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(ABSTRACT)
F“é§\ The traditional functional assessment techniques developed by med-

Qää ical, psychological and social care providers lack the quantitative pre-

cision of industrial engineering work descriptors. This study develops

two models of disabled worker behavior for use in the vocational assess-
ment and job design process. In addition to providing the rehabilitation

engineer a usable assessment of the client's abilities the Worker Profile

should aid in the sharing of information among the specialists on the

rehabilitation team.
Unlike previous efforts directed at modeling disabled workers°

abilities, this study individually modifies the elements used to describe

unique, specific jobs. The element by element Worker Profile approach

encourages proper job selection and work station modification. This study

uses both a traditional Motion Class Model and a novel Action Set Model.
Both models use standard Available Motions Inventory test scores as in-

puts. Each of the models produces a Worker Profile which can be used to

predict the worker°s performance on any job for which an appropriate job

standard has been written. .



I

Both the Motion Class Model and the Action Set Model offer the em-

ployer of assembly workers an opportunity to predict the performance of

disabled workers on specific jobs without the expense and time required

to train and test them on each available job. The Action Set Model has

several additional qualities including reduced assessment costs and ex-

tremely flexible application both in the performance of existing jobs and

to the modification of jobs to optimize them to the disabled workers°

abilities.



ACKNONLEDGEMENIQ

This work would not have been begun had my father,not taught me 

that the real value of work is rarely computed in dollars. Nor would 

I have come so far had my mother,

”

not shown me that caring is an action verb. The mathematics I used to 

develop these models were taught to me by of NASA; for their time and 

patience I will always be grateful. My one unfailing source of 

encouragement at Virginia Tech has been Beyond these ivyed walls I need 

to thank. And of course it goes without saying how much I owe to my 

committee.

Acknowledgements iv



[ABL; OE CON[;§[§

INTRODUCTION . . ...... . . . ........ . . . . . .... 1

LITERATURE REVIEW . . . . . . . . . . . . . . . . . . ........ 4

Functional Testing and Methods Engineering ............. 4

Available Motions Inventory ..................... 7

AMI and Job Modification ...................... 9

Predetermined Motion Time Standards (PMTS) ............ 10

Discussion . ........................... 13

Conclusion ............................ 17

Research Purpose ......................... 20

HETHODOLOGY . . . . . . . . . . . . ........ . ....... 24

Experimental Design ........................ 24

Standards ............................. 24

AMI Motion Class Standard. ................... 24

Modapts standard. _..................._..... 26

Differences between Modapts and the Action Set. ......... 30

Standard development. ...................... 35

Worker Profile Models ....................... 36

Motion Class Model. ....................... 36

Action Set Model. ........................ 37

Software Development ....................... 39

Table of Contents v



Subjects ............................. 39

The Experiment .......................... 40

RESULTS . . . . . . . . . . . . . . . . . ............. 42

Independent Variables ....................... 42

Able·bodied vs. Disabled Groups. ................ 42

Motion Class vs. Action Set Profiles. .............. 42

Four work tasks. ........................ 43

Dependent Variables ........................ 43

Prediction value. ........................ 43

Plotted results. ........................ 44

Statistical Analysis ....................... 44

Analysis of variance for GROUP effect .............. 44

Analysis of variance for TASK effect .............. 50

Student·Newman-Keuls test for TASK effects ........... 50

Analysis of variance for METHOD of estimating performance .... 50
v

Student-Newman-Keuls test for METHOD effects .......... 51

Analysis of variance for TASK*METHOD interactions ........ S2

· Student·Newman·Keuls test for TASK*METHOD interactions ..... 52

Analysis of variance for TASK*GROUP interaction ......... 54

Student·Newman-Keuls test for TASK*GROUP interactions ...... 55

Analysis of variance for M£THOD*GROUP interactions ....... 55

Student-Newman-Keuls test for METHOD*GROUP interactions ..... 55
l Analysis of Task*Method*Group three way interaction ....... 56

rz values for the two Worker Profile Models ........... 57

Table of Contents I vi
I

„



O O O I O O O O O O O O O O O O O O O O O O O O O O OOTwo

Worker Profile Models ..................... 60

Future Improvements for the Action Set Worker Profile ....... 62

SELECTED BIBLIOGRAPHY . ...... . . . . . . . . . . . . . . . . 65

Appendix A. AMI Motion class charts for subjects ......... 68

Appendix B. Motion class standards for AMI tests ......... 88

Original 71 test Motion Class Standard. .............. 89

Renormalized Motion Class Standard for 29 tests. ......... 93

Appendix G. General description of experiment provided to subjects 95

For normal adult subjects ..................... 95

Alternate description of experiment ...‘. ............ 96

Appendix D. Informed consent forms . . . . ............ 97

Informed consent form for independent subjects .......... 97

Informed consent form for subjects with legal guardians. ..... 99

Appendix E. Modapts standards ................... 101

Appendix F. Action Set Morker Profiles .............. 102

Worker profiles for all subjects ................. 103

Table of Contents vii

l , ~ I
·



H

Appendix G. Theoretical worker profile and group average profiles 104
Appendix H. cell means ...................... 105

, Table of Contents viii



z

LQSI OE ;gLUSTEAI;ON§

Figure 1. Performance and predictions for nuts/bolts disassembly. 45

Figure 2. Performance and predictions for nuts/bolts assembly. . . 46

Figure 3. Performance and predictions for plugs disassembly. . . . 47

Figure 4. Performance and predictions plugs assembly. ...... 48

List: of Illustrations ix

Lm



II

Table 1. Examples of Modapts elements. ............. 12

Table 2. Operational definitions of Action Set identifiers. . . . 31

Table 3. ANOVA Table. ...................... 49

Table 4. Student-Newman-Keuls TASK effects. ........... 51

Table 5. Student·Newman-Keuls METHOD effects. .......... S2
l Table 6. Student—Newman-Keuls TASK*M£THOD effects. ........ 53.

Table 7. Student—Newman-Keuls TASK*GROUP effects. ........ 56

Table 8. Student·Newman-Keuls METHOD*GROUP effects. ....... 57

Table 9. Student-Newman-Keuls for Three·way Interaction. ..... S8

Table 10. rz values. ....................... 59

List of Tables x
n



1

;§IRODUCIIO§

Rehabilitation of the physically disabled has been developing along

certain identifiable lines for the last one hundred and fifty years. The

earliest systematic effort at rehabilitation is generally attributed to

Dr. Howe who established the Perkin°s School for the Blind in Boston in

1837 (Riggor and Lorenz, 1985). For the next eighty years rehabilitation

was primarily the domain of physicians, clergy and social workers (Frey,

1984). In this period one worker, often a nurse or teacher, worked with

one client. The goal was simply to enable the client to cope with life.

h Success was equated with survival. Much of the vocabulary and many of

the procedures still used today come from this period of rehabilitation

development.

In the l920°s functional assessment began to come into common use

to determine the extent of loss due to accident, primarily for legal use

in workers compensation decisions (Frey, 1984). In the 1940°s the as-

sessment of disability shifted focus to assist the rehabilitation coun-

selor in mainstreaming the handicapped. The primary tool of the

rehabilitationist became the work sample. In the 1960's, as government

money came to play a major role in rehabilitation, functional assessment

became an accountability tool for measuring the bureaucracy's effective-

ness. Current trends in functional assessment are making ·the system more

accountable to both the disabled and the sponsoring organization and

opening lines of communication between the various members of the reha-

INTRODUCTION 1



bilitation team. Current efforts are making work analysis more elemental
ß

to quantify and standardize reports.

Functional assessment in the past has been oriented either toward

the medical practitioner or the social worker (Agre, 1984). The tradi-

tional clinical approach to assessment is based either on the physical

analysis of affected tissues and organs or is couched in gross structural

terms that provide only a qualitative description of capabilities. The

medical microstructure descriptors do not translate well into work

motions. The medical qualitative diagnoses may rule out some work envi-

ronments but do little to assist the industrial engineer in determining

what the client can do, nor do they offer much assistance in modifying

the work environment to maximize the worker°s efficiency on the job.

Alternatively the social workers and counselors have used macromotion

descriptors referring to the clients ability to interact with the envi-

ronment. _

The social worker°s traditional assessment tool is the work sample.

The work sample is a series of tasks typically performed in the course

of a specific job. A work sample for a hotel maid°s job might consist

of stripping a bed, making-up a bed and vacuuming a carpet. A food ser-

vices work sample could include setting a table, bussing the table and

_ washing dishes. A work sample is time consuming to conduct, must be re-

peated as learning takes place to determine behavioral changes, and has

little transfer value to other work situations. Failure of an individual

at a work sample may have many causes and, other than the tester°s sub-
° jective opinion as to the client°s potential, tells very little about the

INTRODUCTION 2
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client°s chances of success on other similar jobs. Because of their or-
I

igin in other disciplines, none of these methods seems to be totally ap-

propriate to the vocational area.

In the l940°s rehabilitation began moving toward generalizeable

quantified measurements. No longer would one therapist work with one

client, starting from scratch with each new treatment. Polio researchers

found that classes of clients could be similarly described, and report

terminology shifted from the medical jargon previously used to measures

of percent normal and rankings on common scales (Agre, 1984). The

Functional Assessment Inventory (FAI) was developed to quantify further

report assessment measures in client files (Crew and Turner, 1984). This

analysis allowed professional specialists to communicate and share

findings. Although the FAI was a major advance over previous assessment

techniques, it was still very general and more of a qualitative evaluation

of the work environment than a measure of job skills. The Life Func-

tioning Index (LFI) was developed to measure degree of self care (Crew

and Turner, 1984). This LFI measured general employability rather than

the client°s probability of success on a specific job. One of the most

significant advances over previous systems was the LFI's standardization;

it reduced tester training and removed subjective evaluation (Halpern and

Fuhrer, 1984). Although a movement was gaining momentum to generate

quantitative testing with results that would extend to many future situ-

ations the social science and medical background of the field limited the

success of attempts at the generalized measurement of vocational poten-

tial of the client. l

INTRODUCTION 3
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Hasselqvist (1971) examined available functional assessment tools

for rehabilitation engineering. He found MTM to be of some use in eval-

uating work, but it fell short of proper assessment of individuals. Work

samples were found to offer too conservative a measure of the abilitiesl

of the disabled because failure at one subtask could eliminate an entire

job from consideration. Simple single motion tests were found not to

predict well how the individual would perform on a complex job that re-

quired integration of many abilities. Hasselqvist suggested that an

intermediate functional test approach would be more useful. "Between

these two extremes - tests on complete work cycles and tests on the per-

formance of single basic motions - it is of course possible to construct

tests that include complete but short motion sequences." (p. 11)

Given functional motion sequence tests Hasselqvist said that an MTM

type analysis would allow frequency distributions to be generated. These

work motion frequency distributions could be compared to the individual°s

demonstrated abilities to match people with the work that they could most

easily perform.
n

Chyatte and Birdsong (1971) compared assessment methods available

and used in medical, psychological and social/welfare testing.

Medical/neurological testing measures the client for motorpower, agility,

_ LITERATURE REVIEW _ 4
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perceptual abilities and intellectual functioning. Although some objec-

tive measurements were made, they were primarily for comparison with other

similar, but not identical, examinations made at other times to detect
changes in the individual over time. Deficit assessment by psychologists

were made with tests for intelligence, motor performance and perceptual

organization. These were found to confound motor and nonmotor factors,

and/or only grossly define motor activity. Social workers were using

can-do/no-can-do tests comprised of work samples, activities of daily

living and vocational tests. While all of the above were felt to have

value, none provided detailed information about deficits existing in the

subunits of motor performance. Industrial engineering techniques, espe-

cially MTM, were suggested as a way of making quantitative evaluations

to determine the extent of motor impairment, spontaneous recovery and

treatment efficacy.

Mink (1975) proposed a scheme for using industrial engineering

methods, especially MTM, to assess the disabled. His approach was to use

functional tests and a team of specialists and to generate a percent

normal value for each MTM motion. Each functional test would use several

MTM motions in sequence to simulate work activities, but these tests would

be shorter than the conventional work sample. The basic evaluation team

would include the director of the foundation, a training specialist, a

workstudy engineer, an industrial engineer and the foreman of the training

department. The basic team would have available for consultation psy-

chologists, psychiatrists and physicians.LITERATURE REVIEW S



Brickey (1981) found that most sheltered workshops do not system-

atically analyze job layout and methods because:
’ 1) The staff employees have social science and education backgrounds and

are not familiar with methods engineering analysis and MTM.

