— '
1 anculiary, Qpeeratonal functions are conces ed most directly wath t) ¢ actual administration

T i .
For the most part, operational functions are independent of the specific source of the ionizing
BiTHET st Aan K amelind oaite N : - <A ¥ ake Ab S 4
radiation. Hence, most of the analyses can be applied equally well to high and low dose rate
afterloading systems. In those instances where important differances exist between high and

1ent, however, additional evaluations will be conducted to

low dose rate procedures and equipn )
ensure a complete analysis of each brachytherapy modality. For instance, radiation exposure
precautions taken by nurses who care for patients with low activity implants in hospital rooms
will assessed. This does not arise in high dose rate treatments because these are
administered in the treatment rooms of the radiology department,




Operational Functions. The following operational functions will be analyzed in Task 1

¢+ Target Velume Localization

¢+ Treatment Planning |
o Dosimetry

+  Verification of iplantation
¢+ Treaunent

¢+ Patient Evaluation During Treatment
¢+ Removal of Implant,

Each of these functions is vital for the safe and effective administration of
brachytherapy. Target volume loca'ization defines the geometry of the tumnor solume thi* is to
be irradiated, Traditionally, target volume determinations have been based on qualitative
clinical judgment using several factors: imaging techniques; surgical staging, and knowiedge
of the biological behavior of various tumors, Increasingly, computers are being used to
construct three-dimensional anatomical images for more precise tumor localization, Modern
imaging technologies can precisely define the target volume and display the calculated three-
dimensiona! dose distribution (e.g., Ten Haken, et al., 1988).

degree of accuracy required to deliver a therapeutically beneficial dose of ionizing radiation.
Despite its central role in brachytherapy, few published studies are available that quantify the
actual accuracy of ueatment planning achieved in clinical practice. Visser (1989) compared 12
computer planning systems in terms of the dose distributions calculated by each of them for
five test cases. Although the algorithms were sufficiently accurate in most cases, errors in dose
specification and treatment simulation were noted,

Treatment planning and target volume localization are closely related to important
dosimetry considerations. Accurate dosimetry in brachytherapy is just as vital as it is in
teletherapy. The suggestion has sometimes been made that dosimetry in brachytherapy is less
crucial due to the enhanced 1olerance when smaller target volumes are irradiated; gowcver.
rigorous empirical data to support this view are lacking. And anecdotal repons should never be
4 given %rca: weight in the absence of solid evidence. Dose-effect curves in radiotherapy are

typically steep. As such, small changes in actual dose may result in large changes in biological
effect. Indeed, ore study reported clinically relevant effects for different dosages in terms of
tumor control and complicators (Hunter, 1386, cited in Visser, 1989).

Verification of implantation refers primarily to the treatment simulation stage of the

' brachytherapy process. In treatment simulation, the position of the implanted catheter relative

to the isodose curves of the target volume is determined prior to source insertion, An inert

dummy material is placed in the treatment position in the catheter and orthogonal X-ray images

are made. Evaluation of these images may lead to a change in catheter position to ¥acililate

optimal tumor irradiation. Once the desired position has been attained, the isodose for dose

i specification is chosen and source application time is determined. Errors can occur at any of

these steps. For instance, localization errors can produce improper source positions. yn a

second sense, verification of implantation can allude to the placement of the source into the

correct position in the implanted catheter, Commercial afterloaders indicate when this has been
achieved. Quality assurance procedures performed regularly on the afterloader should assure |
that correct placement occurs, |

Target volume localization is closely related to treatment planning, which determines the
|
|
|
|
\
|
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videotape and sull photog=aphy so that discrete steps of the remote afterloading brachytherapy
process can be documented and presented in an illustrative format.

Task Analysis of Operational and Ancillary Functions

Task anelysis is a formal methodology, derived from systems analysis, which
describes and analyses the performance demands mude on the human elements of a system.
By concentrating on the human element in systems analysis, it can compare these task demands
with known human capabilities, These analyses will identify and characterize all crucial
aspects of remote afierloading brachytherapy activities including (a) the logical flow of events
before, during and after radiation administration, (b) the allocation of functions and personnel
workloads, (¢) the likelihood and potential impact of work place distractions on task
performance, (d) the distribution of work load across imachines and people, (e) the
cocrdination of events in time, and (f) the arrangement of equipment and people in space. Data
for the task analysis will be collected from many sources including:

¢ System documentation, which includes ‘est reports and specifications, procedural
jocuments, operater manuals, etc,

« Interviews with incumbents, system personnel, and other subject matter experts;
¢ Direct observation and recording (video and audio) of the task being performed.

Every task analysis must be tailored to a certain extent for the particular type of system
one '3 enalyzing. PSE will customize these methods to analyze brachytherapy activities
Videowaping and still photography of operations will provide a documentable record as well as
case nistory corroboration for our detalled quantitative analyses, The video tape can capture
dynamuc aspects of device operation as they occur over time. Still photography records various
detals of controls and displays, as well as the composition and relative arrangement of
component parts in remote afterloading subsysiems

cow Diggrams - Flow diagrams represent graphically the sequence of tasks and

subtasks compnsing each function, Each task step will be sequenced in the correct
er. Factors 1o be considered in the sequencing process include delay te’ ‘rance
requency of performance

he functional flow diagrams also depict the interrelationships of the identified
tasks. They aid in function allocation and serve as an outline of tasks required for
proper system performance. Environmental conditions, initiating and terminating
cues, range of outputs possible, consequences of inadequate performance,

»
equipment, human interfaces, and safety considerations can also be specified.,

particular interest are the information exchange points in the system
Accordingly, we will describe the conditions for information exchange, the
criticality of the informaticn, the structure of the data, the source and intended
target, the methods/modes of exchange, and environmental/situatior.al variables that
affect the transmission of the information. Note that the information exchange
points involve both human-machine and human-human interaction.

p— s
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Thus, equipment interfaces, procedure sequences, training, and organizational
factors can all be represented in a common format. PSE technical staff are
expenienced in performing task analyses using many different approaches.

-ach approach has
ment 1s required to select the most

rengths and weakne
svitable approach.

$5€8, anc essional judge

formaion_and _Control Requirements - In addition to specifying the task and

information tflow among the people and equipment involved with brachytherapy, it
1§ important to determine the information and control requirements of each task.
We consider this to be 2 natural part of the task analytic process,

Me control actions required of the operator will be dev eloped from known
functional and system requirements and specifications. Following, the cues that
determine or modulate those actions are s»ecified and the information sources are
Wdentified. In general, this may be done by identifying, for each action or set of
actions, Ui¢ initiating, ongoing, and terminating cues to t.e operator. Each source
of information (display) that is needed to recogaize that an operation is beginning,
continuing rormally, deviating, terminating normally, or aborting must be
identified. When muliiple sources of information must be integrated, matched, or
compared by an operator 10 idenufy the state of system performance or 1o recognize
a cue for a control action, such combiaations and their sources must be specified.
Informa‘ion sources must be identified by their location and its proximity to the
primary source of rontrol, e.g. from within or outside of the afterloader or
radiotherapy spaces. The team will be required to become familiar with the
institution’s handling and referral processes. For example, when low dose
brachytherapy is ongoing in another hospital ward, the information required for
successful brachytherapy operation may be closely linked 10 other patient
monitoring and health care functions. These information linkages must be clearly
spelled out in *he task analysis.

Each information item necessary for function and task accomplishment should be
categonzed according to the variability of its occurrence. Information items that
signal a control action may be digital and binary, such as the shift of a light from
red to green. Others may be provided by a therapist who reports the status of a
System component in vague terms bounded by conditions,

The task analysis approach 1must ba sufficiently comprehensive to enable the team 1o
identify the information and control sequences for each function, task, and subtask.
These analyses must proceed from all available sources, including the
manufacturer’s guidelines, operation and maintenance personnel interviews, full
understanding of the institution's handling procedures, and careful, guided
observation of the processes.

o —_—— -
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SKA . Analysis = The Skills, Knowledge, a1d Abilities (SKA) Analysis will provide an
pssessment of the training needs and methods for each operational and ancillary
function. This analysis identifies the skills, knowledgrs and abilities necessary for
successful performance of each function,

The SKA analysis utilizes the individual task sters and the information regardin
the consequences of error from the error likelihood analysis. For each tas
identified, the analyst identifies the critical performance component which is
necessary for successful operatar performance. The analyst also identifies the most
appropriate method for ace uiring the critical SKAs, subject to verification by the
Brachytherapy Advisor. Methods of acquiring critical SKAs include prerequisite
knowledge, job experience, on-the-job training, and formal training programs.

The SKA Analysis will also identify the degree to which procedures are unique or
common across equipment configurations and brachytherapy functions/processes.
During the medical facility visits, individual technicians will be requested o explain
differences and similarities among cguipmcm configurations. The resulting
commonility factors will be incorporated into the flow and task anal‘ym and will be
of great importance for locating sources of error and points of negative and positive
training transfer,

We recognize that most technicians are unlikely 1o be familiar with similarities and
differences between different brachytherapy equipment configurations. Instead, we
are interested in the similarities and differences between the brachytherapy
equipment that they use and other similar equipment (e.g., teletherapy) that they
operate intermittently, 1If, for example, the controls on one device, which the
technician uses 4 days each week, operates one way and the controls on the
brachytherapy equipment operates another, then the lack of commonality could
contribute to errors,

Technicians are the personnel most closely involved in equipment use and
maintenance. As such, they are highly aware of variations in equipment
configurations and the implications those variations have for system performance.
Additionally, by asking that technicians supply explanations of similarities and
differences in equipment configurations, we can ascertain whether they correctly
i perceive these differences and understand how they pertain to system function,

One way to collect this information is by way of an interview, This relatively
unstructured and subjective approach furnishes each person with the opportunity to
freely express him. or her-self in the manner they desire. Of course, such
subjective duta can lead to erroncous conclusions if it is not interpreted properly. In
order to avoid pitfalls of misinterpretation, we will supplement all interview data
with more objective information mat is generated from our task analyses, function
analyses, and error analyses. When the personalized but more subjective interview
data is considered in conjunction with these additional data, a more accurate,
complete picture will be obtained.

Human Error Analysis

In a critical, high-hazard technology such as brachytherapy, human error carries
potentially serious consequences (0 patients and/or medical staff, It is, therefore, important to
charactenze as completely as possible errors that can occur in remote afterloading. The PSE
Team will accomplish this by capitalizing on the extensive task analytic work performed in
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Fask 1. A \\!"m‘!) recogt ized tee .’w'“_t..t‘ of human error assessment, '\ .chr Jue for Human
Error Rate Prediction (THERP: Swain, 1980; Swain & Guttman, 1980) will form the
foundation for these efforts
HERP is a major human error methodology that has been used by many federal
encies. Itis a technique for predicting human error rates and for evaluating the degradation
to the persen-machine system likely to be caused by human error. T1. RP has fumished the
basis for safer, more effective and more efficient operating procedures and training
technigues. Human factors resea ~h on nuclear power plant control rooms and accident
evaluauon has successfully used THL P to identify and isolate system errors, calculate their
| pe > . ) & NAaal wit it o : 2
probabilities, and ascertain their causes FTHERP can dea! with continuous as well as
discor ous behaviors u'vt;f can account !‘.»r VAaricus t‘j;_,'TLl‘.\ of f']-';'i'h"("v( das ‘\(‘” as
neie l ent tv;I_ ranons {‘\1& ster, | x4
he THERP method entails a complete mar chine sysier lysis composed of
¢ 1 "t 'S v
veral seq al sleps:
Describe system goals and functions and situational and perronnel chara lcs
. scribe the jobs and tasks performed by personnel and analyze them 1 entify
error-likely situations
Estimate the likelihood of ¢ pote 1 error and the likeithood that each error will
be undetected
’; {.\. : y(l.nl.:‘ \bl"." '\ A f t} \.‘ I{K.’“k::\!\'i’v‘u" " ’.‘\:L-j( “:
£. Suggest changes to the system and evaluaie these
method relies he ..\i:} ( task alysis for the
dentify or-prone situations. The system or subsysiem fa
fin fler which all human operstions involved in the fail
ystem tasks are identified by drawing them in the n of an even
rates | th correct and TeCt perd ance of ea ranch of th
by call upon a variety of data sources for inputs, In this g
analyses and input from the Brachytherapy Advisor will form the core of these data. ifuman
1 p }
factors knowledge about the types of conditions, d2signs, and procedures which induce error,
ind the eccident reports supplied by NRC upor. contruct award will also play prominent roles.
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To expedite our efforts to obtain the most complete and up-to-date information on
problems with remote afterloading, we will review several computer-based databases that
contain medically related information. The databases listed below will be the major sources of
this information for Pacific Science & Engineering scientists during this project:

Diogenes. Diogenes contains documents and news releases relating to the
introduction and regulation of drugs and medical devices. Its value to this project is 10 identify
new problem areas that have been reported, but have not been published in detail in the
professional literature, Problems uncovered in Diogenes may be highlighted for more detailed
evaluation at the most appropriate timne over the course of the project.

National Technical Information Service (NT1S). NTIS is the major resource
for locating U.S. Government-sponsored research reports, studies, and materials in the
medical, health, social, physical, and biological sciznces as well as in engineering, business,
and technology, NTIS is of particular value for sciv utific and technical professionals involved
in Government research and contracting, and is regularly consulied by Pacific Science &
Engineering for all types of R&D,

Medline. Profuced by the National Library of Medicine, Medline is a comprehensive
index to national and international medical literature. The database covers all aspects of
biomedicine, including the allied health fields, the biological and physical scienc ., delivery of
health care, and chemicals and drugs. This information is, of course, somewhat more dated
than MDR and PRP reports. However, it is valuable in its own right because a wider audience
1§ likely to be reached by journals than by technical reports with limited distribution. A short
Medline session conducied during the preparation of this response found two informative
examples of brachytherapy system problems. A case was described in which the distal tip of a
tandem fractured off in a patient's uterus during an intracavitary application of a tandem «nd
ovoids?, and leakage was detected from a cesium-137 needle during routine quality assurance
8 ?;ccks‘.

IRCS. The IRCS Medical Science Database contains the full text of all articles
published in IRCS madical science publications since January 1982, Publication of IRCS

online 15 simultaneous with the printed form, providing immediate access to some of the most
current medical and biomedical research data available. TRCS citations include wbies, figure
legends, and complets reference listings, in addition to complete textual material, IRCS is
updated semi-monthly to maintain currency and is used as an adjunct to Medline.

in addition to estimating the likelihood of errors occurring during task performance, we
will estimate the conditional probability that the error will be detected cither by the human
operator or by the equipment itself. The consequences of uncorrected errors oa system safaty
and performance will also be determined. The severity of error consequences may be graded
from least cost to most cost in terms of (a) loss of time; (b) material loss or waste: (¢)
¢ uipment damage requiring repair actions; (d) minor personal injury; (e) equipment
destructior and loss; (f) serious personal health or safety hazard; and (g) possible loss of life.

Computationally, FTHERP uses two main measures, (a) the probability that an operation
will lead to an error of class i (P)), and (b) the probability that an error or ¢lass or errors will
resuit in system failure (Fj). Pyis based on an error rate, the frequency of error occurring




during a defined block of time. 1 - Pjis the probability that an operation will be performed
without error, FiP; is the joint probability that an error will occur in an operation that that eror
will lead to system failure. 1. F;Pj is the probability that an operation will be performed that
does not lead to error and system failure, Other computations relating to tezal system
performance and failure rate as a function of different classes of errors are possibis (Meister,

1984),

Estimates of error likelihood derived using various observational ané empirical
procedures will be carefully compared. Any commonalities that exist with respect 10 error
types and likelihoods will be further anzlyzed. This commonalities review enables conclusions
to be drawn about whether errors are (a) highly idiosyncratic to each medical faslity or (b)
caused by deficiencies and problems shared by several facilities. if the latier is fouzd to be the
case, generic guidelines for reducing brachytherapy errors cou'4 be formulated.

Implications of the Function and Task Analyses for Tasks 2 « §

The operational and ancillary functions analyzed in the Task 1 are the core of the
aspects of brachytherapy using remote afterloaders to be evaluated in Tasks 2 throzgh 5. The
task analyses define how the functions need to be performed and, as such, provide a
benchmark standard, This benchmark will subsequently guide evaluations and intepretations
in Tasks 2 through 5. An example illustrates this peint. We will consider treatmer: planning,
one of the operational functions.

The goal of treatment planni=g 1s to administer radiation so that the dose abs:rbed in the
target volume is within 3% of the prescribed dose, while simultaneously minimizizg the dose
to the surrounding healthy tissue. Treaiment planning should exiend beyond the tarzet volume
to calculate radiation doses 1o other organs and tissues for estimating the presability of
complications (ICRP, 1984). And discrepancies between prescribed and e:tual dose
distnbutions must be carefully analyzed to minimize their occurrence (Burgers, Awsad. & van
der Laarse, 1988). To purform a comprehensive analysis of treatmeni planning, sach of the
four factors cited above should be considered.

The human-system interface is a major determinant of the etfecuveness ¢’ treatment
planning. Computers are invarial \y used to define and localize warget volurras, and 10
formulate dose specifications. Operating and maintenance procedures for treatmest planning
hardware and software should be evaluated for their ability to be vsed correctly ané cfp ficiently
(Sherouse, Naves, Vana, & Rosenman, 1987). The means by which ridiology personnel
(e.g., dosimetrists) are trained to use 21l treatment planning facilitie: are also az imporant
aspect of successful treatment ﬁlanning. Organizational practices help 1o determin: who does
the treatment planning and how a plan is double-checked for corrcitness rrior to i's
implementation. Treatment planning is thus a complex operational function composed of
multiple, interacting factors. These factors must occur in a coordinated fashion: otherwise,
unintended interactions can produce system errors,

In Task 1, the PSE Team will examine each of the functions called out in th: Statement
of Work in detail. Our purpose is to develop a detailed yet genenc descriptive mozel for each
of these functions. Each model will define the tasks necessary for its performance,

Task 1 Reports

Task 1 reports will describe the operaticnal and ancillary functions and tasls identified
in the Statement of Work in terms of two major human factors analytic techniques:
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(a) Task Analysis, which includes detailed functional Now diagrams, and the Skills,
Kno ~ledge, and Abilities (SKA) analysis,

(b) Human Error Estimates, embodid by THERP (Technique for Human Error Rate
Prediction), & methodology for ssessing potential human erross in complex,
dynamic systeins.

These techniques, which will be supplcmcnted by ‘nlerview data, will furnish the basis for a
comprehensive picture of remote afterloadin hrachy\herapy as it 18 currently practiced in U.S.
medical faciliues. There are two classes O functions that we will analyze: opcrational and
ancillary. As previously stated, operational functions are more directly related to the
administiation of brachytherapy. Operational functions consist of (a) targel volume
tocalization, (b) treatment planning, ¢) dosimetry, (d) verification of implantation, (e)
ireatment, () patient evaluation dunng treatment, and (g) removal of implant. Ancillary
functions, on the other hand, can exern meaningful but indirect influences on the performance
of operational functions. Ancillary functions include (8) communication, (b) record-keeping,

(¢) system maintenance, (d) data updates, (e) safety, and () quality assurance activites.

Because THERP is mathematical in nature, being expressed in the form of & . event:
probability tree, the information providcd by THERP will be presented in as clear and
understandable a manner as possible. We will clarify it by employing diagrams with
descriptive labels for the evelits represented by each node. Description examples of the correct
and incorrect actions represented by the branches also will help 1o make the THERP analysis
understandable.

Relationship of Task 1 Reports to Tasks 2 through 5 Reports

To facilitate undersianding and integrating the findings in the repors of Tasks 2
through § to the Task 1 report, it will view tham in terms of @ matrix that relates @
brachytherapy sysiem function 1o the task variables. The functions, which constitute one
dimension of the matrix, will consist of the operational and ancillary functions that were
‘dentified in the Statement of Work and analy zed during Task 1. The task variables, which
comprise the sec ond dimension of the matrix, were prcscmcd in the discussion of each Task as
imponant analytic criteria of their respective Task.

To illustrate this approach, consider Task 2, the human factors evaluation of human-
system interfaces involved in remote afterloading brachytherapy. Several task variables were
identified as critical 10 understanding interface design end use. They include: (8) rgonomic
factors, (b) cognitive and perceptual demands, (¢) environmental variables, and (d) displays
and controls, 1n ierms of the furction-task variable raatrix, each of the operational and
ancillary funcuons cited in Task ) will he analyzed. Obviously, some functinng will be more
songly affected by some of these varia 123 than will ptrer functions.

This approach will systematicaliy datermine how Varous task variables influence each
of the operational and ancillary functions. The relative impact of each set of task variables on
each function can thus be ascertained. This level of analysis 1§ ,101C detailed and exhaustive
than has heretafore been attempted in the analysis of radiothetapy systems. 1t holds much

promise for supplyng & fuller description of brachytherapy tasks and functions.

Furthermore, as successive Tasks are completed, an increasingly comprehensive
picture of the relative importance of different sets of task variables on the operational and
ancillary functions will be constructed. This will prove especially valuable in establishing the
interactions among 1ask variables .nd brachytherapy functions, For insiance, certain sets of
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task variables may exert a greater impact on certain functions than on other functions. This

type of information could be used in a¢;, possible root causes of performance problems and
deficiencies. Also, specifying the { the interactions among different classes of task
variables is a unique contribution . . poved understanding of remote afterloading system

{‘ nCtit ns.

Tusk 1 Milestone Schedule

Task 1 research efforts will proceed during the six months following contract award. A

timetable of Task 1 activities is presented in Figure 2. The figure indicates the major task
activities, estimated start-up and time to completion for each activity, task products, and

ected project travel periods

et
——

IFASK 2 (OPT1ONAL)

Human Factors Evaluation of Human-System Interfaces
Tnvolved in Remote Afterloading Brachytherapy

‘x'. receivit £ approy al to prog ceed from the NRC Pre _‘L'L( l').'f.;utf, Fask 2 wall

ence. The major activity in Task 2 is a detailed evaluation of the human-system
terfaces in remote afterloading systems. Besides the primary interface in this system, that
between the afterloader control console and the human operator, other interfaces must also be
idered. These include treatment planning computers, dose calculating devices, source

pI ration devices, data output devices, various treatment machines and devices, nurse station

display, intercom, and alarms and other safeguards, Task 2 evaluates the strengths and
weaknesses of these interfaces, and develops recommendations for design improvements

lhe human error model formulated in Task 1 will supply major direction to these
effurts, It will serve as a basis ‘or extending our knowledge of the role of human-system
terfaces in producing or preventing performance errors in remote afterloading systems.

|
| oy 1

entification of interface features that are partigularly crucial in this regard will be made
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Features include controls and displays, ,xz{mx ance requirements, )'.'U\(.‘H’;g environmental
and situational variables, elc I.,e manner in which these features interact 10 determine overall

} an performance levels in remote ‘z."zcrhm,}ir:g will also be determined. Specific &ifferences
ng interfaces in terms of error rates and certain features will be elucidated,

The interface between radiol 441 1] | persor nel and the afterloader unit is a vital link in the
safe, accurate, and reliable delivery © f radiation t¢ the pancnt In remote afc'!rmdmg
brachytherapy, the 11 terface of a rem ote afterloader co nsists of a m)unprmc sor-based C(,nUOl
console located outside the tr=atment room. Specific features of consoles differ from one
afterloader brand and model to another. However, all consoles enable operation of the unit.
placement of the source materials within the applicators, adjustment of dose distribution during
treatment, and retraction of sources from the applicators back into their containers. Di splayt on
the console control panel show the exact position of all sources from the time they Im\c the
container until they re-enter it Interlock circuitry protects patient and staff from inadvertent

fiation exposure. Physical adjustments concerned with machine calibration and quality
ntrol can be made without entenng the treatment room.

A series of spot checks at severa] medical facilities performed by Serig (1989) revealed
hat the human-system interfaces in. many radiology departments could be "";’-v wed, When
: s gwidelines (U.S. Nuclear Regulatory

ired against accepted human-machine interface
found in workspace, communications.

HS

Commission, 1981), numerous shortcomings were

CO1 ual displays, labels, location aids, panel layouts, and contro!-display integration,
Also, itiention has been paid to th & way that hardware and software are integrated. This
rea 15 especially deserving of study given the trend toward computerization of many

brachytherapy activities, including dose distribution determinations, treatment delivery, data

.
sfer, and record keeping.

Inconsistency in interface design is a '\,H'.'_;I];x.']_\' thorny problem, Dif’erent
ufacturers use different human-machine design guidelines. l‘x@c:‘d even the same

facturer seems 1o empioy difierent guidelines on different pieces of equipment (Serig,

£9). Sucl isistencies can Jead 10 p such as negative transfer of training that
s¢ | ¢ s and cause unreliable ¢ nt operation
In basic outline, the sequence of events in Task 2 will parallel those of Task 1. Various
field assessment tools will be prepered. medical facilities will be chosen for site visits using a
fied sampling :*‘.-."‘Au-.i, and comprehensive, systematic data collection will take place on-
site. However, the f il be restricted *..:r..n: \\x"s“ir'"" ces, and our efforts will be
led by the tash ty predictions completed in Task 1.