2) The staff assumes that retarded workers can neither perform complex

tasks nor use training in special methods.

3) Management feels that short term subcontracts do not warrant analysis.

4) Line managers fear that complex systems would cause more down time.

The absence of systematic work methods adds to worker inefficiency, makes

the shop less competitive, lowers wages, reduces the contract work

available to the shop, and fails in the workshop°s mission to train the

workers to a level where they can go out into community jobs.

Brickey (1981) conducted an experiment using 20 subjects with I.Q.s

between 24 and 57 and no severe impairment of hands or vision to determine

whether work analysis and methods training would help retarded workers

to be more efficient. Half of the subjects were trained to work according

to an engineered standard and the other ten subjects were trained in the

normal supervisor demonstration/self determination method. Each subject

was trained until capable of performing six errorless assemblies. Sig-

nificant improvement was demonstrated in the productivity of the group

trained to the standard method. No difference in either error rate or

training time was found. .

LITERATURE REVIEW 6



Dryden, Leslie and Norris (1980) report a joint effort between the

College of Engineering, Wichita State University and the Cerebral Palsy

Research Foundation of Kansas, Inc. to develop a service delivery system

to meet the needs of severely handicapped people. The goal of the program

was to create a total lifestyle for the clients including vocational,

educational, transportation and independent living.· Lack of

anthropometrlc and biomechanical data for the disabled population led to

the development of an apparatus called the Available Motions Inventory

(AMI). The AMI quantitatively measures the individual°s abilities at

machine control and assembly tasks.

Dryden et. al. (1980) describe the controls portion of the AMI as

an adjustable frame with moveable modules. Each of the controls modules

is made of a one square foot aluminum panel with a number of one type of

switch on it. The controls modules can be positioned horizontally or

vertically; they can be high on the frame or low; they can be centered

or moved to the c1ient°s sides. In addition to the controls tests there

is an assembly work station, a simulated drill work station and a series

of finger, hand and arm strength and speed measures. Data are collected

on the client°s abilities with switches (rotary, detent, pushbutton,

toggle and slide switches); rate and accuracy of control activation;

finger, hand and arm strength, reaction and speed; and on a series of

simple assembly task elements. '

LITERATURE REVIEW 7
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AMI results show inter-client and intra-client differences useful

in job selection and modification. Between client differences are made

by direct comparison of results on the individual°s tests with the normal

standard. Within client differences show areas of relative strength.which

can be utilized in selecting preferred control type, position and orien-

tation. Of 100 handicapped individuals placed on jobs during system de-

velopment only one placement and adaptation was reported as unsuccessful.

Malzahn and Kapur (1980) used the AMI to measure industrially rel-

evant residual motor abilities and effectively identify job modification

requirements. Design engineers need to know the available resources and

· required outputs in order to produce a quality solution. Work station

design for the disabled worker should be approached as an iterative series

of comparisons between task requirements and the manned system's per-

formance. AMI advantages over other assessment methods were:

1) Half a day of testing compared to one to two weeks for work samples.

2) Wide range of abilities tested.

3) Less administrator training.

4) Quantitative results evaluated before job compatibility is consid-

ered.
i

S) Small building blocks of data can be used to evaluate many different

jobs

6) Failure at one subtask does not invalidate the entire test.

Although AMI assessment does not automatically redesign jobs, "The tough ·

one-on-one design problem is at least a better defined problem through

-
LITERATURE REVIEW 8
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the use of this ability evaluation system." (Malzahn and Kapur, 1980, p.

118)

Kapur and Liles (1982) evaluated the AMI as a physical assessment

A system and developed job design guidelines and techniques to develop

one·on-one work place modifications. The chief problem with work place

redesign for the physically disabled is assessment, because the disabled

differ from the norm and from one another. Using a mixed (able—bodied

and disabled) group of workers, Kapur and Liles first gave each a full

AMI test series. Then they collected performance data on each at a set

of simulated job stations (punch, drill press, telephone switch board,

conveyor belt, assembly/disassembly, and quality control tasks). ·Using

data on twenty of the subjects to generate regression models and the other

nine for Validation, they found good prediction of speed elements but poor

prediction of accuracy and quality. Able·bodied subject's performance

and two handed job performance were systematically over predicted.

Rahimi and Malzahn (1984) attempted to measure human functional

abilities so as to distinguish between individuals and aid in the task

design process. Using an AMI Motion Class Standard for jobs, they com-

puted an index of predicted performance as the frequency of a motion for

the job multiplied by the z-score for that motion from the indiVidual's
AMI test scores. Large negative values for an index indicate that the

LITERATURE REVIEW ·
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nmotion is important to successful completion of the job when performed

according to the standard under consideration, and it is not a motion that

the client performs well. The job is iteratively modified to remove worst

case motion requirements until the size of negative indices is minimized.

Final design recommendations based on this procedure were found to be good

first approximations from which on-the-job fine tuning could begin.

Winkler and McQuaid (1984) report that the AMI assessment has two

major shortcomings; the tests are redundant and the motion class output

is in a very specialized physiologically oriented terminology. Winkler

and McQuaid found that the AMI tests could be described using the MTM

Predetermined Motion Time Standard (PMTS) and that the standards indi-l
cated that the 71 tests were repeatedly measuring the same motions. The

redundancy results in a high test cost. They concluded that the use of

a PMTS could reduce AMI testing costs and produce a more widely usable

report form.

Heyde (1983) describes his development of a new PMTS called Modapts

Plus. After extensive analysis of human activity, Heyde found that

able-bodied, unhurried, unencumbered, unexceptional individuals moving

at comfortable "natural" speeds make elementary foot motions in 0.429

seconds, finger motions in 0.143 seconds, hand movements in 0.286 seconds,

forearm actions in 0.429 seconds, whole arm moves in 0.571 seconds and

LITERATURE REVIEW 10
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eye shifts in 0.286 seconds. Upon noting that all of these move times

are multiples of 0.143 seconds, he made this his unit of time and called

it a module (MOD) Heyde defines a set of Modapts Plus elements by as-

signing each elementary motion a letter and a number. The number assigned

to each element represents the number of Mod units required for an un-

hurried normal able-bodied individual to perform the simple motion. The
letter assigned to each element is a mnemonic to its action. (See Table

1).

Masud, Malzahn, Dinasan and Singleton (1985) report that PMTS's are

normally considered most appropriate for tasks with cycle times in excess

of one minute. A study was conducted to determine if one of these widely

accepted and simple to use systems could be used with AMI testing. Using ‘
a Modapts standard for a subset of AMI tests, able-bodied subjects were

tested. The experiment demonstrated certain problems with the technique.

The AMI tests used had cycle times of less than 30 seconds, and the re-

sulting test total times were significantly shorter than the Modapts

predicted total times. It was concluded that although PMTS's hold great

promise, some adjustment method would be needed before AMI testing with

predetermined time standards could be used to predict the probability of

success of handicapped clients on specific jobs or to determine disabled

worker°s efficiency on specific work tasks.

A study was conducted to determine the feasibility of using PMTS

analysis to improve AMI testing (Masud, Malzahn, Dinasan and Singleton,

1985). Two types of PMTS were compared, MTM·2 and-Modapts. Both were

found to be usable in research on AMI testing of able-bodied subjects

LITERATURE REVIEW ll



Table 1. Examples of Modapts elements.

M1 - 0.143 second finger motion (M = Motion)
M2 - 2 mod hand move (finger tip moves less than 2 inches)
M3 · 3 mod forearm motion (finger tips move < 6 inches)
M4 - whole arm moves carrying finger tips < 12 inches)
F3 - Foot move without moving lower leg (F= Foot)
W5 - foot and leg move one step (W = Walk)
E2 · 0.258 second eye fixation (E = Eye)
P0 - simple release at end on arm motion (P = Put)
P2 - Put with feedback (one dimension alignment)
P5 - Put with multiple feedbackS (precise final location)
G0 · touch or contact Get (G = Get)
G1 • simple grasp Get (e.g. pencil on flat surface)
G3 - Get with feedback (e.g. coin from flat surface)
J2 — Juggle in fingers, reorient object (J = Jugg1e)·

although each was found to be biased in that predicted work times were

longer than were observed times in completing AMI tests. Modapts task

time prediction was found to be closer to actual times than MTM-2. The

bias was worse in the case of settings and rate tasks than in assembly

type tasks. It was assumed that the simple nature of the tests was the

cause of this bias. It was concluded that the use of PMTS with AMI testing

offered many advantages, but some adjustment technique would be needed

to make the testing practical.

A Modapts based assessment system was developed by Chris Heyde

(1983). This system, Workability, measures a client°s capability to work

with one or two hands; measures high and low conscious control; ability

of the client to judge his own capacity and determination to succeed.

Workability is used primarily to position the client along a spectrum of

employability ranging from heavy warehousing through assembly to office

work. A typical recommendation might suggest that the client be assigned
Ü

LITERATURE REVIEW 12
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to light assembly work with fine motions restricted to the right hand and l

not be expected to continue unsupervised for extended periods of time.

Workability instructions for client testing are very detailed and allow

testing to be performed by testers with little training in the procedure.

Workability testers do not need to know Modapts.

During the last century and a half functional assessment of the

disabled has come a long way. The progression has been from one-on-one

therapy, through a period when a single rehabilitationist worked with a

group of disabled clients, to the current system of a team of specialists

working with a class of disabilities. These changes have required con-

stant updating of assessment methods.

Over the last twenty years assessment efforts have attempted to

quantitatively measure the client°s abilities with results in a form both

useful to the rehabilitation engineer and communicable to the team members

with nonengineering backgrounds. Hasselqvist (1971) and Chyatte and

Birdsong (1971) all felt that a useful functional test must lie somewhere

between the extremes of work sampling and simple, basic motion measure-

ment. They also thought that the necessary techniques could be found in

the industrial engineering approach to work analysis. Mink (1975) carried

this work forward by suggesting that a team of specialists should make
the assessment based on PMTS analysis of functional tests.

LITERATURE REVIEW
U
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Brickey (1981) found that MTM standards for work could be communi-

cated to and beneficially used by even severely retarded subjects without

significant increase in either training time or error rate.

A major change in assessment philosophy accompanied the development

of the Available Motions Inventory (AMI). The AMI (Dryden, Leslie and

Norris, 1984) was developed at Wichita State University to break tradi-

tional work sample testing into more basic abilities testing. Work sam-

ples can be viewed as a series of tasks; failure on any of the sequential

tasks results in failure of the whole test. Such failure tells the tester
little, and the resulting report conveys even less information to a

reader. The work sample is a qualitative measure of the client's ability

to interact successfully with a specific environment. The AMI was de-

veloped to present the client with a series of independent tasks making

a quantitative analysis possible. The AMI report is intended to break

out and measure the various elements of work so that they can later be

reassembled by the counselor or engineer to match the client to a job or

to redesign a job to use the clients abilities (Malzahn and Kapur, 1980).

The AMI testing breaks work measurement into smaller tasks than

previous work sampling methods allowed (Rahimi and Malzahn, 1985). Client

reports from the AMI give detailed information about reach, reaction

times, rates, setting accuracy, and strength used in machine monitoring

and light assembly tasks. The standard AMI report contains several

sections. The first six pages present an overwhelming collection of data,

from which the mean position scores and mean subset scores are very useful

to an evaluator. The last page of the report has charts for strength andLITERATURE REVIEW A14 .



speed factors. While the AMI tasks are more appropriate in vocational
evaluation than were previous medical diagnoses or work samples, the mo-

tion class report suffers from some of the same shortcomings as previous

methods. The AMI motion class report breaks activities into muscle groups

and physiological motions which do not relate directly to work actions.

The method used in translating AMI tests into the report output assumes

that the physical motions used by the disabled clients are the same as

those that were used by the able-bodied subjects in the test sample used

to establish the standards.

Three basic, unsubstantiated performance assumptions were made

during the AMI standards development. In using an able-bodied population

to define the AMI standards it is assumed that the disabled client will

use the same motor groups to accomplish the task, that the motion times

will be in the same proportion for the disabled as they were for the

able-bodied and that the learning curve will be the same for all clients.
U

In many ways this last assumption is the most bothersome because it is

hidden in the AMI software. Each control panel is used repeatedly during

an AMI test and the standards assume that each repetition will be accom-

plished faster than the previous trial. A user who performs each of the

repeated trials on a panel in the same time per trial is awarded succes-

I sively lower Z-scores.

The assumption that disabled clients will perform AMI tests with

the same motions as were used by the able-bodied standard population is

violated not only because of its physical impossibility but also by test

procedure. In AMI testing the client is not specifically told how to

LITERATURE REVIEW 15



perform each test, only what results are desired. In an Action Set Model

this would not present any problem but given the AMI assumption that all

users will perform a given test with a given set of motions this can —

create a false picture of the client's motion capabilities.

AMI results have never been easy to use in the job selection and

redesign process because the Motion Class Standard does not fit well with

the industrial engineer°s model of work. Since Hasselqvist (1971) and

Chyatte and Birdsong (1971) some bridge between functional testing and
‘ work measurement has been sought. Mink (1975) and Malzahn and Kapur

(1980) tried to use MTM as the connecting link. Winkler and McQuaid

(1984) and Masud, Malzahn and Singleton (1985) have shown Modapts superior

to MTM-2 in developing AMI standards. In both Masud et al. (1985) and

Heyde (1983) use of Modapts with short cycle tests was found to produce

a systematic bias in predicting work times. Short cycle tests appear to

be performed at a faster rate than more complex, less frequently repeated

tasks. Expected work times based on simple tests need to be adjusted for

this bias. Each of the reported efforts at finding a PMTS standard for

the AMI tests has sought a single "field factor" which could be applied

to the overall work performance rather than to modify the individual time

requirements of each Modapts motion. Heyde°s (1983) suggested adjustment

was to assume 7 mods per second on the job but 10 mods per second during

testing.

Kapur and Liles (1982) and Rahimi and Malzahn (1984) attempted to
r relate AMI tests to work performance by developing regression models.

Although this modeling approach has been more successful than most of the

LITERATURE REVIEW 16
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other efforts in predicting work time, a new model must be developed for

every standard of every job by using about twenty subjects with the same

disability level as the intended client. Each job model requires at least

a week of subject testing. Models have not been generalizeable to rede-

signed jobs nor to individuals with different disabilities or different

levels of the same disability.

Modapts standards are desirable both because they have proven more

accurate than other PMTSs tested and because Modapts is easy to teach to

new users. Currently Workability is the only Modapts based ability test

for the disabled worker. While it is intended to generate quantitative

results, the Workability report is very subjective and only gives very

general predictions of employability by classes of work.

To be of high utility to the industrial engineer an assessment tool

must produce highly quantified results, be easy and inexpensive to apply,

and predict performance on a large number of jobs. Whether job perform-.

ance is computed as units per hour or dollar return on man-hour the

ability to predict performance in some quantifyable measure is important

to an employer. An assessment system which requires many hours to apply

is not going to be welcomed by the employer who can hire someone other

than the disabled client without the bother or expense of testing. If ·

an assessment only applies to some small number of jobs it will not gain
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wide spread use in a manufacturing environment that is emphasizing flex-

ibility as a means of staying competitive.

Most early functional assessment tools were essentially qualitative

in nature. Although the assessment process made some relative job com-

parisons possible a complete ranking of potential jobs could be prohib-

itively expensive. Qualitative predictors make the job selection effort

more difficult and costly because each possible job must be evaluated and

compared to every other possible job; included in the comparison must also

be all possible variations on job methods. This heuristic approach to

job placement may have been satisfactory in state supported, or charite-

ble, institutions whose primary goal was to remove the disabled from the

real world and give them make-work to keep them occupied, but it lacks

industrial support. If the goal of the assessment procedure is to main-

stream the disabled then the assessment tool must work in the competitive

world of modern industry. To justify the employment of anyone, industry

must be convinced of the return on investment, not simply shown that a

specific job is the best available job for the individual.

An assessment tool which is expensive to apply is not going to get

much play. The types of expenses that have typically been associated with

assessments have included initial equipment costs, storage space, set-up

time, assessor training, analysis of results and test/retest require-

ments. The worst offender for this type of cost is probably the work

sample method; however, all the current test procedures cost more than

most employers are willing to dedicate to the employment of the disabled!

What is needed is a system that can be used by the typical human resources

LITERATURE REVIEW 18
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staff member without extensive training. Equipment purchase cost and

storage requirements should also be minimized. _
Another expense that industry cannot and will not tolerate is the

extensive collection of statistical data on every job. Although the use

of regression equations has worked very well in the academic setting it

will never be popular with industry because the method requires many test

subjects of each level of disability to perform each job many times. The

return on investment for this type of data collection is unlikely to

produce a profit. In addition to the problem of collecting data on many

jobs, regression methods do not allow for the modification of the work

method to accommodate an individual nor do they fit well with flexible

j manufacturing environments.

Assessment results must be generalizeable to a large number of jobs

with minimum application expense. Even an inexpensive test that can only

be applied to one specific job will result in a large application expense

both as a result of testing many people until one is found for the spe-

cific job and because of the number of different tests which an individual

must complete before being placed in an appropriate job. To be compet-

itive in industry a single test application of the assessment tool must

generate a result which can be used on many different existing jobs and

which can be used to modify those existing jobs to make them more pro-

ductive for the disabled individual.
To be accepted by industry a functional assessment tool must accu-

rately predict worker performance on real jobs, and be easy and inexpen-

sive to use.
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.The primary goal of this research effort was to prove the feasi-

bility of mathematically modeling the disabled worker. To be of practical

value the model needed to be quantitative, economical to apply and

generalizeable to a large number of jobs. In the course of this study

two models were actually developed; one was a Motion Class Model similar

to the AMI standard model, and the other was an Action Set Model. Each

of these two models generates a Worker Profile which can be used to pre-

dict worker performance on a large class of light assembly type jobs.

The Motion Class Worker Profile has several advantages over previous AMI

based predictors but still requires job descriptions to be written in the

AMI motion class system and the collection of parametric data on each job. l
The Action Set Worker Profile is a purely algebraic model based on actions

performed by the individual and uses neither statistical nor physiolog-

ical data. The use of algebraic methods rather than statistical infor-

mation reduces the effort needed to generate standards for new or modified

jobs. Use of action based standards rather than physiological body
_ motions allows the worker to do whatever is needed to accomplish the

action without regard to how an able·bodied person might have performed

the same action.
n

Each of the two models developed in this research effort uses a
Worker Profile to describe the abilities of the disabled worker. As used
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in this study Worker Profile refers to a vector or N-tuple that uniquely

describes an individual. When combined.with a job description, the Worker

Profile makes it possible for the user to predict the individual worker's

performance on the specific job although the worker has never performed

the job and indeed may require considerable training to actually perform

it.

In the case of the Motion Class Worker Profile the vector describing

the individual will consist of 14 Z·scores derived from the AMI test.
This l4·tuple is multiplied by a job description vector of the relative

importance of each of the 14 motions for the job under consideration.

The Action Set Model uses 12 Modapts-like actions to describe jobs.

To make the Action Set Worker Profile norm-independent action times have

been completely removed from the action descriptors. All action times
‘

are captured in the 12·tuple Action Set Worker Profile. By placing all

time related information in the Action Set Worker Profile and computing

this vector algebraically no assumptions are made as to how an action is

accomplished. Once a Worker Profile for an individual is calculated, this

can be used with the standard for any job to predict performance time.

This predicted performance time can be compared to the normal expected

time for the job to estimate the individual's efficiency on the job. To

test job redesigns the rehabilitation engineer need only rewrite the job

standard to avoid actions that the worker has difficulty with and calcu-

late a new dot product.

Like Brickey (1981) this research used work method instruction.

Unlike Brickey this instruction was used during testing rather than on
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the job. Methods instruction speeded the learning and unlike the situ-

ation in conventional AMI testing learning was encouraged before the test;

not during the test. By having subjects learn strategies before being

tested and having them work to a standard the tests should more accurately

reflect workabilities.This

research used methods drawn from linear algebra to compute the

Action Set Worker Profile rather than a regression model approach such

as was used in Kapur and Liles (1982) and Masud et. al. (1985). For every

job modeled with regression equations a group of twenty subjects is re-

quired with disabilities both qualitatively and quantitatively similarn
to the expected client. These twenty subjects must not only take a full

AMI battery but must also be trained and timed on every job to be con-

sidered for the client. Worker Profile should be generalizeable to any

job which can be described by the same subset of Modapts elements needed

to describe the tests completed by the client.

Regression modeling of the AMI tests was not sufficiently sensitive

to allow new time values to be individually assigned to the Modapts ele-
A

ments (Masud et. al., 1985). Masud et.al. could only generate field

factors or percent normal times for complete tasks. The current research

used a combination of Modapts test standards and algebraic methods in an

attempt to modify the performance times of each Modapts-like element for

the individual client. The least squares method used in this study is

more sensitive to individual element times than regression methods. An

element by element modification should assist in job simplification and
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work modification to an extent not possible with a single job time mul-

tiplication factor.
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Two groups of subjects were each tested for manual dexterity using

the standard AMI apparatus. The scores for each subject were used to

drive two models of worker behavior. These two models were used to pre-

dict performance on each of four work tasks. Each subject was timed while

performing·the four work tasks. The primary analysis in this research

is a comparison of the predictive value of each of the two models for each

of the four work tasks.

§IAN!AB!§
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AMI Motion Class Standards (Wilhelm, 1985) relate the AMI tests to

the 14 motion classes. (see Appendix B) The motion classes are based on

finger, hand, forearm and whole arm motions in one, two and three dimen-

sions and rotation. The entire motion class space would include 16

motions; however, only 14 motion classes are actually calculated because

finger three dimensional moves and arm rotations have been eliminated.

The finger three dimensional motions are not included because they are

not used in most industrial activities and are not represented in any of
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the AMI tests. Whole arm rotations are considered anatomically impossi-

ble.

Each of the AMI tests has been analyzed using the motion classes

to develop a test standard. The standards show which motions are typi-

cally used to perform the test and weight their relative importance. At

the center lower horizontal position the slide switch test is considered

to use one dimensional finger moves and one and two dimensional forearm

motions.· The weighting of the standard is one part two dimensional

forearm to two parts one dimensional finger motion to eighteen parts one

dimensional forearm motion.

In AMI notation this is shown as:

CLH Slide Switches = 2(l-1) + l8(3-1) + l(3-2)

The standard for the center lower vertical push button test is three parts

forearm motion in two dimensions to ten parts forearm motion in three

dimensions to nine parts whole arm one dimensional motion.

In AMI form this is:

CLV Push button switches = 3(3-2) + l0(3-3) + 9(4-l)

Some other examples:
l

A SUV DETENT switches = 2(1-1) + 12(3-R) + l(4-2)

CLV BAL CRANK setting = 5(2-Z) + 1(3-2) e
CLV HAND KNOB rates = 2(l-1) + 8(l-R) +7(2-R) + 4(3-R)

PLATES assembly = l(1-1) + 5(l-2) + S7(2·3)
A U

B + 1(3-2) + l(4-3)

GROMMETS assembly = l2(1·l) + l0(3-3) + 4(4-3)
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For the full standard table see appendix B.