Prepare Field Assessment Tools
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vandomized. Upon approval by the NRC Project Officer, arrangements for the visits will be

Armied with these so ""\.:\(.’fﬁ:. G ion, ‘he PSE TC.'T.'-\."l'\"."\,'.‘..?:_\ evaluate all the
an-machine and human-human interfaces that were identfied for all operal nal and
cillary functions studied in Task 1. The major thrust of these efforts will be to ascert
different interface properties and design characteristics mediate the probability of hun
remote after! functions and tasks. More fically, we will use the task ¢
structed for each function to identify all interfaces that an operator encounters during
wrse of performing that Jur The relative effectiy F each interface can be judg

the probability of

perceptual, an

in terms of

ergonomic,
!

an error when acting with it, In all cases,
I requirements to act with it in a safe, effective
nd error-free manner wil Video tape and 35 mm slides will be used
extensively to dncument the interfaces examined during our visits. A detailed description
f the human-system interfaces in remote afterloading will be developed for each function,

P - ] tive UP Py e vy ® Y MO Atants U T Tal T ~
] reOnQImnie Festors. PSE has extensive ¢xpenence performing quantitative ergonomic

analyses. Interfaces wall be evaluated in light of dynamic measures of human body
41 ey we ¢ - E ' nal . \ ' 1Aama miviesln "\ O "ne !
dimensions such as functional reach envelopes, muscle strength, and range of




movement. Ergonomic standards for sysiem design have been developed for both
males and females, and will be applied to brachytherapy activities as required
Ergonometric and physical handling requirements will be evaluated in terms of
biomechanics and accepted safe handling practices. The ergonomic data may be
extrapolated to special populations; for example operators with arthritis,
tenosynovitis, neuritis, or other disorders which limit strength and dexterity. This
extensive examination of the ergonomic aspects of brachytherapy functions will
make it possible to develop practical system design recommendations

Cognitive and Perceptual Demands. A survey of the cognitive and perceptual demands
imposed on the radiotherapy personnel will be performed using the data from the
prior analyses. PSE will examine visual, auditory, and tactile requirements of the
interfaces previously identified. Decision making and problem-solving activities
will be enumerated and classified. Operator cognitive and perceptual demands will
be specified for each brachytherapy task identified in the Task 1, and the results will
be compared to standard human-operator capabilities.

Environmental Varigbles. Human-system interface issues will be considered in light of
different environmental conditions that could impact operator performance and
contribute to human error. Examples of common environmental factors include
confined workspace, low levels of ambient light, high ambient noise, temperature
fluctuations, personal protective equipment, ete.

Risplays and Controls. As one example, illumination conditions are imporant for
accurately distinguishing system displays. Natural and artificial sources of
illumination need to be evaluated in conjunction with the degree of reflection from
adjacent surfaces to the bmchythcrap‘\\' equipment. Elecrenic displays like LEDs
and L.CDs may be considered, but while saving space and allowing for compact
instrumentation, may present a legibility problem for some users.

Any audible signals generated as part of the operating sequence, and especially
safety alerts (for exampie, avditory safety alarms) will be evaluated for
effectiveness, Signals need to be audible~that is, discriminable above ambient
ncise. Differential signals should be discriminable from each other by 1 1o 2
octaves, or 2 10 4 times the frequency. This could pose a problem when high levels
of ambient noise are present.

Task 2 Letter Report

The Task 2 report will begin by descnbing the scope and details of task performance,
then detail the data coll ction and analytical methodologies used in the Task 2 site visits. The
role and importance of the human-system interface for each of the operational and ancillary
functions will then Fe presented. Emphasis will be placed on characterizing the relative
strengths and we~knesses of the different types of interfaces. Proplematic aspects of
brachytherapy ir.erfaces will next be presented.

The discussion will center around the four task variables that received major analytic
foous during the site visits: (a) ergonomic aspects of interface design and operation, (b)
cognitive and perceptual demands placed on human operators by the interfaces, (¢)
environmental variables that affect how safely and effectively the interfaces can be used, and
(d) display and control considerations such as stimulus-response compatibility and visual and
auditory feedback concerning system status.
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Fhroughout, emphasis will be placed on identifying and characterizing fe~tors that
facilitate successful performance as well as those that lead to errors in the conduct of the
specific operational and ancillary functions that were called out in the Statement of Work, Of

rse, any additional and unexpected findings will also be noted. A summury of progress as
pared with plenned activities will be given aloag with a description of costs and hours

CXPRT ded.

Task 2 Milestone Schedule

Subject 10 NRC authorization, Task 2 research
nths following Task 1. A timetable of Task 2 activitie
tes the rf.;,'_;'.-l task activities, estimated start-up &

| travel penods

fforts will proceed during the five
15 presented in Figure 3. The figure
time 10 completion for each subtask,
..

* o

-
-
—
L&

FASK 3 (OPFTIONAL)

Human Factors Evaluation of (Hu-r:nlinf. Emergency,
and Maintenance Procedures and Practices
in Remote Afterloading Brachytherapy

Fask 3 entails detailed hus factors evaluations of operating, emergency, and

tenance procedures and practices for each function examinad in Task 1. These evaluations

will be based on the task and ermor likelihood ar alyses performed in Task 1. Established

delines and standards for addressing the preparation, presentation, verification, and
validation of the procedures and practices for these functions will be emphasized.




Visits io Medical Facilities
Sampling Plan

As discussed in the Task 2 section, four medical facilities will be sampled as part of the

Task 3 evaluation. One of t'2se facilities wil: be selected randomly from those using the

sammaMed device, and three «ill be selecte | randomiy from those using Selectron devices

(stratified by geographic region' Other important characteristics of (he medical facilities will
be recorded as pan of the data coll~ ted during the visits.

Since Tasks 2 and 3 will be conducted concurrently, this provides the Gpportunity to
evaluate the procedures at eight facilities. Two human “ectors anals sts will be used to ccllect

Task 3 data. Their trave! will be scheduled so that each visits four mesiic ! facilities,
Analytic Approach and Methods

Operating procedures and practices should include all the requisite actions for routinely
=sing all equipment and devices in the intended fashion, As such, they are a core aspect of all
Operational and ancillary functions, Emergcncy procedures and practices are especially vital to
the safety of radiotherapy staff and patients alike, Due to the fact that emergencies are
associated with hazardous, lime-criticar events, it is important that they be comprehensible and
casily followed. Maintenance procedures and practices are similar to Operating procedures and
dractices in that they are & normal part of brachytherapy activities and are not linked to high.

dzard circumstances, as are emergency procedures. However, maintenance procedures and
practices are similar 1o emergency procedures and practices in that they are not perforn  {an
every brachytherapy session.

The different characteristics of these three classes of procedures have significan
implications for how they should be prepared, presented, validated, and verified. Our analyses
will take these characteristics into account when evaluating their relative strengths and
weaknesses, and the types of hardware and software that are employed.

The preparation and presentation of pracedures should be keyved toward who will use
them and how J:c,\- will be used. From the standpoint of content, procedures should contain all
the information necessary for proper execution of the function, The task analysis in Task 1
will define what this information 1 for each function, supplemented by consultation with the
Brachytherapy Advisor, In terms of format, procedures should be organized in a manner that
facilitates learning and retention. From previous research on medical device instructional
materials, PSE has identified a set of criteria that are important in this regard. These include
legibility, reading difficulty, comprehensibility, use of lustratie.os, Looanization, and user aids
(¢.g , color coding). Once this has been achieved, we will evaluate how “vell the radiotherapy
staff perform vanous procedures. Performance deficiencies will be related to our analyses of
the procedural demands for each function,

Because emergency and maintenance procedures are not performed durii g every remote
afterloading session, there is a greater likelihood for operators to forget or neglect various
aspects of them, relative to operating procedures. To counteract this tendency, written versions
of all emergency and maintenance procedures should be available at all times to all
brachytheraPy personnel. All such procedures should also be included in periodic refresher
training. We will be particularly cognizant of the fact that performance deficits can occur
during:emergency and maintenance practices due to their lower frequency of occurrence,
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TASK 4 (OPTIONAI

Human Factors Evaluation of Training and Qualifications Related to
Remote Afterloading Brachytherapy Administration

Fask 4 involves the human factors evaluation of ons rel o

luations from

remote afterloading activities, The task analyses and hum \va
Fask 1 will serve as the basis for assessing specific strength trainis £ and
qualifications of all brachytherapy personnel. Differe ve transfer of
training will be analyzed in terms of the scientific ument design
guidelines, and state-of-the-art principles of training forts will be
suppiemented by established human factors and edu £ delines and
1 irds for training. The accident reports supphied ‘*\ NRC wil re.‘ewed 1o determine
the role l‘fl..14 g i { alifications in e e ifter] I '

Remote py requires well-irained technical personnel who are
f r with ires as well as specifie aspects of the commercially
\ ¢ “x.',. 1 Vi 'jL'\ f?k.‘."'x Ghe ".1..‘.'\:.‘ ;fﬂ'\: \,L;’» {10 &y 14 er
however, \ ¢ foll rototypical:

¢ ladi

¢« R

« Rad ‘ation Therapy Technologists
\

+  Rad tion Oncok \Urse

¢ Supp 't Personnel (secretanies, clerks, ete.),
hese personnel 1 ust be able to cope with emergencies arising from any as_ ct of system
malfunction. Train ng and education are thus vital aspects of remote afierioading
therzpy. They contn. ute to the proper care of the implanted pu.tzcral, occupationgl sa
radiotherapy personn. !, appropriate r&‘&pi»"‘\(“‘ o emergency situations, and gu:xcu
manggement of visitors \' lilans, . 19E8),

urvey study (Lemley, Hedl, & G , 1987 .'»u."d that more than 80% of both
wll hospitals desired 1o receive cﬂ‘. cational materials abo t radiation safety. This



need was perceived by hospital administrators as well as radiology staff. Besides radiological
technologists, other hospital personnel expressed interest in radiation safety materials, This
fugpests "H‘q‘ most hospital staff feel that they are inadequately educated about ionizing

raciavon and its

aendant he ;.J‘ hazards. A seminar program for in-house nursing staff
nereased l‘ eir underst tanding of diagnostic and therapeutic radiology, which in turn aided them
; r¢ ;- wring patients for brachythercpy procedures and in ¢i ting for low dose rate patients.

Problems may be encountered in this regard, however. Previous studies indicate that
ved radiation protection and radiation safety n;.ir-ing do not lessen the fear of radiation
among hospital staf. In fact, such measures have resulted in refusals to care adequately for
brachyt) w..; y patients (Almond, 1983). Educational efforts must emphasize the precautions

nd safeguards built into modern brachytherapy systems, Otherwise, increased awareness of

ation hazards may not result in safer and more reliable system function,

Prepare Field Assessment Tools

Vicits to Medical Facilities

Sampling Plan

A sl Sk e MW b M e a0 RS kY s s e anl '
8 discussed in the Task 2 section, four medical faciiities will be sampled as part of the
Fask 4 evaluation. One of these facilities will be selected randomly from !?‘-C'ac using the

( aMed device, and three will be selected randomly from those using Selectron devices
straiified by aphic region). Other imp t charactenstics of the medical facilities will
' I as pan of the data collected during the visits
Since Tasks & and 5 will be conducted concurrently, this provides the opportunity 10
te the training at eight facilities, Two human factors analysts will be used to collect Task
4 dsta. Their travel will be scheduled so that each visits four medical facilities.

PSE analyss will examine training at each step in the remote afterloading process with
special emphasis on the m't al and P rtm.::‘:l sources of operator error. It is likely that

deficiencies will be found. Serig (1989), for ¢ \u'np‘ic, found that space and time for l aining

activities may not mezt the v:u‘...':.i that equipment manuals are not always well written and
! I '/C:.L

All t g erials gathered during the Task | distributor and med zal facility site

visits will be a ¢ ms of the format and content. The training mater.«'s reviewed will



include not only curriculum waterials (books, manuals, tests, ¢tc.) but also videotape,
computer software, and other taedia training applications, job aids used in the field, and
sources of in-service / continuing ~ducation. The assessment technique deseribed below
outlines how this will b» accomp!is‘hed.

Instructional Lo 4. Brachytherapy waining materials, documensation, and technical
instructions need to be evaluated from the standpoinis of comprehensibility, and
legibility. Readability will be assesved with a recognized reading [evel measure
ie.g., Kincaid). The discrimination, interpretation, and recall <kills required of the
Jearner, and the environmenial conditions under which they rece ve the information
will also be evaluated

Comprehensibility encompasses the purpose and intended meaning of the material,
Language must be g to the educational level of the intended user. Readers
should be able to understand the necessary information on the first reading.
Grammar is also importani; active (rather than passive) and affirmative (rather than
negative) clauses are preferred. Legibility affects the students' ability to recognize
or discriminat® among letters and numbers, chibilityr's affecied by the typeface
shape, size, con rasy, color, and reproduction quality, Typefaces should be simple,
taking into account height and stroke width, Any graphics, illustravions, figures, or
tables should ¢learly communicate the intended message.