The portion of the standard that relates to each of the motion

classes is normalized so that weightings sum to 1.00. Motion class scores

are computed by multiplying the test Z—scores by the normalized

weightings. The two dimensional finger motion score is calculated as:

1-2 = 0.50*PLATES Z·score + 0.S0*POSITIONING Z-score
Other examples;

1-R = 0.20*CLH ROTARY + 0.05*CLH DETENT + 0.16*CUV ROTARY
+ 0.06*CLV HAND KNOB + 0.08*CLH HAND KNOB
+ 0.11*SLH HAND KNOB + 0.03*CUV HAND KNOB
+ 0.17*HEX NUTS + 0.10*BOLTS

2-3 = 0.57*PLATES + 0.42*POSITIONING

2-2 = 0.25*CLV BAL CRANK + 0.20*CUV BAL CRANK
+ 0.S4*POSITIONING

ßgdaggg sgagdggd,

The Modapts standard is a vector (or 12-tuple) representing the

number of repetitions of each Modapts element in a task. The Worker

Profile is a vector (or N-tuple) of weights per repetition for each of

the standard°s elements. The dot product of the two vectors is the total

time required to perform the task if performed to standard. AMI test #1
A

(CLH SLIDE switches) can be standardized as:I. METHODOLOGY 26
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time(#l) = [#M1 #M2 #M3 #M4 #GO #G1 #G3 #PO #P2 #P5 #JO #X4]

* [wpl WP2 wp3 wp4 wpS wp6 wp7 wp8 wp9 wp10 wpll wp12]T

Where:

time(#l) is time to perform test #1 (CLH SLIDE switches)

#M1 is number of occurrences of M1 (finger moves) in test 1

#M2 is number of occurrences of M2 (hand moves) in the test

#M3 is number of occurrences of M3 (forearm moves)

#M4 is number of occurrences of M4 (whole arm moves)

#GO is number of occurrences of GO (finger touches)

#G1 is number of occurrences of G1 (simple gets) in the test

#G3 is number of occurrences of G3 (multiple feedback gets)

#PO is number of simple puts (drop object in area)

#P2 is number puts with alignment in the test

#P5 is number of puts with multiple alignments

#JO is number of finger rolls (repositioning in hand)

#X4 is the number of times the hand exerts force

_ wpl time required per M1 (for able-bodied wpl = 1/7 sec).

wp2 time required per M2 (for able·bodied wp2 = 2/7 sec).

wp3 time required per M3 (for able-bodied wp3 = 3/7 sec).

wp4 time required per M4 (for able·bodied wp4 = 4/7 sec).

wpS time required per GO (for able·bodied wpS = O)
n

wp6 time required per G1 (for able·bodied wp6 = 1/7 sec).

wp7 time required per G3 (for able·bodied wp7 = 3/7 sec).
wp8 time required per PO (for able·bodied wp8 = O sec).

METHODOLOGY
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wp9 time required per P2 (for able-bodied wp9 = 2/7 sec).

wpl0 time required per P5 (for able-bodied wp10= 5/7 sec).

wpll time required per JO (for able-bodied wpl1= O sec).

wp12 time required per X4 (for able-bodied wp12= 4/7 sec).

If the actual standard for test #1 (CLH Slide switches) is: (see Appendix

E)
#M1=4 #M2=7 #M3=l #G1=6 #P2=6 (all others = 0)

and Worker Profile for ab1e·bodied: (see Appendix F)

wp1=1/7 wp2=2/7 wp3=3/7 wp4=4/7 wp6=1/7 wp7=3/7

wp9=2/7 wp10=5/7 wp12=4/7 (all others = 0)

Then the dot product = time required for normal able·bodied subject to ‘

perform test #1:
·

time(#1) = 4*1/7 + 7*2/7 + 1*3/7 + 6*1/7 + 6*2/7 (sec).

= 39/7 = 5.67 second expected performance time
‘ Actual performance for 47 able-bodied subjects averaged 5.9 seconds. The

9 able-bodied subjects in this study averaged 6.0 seconds.

Representing the AMI tests in matrix form:

tl 811 812---81m WP1
t; a;; a;;...a;m wp;
tz = 831 8:2••-8am * WP:
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Where:
t; = time(#1) = time to perform AMI CLH SLIDE switches
t; = time(#2) = time to perform AMI CLH ROTARY switches

tn = tim¢(#¤) = time to perform n th AMI test
(n = maximum number of AMI tests used)

6;; = number of repetitions of M1 in AMI test #1
6;; = number of repetitions of M2 in AMI test #1

a;m = number of repetitions of element m in AMI test #1

6;; = number of repetitions of M1 in AMI test #2
6;; = number of repetitions of M2 in AMI test #2

6;m = number of repetitions of element m in AMI test #2

au; = number of repetitions of M1 in AMI test n ‘
aua = number of repetitions of M2 in AMI test n

agm = number of repetitions of element m in AMI test n
n = number of AMI tests used _
m = number of different Modapts elements

needed to describe tasks

wpl = time used by subject for Modapts element #1
wp, = time used by subject for Modapts element #2

wém = time used by subject for Modapts element m

For the ith AMI test the equation becomes:
ti = E (aij * WPj)

In matrix form: ·

[Tl = lAl*[WPl
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To solve for [WP] premultiply each side of the above equation by

[A]°‘, the pseudoinverse of [A]. To test the validity of the computed

[WP] develop a standard for a job and calculate the dot product of the

standard and [WP] and compare this to the subject°s measured performance

on the job.

Solving for unknown [WP] from known values of [T] and [A]:

[Tl = [A1 * [WP]
[A1°‘* [Tl = lAl°‘*lAl * [WP] ‘
[A1”‘*[Tl =[1l * [WP]
lA]°‘*[Tl = [WP]

Action Set identifiers (Table 2) were named to make their re-

lationships to Modapts identifiers (Table 1) as intuitive as possible.

In most cases the identifiers look exactly like their Modapts counter-

parts; however, the Action Set identifiers are defined somewhat differ-

ently than are Modapts identifiers. Another major difference exists

between Modapts identifiers and Action Set identifiers; Modapts identi-

fiers each have a predetermined time associated with them while Action _

Set identifiers are never linked to a performance time unless a Worker

Profile has been computed for a particular person. Action Set identifiers

have neither a predetermined action performance time assigned to them,

nor are they assumed to have particular performance time ratios. '
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Table 2. Operational definitions of Action Set identifiers.

M1 - 1 inch change in the point of control (i.e., typically a finger
for most workers, but it could actually involve any convenient
body part or tool if finger use was not possible)

M2 - 2 inch change in the point of control (i.e., typically a hand)
M3 — 4 to 6 inch change in the point of control
M4 - 8 to 10 inch change in the point of control
GO - Gain control by simple contact (i.e., at end of move, it would

typically involve bringing a finger into contact with something
but if a finger was not convenient for use the.G0 control
could be made with any body part or tool)

G1 - Gain control with single M1 type action .
G3 — Gain control with multiple M1 type actions
PO - Release control with no additional feedback (e.g., drop

object in a bin, set object aside at any open space)
P2 - Place object with one dimensional feedback (i.e., place

object anywhere along a line, place a large washer on a
j small bolt)

P5 - Place an object with two dimensions of feedback (e.g., start
a threaded nut on a bolt, place an object at the intersection
of two lines)

JO · Reposition an object while it is being transported (e.g.,
regrip a pencil after picking it up while moving it toward
a piece of paper, correctly orient a nut that has been
taken from a bin so that when it arrives at the end of
a bolt it correctly engages)

X4 - A exertion of force that causes some delay (e.g., pressing
an already positioned thumbtack into a wall, changing the
setting of a resistant switch)

Action Set identifiers are used to describe what actions (not what

motions) are necessary to perform a particular task. This differs radi-

cally from the original Modapts definition that linked certain body parts

(and their motions) to specific Modapts identifiers (see Table 1). The

Modapts M1 descriptor specifies a finger motion, or an action which could

be accomplished by a finger motion; it also assumes this activity will

require about 1/7 second. The Action Set M1 involves a shift of control

of about 1 inch, but makes no assumptions about how that control is
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maintained nor about how much time will be required. The term "point of

control" is used in Action Set MOVEs rather than the terms finger or hand

as is the usual case with Modapts to note the allowance for the use of

any convenient body part or external device in the performance of any testV
or work task. The Modapts M2 assumes a motion that could be accomplished

by moving the hand from the wrist; the M2 further assumes that a time of

about 2/7 seconds will be required and that an M2 will take about twice

as long to perform as would an M1. The Action Set M2 involves a shift

of control of about 2 inches; no assumptions are made about how long in

general this action would require. All Action Set time specifications

are contained in individual Worker Profiles. The Action Set description

relates only to the action sequence needed to accomplish a task; it

specifies neither the body parts which will be used nor the time required

for the actions.

All time requirements are captured in the Action Set Worker Profile,

and the time elements of a Worker Profile only relate to the individual

for whom they were computed. Unlike Modapts which is geared to the normal

behavior of typical able-bodied workers, Worker Profile, focuses on the

unique behaviors of individuals who may differ radically from the average

worker. Why then is the Action Set Worker Profile designed to "look" like

Modapts? The Worker Profile can be used as an extention of Modapts. Once

a Worker Profile has been computed for an individual worker it can be used

to modify the action times used in a Modapts job description to estimate

the individuals performance time on the job.

METHODOLOGY
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The Action Set Worker Profile uses two constraints and one action
not found in Modapts. Modapts identifies a simple 1 inch motion of the
fingers as either an M1 or a G1 depending on the context of the action.
The repeated raising and lowering of one finger to press a push button
would typically be described as a series of M1GO MlPO actions; if on the

other hand, the motion began at some distance from the button and the hand
were first moved into position near the key and then the finger extended

to press the button the same action could be described as M3G1. If a

finger motion is preceded by a hand motion it could be called a G1, if

only the finger moves the action of pressing the button could be called

an M1. Same action, two names. Therefore, in the least squares calcu-

lation of an Action Set Worker Profile the time required for M1 actions

and G1 actions is by definition approximately equal. Similarly, GO and

PO are in some cases interchangeable and are always used only as termi-

nator actions to mark the end of one motion and the beginning of another.

These two terminator actions require no additional time beyond that used

in the motions that must immediately precede and that must immediately

Ifollow them. The Worker Profile calculation includes a constraint to
limit the amount of time that can be assigned to either PO or GO (i.e.,

they are forced to be as close to zero as practical within the least

I squares calculation).

The JO action is not used in traditional Modapts descriptions.

Normally, a Modapts juggle motion would either be included in a job de-

scription as a J2 if it occurred at a time when no other action was
occuring, or else it would be covered (and not charged) by some simul-
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taneous activity (which of course would itself be charged for the time

involved). In observing videotapes of individuals performing AMI tests

it was apparent that juggles are not all-or-nothing events. Modapts would °

have assumed all of the J2 actions used in the AMI tests to have occured

simultaneously with some other chargeable action and, so, not be charge-

able themselves. Their occurances did infact add time to the test per-

formance (not however a full 2/7 seconds). To avoid biasing the time

estimates for the simultaneous motions which occured while the juggle

actions were being performed an additional action descriptor, JO, was

added to each test where a juggle occurred. If the Modapts assumption

of unchargeable simultaneous juggles was correct then the least squares

method should have assigned a Worker Profile time of zero to the JO
actions. In fact, some subjects produced JO times close to zero and were

quite successful at performing the juggle action simultaneously with some

other action (see, for example, subjects al or a2 in Appendix F). Others,

required significant additional time to perform tasks which included

juggle actions (see subjects a8, b3 or b7 in Appendix F). The ability .

to perform the juggle seems to be highly individualistic. One final note

on the JO, the use of the "O" in the JO descriptor name in no way effected

the amount of time assigned to to the Worker Profile because it is simply

an action name. The "JO" name was used simply to note the deviation from

normal Modapts nomenclature.
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To establish Modapts standards for the AMI tests a series of four

subjects was given the full battery of AMI tests. Heyde (1983) discusses

standard development for Modapts job descriptions. He recommends the use

of one trained worker, repeating the activity while the work study person

takes notes. The work study person then develops the standard and again

observes the worker to verify the standard. Lacking trained workers Heyde

suggests that an experienced work study person should develop a well

reasoned standard and then have one or more workers trained to the

standard to verify it. Verification in the case of a new job consists

of developing a standard which, if followed exactly, will result in com-

pletion of the job. The standard in this case is not necessarily an op-

timal solution, but rather may be used as a first approximation for

training and to coordinate work efforts so that all workers are doing the

same work. Each subject was instructed in the preferred standard and then

allowed to modify that standard to their own optimal method. Four able-

bodied subjects were observed to set the standards. On tests where all

members of the standard setting group used the same test strategy that

method became the standard for instruction. Where several approaches to

a test were used, the most efficient method, in terms of hand movement,

was selected as the standard. Each of the four subjects had several op-

portunities to take each test. Experience with the AMI shows that indi-

vidual performance times tend to approach a limit after four to six

trials. Each of the test subjects approximated Heyde's "trained worker"
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after several trials. The primary reason for using more than one subject

for setting standards was to demonstrate different solutions from which

one could be selected for the verification portion of the study. This

group of four subjects was videotaped during testing, and standards were

set by analyzing the tapes.