The review will identify absent or deficient instructions. As part of the evaluation
process, the wnstructional materiale will be assessed for compliance viith established
requirements. Differences between equipment and prucesses will necessitate some
flexibility in making comparisons. However, each set of materials will be assessed
against the established requirements and learning objectives. This will permit
deficient and missing material to be rvadily identified and corcetive recommen-
dations formulated,

Instrugtional Media. To determine the effectiveness of different media, 1'SE will create
a matrix of the qualities and limitations of each type of media, Media traits such as
sound, color, motion, text, photographs, charts, graphs wiil be reviewed in terms
of the learning objectives of the material. Final determination of the acceptability of
the media will depend upon how accurately and clearly information is presented.
The compatibility of the media to the tasks being taught is also important. For
example, an audio tape is of marginal value for teaching physical dexterity events,

PSE intends to determine the most appropriate media and delivery means for each
task and learning objective derived from the task analysis. In addition, other criteria
will be applied to determine the best media, or media mix recommendations. These
include considerations such as the requirements for motion, sound, color,
interaction, simulatior, use of equipment, testing procedure and textual materials.

Operating Instructions. PSE is uniquely qualified 1o evaluate medical enuipment
operating instructions having successfully designed and conducted evaluations for
the Food and Drug Administration on several medical devices. All instructional
materials for remote afterloading brachytherapy equipment and devices will be
assessed to determine their content sufficiency t%r ensuring effective training and
accurate cperator performance. Criteria for the content analysis will be derived
from the task and function analyses and verified by consultation with the
Brachytherapy Advisor, in interviews of radiation therapy technicians, and by
performance observation.
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tional and unexpected findings will

pianned activities will be given alonp

nzation, Task 4 will proceed concurrently with Task § durir g the

2and 3. A timetable of Task 4 activities is presented in Figure §.
major task acuvives, e¢stimatea - rt-up and time to ¢ mpletion for each
nd v | periods

FASK § (OPTIONAL)

Evaluation of Organizational Policies aid Practices
ited o Remets Afterloading Brachytherapy

-

As one exat

rformance by m

Gothlin, &

by A i

.
system model because it

In contrast, Levin (1989)
! ologies, arguing
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s 1 1 » . ™! A‘ ‘.-  BAL { It 3 L [ » ”.v
that this confers considerable flexibility and adaptability. Regardless of its pecific form. an
organizational structure should support the mission of the department. The statement of
mission and a list of well-defined goals and objectives can help to define extant orpanizat nal

s T 1 &
structure. This information will be obt

he vital role of radiation safety programs in the daily operations of radiology
epartments underlines (!} f

ypically, radiation safety programs are overseen by a Rad

¢ 1mportance of sound organizational po

icies and practices,
iation Safety Officer. These

programs affect the well being of all persons involved n radiotl y. They encompass a
wide range of activities including (a) conducting facility radiation surveys, (b) establishing
idiatior ety commitiees, (¢) trainis g department staff in safety procedures, (d) evaluating
taff rad exposure levels, and (e) assessing ongoing practices in andling radioactive
ces. Given the c¢.ucial nature of these 1e8, close cooperation between facility
management, the radiation safety committee, ar Radiation Safety Officer is essential,

Analytic Approach and Methods
. (]
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acceptable activities. The organizations observed will be assessed based on the
level of management commitment to safety issues.

Because physical conditions are among the most obvious safety hazards, it is
impontan, that they be dealt with quickly to demonstrate management commitment.
Relations with local, state, and federal safety agencies also reflect on management
commitment to safety. Health institutions with written safety policies and
guidelines thai have adequate follow-through but that are constantly at odds with
government safety officials may be sending confusing messages to their employees.
A positive public image will enhance positive employee attitudes and send
consistent messages to employees about the importance of safety.

Communication.and Decision Making. Organizations must ensure an adequate flow of

information in the organizaticn. The flow must be both vertical and horizontal
within the organizational hierarchy, One approach for dealing with safety
communications is to establish comraunication networks. These are formel
structures to ensure that information gets to the people who need to know the
messages. These networks are designc(f to control the amount of information flow,
uarding against information overload, misinformation, or a lack of needed
information. Such networks are tailored to the specific needs of the organization.
They are vital for =ating Lazard awareness and disseminating general safety
information. Itis  ssary that information regarding a hazardous event be passed
on from one shift to the next, which allows all workers potentially affected to be
alerted to its presence. Witho .t @ communication network, vital information may
not get to all affected employees «nd an otf erwise avoidable accident might occur,

Organizational decision making is an important motivational tool for enhancing
employee safety performance. Decisions about task organization, methods, and
assignments should be delegated to the lowest level in the the organization at which
they «an be logically made; they should be made at the point of action. This level in
the organization has the greatest knowledge of the work processes and operations
and of their associated hazards. Such knowledge can lead to betier decisions about
hazard control. Diverse input to decision making for all organizational level makes
for better decisions because *here is more input to work with. Also, this spreading
of responsibility through inﬁut to decision-making promotes worker and first-line
supervisor participation. This type of participation gives workers greater control
over their work tasks and a greatar acceptance of the ci:cisions about hazard control
because of the shared responsibility (Smith & Beringer, 1987). Decisions that
impact worker safety should be made as quickly as possible to reduce risk
exposures and communicate managenient goodwill to the workers.

Personnel _Ma gnt. Organizations have an obligation to increase company

effectiveness by using modern personnel practices. These include appropriate
selection and placement approaches, skius training, promotion practices,
compensation practices, and employee assistance programs. For safety purposes
the matching of worker skills and needs to job task requirements i3 an important
consideration, It is inappropriate to place employees at job tasks - r which they
lack the proper skills, This will increase injury risk and job stress.

Selection procedures must be established to ohtain a properly skilled work force.,
When a skilled worker is not available then training must gﬁ undertaken to get skil
levels increased before a task is undertaken, This assumes that an employer has
carried out a job task analysis and knows the skills required, It also assumes that
the employer has devised a way to test for the reqrired skills. Once these two
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conditions have been met, the employer can optimize the fit between employee
skills and job task requirement through selection, placement, and training. Many
union contracte require that workers with seniority be given first consideration for
promotions. Such consideration is in keeping with this approach as long as the
worker has the appropriate skills to do the job task, or the aptitude to be trained to
attain the necessary sklls,

The way in which work tasks are organized into organization-wide activities, the
style of employee supervision the motivational climate, the amount of socialization
and interaction among employees, the amount of suppurt employees receive, and
management attitude toward safety can all have an influence brachytherapy safcty
and effectiveness. Management attitude has often been cited as the most critical
element in a successful safety program (Cohen, 1977). If the individuals that run
the organization have a disregard for safety considerations, then the management
atmosphere will not be one that fosters emplovee motivation to work safely.
Conversely, if the mznagement attitude is one in which safety considerations are
naramount (even more important than production goals), then employees will show
due respect for safety and safety performance will reflect this respect (Smith &
Beringer, 1987).

There are other organizaional considerations that are important in safety performance
and related to management atmosphere and attitudes. For instance, a management structure that
provides for frequent employee interaction with their supervisor and with other employees, as
well as frequent social support. will instill an organizational climate that is conducive to
cooperative efforts in harard recognition and control,  Such a structure encourages the
motivational climate necessary for appropriate safety behavior (Smith & Beringer, 1987).

Task § Letter Report

The Task § report will bzgin by describing the scope and details of task performance,
then detail the data collection ard analytical methodologies used during the Task 3 site visits,
For each of the operational and ancillary functions, the evaluations of organizational policies
and practices will aid in identifving areas currently receiving insufficient emphasis, Results
from all training and qualifications evaluations will be provided, and points where
misadministration and accident reduction/prevention strategies strategies can be implemented
wil' Le identified.

The Task 5 discussion will center around the four task variables that received major
focus during the site visits: (a) safety provisions, (b) patterns of communication, (¢) patterns
of decision making, and (d) personne' management practices and policies. When considered
together, these four factors will generate a comprehensive picture or the types of organizational
practices brachytherapy activities are currently embedded as well as suggest sources of errors
that are linked to organizational factors.

Throughout the report, effort will be made 0 identify and characterize factors that
facilitate suc.essful performance as well as those that lead to ervors in the performance of
operational and ancillary functions. Of course, any additional and unexpected findings will
also be noted. A summary of progress as compared with planned activities will be given along
with a description of costs and hours expended.

Task 5 Milestone Schedule

Subject to NRC aut* onization, Task § will proceed concurrently with Task 4 during the
five months following Tasks 2 and 3. A timetable of Task 4 activities is presented in Figure 6.
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I“. ﬂg ure ind ica"’s the major task activities, estimated start-up and time to completion for each
@ 1‘..1\ procucts, and projected travel periods.

TASK 6 (OPTIONAL)

Identify and Prioritize Arcas for Recoimended
NRC and Industry Attention

lask 6 will take an integrated look at the findings from Tasks 1 ¢ gh 5.
!

)

ad on

y ) il iy et o > " s sl an s Py \

this, specific factors causing human erro rs will be ..Zw.d ,_j the .mp.:\.ur these human

errors on fafe svstem performance will be determ '-:-::*I Specific alternative ‘.;\}"'(‘.’1{.':23 for
4.4, "o y g o At v " 5 -1

adcressing signit ,:,.\1:’\-,\ }\‘(\L‘\IVS will then be made

PSE is experienced in translating the results of its studies into approaches for resolving
human factors problems that are directly usable by Goverr encizs. We understand that
\
A

n order for the approaches to be most useful, they must b rstood clearly, offer specific,
executable, and if ;\v\nb‘c‘ quantitativ: guidelines; hould also suggest feasibie
alternatives for implementation. Alternatives will be pi2sented in terms of their potential value
for increasing the safe and effective delivery of brachy therapy using remote afterloaders.

I[dentify Factors Contributing {0 Human Error
The results of Tasks 1 through § '.\;1! rey ::.*'.
ause « ‘ [H\‘ L-. al A\. ' W A;.‘ il wi

, ¢ '\v.\’s:»‘:r-: to identify preci
ause) specific human errors. Thus, we will be ¢

i

errors and vanous factors ;".f‘.\;;r)cmg the remote afterloac

Task 1 will establish the structure of the functions and tasks com prising the remote
terloading process. This structure also ide "'x‘"m the types of human error that are possible
and the locations in the process where "1 y could occur. Initial ectimates of the likelihood of
these errors were made based on (a) available published data, (b) general human fimn'\ data on
error, and (¢) expert ;:!gc:‘:u::.s, I'asxs 2 t-‘-rm;rh 5 extended this mode! of human error in
remate afterload.ng to include specific influencas from human - system i :::f';uc procedural,
tratning, and organizatior 'I factors. In ;'-.-rxn‘x. ar, t‘ ese Tasks examined how variations in

< i



(hese factors impacted the likelihood of human errors in each of the functions and tasks in the
remote aft ‘oading process.

sk 6 brir'gs these data together in an integrated manner. For each factor, we will
ident \,x cific instances and cone ditions that have been found to affect human error likelihood.
We wiil also indicate the magnitude of the effect of these factors on error | L.‘;-‘v;nd.

Evaluate the Impact of these Factors o Performance

We will then .1'\\.) these detailed and specific relationships between factors and errors

to the remote afterloacding function and task mmturc that we developed in Task 1. This will
permit us to det \..';..nc lhc impact of these factors on critical outcome me: asures of remote
fterloading cystem effectiveness, namely ‘m misadministrations and radiation hazards,
Essentially, this effort examines the caus. ' . ..iK \.c etween factors, errors, ',wrfus::..um. of
remote afterloading functions and tasks, and system effectiveness.

Prioritize Problems Associated with Human Error

dentify and Evaluate Alternative Approaches

ineer and the

The Principal Investigator, together with the Senior Human Factors Eng
Brachytherapy Advisor, will work together jointly to develop and evaluate alternative
pproaches for resolving signifi afety problems in brach \"‘;' rapy ' o7 remote
afterloaders. This will be accompl a two-part session. In order o § and to
focus the discussion, the Principal 1 or will have first gener nc‘. ¢ - 2ral “straw man”

]
i
alternatives for .';\iv,.‘:::S the incidence of performance probiems. These “straw man”
natives will be based on the lessons learned fro m the human foctors analyses and field
ns in Tasks 1 through 5. Advaniages and disadvantages of ¢ :h will be listed.




i 151
ar leres
eI INICre

' piii

T

A l“,\-'ﬂi.é 1 de scription
o

i

K-

i

i ST

in remote a
1

{

exerts its greatest effect, an

3

perational

t tha asvemll v 1 3 1 160 ha mor "
WL WIS OVvCTdll : .»".\‘ J’.,'.-“L\‘. \w.‘\-.i'\\ " J\( i \1\\
as soon as possible. Thus, both biiefings and a comprehensive
s o N sensl $ AT ¢ g - B
d at the conclusion of this project.
P
{ 3} that two t

n Of

H” be

;LT]" :-.u':
ancillary function

|

Wil

W A v s

5 report will synt!
report 1 {-':» pro
L1218 currentiy pra
uses .

' Q1
WG 31
given,
nffp
aliecte

'm perform ANCE Can i

systen

dvide a com

¢ achieved.