The AMI test instructions given to subjects included information

about standards. Subjects were encouraged to use an optimal sequence of

moves in performing AMI tests and work tasks. For most of the subjects,

performance time was minimized by using the standard, but if the subject

could demonstrate better performance by using a different sequence of

moves that method was used for the subject. The least squares analysis

of AMI results used a standard for the actual sequence of motions used

by the individual to perform the test.

The Motion Class Model requires motion class scores, a motion class

job standard and parametric information about normal performance of the

job. The motion class scores are generated by the Wilhelm (1985) software

from standard AMI test scores. For any job to be modeled a job standard

must be generated and mean and standard deviation for normal able-bodied

performance measured. The Motion Class Profiles are Z-scores for the
individual being modeled. The Motion Class Standard is a 14-tuple of
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weights for the 14 motion class elements. These weights must be normal-
ized to sum to one to be used by the model. The dot product of the Motion
Class Profiles and the job standard estimates the individua1°s Z-score
on the job being modeled.

Motion class Model:
‘ ZMotion class Standard = 1.0 (normalized)

(weighted Z-score) =‘Z(Motion Class Standard x Motion class Profile)

Predicted job time = (mean job time) +

(weighted Z-score)¤(job standard deviation)

A
Agtiog Sg; Model,

The Action Set Model uses a Modapts formatted Worker Profile and a

Modapts standard for the the job being modeled to predict performance

times. The Action Set Worker Profile is computed by performing a least

squares transformation on a set of AMI test performance times for the AMI

control and assembly tests. The Action Set Worker Profile is a 12-tuple

of performance times for the 12 Modapts elements needed to describe the

AMI control and assembly tests. The Modapts job standard is a 12-tuple

of the number of occurrences of each of these same 12 Modapts elements
for the job being modeled. _

Because the Worker Profile being solved for in this instance is of

lower order than the test set being used, the problem is under constrained

and additional constrains can be added to the least squares computation.
Two constraints were added to improve the utility of the solution, M1 and
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i a
Gl were forced to approximate equality and the GO and PO times were forced

l

toward zero. M1 and Gl bear an interesting relationship to one another

in Heyde°s (1983) original definition of Modapts; each in a one inch move

of the fingers, differing only in the context in which the action in

taken. An M1 is a move occuring between the gaining and release of con-

trol of an object. Gl is the one inch move required to gain control of

an object which only requires the fingers to be closed around the fully

exposed object. The M1 and G1 values can forced to be equal because in
reality there are no differences between the two actions; that is to say,

Modapts would lose none of its utility if the Gl action were removed from

the Action Set and M1 were substituted for it on a one—to-one basis. The
PO and GO actions are used in Modapts as punctuaters to indicate the end

of one move and the beginning of another. Again, the difference between

the two is merely contextual, with the PO indicating the termination of

one move and the beginning of the next were a relinquishing of control
1 occurred (with no time passing between the end of one move and the be-

I

ginning of the other). Likewise, the GO is used were one move ends and

another begins, control of something is assumed, and no time passes be-

tween the end of one move and the onset of the other. The GO and PO times
should be zero because by definition they only represent the end of one

action and the transition to another. Applying these two constraints had

the additional benefit of eliminating most of the negative action times.

Negative times were an artifact of the use of AMI tests which are not

optimally balanced for use in a least squares solution.
Action Set Model:
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Predicted job performance time = tuodapts job standard!

x [Action Set Worker Profi1e1T
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An IBM PC AT was used for data reduction, AMI processing, to set

AMI Modapts standards interactively, to prepare AMI results for least

squares processing, to generate both Motion Class and Action Set Worker

Profile predictions, and to conduct preliminary statistical analysis.

With the exception of the AMI score processing, all of these functions

were performed by software developed especially for this research effort.

Two groups of subjects were used in this study. Group A consisted

of nine college student volunteers selected randomly from the student

population at Virginia Polytechnic Institute and State University,

Blacksburg, Virginia. Group B consisted of nine disabled workers enrolled

in a work adjustment training program at the New River Valley Workshop,

Inc., Radford, Virginia. Four members of each group were females. All

subject volunteers were paid five dollars per hour for participating in

the study. Group A subjects spent an average of four hours in the labo-

ratory. Group B subjects averaged six hours of participation.
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A battery of AMI tests was given to the eighteen subjects. After

completing the AMI testing each subject was timed on four work tasks.

.The purpose of the experiment was to determine if actual work times could

be predicted by use of the Worker Profile Models. On both the AMI tests
and the work tasks the subjects were instructed in a preferred standard

method. The Wilhelm (1985) software was used to generate the Motion Class

profiles and a least squares analysis of AMI test results was used to

calculate Action Set Worker Profiles. Both sets of Worker Profiles were
used to predict the subjects° performance time on the work tasks.

The four work tasks used in this study consisted of two assembly

tasks and two disassembly tasks. Task 1 was the disassembly of six

nut/bolt combinations. Each of six .5 x 1.5 inch hex headed set bolts

was presented to the subject on their nonpreferred side (left side for a

right-handed subject). Three nuts had previously been equally spaced

along the shaft of the bolt. The task was to lift the bolt/nut combina-

tions from the surface on the nonpreferred side with the nonpreferred hand

and to use the preferred hand to remove the nuts, one at a time using the

finger tips and thumb to turn the nuts. The disassembled nuts and bolts

were each placed in a precisely specified location on the work surface

(all locations within easy reach of the subject). Task 2 involved re-

placing three nuts on each of the six bolts. The bolts were initially

laid on a flat surface to the subject°s nonpreferred side and the nuts

on the work surface to the the subject's preferred side.
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Task 3 was the disassembly of three plug/adapter combinations. Each

of the three assemblies consisted of two 3-pin electrical plugs and an

appropriate adapter (electrical fitting). The previously assembled com-

binations were presented directly in front of the subject. Each was in

turn picked up with the nonpreferred hand and the two plugs in each were

extracted with the preferred hand. Disassembled plugs were placed in a

bin directly in front of the subject at approximately shoulder level.

Disassembled adapters were discarded to the subject°s nonpreferred side
‘ on the work surface. -

Task 4 used three three·pin electrical fittings and six three-pin

plugs. Each adapter accepted two plugs. The task began with the six

plugs in a raised plastic bin on the subject°s preferred hand side and

the adapters laid out on the work surface to the subject°s nonpreferred

l hand side. The subject using nonpreferred hand to hold the adapter and

preferred hand to manipulate the plugs one at a time put two plugs into

each adapter, laying them aside as they were completed.
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Two groups of research subjects were drawn randomly from two popu-
lations. A group of nine able·bodied students was selected from the

student population at Virginia Tech. None of the student volunteers ap-

peared to suffer from any mental or manual disability, and all tested

normal on the AMI. The disabled group was selected from the work force

at a local sheltered workshop. Each of the nine disabled volunteers had

a medically diagnosed handicap, and each showed some level of disability

when tested on the AMI.

In this study each subject was given the 29 AMI control and assembly

tests. Then each was timed while performing a series of four simple work
tasks. The AMI test times were used to generate a standard AMI Motion

Class profile for each subject, and this profile was used to predict

performance time on the work task using the Motion Class model. The same

AMI test times were used to produce an Action Set Worker Profile which
was used with a Modapts standard for each work task to predict task com-
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pletion times. The two predicted work task times were each compared to

the actual task completion time to determine their values as predictors

for both able-bodied and disabled workers. The independent variable of

chief interest in this study was the standard by which each of the pred-

ictions is made, that is it was a test of the AMI Motion Class profile

vs. a Modapts-like Action Set Worker Profile.

EQ!£.H2£K.I§§ß§;

The other independent variable in this study was the specific work

task predicted. The four tasks chosen vary in the level of manual

dexterity required. Disassembly of the plugs from the adapters requires

a minimum of manipulation. Insertion of the three prong plugs into their

adapters requires somewhat more dexterity. Disassembly of the nuts and

bolts is a higher level of dexterity and assembly of the nuts and bolts

was expected to use the finest control.

The chief measure of the effectiveness of the proposed system of

functional assessment is its ability to predict work time required for
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tasks ggt_g§gg in the development of the profiles. The primary dependent

variable being measured was accuracy in prediction time.

ßggggeg pgsultg,

Actual subject performance and predicted performance from both

models appear in Figures 1 through 4. All values are plotted as total

task times. Actual performance is indicated by the subject ID. The Mo-

tion Class Model predicted value is shown as a circle and a square indi-
cates the Action Set Model prediction.

The results of each subject°s AMI tests were used as inputs to the

two Models. A mixed factor analysis of variance was conducted to compare

the accuracy of the two models in predicting the performance of the sub-

jects in the two groups on each of the four tasks. The analysis included

three factors: group (able-bodied or disabled; task (l-4); and method

(Motion Class Model, Action Set Model or Work Sample).

The analysis of variance for group effect (Table 3) allows us to

test and reject the null hypothesis that there are no differences between

the group of able-bodied college students and the disabled workers from
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Figure l. Performance and predictions for nuts/bolts disassembly.
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Figure 2. Performance and predictions for nuts/bolts assembly.
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Figure 3. Performance and predictions for plugs disassembly.

RESULTS 47



I

I TIME
IN I
SECONDS

120 I
I Performance time in
I seconds with actual

100 I average for group
I shown by dashed line.
I

80 I
I
I Able-bodied subjects:

60 I Subject ID at actual
I Circ1e=Motion Class
I Square=Action Set

40 IIE 20 I g G 05-I¤1- E 7 E----. I O0 I .

120 Ibl
I
I „

100 I
II @ G

80 I
I O
I Ego Disabled subjects:

60 IO Subject ID at actual
IE3·-··-·-·····--·---··-··--·--- Circle=Motion Class
I b6 Square=Action Set40 I CI @ G G o
I (D (Z] b8
| b2 Q D 0

20 | b4 IE
I
I0 I

Figure 4. Performance and predictions plugs assembly.
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Table 3. ANOVA Table.

di S.$ E 2Group (G) 1 325556.22 39.73 0.0001
Subjects/Group (S/G) 16 131121.37

Task (T) 3 1335633.21 208.87 0.0001
T*G 3 129977.36 20.33 0.0001
T* S/G 48 102313.74

Method (M) 2 14444.90 1.36 0.2705
M*G 2 19514.03 1.84 0.1751
M*S/G · 32 169628.29

T*M
l

6 43170.30 5.13 ‘ 0.0001
T*M*G 6 47027.48 5.59 0.0001
T*M*S/G 26 134630.44

total df 215

the sheltered workshop in terms of predicted and actual times to perform

the tasks. The computed F value of 39.73 indicates that there is less

than one chance in ten thousand that the differences measured were simply

a chance finding. The above ANOVA test of the group effect allows us to

reject the null hypothesis and assume significant differences in the

performances of the two groups. This test is important not only in that

it demonstrates that able-bodied students and disabled workers are dif-

ferent, not a very startling finding, but also because it shows that the

tasks, and the measurement of task performance, distinguish those dif-

· ferences. .
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The above test of task effect (Table 3) demonstrates that signif-

icant differences in time to perform each task were found between the four
tasks. The null hypothesis in this test was that there were no measured
differences between the performances of the four tasks. The null hy-

pothesis can be rejected with a certainty of at least 0.0001. This how-
ever does not demonstrate which tasks were distinguishable from the

others, for this determination the Student·Newman-Keuls test will be

used.

The Student-Newman-Keuls test, Table 4, demonstrates that the two
pairs of tasks are significantly different. The differences between these

pairs of tasks adds to the validity of this experiment by demonstrating l

that the models are good predictors of jobs of different duration.

The three methods used to estimate worker performance in this study

included a work sample conducted in the laboratory and the predictions

of each of the two Models. The analysis of variance of method effect

(Table 3) shows no significant differences between the three methods of

determining worker performance. This suggests that the two models are
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Table 4. Student-Newman-Keuls TASK effects.

ALPHA=0.05 DF=48 MSE=2l31.54
NUMBER OF MEANS 2 3 4
CRITICAL RANGE 18.16 21.61 23.81

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.
SNK GROUPING MEAN N TASK

A 185.281 54 1

184.937 54 2
B 32.046 54 4
g 23.845 54 3

accurately predicting actual performance. The assumption of similarity

between the models° predictions and actual performance will be further

tested using the Student-Newman-Keuls test.