(A Wit L §

1O 1nterart gired Ly

diniegrate the from Tasks 1 thy
prehensive of remote afte
t} [Trhite < '
e United St h particular e~p!

i¢ factors contributing to actual an4 potential errors
Yu. eacl factor, we will identify (a) the specific

{
3¢ piny LTI P A skl IS
fitions der which d h iactor

d, (b) the specific ¢
by which these factors can be minimizec i ich that

iships between factors and brachytherapy system

- bR e i 2 e Vi ’ £ " .

[ '\L. d.‘-.A‘ Ll CiTOr d,'\.‘.;,' 3CH \?’”‘l’."‘.“'l\"\i in I\f‘wk [
ed. All additional and

1 M L
IKEL N0 ni U ‘“l he l



. ‘ 2 Y 1 ' { ’ '
nexpected findings encountered duning the project will also be noted. and their rela hip o

| ]
other findings will be discussed

As specified in the Request for Proposals, the Task 6 report will be prepared in
cordance with the guidelines in NUREG-0650. A draft copy of report will be submitted

to the NRC Project Officer for review and evaluation, Comments and corrections received
from the NRC Project Officer will be fully addressed, and two copies of the the revised
NUREG/CR will be submitted as s ped tfied in the contract.

Task 6 Milestone Schedule

B arivin T e me 3 1. s {imilactanas il i)
Figure / presents the ;‘ulf\(\f(t.'n\'!l and milestones for Task 6 f.:.“(vfl"‘}" { stall
\ ted to make a significant contnbution to this Task, which inve ives integrating | of the
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Relevant Human Factors Guidelines, Protocols, and Standards

Although there are few human factors guidebooks and technical sources that direct)
relate to the issues addressed by this project, w lieve that much of the information in o7her
human factors publications can be successfu idapted. Some of these human factors

uidelines, protocols, ar ‘ i ' : '







Potential Problem Arecas and Solutions

Several potential problem areas exist in this project. These are listed below along with
,r posed solutions and conti.gency plans. None of these problems are severe enough to
prevent the successful con Apltlwﬂ of this project. Furthermore, an awareness of them at the
outset can help them be avoided altogether.

‘\11\;&7'-.1'.1“ “w rrors may not be observed. Although accident reports invo lving

brachyth mey misadministration errors have been filed with NRC it is highly unlikely that any
misadi ‘uh.\ll.m('n c~<»xs ‘will be observed during our site visits, Serig (1989), for example,
s a total of three such errors during 1987. In a complex system such as remote afterloading,
numerous operational and procedural errors can oceur | hat do not lead to d catastrophic
outcome. However, they do impair the overall safety and effectiveness of the brachytherapy
process. They should therefore be identified and the manner in W hich they interact with each
ther determined. Interactions among such errors are important because (‘w combined effect of

VUICT GV
L —
j

ymbinations of h‘ an be different than the sum of their separate effects.

(SRR L .

f_ ng 1." "*; _brachytherapy. remole afterloading process
ex1sting equipment, operations tmmm and

4. Reluctance of medical fagilities 10 ¢ooperate du wg site visitz. Ancther potential risk

volves gaining a 2ss to the brachyth erapy l., stributors an mw‘ual facilities in a timely

er duiing Tasks 1 through § If:?.:x: distnibutors and mcumﬂ facilities prove reluctant to

grant access, then performance of this project \,w-.s}d be severely H"xp;zucd This risk has been

duced somewhat b, preliminary co: .un:s with several medical facilitirs, who have been

formed of thi: proje g ::d h.u indicated a willingness to cooperate. Administrative
by t! t Officer will further reduce this potential risk.

ytic techniques 1end 10 3dopt 2 NAITOW_PEICLTIYE. Human
3 ' T

very detailed and analytic. They provide highly specific, fine

n-maching system to which they are app lied. In this light, they

g 10 construct an «.wz.raln. global view of the system uncer study.
essed through careful planning md design, can complicate > the
..-\‘:'\_', system componenis and the identi ification of contributory

ad to a fallure to see the forest for the wrees.
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6. Traditional appro..ches to task analyscs tend to neglect cognitive processes. Task
analysis is a primary human factors technique used in this project. It is a formal methodology,
derived from systems analysis, which describes and analyzes the performance demands made
on the persons who interact with a system, By focusing on the human element in the system,
task ;a'm.ysis can compare task demands witn known human capabilities. Traditional task
:....nus place a hw\v emphasis on perceptual factors, procedural behaviors, and motor
output, with 3 u:..‘x.s,u_wi'ng; (L»;IT‘.?)‘..J&:ﬁ on cwg"ili\c activities

e Al 7. Human_error _analyses may not properly_reflect the true_magnitude of errors,
Human error analysis 1s another major human factors terhnmque that will be em iployed in this

project. It is useful for specifying error probabilities .ssor.ated with each step n? a function
thiat has been previously characterized by task an .iysis. Error analysis does have certain
limitations, however. Most i ntly, it tends to over -esumate error probabilities. It treats

mopona

Y ;
errors as tho are m";‘.c lent of each other; usually they are not, Furthermore,
lyzing thi ce of errors is ofien a key to thoroughly understanding system

8. There is likely 10 be a lack of adequate error data. System errors duning brachy-
therapy vsing remote afterloading are extremely rare. Thus, it is unlikely that anv \ml be
rved Auring the site visits and that any will have been recorded in to medical facilitie 3
a_w:",s Moreover, even if data on such low fre ] '-cn'\ errors are cr ‘.w:'\"‘rcd 1t 1S ¢ ~nl“{fhl
that sufficient information \\IH h\» '?\ccz‘. recorded 1o ,»' rmit an adequate evaluation of the
ontriby iting | ‘s‘.::hdgc, ; ! r d organizational factors.
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are espec sensitive indicators of the ndeq ruacy of existing sysiem performance.

d policies. Informal practices

are widely used, this indicates that the persons who | interact t with the system have feli
oduce t‘mr own mod fications in order tc lify their tisks and make the
‘.d more effective. Invariably, t‘ :sc rcmc:i ations @re not systematically
ns of (,mr positi ggatl ' on s)\km pcxn.-"n"zr ¢. The methods
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QUALIFICATIONS AND EXPERIENCE

Personne! Qualifications

PSE has assembled an exceptionally well qualified technical staff in order to meet the
requirements of this project. This project requires professionals who n . only are qualified in
human factors analysis and evaluation techniques but who also have had direct, real-world
experience in applyn.g these techniques, PSE has successfully assembled such a team.

Human Facters Engineers

The key personnel for this project aze James R. Callan, PhD and Fre. ¢ A. Muckler,
PRI, Dr.Callan is the Principal Investigator for this project. He has over 17 years experience
in human factors rescarch and development efforts, resulting in numerous technical
publications that continue to be cited as imponant contributions in their fields. Most recently,
Dr. Cal' .1 has been one of the principal s¢*»ntists on two human factors evaluations of medical
devices. An assessmant of blood glucose meters included evaluations of equipment,
educational practices, and msiructional matenals. An ongoing study of contact lens care has
‘ocused on improving the instructional materials supplied by manufacturers of soft contact
tenses. In both studies, task and function analyses were performed on the procedures
involved. Dr. Callan has a recognized reputation for successfully managing complex technical
projects. He has over 12 years of experience in supervising and directing teams of scientists
and analysts working on diverse applied scientific programs. Dr. Callan's technical
background and project management skills make him the ideal choice as Principal Investigator,

Dr. Muckler is an it te; nationally recognized leader in the human factors field with more
than 30 years experience in human factors research, He is a Fellow and Past President of the
Human Factors Sceiciy. Dr. Muckler has been an active contnbutor 10 several PSE projects.
and his skills and experience will b; a valuable asset to this projact. As the Senior Human
Factors Engineer, Dr. Muckler will work with the Principal Invesugator to define and direct the
technicai work in this project. Other members of the project team will include Dr. John
Gwynne and Dr. Richard Kelly. Both of these senior scientists have worked on directly
relevant projects in human faciors evaluation of medical devices and in function / task analysis
of complex systems. Drs. Gwynne and Kelly will assist in accomplishing this project.

All these iiJdividuals have cooperated in performing comprehensive human factors
studies that evaluated the role of human error and its root causes in complex man-machine
. stems. They have demonstrated their ability to work together effectively as a team by
producing high quality human factors and analytic studies on-time and within budget for
Government agencies. If needed, PSE also has staff qualified in ergonomics, occupational
health and safety, computer science, industrial / organizational psychology, and instructional
‘schnology. The full range of adminisirative and secretarial support is alsu available at no

iditional ros.to s project.

Brachytherapy Advisors

Withe= Saundars PhD, MD will also play a key role in the successful accomplishment
of this proyct. H. has exceptional research and clinical expertiss in brach:vtherapy,
teletherapy, radia:iom safety, medical physics. and other directly related topics. Dr. saunders’
research includes computer-controlled radiation therapy and charged particle radiotherapy. He
will be able 1o resolve many mathodological problems and make specific recommendations
throughout the oncoing projevi. Accordingly, he will provide direct'on and expert advice to tha
efforts carried out by the human factors statt,
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Dr. Saunders is Professor of Radiology ind Chief, Division of Radiation Oncelogy at
the University of California Medical Center, S:n Diego, California. He has had extensive
training and practice in brachytherapy as a part ol his spesialty tra‘ning in radiation onzology.
Periods of extensive brachytherapy training and exprrience include:

Professor of Radio!ogzv Assistant Professor of Radiation Oncalogy
Chief, Division of Rac'iation Oncology Hirvard Medical School

Department of Radiology =nd Chief of Radiation Therapy

University of California Medical Center New Er:’gland Deaconess Hosptal

San Diego, California Cambridge, Massachusetts

July 1988 to Present - continuous. July 1985 1o July 1988 - continuous.

Assistant Professor of Radiation Oricology ~ Resident i: Radiation Therapy
University of California Medical Center Department of Radiation Therapy
San Francisco, California Stanford Medie2! C2 (i
July 1980 to July 1985 - continuous. Stanford, Califor.
July 1974 to June 1475 - continuous.

Dr. Saunders currently manages approximately 28 patients daily for teletherapy and 1:2
per week for brachytherapy; he supervises 2 medical physicists (1-PhD and 1-MS), 1
dosimetrist, and 6 radiation technologists. His Department at the University of California at
San Diego is equipped with a Gamma Med II4i system using GE / Minivax-based tzatment
planning. He also has access to a Selectron system, which is available at a nearby ciizic. Dr.
Saunders has a long ind pioneering experience in remcte afterloading brachytherapy, from
basic radiaticn and radiotherapy research to daily operation and clinical application.

During the years that he was at the Harvard Joint Center for Radiation Therzpy, Dr.
Saundess was tne Principal Investigator for a project to develop, implement, and evaluate a
techinique called “Computer Controlled Radiotherapy,” or "ZRT. This project was aneffon to
optimize the distribution of radiation dose within patie:ts r ceiving teletherapy treatruans, by
using a computer to modulate many of the parametes of th ¢ treatment in “real time” Curing a
treatmens. In conventional radiotherapy, most of hese fact ors (other than the angular position
of the santry in a subset of patients) are held cc.stant. It was hoped that by simultzneously
varying pa;ameters such as dose rate, beam size, gantry 21gle, collimator angle, and patient
couch position, optimized dose distributions could be achie 'ed. Because of the compexity of
these treatments, there were many patient safety issues that hid to be resolved.

In addition to Dr. Saunders' experience in radiation the-apy, other staff of the Radiation
Oncology Division of UCSD Medical Center will be included as subject matter experts in
brachytherapy. Provisions have been made for including a medicai physicist, a dosimetrist,
and a radiation therapy technician.

Roger Rice, Ph.D., Chief of Radiation Oncology Physics, UCSD Medical Center

Dr. Rice received his doctorate in Atomic Physics from Nerth Texas State University in 1981,
He was an Associate Scientist at the Fermi Naticnal Lab, then was a Rescarch Fellow at the
Harvard Joint Center before %oing on staff there in 1987-1988. He was then recruited by Dr.
Saunders to come to UCSD. He nas published extensively ia the field of medical physics.
Richard Lepage, Medical Physicist, Radiation Oncology Physies, UCSD Medical Center

Mr. Lepage received a B.S. in 980 from the Massachuseits College of Pharruacy, ang worked
as a Radiopharmacist at Harvard Medical School until 1982. He then joined the Baulboa Naval
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Hospite!, San Diego, in the same role. Due ‘0 the s’ ing needs ef the Navy, in the ensuing
years he trained in medical physics while fulfilling s uties as a Nucl ar Pharmacist. In
1989, he recei ved an M.S, in medical physics from S2n Diego State Uni ersity. He is now
working fuli-time as a medical physicist in the UCSD Radiation Oncology Division,

Elain Chin, Dosimetrist and Chief Technolngist, Radiaticn, vi.2ology, UCSD Medical Center

Ms. Chin received her B.S, in Biology from the University of Californi  at San Francisco
(UCSF) in 1979 and completed training in radiotherapy technology in the City College of San
Francisco/UCSF program in 1981, She began working at UCSD in 1982, rose quickly to
become Chief Technologist, and developed special expertise in dosimetry.

The addition of others, such as a radiological engineer or maintenance technician, may be
appropriate and could furthsr enhance evaluations of the various maintenance, calibration, and
quality assurance activities that occur in remote afterloading brachytherapy.

Dr. Saunders and his s:2ff are enihusiastic about participating in this project for the
NRC. As clinical professiorals in brachytherapy, they are eager 1o improve treaiment cuality
and safety. They are also keenly aware of the significant role of human factors.

Whereas we expect that Dr. Saunders will make substantial contributions o all tasks in
this project, the anticipated roles for the others are somewhat more specizlized. This
specialization is intended to brirg those who have the most directly relevant exnerience to each
project task.

The UCSD brachytherapy advisors will participate in the 3-person rite visits medical
facilities in Tasks 1 - 5 of this project. This will help 1o a3 ore thay impurtant tezhnical issues
are evaluated thoroughly, Taroughout the project, the UCSD brachythorap: advisors will also
contiibute detailed technical information within their specialty areas, heip inerprat the site visit
findings, and provide quality assurance review of the project s techntcal 1cpons.

Summary of Related Experience

Table 1 summarizes the number of years of experience that each tearm member has
relative to their roles and resporsibilities in this project. It is apparent thai this team is
exceptionally well qualified to perform this project for the NRS. Each of the areas of
responsibility are thoroughly covered by the team selected to perform this project

The site visits to the equipment distributors and medical facilities are of cnitical
importance to the successful completion of this project. We expect that, as is common in field
data collction, many unique and unanticipated situations will arise that require immediate

professional judgment. Thus, we considered it essential that some of our most experienced
professional staff be directly involved in this project.

In addition to the team members proposed for this project, PSE has many other
professionals who can be called Lpon as necessary fof support and technical advice, These
staff include specialists in ergonomics, occupational safety, software development, training
systems, industrial / organizational psychology, system engineering, and operatiors research /
analysis. Various tecinicians and administrative staff are also available, and their services are
provir..’ to the project automatically (as indirect overhead).
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Table 1
Experience Summary of Project Team Members (Years)

Task  Role / Responsibility Callan Muckler Cwynre Kelly Saunders Rice Lepage Chin
| Task & error analyses 6 30 4 15 . - . .
Brachytherapy activities - . 5 . 14 8 5 6
2 Human-systeminterfaces 14 30 R 15 . . - .
Brachytherapy systems - . 5 . 14 8 b 6
3 Procedurai evaluations 20 30 » 15 . . . -
Brachytherapy procedures . . . . 14 8 5 §
4 Training evaluations 20 <0 b 15 . . . .
Brachytheripy tmg/quals . . . - 14 6 5 6
3 Organizadonal assessment 9 10 1 8 . . . .
Brachytherapy org policies -+ . . . 14 6 5 5
6  Ident problems/eval aitems 20 30 4 15 20 12 1 8
Resumes

Resumes are provided on the following pages for Drs. Callan, Muckler, Gwynne,
Kelly, and Saunders.
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JAMES R. CALLAN

Availability  40% Status  Current Employee
FEducation

PhD Biologicul Psychology, 1976 University of Oklahoma

MS Biological Psychology, 1973 University of klahoma

BA English Literature, 1957 University of C¢lahoma

Employment History

1984 - Present  President :
Pacific Science & Engineering Group, Inc., San Diego, CA

1983 - 1984 Head, Human Performance Division
Navy Personnel Rescarch and Development C cnter, San Diego, CA

1982 - 1983 Head, Human Engineering Branch
Naval Ocean Systems Center, San Diego, CA

1977 - 1082 Engineering Psychologist
Navy Personnel Research and Development Center, San Diego, CA

1970 - 1977 Research Associate
University of Oklahoma Health Sciences Center and Veterans
Administration Hospital, Oklahoma City, OK

1958 - 1970 United States Navy
Professional Experience
Human Factors Engineering in System Development

Provided human factors and human engineering expertise for the design of displays and
controls. Analyzed combat center arrangements using mockups,and models. Reviewed design
specifications and requirements with resgect to human engineering guidelines for ease of use and
operability. Assessed methoas for improvement of the operational performance of ship systems
and the improvement of habitabi lity and safety for maritime persoanel.

Provided extensive human factors cngi neering support to the program manager and design
engineers for the Submarine Advanced Combat System (SubACS) program. This included a
detailed review of the layout of the Weapons Launch Console, an evaluation of displays for the
Wide Aperture Array sonar syst-m, development of human engineering design standards regarding
tha use of color in CRT disp'ays, assessment of combat center arrangements using mockups, and
1eview of design specificatics 3 and requirements with respect to human engineering
considerations.

"aveloped methads for imp:ovement of the operational performance of ship systems and
the improvement i babitability and safety for ship's personnel. Supervised the human

engineering program for the Advanced Combat Directior System, including display and control
design. Participated in design reviews,

56

TR ERL T OO N T RTINS =Y - B I S R R B N S A W ISy TR Tt s IR T e



Analyzed requirements for Army Helicopter Pilot Trairing Programs. Developed a new,
computer, data-base of flight performance and aptitude measures for pilots transitioning into a new
attack helicopter, Creaied user interfaces to enable the system to be operated by instiuctor pilots
having no experience with data-bases, little or no computer knowledge and low keyboard skills.
Developed %wrfonnancc tests of data-base entry, and data access as performed by instructor pilots
and Army Training Managers.

Human Factors £ Training Research and Development
Consulted with training system designers to provide guidance for sperability and training

effectiveness. Served as industry consultant to the National Security Industrial Association on
Anti-Submarine Warfare training.

Designed a system to evaluate submarine attack officer performance in submarine vs.
submarine operations. Designed deskiop computer system 10 train submarine officers in
elementary tactical concepts, Designed and developed training and performance evaluadon
systems for Navy tactical combal sysiems, and command and control systems. Designed
microcompuler programs to teach officers decision making, sonar seurch, and sonar employment.

Conducted field and laboratory research measuring human performance, information
processing accuracy, and reaction i.me on operational sysiem controls and displays. Participated in
the observation and analysis of inport READIEX AAW exercises, conducted in San Diego in
preparation for Battle Group deployment. Observed the Acgis system as Command and Control

Center for the Battle Group AAWC,

Designed rescarch programs &nd experunents for the NOSC RESA facility 1o test the
cognitive gcrformance of Naval gsrsonncl operating as Anti-Air Warfare Commander (A WC) of
a Carrier Battle Group in the 1990s. Analyzed measures of effectiveness and performance of the
AAWC during the Outer Air Battle defense of the BG against massive Crange air strikes. Assisted
NOSC personnel in preparing briefing materials and in irieﬁng ONT and ONR sponsors on resulis
of the experiments.

Experimental Neuropsyehology and Cognitive Psychology Research

Performed basic ressarch and analysis in the following areas: Interhemispheric information
processing and laterality of attention processes in humans under cognitive stress. Performarice
measurernent on chronic and acute alecholics, and normal individals under acute alconol
influence. Basic research in perception, attention, sensation, and cognitive processes. Admin-
istered test batieries for measuring memory deficit and other cognitive impairment in patients in
Neurology and Psychiatry wards, University and VA Hospitals. Analyzed and measured Navy
operational job performance. Cocrelated with aptituds test results on the Armed Services
Vocational Aptitude Battery.

Management and Planning

Within the Navy Laboratories in San Diego, supervised teams of researchers in human
prriormance evaluation and measurement, Identified and planned future research and development
programs involving personnel, training, and human factors.

At the Naval Ocean Systems Center, managed teams of specialists in Advanced Combat
Directions System display and control design, communications system training, human factors for
shipboard habitability, and shore-based commund and control equipment integration and
evaluation. Member, Navy Laboratory Warfare Advisory Grou (i'w AG) and Director of Navy
Laboratories (DNL) Long Range Planning Team, Responsible !Por identifying and planning future
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research and development programs involving personnel, training, and human factors for the
Naval Ocean Systems Center and the Navy Personnel R&D Center.

Managed teams of specialists in communications system training for submarines, human
factors for shipboard habitability, electronic warfare equipment design, and shore-based command
and control equipment integration and evaluation. Established and managed R&D ?rograms for

federal laboratories and regulatory agencie: Created several successful proposals for nationally
competed grants and contracts,
Professional Affiliations

Human Factors Sc sty Sigma Xi Submarine League  Navy League

licensure

Licensed Research Psychologist. Californ:z Board of Medical Quality Assurance

Sclected Publications and Technicai Reports

Kelly, R. T, Callan, J. R,, Kozlowski, T. A, Jerkins, J. A., and Meringola, E. D. (Septeriter,
1989). User performance with blood glucose metars . San Diego, CA: Pacific Science &
Engineering Group, Inc.

Callan, J. R, Kelly, R. T,, and Conway, E. J. (September, 1989). Human factors assessmer: of
¢izhe.es educational.matenals. San Diego, CA: Pacific Science & Engineering Group, Inc.

Callan, J. R,, Kelly, R. T., Kozlowski, T. A., anc Mathews, W. D. (August, 1989). Effects of
improper maintenance and operation procedures 0 blood glucose meter.readings. San Diego, CA:

Pacific Science & Engineering Group, Inc.

Kelly, R.T, Callan, J.R., Kozlowski, T.A. and Conway, E. J. (September 1988). Human

factors analysis of blood glucose monitoring. San Diego, CA: Pacific Science & Engineering
Group, Ine,

Callan, J. R, and Scou, J. F. (May 1987). Selective Aptitude and Performance Assess.nent ¢l
Navy Operations. Specialists. San Diego, CA: Pazific Science & Engineering Group.

McTighe, R. P., Wright, C. L., Callan, J. R,, Kelly, R. T, & Barten, K. (Ja~ua-; 12%€), Tisk

analysis information requirements analysis for bartle group personnel. San Diego, C 4: Essex
Corporanon. (Confidential)

Callan, J. R, Cunan, L. E, and Lane, J. §. (May 1977). Visual search times for navy tactica,
informaiion displays. (NPRDC TR 77-32), San Diego, CA: Navy Personnel Research and
Development Center. (NTIS No, AD-AD40 543),

Bertera, J. H., Callan, J. R, Parsons, O. A, and Pishkin, V. (1975). Lateral stimulus-resporse
compatibility effects in the oculomotor system. Acta Psychologica, 39, 175-181.

Callan, J. R, Klisz, D., and Parsons, O. A. (1974). Strength of auditory stimulus-response

compatibility as a function of task complexity. Joumal of Experimental Psychology, 102, 6,
1039-1045.
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\
FREDERICK A. MUCKLER ‘
\

Availability  50% Status  Pant-Time Employee
Education ‘
Ph.D. Psychology, 1961 University of Illinois
M.A, Psychology, 1953 University of Illinois
Employment:
1988 - Present Senior Human Factors Engineer
Pacific Science & Engineering Group, Inc. San Diego, CA
1982 - 1988 Chief Scientist
Essex Corporation, San Diego, CA
1979 - 1982 Chiel Scientist
Canyon Research Group Westlake Village, CA
1974 - 1979 Director, Human Factors Program
Navy Personnel R&D Center San Diego, CA
1967 - 1974 Fresident
Manned Systems Sci~ =es, Ine,
1964 - 1967 Staff Scientist
Bunker-Ramo Corporation Los Angeles, CA
1956 - 1964 Senior Scientist

Martin-Marietta Corporation Los Angeles, CA

1951 - 1956 Graduate Research Assistant
University of lllinots, Aviation Psychology Laboratory

Professional Experience

Dr. Muckler has over 30 years exoerience in human factors engineering research. He is a
Fellow of the American Psychological Association, a Fellow of the Human Factors Society and a
fellow of the American Association for the Advancement of Sc.ence. He has taught human factoss
and psychology courses at California State University, Northridge, CA, the University of
California at Los Angeles, California State University, Los Angeles, and the University of
Southern California. Dr. Muckler has served as President of the Human Factors Society,
President of the Society of Engineering Fsychologists, Editor of the Human Factors Journal, and
filled various national positions in human factors professional organizations. He has served as a
consultant to government and industry, and as an expert in human factors research and training
system design. He has carried out responsibility for the conduct of programs of research in man-
machine system design, productivity, performance appraisal, cost-effectiveness analysis and
manpower and personnel problems in systems.
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Professional Affiliations

Past President and Fellow, The Human Factors Society,

Past President, Division 21, American Psychological Association
Fellow, American Psychological Association

Fellow, American Associution f'or the Advancement of Science

Sctected Publications and Technical Reports

Baobitt, B.A., Muckler, F.A, and Seven, S.A. (February, 1988) Traini
Research.in Military Systems: A Final Repont. Essex Corporation, Westlake Village, CA

F. AC Muckler, Ed. Human Factors Review; 1984, The Human Factors Society, Santa Monica,
A

Introdus tion 1o Pschopathology. (1985) Second Edition, Pre~iice Hall, New York (with L. L
()’Kc}!_\-\.