The Student-Newman·Keu1s test (Table 5) demonstrates the power of

the two Models. With an alpha value of 0.3 the test can still find no

g differences between the prediction of either model and the actual per-

formance observed in the laboratory on the four tasks. Allowing the alpha

error to rise to a level 0.3 for this test provides support for the con-

clusion that the models accurately predict performance time because this

lax criterion would allow the test to find a difference between the models

and the Work Sample performance up to 30% of the time when in fact there

was no real difference.
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Table 5. Student-Newman-Keuls METHOD effects.

ALPHA=0.3 DF=32 MSE=5300.88
NUMBER OF MEANS 2 3
CRITICAL RANGE 12.7838 18.3168

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.
SNK GROUPING MEAN N METHOD

A 116.14 72 Action Set Model
A

B A 107.29 72 Actual Performance
B
B 96.15 72 Motion Class Model

The presence of a task * method interaction (Table 3) is quite in-

teresting. An examination of the cell means presented in Table 6 will

show that generally one model over-estimates the performance time while

the other model under-estimates the performance time. For tasks 1 and 2

the Motion Class Model estimates that subjects will perform in less time

than expected by the Action Set Model. For tasks 3 and 4 the sign of the

errors of the estimates are reversed. Since the size of the two models°
errors are approximately equal and each model is equally likely to over-

estimate or under-estimate performance time this interaction may be of

statistical significance but not of practical significance.

The Table 6 groupings indicate that the Task 1 and Task 2 Action

Set predictions are indistinguishable from the actual performance meas-
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Table 6. Student-Newman-Keuls TASK*METHOD effects.

ALPHA=0.05 DF=96 MSE=1402.40
, NUMBER OF MEANS 2 3 4 5 6 7

CRITICAL RANGE 24.98 30.01 33.01 35.13 36.72 38.04
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

SNK GROUPING MEAN N TASK METHOD
A 209.5 18 1 Action Set

208.7 18 2 Action Set

195.7 18 2 Actual

B 183.6 18 1 Actual
C B 162.7 18 1 Motion Class
g 150.4 18 2 Motion Class

D 36.2 18 4 Motion Class
— 35.3 18 3 Motion Class

32.3 18 4 Actual
3 27.6 18 4 Action Set
g 18.7 18 3 Action Set

17.6 18 3 Actual

ures. The Motion Class predictions for Task 1 are also very accurate;

however, the Task 2 predictions from the Motion Class Model are signif-

icantly different from the work sample measured performances. For Tasks

3 and 4 both models are very accurate.
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The task * group interaction demonstrated in Table 3 shows that the
task differences affected performance differently for the two groups.

All subjects in both groups performed the bolt disassembly task first,
then immediately followed with the bolts assembly task. Able-bodied

subjects performed the assembly task an average of 4 seconds faster than
they had performed the disassembly. The disabled subjects on the other
hand required an average of 4 seconds longer for the assembly than they
had for the disassembly. The differences appeared to be mainly in the

initial threading action required to start the nuts onto the bolts and

in the method of removing the nuts from the end of the bolts. Able bodied

subjects correctly oriented the nuts in their preferred hands as they

moved a nut toward the bolt. The disabled subjects found this action much

more difficult than did the able-bodied subjects and spent considerable

time examining the nuts before beginning the threading operation. In the

disassembly operation able-bodied subjects slowed their turning action

as the nut approached the end of the bolt catching the nut as it came free

_ and moved it directly to its final position. The disabled subjects were

more likely to turn the nuts at a constant rate until they came free and

fell to the work surface. The disabled worker could then retrieve the
fallen nut and move it to its intended final position on the table. The
models were used to estimate performance time based on the workers using

the standard method. Each individual used the work method that optimized

{ their own performance on the task. The demonstrated task * group inter-
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action probably only proves that different groups will optimize different
tasks with varying success.
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The Table 7 groupings show that for Tasks 1 and 2 the disabled

subjects were significantly slower than the able-bodied subjects. On
Tasks 3 and 4 there is more overlap in the average performance times.

Agglysgg og ygggaggg go; ßglßouxcßogg ggtegacgggns

The above ANOVA for METHOD*GROUP effects tests (Table 3) the null

hypothesis that the two models are equally good at predicting the work

performance of the two groups. We can not reject that hypothesis without

accepting an alpha error of over 17%. The absence of a method * group

interaction would suggest that the models work equally well for estimating

performance of both able-bodied and disabled persons. Normally an alpha

level of 0.2 is considered sufficient for accepting the null hypothesis,

therefore, the Student-Newman-Kuels test will be applied with an alpha

value of 0.2.

The Table 8, C grouping shows that at an alpha level of 0.2 the two
U

models both work very well for predicting the performance of able-bodied
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Table 7. Student·Newman-Keuls TASK*GROUP effects.

ALPHA=0.05 DF=48 MSE=213l.54
H

NUMBER OF MEANS 2 3 4 5 6 7
CRITICAL RANGE 25.41 30.56 33.67 35.90 37.58 39.01

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.
SNK GROUPING MEAN N TASK GROUP

A 250.1 27 2 2
A
A 246.6 27 1 2

B 123.9 27 1 1
B
B 119.7 27 2 1

C 48.6 27 4 2
C

D C 36.0 27 3 2
D
D 15.5 ' 27 4 1
D
D 11.6 27 3 l

subjects. The null hypothesis that the Motion Class Model predictions

are indistinguishable from actual performance for the disabled group can

also be accepted. The differences between the Action Set Model pred-

ictions and Actual performance are significantly different at an alpha

level of 0.2.

The three way interactions (Tables 3 and 9) may be more a result

of small number of subjects per cell (9) and the large number of cells

(24) than to a real interaction between the effects.
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Table 8. Student-Newman·Keuls METHOD*GROUP effects.

ALPHA=0.20 DF=32 MSE=S300.88
NUMBER OF MEANS 2 3 4 5 6 ·CRITICAL RANGE 22.46 30.16 33.17 35.30 36.90

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.
SNK GROUPING MEAN N GROUP METHOD

A 167.8 36 2 Action Set
B 143.2 36 2 Actual
g 125.1 36 2 Motion Class
C 71.4 36 1 Actual
g 67.2 36 1 Motion Class
g 64.5 36 1 Action Set

gz yalueg jog thg gwg ßogggr ßgggigg godgls

This analysis demonstrates the high utility of the AMI apparatus

for measuring the work capabilities of able•bodied individuals. The rz

' value of 0.97 for the motion class model further demonstrates that the
information collected during the testing of the able-bodied subjects is

being properly used in projecting their performance on the four tasks used

as a work sample. The somewhat lower correlation between work performance

and Action Set Model prediction as compared to Motion Class performance

estimates is a result of two factors: the AMI tests used here as inputs

for both models is ideally suited for the Motion Class Model and those

inputs are transformed into the Action Set format before use in the Action

Set Model. (Information transforms inevitably reduce the total informa-

tion available.) The reduced accuracy of the predictions for the disabled
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Table 9. Student-Newman·Keuls for Three-way Interaction.

ALPHA=0.05 DF=96 MSE=l402.4
NUMBER OF MEANS 2 3 4 - 5 6 7 8 9
CRITICAL RANGE 35.9 42.2 46.5 49.8 52.1 54.1 55.9 57.3

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.
SNK GROUPING MEAN GROUP TASK METH

A 303.17 2 1 3
KEY TO GROUPS: A 303.14 2 2 3

1 Able-bodied B A 263.76 2 2 1
2 Disabled C B 233.38 2 1 1

C D 203.29 2 1 2
KEY TO TASKS: D 183.50 2 2 2

1 Bolts disassembly E 133.76 1 1 1
2 Bolts assembly E 127.60 1 2 1
3 Plugs disassembly E 122.20 1 1 2
4 Plugs assembly E 117.37 1 2 2

E 115.87 1 1 3
KEY TO METHODS: E 114.24 1 2 3 Y

1 Actual performance F 57.74 2 3 2
2 Motion Class Model F 55.73 2 4 2
3 Action Set Model F 50.44 2 4 1 ·

F 39.66 2 4 3
F 25.20 2 3 1
F 25.171 2 3 3
F 16.60 1 4 2
F 15.64 1 4 3
F 14.20 1 4 1

~ F 12. 7Y8 1 3 2
F 12.22 1 3 3
F 9.96 1 3 Y1

group is a result of the difficulty some of the tests presented to the

disabled subjects. Virtually none of the disabled subjects were capable

of completing some of the AMI assembly tasks. This resulted not in cor-

rect measurement of slower motions which would have been useful in pre-

dicting poorer performance on work tasks but rather it resulted an

additional confounding factor (possibly frustration) which increased

prediction errors for both models.
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Table 10. rz values.

Combined groups: rz
Motion Class Model 0.74

· Action Set Model 0.62
Ab1e·bodied group:

Motion Class Model 0.97
Action Set Model 0.83

Disabled group:
Motion Class Model 0.65
Action Set Model 0.55

'
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In this study two mathematical models of the disabled worker were
developed, tested, and statistically validated. Each of the models uses
a vector of real numbers to profile the worker in its own n·dimensional

space. The two models differ in their representation space with the Mo-
tion Class Model using the more conventional physiological approach to

work using a lk-tuple matching the AMI motion space to describe the

worker. The Action Set Model uses a norm-independent 12·tuple of

Modapts-like actions to describe accomplishments without attempting to

determine how the worker will achieve those actions. Statistically both

models proved good predictors of performance times for four tasks in a

laboratory test.

Although in the laboratory the two models proved equally valid one

of them has some slightly more desirable characteristics for use in in-

dustrial placement of disabled workers. As in all earlier attempts to

use AMI testing in the functional assessment of disabled workers the Mo-

tion Class Model tested here requires the collection of parametric in-

formation on any job that is to be modeled. The statistical analysis of

jobs being modeled by the Motion Class Model is significantly less than

for previous AMI regression models but the necessity of collecting the
data cannot reasonably be eliminated if Motion Class Standards are to be
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used. This AMI attachment to statistical methods is inherent in any

conventional use of that apparatus because the AMI test standards and job

descriptions use a motion class system. It is virtually impossible to

develop an AMI standard without extensive observation of real people

performing the task many times. When observation is used to develop mo-

tion class standards difficulties arise from the fact that different ob-

servers of a single action think they see a single subject using different

motions and different subjects use different motions to accomplish the

same actions.

The Action Set Model eliminates the need for statistical data col-

lection of job performance. Because the Action Set Model is based on a

Modapts-like set of work actions and does not attempt to track or dictate

how those actions are to be accomplished job descriptions can be developed

in Modapts terms. Modapts is specifically organized to allow job designs

to be planned rather than observed. Unlike any previous system for pre·

dicting disabled worker performance the Action Set Model allows the time

per action to be calculated algebraically. By describing only the work

actions that need to be performed and using a Worker Profile of action

times uniquely determined for the individual the Action Set Worker Profile

is truly a norm-independent model.
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As tested in this study the Action Set Worker Profile has a few

shortcomings which need to be addressed. The one relative advantage of

the AMI based Motion Class Model is that during worker testing only test

times need to be recorded while since the Action Set Model attempts to

model user actions it is necessary to capture both test times and a de-

scription of what actions were really performed (not simply what was in-

tended). During the experiment subject actions were recorded on videotape

and job descriptions were written by reviewing those tapes after the test

was completed. Because Modapts action descriptors were used for these

test standards, this activity was not overly time consuming. Three sol-

utions to this problem appear plausible, the test subjects could be in-

structed to perform to a standard, the tests could be simplified to allow

descriptions to be written as the subject performs, or the use of vide-

otape can be retained.
(

In this study the test procedure used to solve for the individual

Action Set Worker Profile action times required the use of the AMI appa-

ratus and tests. The lack of availability of AMI apparatus and the .

training necessary for testers will probably limit the appeal of this type

e of testing in industry. Fortunatly the Action Set Worker Profile appears

sufficiently robust so as to allow the use of alternative inputs to be

used in place of the AMI tests for the calculation of action times. It

appears that all that is required of a test set is that the Action Set

matrix be invertable. Clay (1987) and Heyde (1983) have developed simple
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test routines using commonly available materials which could be easily

adapted as inputs to the Action Set Model. Heyde (1983) has described a

system he calls Workability that uses a set of simple tasks involving

readily available objects that use all of the Modapts actions. A set of

tests like those used in Workability should be perfectly adequate for the

Action Set Worker Profile. The Action Set Model is more flexible than

I
Workability so not only could Workability tests be used but if a partic-

ular subject demonstrated difficulty with a given test it could be modi-

fied on the spot without loss of accuracy. Clay°s tests have not been

described in Modapts terms but should also be usable as Action Set Model

inputs with only a moderate level of effort required to appropriately

format them.