Siandards for the design of controls - a case history. Applied E-gonomics, 1984, (15.3), 175-
178.

The future of human factars. Humszn Exctors Society Bullstin, Fabruary, 1984, 27(2), 1-2.

New technology for training: An evaluz:ion of the air controller axercise (ACE). Progesgdings of
the 26th Anns ‘L Meeting of the Human Factors Society, Ocicer, 1982, 758-762 (with M. E.
MeCauley and R, W. Root).

E aluating produc’wvity. In M.D, Dunnette and E.A. Fleishman (Eds.) Human perfonranze and
productivity, ' olume 1; Human capzbility assessment. HillsZaie, New Jersey: Lawrence
Erlbaur. Assxciates, 1982, p 1347,
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Professional Experience (continued)

Assisted on & computer-based Naval training project to formulate principles of decision
making in combat systems with geographically distributed decision nades. A technical paper
described organizational architectures in Naval batte groups and their interaction with cognitive
variables implicated in strategic decision making,

Theoretical Research in Human Information Processing Abilities

Participz:ed in s*ulics of a continuous flow model of human information processing
and decision mzkin g that incorporated perceptual as well as cognitive processes. Published
papers on the inizrference and facilitation Eroduced by irrelevant information in visual displays
and the effects of repeating information when people must do more than one task at the same
time,

Examined cognitive attributes of human-system interfaces in automated computerized
systems. Investizated the effect of different dispiay formats and control-display configurations
on task performznce.

Professional Affiliations
Human Factors Society
Computer Skills

Experierzed with DOS, UNIX, and Macintosh operating environmen:s: performing
statistical analyses with various commercially available statistical packages (e.g , Statview,
Systat, SPSS-X). writing experimental control and statistical analysis programs in Pascal and
APL; and applying various database management techniques to human factors and behavioral
science data.

Selected Publications and Technical Reports

Gwynne, LW, Kelly, R.T, Callan, J R, & Meringola, E.D. (1989). Perceptual
Sensitivizy to Blood Glucose by Self-Monitoring Diabetics. San Diego: Pacific
Science and Engineering Group.

Grice, G. R.. & Gwynne, J. W, (1987). Dependence of target redundancy effects on
noise conditions and number of targets,” Perceprion and Psychophysics, 42, 29.36.

Grice, G. R., & Gwynne, J. W. (1985). Temporal characteristics of noise conditions
producing facilitation and interference. Perceprion and Psychophysics, 37, 495-501,

Grice, G. R.. Canham, L., & Gwynne, J. W. (1984). Absence of a redundant-signals
effect in a reaction time task with divided attention. Perception and Psychophysics, 36.
565-570.



RICHARD T. KELLY
Availability  40% Status  Cwrent Employee
Education

PhD Engineering Psychology, 1976 New Mexico State University
MA Experimental Psychology, 1973 New Mexico State University
8A Psychology, 1971 Hanover College

Employment History

1985 - Present  Princiral Scientist
Pacific Science & Engineering Group, Inc.. San Diego, CA

1976 - 19%% Research Psycho'~2ist; Leader, Combat Sysiems Group
Navy Personnel Research and Development Center, Human Factors and
Organizatio=zl Systems Laboratory, San Diego, CA

1976 - 19746 Enygine.cring Psvchologist
U. S. Army TRADOC Systems Analysis Actvity, Training Analysis
Branch \Whi.e Sands Missile Range, N\

Professional Experience
Human 2erformance Research a~d Development

D:rected and conducted a large-scale human factors assessment of blood glucose meters,
used by ciabedes for self-monitoring. The project involved znalyses of the meter designs
(including detzled task analyses), instr-ctional material, and training process as well as empincal
observations of user performance with the meters.

Designad, conducted, and analy zed several experiments in order to examine the decision
making behavor of naval warfare cormmanders in a realistic tactical wargaming simulator. In
particular, the effects of communications degradation were studied. Extended the measures and
analysis technijues from these experiments to shipboard battle group exercises.

Perfurmed statistical analyses on data from field tests and simulators to assess human
operator job proficiency involving complex cognitive, perceptual, and psychomotor tasks, Related
the observed performance data to vocatonal aptitude test scores,

Compiied multidisciplinary ressarch addressing command, control, and ecommunications
theory and measurement paradigms. Designed and developed an interactive database system to
provide researchers with rapid and easy-to-use access to technical publications. Consulted with the
lri;’scrvice.lloir.z Directors of L boratories Basic Research Group on behavioral issues in command
and control,

Analyzad information processing and decision making tasks in shipboard combat direction
centers. Devised pro.edures for gathering data during field tests, simulation exercises, and
mockup ieviews. Developed innovative approaches for measuring decision making and
organizational factors in the command. control, and communications environment using data from
field exercises.
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Planned, conducted, and reported empirical studies of user performance with advanced and
with operational command and control s?-slcms involving query systems, interactive displays, and
user aids. Developed software 1o collect and analyze human performance data in complex
simulators intended for training and for system design.

Conducted research to determine hurran information processing limits and to identify
factors contributing to information overload, D= ciuped microcomputer-based job 2ids to facilitate
tactical planning and decision making,

Prepared test plans for evaluating various Army training devices and programs. These
include missile «ystems (TOW, Dragon, Redeyz) and wargaming (MILES, CATTS). Used a
force-level wargaming simulator to perform sensitivity analyses of human performance with
respect to mission effectiveness. Analyzed operator performance and iraining system
effectiveness. Provided human factors technical support 1o the scientific and engincering staff.

Human Eactors Enginesri=g.in System Design and Development

Performed task and information requirements analyses of Navy battle group commanders,
Used these analyses to develop sy ecifications for a commander's workstation and decision support
system,

Participated on the system design team as the Human Factors Engineer for several ships
and major ship systems. These include the AXN/BSY-1 submarine combat system, Submarine
Advan~ed Combat System (SubACS), Advanced Combat Direction System (ACDS), Aegis
Combat System for the DDG-51 class destroyer, MCM-1 mine countermeasures ship, AN/SQS-
33C hull-mounted sonar, and Navy Ta tical Data Syster (NTDS).

Reviewed system dusign s pecifications, drawings, and other documentation with regard to
hi'man engineering standards and considerations. Provided quantitative guidelines and design
alternatives where appropriate. Consulted with military personnel and project engineers on man-
machine interface design and other human factors engirsering issues.

Planned and conducted system analysis studies for critical subsystem buman interface
issues using field data, computer models, and man-in-th2-loop simu) stions. Analyzed and reported
data rapidly so as to support system design decisions,

Management and Planning

Served as Principal Investigator on a several substantial human factors studies.
Responsible for all aspects of problem oriented research and development on diverse scientific and
military issues -- primarily in areas related to C3. Supervised and directed the activities of several
research scientists and support staff leading to numerous technical reports, journal articles, and
presentations at conferences.

Developed cong&rchensive program plans for hurnan performance in command and control
systems. This included operational problem analyses, detailed technical and management plans,
appropriate sponsorship, and resource requirements.

Established and maintained liaison with Navy commands, Department of Defense agencies,
and research and development centers involved in relzied efforts. Delivered project reviews and
technical briefings to sponscrs and consumers,
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Professiona’. Affiliations

Human Factors Society IEEE Systems, Man, and Cybernetics Society
Sigma Xi American Assoc, for the Advancement of Science

Selected Publications and Technical Reports

Dr. Kelly has authored over 35 technical reports and journal arbcles over the pact 15 years. In
addition, he has presented more than 20 rosearch Fapcrs at professiona! meetings. His research
has concentrated on the analysis and evaluation of human performance in complex systems, and he
is an acknowledged expert in task / function analysis and human factors evaluation techniques.

Kelly, R. T, Callan, J. R, Kozlowski, T. A,, & Conway, E. J. (September 1988).

Human faciors anelysis of blood glucose monitoring. San Diego. CA: Pacific Science &
Engineering Group, Inec.

Kelly, R, T,, Callan, J. R., Kozlowski, T. A., & Rogitz, J. (September 1988). Outer-air

hattle decision performance with degraded tactical information. San Diego, CA: Pacific Science &
Engineenng Gre ap, Inc. (Confidential)

Kelly, R. T. (March 1986). Anapproach to measuring cross-warfare coordination during
battle group exercises. (Technical Report 360-9-4), San Diego, CA: Pacific Science &
Engineering Group, Inc.

McTighe, R, P, Wright, C. L., Callan, J. R, & Kelly, R. T. (March 1986). Task and
information requirements analysis for the Composite Warfare Commander. San Diego, CA:
Essex Corporation, (Confidential)

McTighe, R. P,, Wright, C. L, Callan, J. R,, & Kelly, R, T. (February 1986)., Summary
¢ tasks and information requirements for bartle group personnel. San Diego, CA: Essex
Corporation. (Confidential)

McTighe, R. P., Wright, C. L, Calian, J. R, Kelly, R. T,, & Barten, K. (Januuy
1986). Task analysisinformation requirements analysis for battle group personnel. San Diego.
CA: Essex Corporaton. (Confidenual)

~ Greitzer, F. L., Kelly, R. T, & Hershman, R. L. (August 1983). Interactive simulation
of ming countermeasures operations. (NPRDC SR 83-49). San Diego, CA: Navy Personnel
Research and Development Center.

Kelly, R. T. & Greitzer, F. L. (Tanuary 1982). Effects of task loading on decision
performance in simulated command and contro! operations. (NPRDC TR 82:21). San Dicgo, CA:
Navy Personnel Researck and Development Center.,

Creitzer, F. L., Hershman, R. L, & Kelly, R. T. (1981). The Air Defense Game: A

microcomputer pro_fram for research in human performance. Behavior Research Mathods &
Instrumentation, 57-59. ;

Callan, J. R., Kelly, R. T,, & Nicotra, A. (January 1978). Msasuring submarine

approach officer performance on the 21A49 trainer:_Instrumentation and preliminary results.
(NPRDC TR 785’;. San Diego, CA: Navy Personnel Research and Development Center.
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Availability 10%

Education

ND Medicine, 1974

WII LiaM M. SAUMDERS

Status  Current Employes of Subcontractior

University of Alberta, Edmonton, Alberta, Canada

PhD Nuclear Physics, 1971 ISJniversity of Alberta, Edmonton, Atberta, Canada

MS Solid State Science, 1967
BS¢ Metallurgy, 1965

Present Position

Internship

Residency

Fellowship

Honors and Awards

racuse University, Syracuse, New York
niversity of Alberta, Edmonton, Alberta, Canada

Professor of Radiology

Chief, Division of Radixtion Oncology

Department of Radiology

University of California, San Diego Medical Ceiter

Swrzight Internship in Inteinal Medicine
LUniversity of Alberta Hospital
Edmonton, Alberta, Canada

July 1974 10 June 1975

Resident in Radiation Therapy
Deranment of Riediation Therapy
S:arford Medical Center
S:anford, California

Jily 1973 to June 1978

Falow in Experimental Radiation Oncology

Deozriments of Radiation Oncology and Radiation Biclogy
University of Alberta

Cross Cancer Institute

Edmonton, Alberta, Canada

Jily 1978 to Apnl 1979

Province of Alberta Matriculation Scholarship
University of Alberta, 1961

Province of Alberta Undcrgraduate Scholarship
University of Alberta, 196

Amzrican Society for Metals Foundation Scholarship in
Mezllurgy
University of Alberta, 1964

Amezrican Society for Testing and ! faterials Prize
University of Alberta, 1964

D. Farghar Johnston Bursary
University of Alberta, 1964
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Academic and Hospital Appoii.tments (continued)
New England Deaconess Hospital

Acting Chief of Radiation Therapy
\h.rch 1987 to Apnil 1987

Chief of Radiation Therapy
December 1987 to July 1988

Joint Center for Radiation Therapy

Assistant Director of Clinical Physics
January 1986 to July 1988

Actirg Section Chief, Deaconess Divisios
March 1987 to April 1987

Saction Chief, Deaconess Division
December 1987 to July 1983

Hospital Privileges Held at:

University of California, San Diego Medical Center
VA Medical Center, La Joia, California

Service to Patients
Management of approximately 25 patients daily for radiotherapy treatment

Frequent el ;,whone consultations for physicians in other cities nationwide for advice in
management ¢f arteriovenous malformations

Teaching

1-2 hours per year teaching refresher courses at national radiotherapy or medical oncology
meetings

Research Activities
Harvard Medical School
Computer controlled radiation therapy

Stereotactic radiosurgery for Anteriovenous Malformasions (AVMs) using a small x-
ray beam from a modified linac

68

N R W . B W L S G S R S yy p———



panb e e e R Ll e b o B R R R N R R R R R B N B R RSN S ISR SRR VST SN SSs W=, '~ T am——r——

Research Activities (continued)
Lawrence Berkeley Laboratory

Collaborator in NCI project for clinical trials in charged particle radiotherapy;
project director of helium ion radiotherapy section of that project, J. Castro, Pl

Project director for NCI-funded project to design a heavy ion accelerator for
biomedical research, E. Alpen, Pl

Collaborator in NCI “HIRRO" ﬁrgl:}ect. C, Tobias. P1
Under HIRRO collaborated with T, Budinger investigating the late effects of heavy
ion beams on the CNS using a dog model. (This pre,-ct continues under T.
Budinger and K. Brennan,)

University of California, San Diego Medical School

Stereotactic radiosurgery for Aneriovenous Nalformations (AVMs) using a smail x-
ray beam from a modified linac

Proton radiotherapy

National Service

Referce for American Society for Therapeutic Radiology and Ongology

Referee for [aterational Joumal for Radiology Oncology, Biology, and Physics
Referee for Journal of Clinica! Oncology

Member of NCI Site Visit Committee for p.oposal from Massachusens General Hospital
and Harvard Department of Physics in Spring 1984

Professional Affiliations
American Radium Society
American Society of Therapeutic Radiologists
Amernican Association of Physicists in Medicine
Amencan Society for Clinical Oncology
Radiation Research Society
Selected Publications
Dr, Saunders has over 50 published papers in radiation oncology, clinical radiology,

medical physics, and nuclear physics. Some representative recent publications are listed on
the next page.
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Seunders, WM., Winston, K.R., Siddon, R.L., Svensson, G H., Kijewski, P.K., Rice,
R K., Hansen, J.I.., & Barth, N.H. (1988). Radiosurgery for arteriovenous
malformations of the brzin using a standard linear accelerator: Rational and technique.

International Journal of Radiation Oncology Riclogy and Physics, 13 (2), 441-447.

Saunders, WM. (1987). Plans for clinical evaluation of dynamic computer-controlled
radiation at the Joint Center for Radiation Th2rapy. In J M. Vaith & J. Meyer (Eds.),

ing.in 4 iati n__‘[h;m;_cf_&\mn (pp. 56-67). Basel, Switzerland:
Karger Publishers.

Saunders, WM., & Chin, LM. (1986). Innovative echniques: Dynamic therapy and
utilization of noncoplz=ar beams. In B.R. Paliwal & M L. Greim (Eds.), Radiation
Therap ' amning (pp. 123-128). Oak Brook Radiological Society of North
America Publishers.

Saunders, W.M,, Caszo, JR., Chen, G.T.Y ., Gutin, PH., Collier, J.M., Zink, S.R.,
Phillips, TL., & Gauvger, GE. (1986). lon beam radiation therapy for sacral chordoma:
Early results. A Northern California Oncology Group Study. Journal of Neurcsurgery,
64, 243-247.

Saunders, WM., Casro, LR., Chen, G.T.Y ., Collier, J M., Zink, S.R., Pitluck, §.,
Phillips, T.L., Char, D., Gutin, P., Gauger, G., Tobias, C.A., & Alpen, E.L. (1985).
Helium ion radiation tmerapy at the Lawrence Berkeley Laboratory: Recent results of a
Northern California O=zology Group clinical tnal. Rad Res, 104 (8): $227-8224.

Saunders, W.M,, Chez. G.T.Y., Austin-Sey mour, M,, Caswro, J.R., Collier, J. M.,
Gauger, G., Gutin, P.. Phillips, T L., Pitluck, S., Walton, RE,, & Zink, S.R. (1985).
Precision, high dose raZiotherapy (1I): Helium ion treatment of tumors adjacent to critical
central nervous system structures. Intemaiional Journal of R adiation Oncology Bialogy
and Physics, 11, 1335-1347,

Saunders, WM., Char, D.H, Quivey, J.M., Castro, J.R., Chen, G.T.Y., Collier, J.M.,
Cam’gny, A., Blakely, E., Lyman, J.T,, Zink, S.R., & Tobias, C.A. (1985). Precision,
high dose radiotherapy: Helium ion treatment of uveal m:'anoma. International Journal of
Radiation Oncology Bialogy and Physics, 11 , 227-233.

Castro, J.R., Saunders, WM., Chen, G.T.Y., Collier, J.M., Char, D.H, Gauger, G.,
Woodiuff, K., & Zink. S.R. (1985). Malignant glioma and other tumc<  Subchapter of ;
Heavy particle irradiation of intracranial lesions. In R.H. Wilkins & §.§. Rengachary
(Eds.), Neurosurgeny (1: 1113-1132). New York: McGraw-Hill.

Alpen, EL., Saunders, WM., Chatterjee, A., Llacer. J., Chen, G.T.Y., & Alonso, J.R.
(1985). A comparison of water equivalent thickness measurement: CT method vs. heavy

ion beam technique. British Journal of Radiology, 58, 542-548.

Saunders, W.M. (1984). Radiation oncology: The use of beams of photons or particles
for the treatment of tumors. Bndm_ﬂuj_&hgm. 24, 357-364,

Castro, JR., Saunders. W.M., Austin-Seymour, M., Woodruff, K.H., Gauger, G.,
Chen, G.T.Y,, Collier, JM,, Phillips, T.L., & Zink, S.R. (1985). A Phase I-1I trial of
heavy charged particle izradiation of malignant glioma of the brain: A No:thern California

Oncology Giroup Study. Intermnational Journal of Radiation
Physics, L1, 1795-1800.
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Related Organizational Experience
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l’ﬂl was established five years ago 1o perform scientific studies ane cor g services
ins l 1Y 1“\‘!\.“41(,'.\

challenging 5~.","T<r::s concerning human performance m(um,w'x syster
¢ffon \ factors engineering, ¢r g«v.m"' ics, systems anal sv\ \,.’:,':). I'Yllil'ﬂ,/d“x‘f""‘
sstems, and training f~ i 1'.»!.;\“\‘ ;md overnment, Our staff of ¢ X pe ed analysts applies
sound scien 'nf'ic and e ering pr ;‘;" ¢s 1o military and industria 1 systems and processes
[\;\“‘,d nroducts |'n1u l,u n-syvsiem ltwt"r'f:hc‘ (’w's‘x‘ﬂ and ;" { v'\ivx.n,, simulation and
bil m u.‘.‘jt ror analyses, man-in the-looy p te , training effectiveness

modeling, human reliabi
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[a ., ¢s several of our recent projects that involved technical activities
s to ti:ose requ for this project. The check marks indicate that the technical activity
vas a significant pant of that project. Because of PSE’s broad experience with human factors
¢valuations and analytic techniques, we are confident of our ability to satisfy NRC’s technical
s § project - at 110 do it on time and w 7-..“%“..1‘&.!‘
In addition, technical personnel from PSE heve played a significant role in 2 variety of
wher procedural eval ons and org ‘L-.’.;a"."\.'\\.:d ng. :
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| PROJECT MANAGEMENT

This section discusses the plans for performing this project. This discussion includes
| the project staff organization, the milestone schedule, and the estimated resource requirements,
1 Project management controls and other related considerations are also presented,

rgsponsibility as the prime contractor

Throughout this project, PSE will exercise ful
and will provide the maior portion of the work effort,

ontrols are in
in responsiveness and quality of the work, analy$is, and products,

place 10 assufe progr

Corporate Background

PSE's organizational and managerial strengths reside in the experience of its personnel
and the commitment of the corporation. PSE is dedicated to quality research, development and
sngineerii.g support and its principals have selected employees who share that dedicmion._ﬂ
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Table 3 presents a summary of the roles and responsibilities proposed for each of the

nbers across the tasks in this » : uman factors engineers will maintain the
1¢ relationshin that has aready been established i é

o~
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Milestone Schedule

The overall milestone schedule for the project is shown in Figure 9. More detailed

breakdowns of the activities in cach task are presented in the Technical Approach section, The
e she

§

shown as dark bars; transition periods are indicated by cross-hatched

1 hef

e penods a
yermit task reports to be completed and revised before

1sition perit

eding with sub

I
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o
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Resource Requirements

Ihis section provides a summary of the resources necessary to complete this project as
it has been proposed. Resource information has been provided for direct labor, subcontract
or, travel, and other direct costs.,

Direct and Subcontract Labor
Professional iabor requirements have been developed for each task across the period of

formance for the contract, The estimated diract labor hours are shown in Table 4, along

¢ for the subhcontractor
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During the proposed visiis 10 the bra hytherapy equipment manufacturer and the

apy activities at medical facilities, we plan to conduct detailed human fac’ s

yoo8, using state-of-the-art human performance measurement techniques, W. have
At ! s with § Gn Otht Qjects requiring direct

t O usen ation of
* -,‘

PSE does not propose |

. L propose that any equipment be acquired under this contract. The
equipment owaed by PSE, which 1s described in the Facilities section, is considered to be fully
adequate for the tasks proposed. This includes cameras and other human performance
measurement equipment, specialized software to support the human factors analyses. and
desktop publishing and graphics production facilities.
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Management Conldrols

Principal Investigator

I'he Principal Investigato esponsible for the successful management
(1 n of this program e Principal Investigator will de velop the overall program
ns, the work plan, milestones, and resource expenditure budget. He will also mair
| of resource and project enditures against these plans and provid
¢ review. This gssignn




esignated of ficers. The Principal Investigator is responsible for su. contractor performance,
vork assignmeunts, and deliverables. The Principal Investigator must approve payment of
- }

subcontactor vouchers. For this ;‘:\-L*...(“::'\'M\ the efforts of the subcontractor are inteprated

)
"

nto the overall work plan, We anticipaie that their ¢ ons will augment our efforts to
reate a ot ":'y irite 5 ied ¢ffort. PSE will retain fuil respons '.) for all deliverable
Fechnical Quality Assurance
Quality control will focus on technical progress reports, budget contral, publication
juality, and timeliness. Quality control of techrical methods, procedures, and analyses for

ich Task will be the responsibility of the Principal Investigator

Fechnical Reports and Publications Quality Assurance, As specifiec

0w ' ' s o 0T 11 ( wliot \ ) P
R st for Proposals, technical letter reports will be prepared upon completion of each of the
first five Tasks. Technical reports will be submitiad at the conclusion of Tasks 1 and 6
Monthly progress reports also will be provided throu g hout the project.)

\ll Jetter and technical reports will belong 10 the NUREG/CR series and will be
rey { accordingly. In preparing each report, we will adhere 10 the gudelines specified in
Chaj NRC-3202, Publication of Techs Reports Prepared by NRC Cont: s,
In¢! Reports Prepared Under or Pursuant 1o Interagency Agreements

(he quality of any research contractor's efforts 1s refiected i the 1echnical reports
Jelivered to the customer tor revigw and implerentasion, PSE has developed an outstanding

[ teport deliveries. In addition 10 technical repouts, our personnel have participated in

iny informal and formal presentations of resesr sults 10 cuslamers, customer-referred

Technical reporis and publications quality assurance addresses the content and format

' h deliverable publication and ensures it meets the requirements of the contract. Reviews
occur at the outline, draft, and final stages of the publication preparavon. The review process
18 designed to determine whether the publication (a) fulfills the content and format
juirements, (b) is consistent in its use of terminology, symbology und abbreviations, (¢) is
{ree of ‘.'.“h 3! ‘.:;\“\,-.4 | CIrrors, | ':“"}":""ﬁ* wornds .'m.i oussiI0ons, (d\ 1§ c\v!f.,',r;d }‘-;\\;\(‘:?.\' and (¢)

‘"
AMCALLY accurate. -
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Management Controls. Any program can go awry if there are no sound
procedures to measure tec' nical progress. Common problems are: failing 10 staff the program
according to plan; failure to ensure action b gins when the schedule indicates; failure to keep an
accurate status of progress; and failure (¢ initiate corrective action in a imely manner. PSE has
nagement controls in place to alert management o each of these conditions. The other

~t team capable and willing 1o act on the

1"

ssary aspect of effective control 1§ 8 manageme

)

Oon | vioe

s quality products on
I can be depended upon
nstruclive a ‘f\i(c On §¢ :\ [} i: i"""r( ms

1 Wil b milariy, t
rl 158 the program status and o

there should be hittle or no reason to expect

Get Well Plans,  As discussed above,
roblems on this program. However, certain events would trigger the implementation of
n alternate or “gei well” plan, Get Well Plans are most often required when the performing
ractor has cither failed to adegquutely scope the work or has failed to realize that
performance 18 not progressing on schedule, Understanding the risk in a program permits
I'he PSE

'
n nent 1o prepare contingency plans to overcome sethacks when they occur
! ! v v
. s 1 liny P ) N 7 N ’ .
ement team has a great deal of experience in dealing with high intensity programs, PSE
will ntain direct management involvement 1o ensure the program deselops as scheduled

Although PSE’s main offices are not in the Washineton, DC area. we anticipate no
Lination with NRC. B ;

-
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