The structure of the AMI tests is such that while the mean per-

formance time for individual actions can be calculated it is mathemat-

ically impossible to determine the variances of the individual action

times. With careful balancing of the action mix in a set of tests used

as inputs for the Action Set the variances and critical intervals can be

computed.

It should be possible to develop a completely portable, user-

friendly functional assessment system based on the Action Set Model. Such

a system would be housed on a lap-top computer and use readily available

objects for subject testing. A library of suggested tests could be pro-

vided but the user would always have the option of redefining tests to
Y meet client needs. The system would accept either standard tests or as-

sist the user in describing customized tests in Modapts-like action terms.
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The system could check the tests used to determine the invertability of

the test matrix and adequacy of test inputs. Such a system would con-

stantly check the mix of tests which had already been used and suggest

and assist with the development of additional tests until sufficient in-
formation had been gathered to generate a stable Worker Profile. A li-
brary of job descriptions would be used to help select appropriate

candidate jobs. Experienced users would be able to redesign jobs to meet
the c1ient°s abilities more closely. Such a system should be our next
goal.
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AEEEAQIX A, Ag! §0I;0§ CLASS C§AßT§ [O3 SUBJECTS

The AMI motion class charts for the 18 test subjects appear on the
following pages. The left axis of each chart lists the 14 motion classes.
The first digit of an AMI motion class represents the body part involved,
1 for fingers, 2 for hand, 3 for lower arm, and 4 for whole arm. The
second character in a motion class indicates the type of motion used, 1
for one dimensional motion (position on a line), 2 for two dimensional

motion (position on a surface), 3 for three dimensional motion (position

in space), and R for rotation. In AMI notation the (1-2) class represents

two dimensional motion of the fingers.

The horizontal axis is scaled as Z-score relative to the AMI
standard. The zero motion-class score is average for the preferred hand
of an able-bodied normal subject. Average test score for each hand of
the test subject is designated by a vertical line on the chart. Deviation
from the average score is indicated by a horizontal bar from the line to
the individual°s actual motion class score. Left hand deviations are
shown with a solid black bar, right hand offsets are shown with a hatch
marked bar.

Subject a9 has a very typical AMI chart. The subject°s preferred

hand is the right hand. The right hand average is very close to zero and
the left hand average is about 3/4 standard deviation lower. The various

motions each vary by less than one standard deviation from the average

for the limb as a whole. None of the left hand scores fs higher than theI
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I
corresponding right hand motion score. None of the right hand scores

falls below the left hand average and none of the left hand scores is

higher than the right hand average. Deviations for corresponding motions

are typically in the same direction for both limbs.

Subject b3°s chart is more typical of that of a mildly disabled

person. The right hand is still preferred but the difference between

right and left hand performance is less than the normal 3/4 standard de-

viation. Individual motions vary much more than one standard deviation

from the limb average. Preferred hand scores may be lower than nonpre-

ferred hand scores (see (2-3)). Or individual nonpreferred hand scores

may be higher than preferred hand scores although except in cases of

injury motion deviations tend to be in the same direction. Subject B3

shows very poor finger motion on both hands (1-2) but lower arm and whole
arm one dimensional motions (3-1 and 4-1 classes) are both relatively

good.

Appendix A. AMI Motion class charts for subjects h 69



¢\I
l'*
1
l'*~IIIIIIIIIIIIIICk} •-Ü

° §“IlFIIIIIIIFlIF
III-II- Illlllll .,. HIIIIIIIIIIIIII =¢\I o

' Uus
C")

' cn<r•‘IIIII M
' •-I

'2 U
IJ7 I

' ZO
Q Ä

' s-•älll IIIIIIIIII ¤
1Q3“III IIIIIIIIII'äI¤IIIIIIIIIIIIIl„
kekl
•ä” IIIIIIIIIIIII°•-I

I I I I I I I I I I I I I I

, Appendix A. AMI Motion class charts for subjects 70



_
¢\I

D-TIIIIIIIIIIIIII-¢•~I
E¢'*-•~ IIIIIIIIIIFIIne; «¤—¤—*1ruJIIIIIIIII uli.! ...

I HM
¢ü°*0
CGIIIIIIIIIIIII w
*:0
<••¢IIIII w
'S-¤·>‘
*Z‘ <‘:>

XÜHV~ O

IGJ”IIIIIIIIIlIIlIE ||||*¤IIIIlIIlII T
E-•=IIIIIllIIIIIIlTA

%¢%T

IIII I I I I I I I I II .‘
zoa¤oz oacmw

Appendix A. AMI Motion class charts for subjects 71



• I

Q
¢§ .

¢*
i .

°° zIllllllllllléll
5 I II§"I- II§—
Iii ¤..l_-11 ai

I1IIIIIIIIIIII •-I

' H

' U
U3

(*3

' 00
U:

~¤-
€

·
' •-J

% U
U') I

' ZO
Q ä

'
E-•
<> -

I~ L9IIIIIIIIIIIIII '
ä 1

IIIIIIIIIIIIIIIGl-•
I'-IJ · .•é 3 'IIIIIIIIIIIIII '

•-I

Sr-’3&2•$¤"E$3$§S2«’G$¤"
I I I I I I I I I I I I I I ~IQ!-••-·•OZ Uécmm

Appendix A. AMI Motion class charts for subjects 72



f*iIIIIIIIIIIIIIIf*~I •-IlI'I'lIII§lIII'III'§— I;_ GJIIIIIIIIIJIJI ..
' kl

I I2?
f"4' U

ua
f')

' w
0'J<1•'
A

E U
H7 I‘ ZG
Q

—

' HEZ 'T
1L9II IIIIIIIIIIIäIA IIIIIIIIIIIIII „„

IE
•-I

I I I I I I I I I I I I I I _

UQCWW

Appendix A. AMI Motion class charts for subjects 73



„~ ""1 ‘ ‘

i”’=EE·?°Il§."I.1Iä’¥..aIll° ¤—i——„¤— ¤— ¤— QIIIIIIIIIIIIII ..
' klM

¢\I'
Uum

00

' ouIIIIIIIIIIIIII ~=es- ¢ ·
' •-J

2 U
H7 I‘ ZO
go

*

O
F-· IIIIIIIIIIIIIIIEE i

IIIIIIIIIIIIIII .„
I-InI':-'I•Q

3IIIIIIIIIIIIII °--1
I I I I I I I I I I I I I I

Appendix A. AMI Motion class charts for subjects 74



!* Q '“'ill,§lI§_I_lI!I_lII .„
llhllnlllllll .„

' hl‘ M
¢\I O

' U
UI

¢‘7

' 0'J
U:_ ~¤• ¢

SD
IfüU")

I
' ZO

Q Ä

O
C*EIIIIIIIIIIIIII '
" °PIIIIIIIIIIIIII ,
E-· I
I-In

$
¢'\ 2 l'\ f§ ¢'§ 2 ¢'§ f\ f\ dä % ¢'§ ?§ /\

.-•

’T°‘?"°F'T"?"‘F‘?'T"¥"‘i""¥"T"'?"Z"

Appendix A. AMI Motion class charts for subjects 75



1 l..§ ä §lll glSII Iglllilllgls
IIIlIlIIIIIlII„·¤¤= 6

Oio·=.>W
n__<"')*10

U!IS· =IllIIIIIIlllII¤lfäl·zo
gßg

g*IlIIIIIIllIIlI'@22 nz
2;IIIIIIIlIlIllI'l 2IIIIIIIlIllIII'·a—
"J s= IIIIIIIIIII

::·:·:„·2sss·L·éé2éé:·*‘¢·‘
Ioh¤oZ Oacmm ·

Appendix A. AMI Motion class charts for subjects 76



-;[ älllllllllllélé "'IK II§’lM-..I G.JIIlIllIlIIII„' nunc
E' <.¤:.6
<"$' :.6IIIIIIIIIIIIII UU' SUIIIIIIIIIIIIII U
II') I* Z_ o
\g Ä
' 6-•

§ o‘°}F
·UIIIIIIIIIIIIII
I¤IIlIIIIIIIIIII-ä
·

E
:·:;··.;·s:.·:>·:*.,·.=$.·i=éé··*’=¢·*·*···—?··

Ioa—oZ Uqcmw

Appendix A. AMI Motion class charts for subjects 77

L



!*-
1\.IIIIIIIlIIlIlI„\
I

nn U __Z

lI‘IÜIII§IEIIII§Iallzu: |¤¤¤.nl.|l .7. HIIIIIIIIIIIIII MM 8IIIIIIIIIIIIII MT vaIIIIIIIIIIIIII M€
N!MIIIIIIIIIIIIII MM 2IIIIIIIIIIIIII M‘*° EMIIIIIIIIIIIIII M
1MIIIIIIIIIIIIIIMM MM|IIIIIlIIIlIIII7
lit-I•Q

$MIIIIIIIIIIIIII¢'§ {Ä !\ •l'\ fä 4*5 fä 2 dä dä lä f\ dä

2SSUÜÜSÜÜZZSÜSSE

Appendix A. AMI Motion class charts for subjects 78



1

1 „

C*-
1‘\* IIIIIIIII NIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIINNV' mIIIIIIIIIIIIII =‘=‘ 3IIlIIIlIIII!II w
IIfII“I'llI£IlN“

[ NN E—·= älll el! ¤1,;-- _. j, E ä .; L __ ä äy I=« Z

=r Z
; ,:5; , I-=InII§lIIIIIIIIuu ä ‘°
¤ Iglllllllll.

. I—• ;_: _e
Ls] -'~ "Qlllléllllllllls{Ä ¢"§ fä Ä fä 2 % % 4'\ {Ä ¢'\ f\ Ä

l'\•-I•·-|-·|f¢¢'\‘I¢*~'I|7§€"§f•"‘5(*•$¢"5€'€‘€'\¤f \{ \f \¤f \¤P Qf §¤¢ \¢ Q äf £ Q? if \-l

IOE-••—•¢••Z U•—'|<I¤•'>¤•':¤

Appeudix A. AMI Moticm class charts for subjects 79_



B- <"¤U IIIIIIII
C9UIIIIIIIIIIIIII $IIlIIIIIIlIlII„n .2 äx

E- l ¤—1l Fw —j* I.' *‘°’

UIIIIIIIIIIIIII U
H7 I

' Z-3
' E-•

g O
¢%I

E“IIIIIIIIIlIlII°¤=ccIIIIIIIIIIIIlI'
knF-‘¤J
•$ $“lIIIIIIIllIlll°••'\ IÄ {Ä fä d'\ ¢'\ ¢'\ •l'\

——•

•-•¢~1X•-•c¤Zc~•¤•-•«:s1xr:-•¤•—•«.x1c~·¤'I I I I I I I I I I I I I I:.•:::„•$„‘3‘„:.*$$°„':S$:'„'3„‘$2-0:-••-·•C>Z Uécwm

Appendix A. AMI Motion class charts for subjects 80



°“ A
_ XQIIIIIIIIIIIIIIä -I

COQ IIIIIIIIIIIIIIIIIIIIIIIIIIII„·wcz
NG·o

*‘
°°UI-.: I

3 U
UÜIIIIIIIIIII I ‘
·z:o

IIIIIIIIIIIIII°$§ =7-Z
I-•§. 1

IIIIIIIIIIIIIIIII
I

E-l

·-= E'.QIIIIIIIIIIIIII
I I I I I I I I I I I I I I·—·;—.·:2s$s:;·:22cc$:.‘$

ZGh¤GZ

Appendix A. AMI Motion class charts for subjects 81

L„„-_______ _



1\
l °IIIIIlIIIIIIII"E——•QIIIIIIIIIIIIII 3IlIIIlIIIlIIII„

' H¤:‘*‘ 3Illllllé ~=pgggpssinéi l* lipüf iii cn

ujlnl élllloelll “
„- ' A•-Quu

I
' Z0
[

—

' z-•§ ° A
iL9
“III IIllIIIIIl'.2

ä
I¤lIIIIIIIlIIIIIm

I:-I•ä
3“IlIlIIIIIIlIll'fä f'\ •¢'§• 4% f\ % 2 ? dä 2 dä fä 2 f\
vä

Uacww

Appendix A. AMI Motion class charts for subjects 82



-
$*3

*~"i .\.IIIIIllIlIllIl„\*IIIIIlIIIIIIIl $IIIIIIIIIIIlII„
· ::1nc
fklc·¤va

I6IIII:IIIIIIl *6**:*I*FIII*@III!II Ü
l ill § älll §lF ' E;·Iliw_ ”' s¤•'°‘

ä „z
caEII §l§IlI*llIl°I lnllljllllllllll-
IhnL:]•ä $“IIlIIIIIIIllII'•-I::.6.6;:..*:.2;:;;;:;;-

I I I I I I I I I I I I I I

oqcmm

Appendix A. AMI Mctiou class charts for subjects 83



tü
B-i

3 •-•XIIIIIIIIIIIIII
\
iQ IIIIIIIIIIIIII TIIII I T,.. hGS
¢\I,..· I

U3

?-

‘j-I»IIII„IIITIITTIIII"‘
’ "’«& °”‘ *’ , 5*1: ‘:’”‘

*$°'' ; ' 3; _ :-,§ ' Zoäé _
- -¤ ""' ¤-·Q sIIIQQ« I Q

,- 'T I
•—• ·§III§IIIIIIIIII? ? I?|III¤IIIIIIIII T
F*‘ 6•·J •-•QIIIIIIIIIIIIII

rs rs rs ¢~ I=$2=$¥$?$¥vvv¢
IG!-es-•OZ U•J•::U¤¤•'>

Appendix A. AMI Motion class charts for subjects 84 ’



}
I I

fü
I*-

$ ,IIIIII IIIIIIIQ •-I
1IIIIII IIIIIII „.IIIIIIIIIIIIII ...

' EIZ
' Ucn Ä

' ua
~¤• €I “

I A lE U
uu I
' ZO~:= :ällllllllllléll ~=>

<-=- · ä? *5**l.!1!s! !L!§!!ä ! ! ! .,.u .|I...III I¤IIIllI .„
Ü-&• { · 6L;] LL•-J . $‘ •-1lIIIIl‘IlIIlllI '
éééééééééééééé

Appendix A. AMI Motion class charts for subjects 85



P
fü

¢‘•

•-IUII III IIIIIII
\SII III IIIIIIII IIIIIIIIIII-I °

.7 MIIIIIIIIIII‘II'“. ä =:· 3Eéllélsl! ll ..-.n-nvgngäg usru ,ue!§ „
· I3 II I-, • U,

Ilulll .. EU IIIIIII JIII U
IJ:) IIIIIIIIIIIIIII S
g? HSIIIIIIIIIIIIII S

UIIIIIIIIIIIIIIE U?¤IIIIIIIIIIIIII,
E. I
kt

•-I¤II IIIIIIIIIIIQ
2$23$3E$‘·.»•’l"•$‘.«2$•‘l‘•«-’?.««’$‘«>‘

Appendix A. AMI Motion class charts for subjects 86



· I

CSI
C*

Lf'7
Q IIIIIIIIIQ IIIIIIIIIIlEE!IE!E!E.!„

. czIIIIIIIIIEIEE ‘ 7*
~ L UIIIIIIITII ]II'°

I IIII;;III3g Y. SZ'? T

=:·' U1 I
Q I IIIIIIIIII Q

.7;} •
ZII IIIIIIIIIII Q

gFHQ IIIIIIIIIIIII QLI q- =E-·•QIIIIIIIIIIIIIIE Q?¤}IIIIIIIIIIIII&
IQ.:

•-IQ I IIIIIIIIIII-
ZOE—••-•QZ U•J<:<¢'J<«'J

Appendix A. AMI Motion class charts for subjects _ 87



ß

A[[ENO;K 3, §OI1Q§ §LA§S QIANDARDS [O3 AMI IESTS

The following Motion Class standards are the unmodified, original

values from the Wilhelm (1985) AMI software package. In the first column
are the test names. The remaining columns contain the various motion
classes. Test names contain two elements, a positional component and a

test device. The positional portion indicates where the device was lo-
cated relative to the client; center (C) or side (S), lower (L) or upper
(U) frame slot, and vertical (V) or horizontal (H) orientation. The first
standard on the list is ”CLH SLIDE" meaning that the slide switch test

was placed directly in front (C) of the client in a low, horizontal ori-
entation (as if on a table, the top of which was a about the elbow level
of the seated client).

The first digit of an AMI motion class represents the body part

involved, 1 for fingers, 2 for hand, 3 for lower arm, and 4 for whole arm.
The second character in a motion class indicates the type of motion used,

l for one dimensional motion (position on a line), 2 for two dimensional

motion (position on a surface), 3 for three dimensional motion (position

in space), and R for rotation. In AMI notation the (1-2) class represents

two dimensional motion of the fingers.
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0ß;G§§AL [1 [ESI MOIION §LA§S SIANDABD,
name 1-1 1-2 1-R 2-1 2-2 2-R 2-3

CLH SLIDE .02 .00 .00 .00 .00 .00 .00
. CLH ROTARY .00 .00 .20 .00 .00 .00 .00

CLH DETENT .00 .00 .05 .00 .00 .15 .00
CLH TOGGLE .06 .00 .00 .00 .00 .00 .00
CLH PUSH BU.00 .00 .00 .00 .00 .00 .00
SLH SLIDE .02 .00 .00 .00 .00 .00 .00
SLH PUSH BU.00 .00 .00 .00 .00 .00 .00
CLV SLIDE .02 .00 .00 .00 .00 .00 .00
CLV ROTARY .04 .00 .00 .00 .00 .00 .00
CLV DETENT .02 .00 .00 .00 .00 .00 .00
CLV TOGGLE .03 .00 .00 .00 .00 .00 .00
CLV PUSH BU.00 .00 .00 .00 .00 .00 .00
CUV SLIDE .02 .00 .00 .00 .00 .00 .00
CUV ROTARY .00 .00 .16 .00 .00 .00 .00
CUV DETENT .06 .00 .00 .00 .00 .00 .00
CUV TOGGLE .02 .00 .00 .00 .00 .00 .00
CUV PUSH BU.00 .00 .00 .00 .00 .00 .00
SUV ROTARY .06 .00 .00 .00° .00 .00 .00
SUV DETENT .03 .00 .00 .00 .00 .00 .00
SUV TOGGLE .04 .00 .00 .00 .00 .00 .00
CLH CRANK .00 .00 .00 -.00 .00 .00 .00
CLH BAL CRA.00 .00 .00 .00 .00 .00 .00
CLH HAND KN.00 .00 .00 .14 .00 .18 .00
SLH BAL CRA.00 .00 .00 .00 .00 .00 .00
SLH HAND KN.00 .00 .00 .14 .00 .18 .00
CLV CRANK .00 .00 .00 .00 .00 .00 .00
CLV BAL CRA.00 .00 .00 .00 .26 .00 .00
CLV HAND KN.00 .00 .07 .14 .00 .06 .00
CUV CRANK .00 .00 .00 .00 .00 .00 .00
CUV BAL CRA.00 .00 .00 .00 .20 .00 .00
CUV HAND KN.00 .00 .00 .11 .00 .05 .00
SUV CRANK .00 .00 .00 .00 .00 .00 .00
SUV HAND KN.00 .00 .00 .28 .00 .00 .00
CLH CRANK .00 .00 .00 .00 .00 .00 .00
CLH BAL CRA.00 .00 .00 .00 .00 .00 .00
CLH HAND KN.03 .00 .08 .00 .00 .07 .00
SLH BAL CRA.00 .00 .00 .00 .00 .00 .00
SLH HAND KN.04 .00 .12 .00 .00 .10 .00
CLV CRANK .00 .00 .00 .00 .00 .00 .00
CLV BAL CRA.00 .00 .00 .00 .00 .00 .00
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name 1-1 1-2 1-R 2-1 2-2 2-R 2-3
CLV HAND KN.04 .00 .00 .00 .00 .10 .00
CUV CRANK .00 .00 .00 .00 .00 .00 .00
CUV BAL CRA.00 .00 .00 .00 .00 .00 .00
CUV HAND KN.00 .00 .04 .00 .00 .10 .00
SUV CRANK .00 .00 .00 .00 .00 .00 .00
SUV HAND KN.00 .00 .00 .14 .00 .00 .00
FOOT SWITCH.00 .00 .00 .00 .00 .00 .00
PINCH .00 .00 .00 .00 .00 .00 .00
GRIP .00 .00 .00 .00 .00 .00 .00
ATQ SUP .00 .00 .00 .00 .00 .00 .00
ATQ PRO .00 .00 .00 .00 .00 .00 .00
AFV UP .00 .00 .00 .00 .00 .00 .00
AFV DOWN .00 .00 .00 .00 .00 .00 .00
AFL LATERAL.00 .00 .00 .00 .00 .00 .00
AFL MEDIAL .00 .00 .00 .00 .00 .00 .00
AFL PUSH .00 .00 .00 .00 .00 .00 .00
AFL PULL .00 .00 .00 .00 .00 .00 .00
PLATES .02 .50 .00 .00 .00 .00 .58
SPACERS .06 .00 .00 .00 .00 .00 .00
FLAT WASHER.06 .00 .00 .00 .00 .00 .00
LOCK WASHER.13 .00 .00 .00 .00 .00 .00
HEX NUTS .02 .00 .17 .00 .00 .00 .00
GROMMETS .13 .00 .00 .00 .00 .00 .00
POSITIONING.02 .50 .00 .00 .54 .00 .00
BOLTS .01 .00 .11 .00 .00 .00 .43
DRILL .00 .00 .00 .04 .00 .00 .00
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3-1 3-2 3-R 3-3 4-1 4-2 4-3
CLH SLIDE .18 .02 .00 .00 .00 .00 .00
CLH ROTARY .00 .02 .00 .00 .00 .00 .00
CLH DETENT .00 .01 .00 .00 .00 .00 .00
CLH TOGGLE .00 .04 .00 .00 .13 .00 .00
CLH PUSH BU.13 .04 .00 .00 .00 .00 .00
SLH SLIDE .00 .00 .00 .00 .44 .03 .00
SLH PUSH BU.00 .00 .00 .00 .09 .05 .12
CLV SLIDE .18 .02 .00 .00 .00 .00 .00
CLV ROTARY .00 .03 .06 .00 .00 .00 .00
CLV DETENT .00 .02 .10 .00 .00 .00 .00
CLV TOGGLE .07 .02 .00 .07 .06 .00 .00
CLV PUSH BU.00 .03 .00 .11 .09 .00 .00
CUV SLIDE .15 .01 .00 .00 .12 .00 .00 ‘
CUV ROTARY .00 .01 .03 .00 .00 .00 .00
CUV DETENT .00 .01 .09 .00 .00 .00 .00
CUV TOGGLE .05 .01 .00 .05 .00 .02 .05
CUV PUSH BU.04 .03 .00 .00 .00 .00 .12
SUV ROTARY .00 .00 .09 .00 .00 .02 .00
SUV DETENT .00 .00 .12 .00 .00 .01 .00
SUV TOGGLE .00 .00 .00 .00 .08 .05 .11
CLH CRANK _.05 .04 .00 .00 .00 .02 .00
CLH BAL CRA.00 .07 .00 .00 .00 .00 .00
CLH HAND KN.00 .00 .00 .00 .00 .00 .00
SLH BAL CRA.00 .02 .00 .00 .00 .09 .00
SLH HAND KN.00 .00 .00 .00 .00 .00 .00
CLV CRANK .07 .06 .00 .00 .00 .00 .00
CLV BAL CRA.00 .06 .00 .00 .00 .00 .00
CLV HAND KN.00 .00 .04 .00 .00 .00 .00
CUV CRANK .00 .02 .00 .00 .00 .09 .00
CUV BAL CRA.00 .04 .00 .00 .00 .02 .00
CUV HAND KN.00 .00 .09 .00 .00 .00 .00
SUV CRANK .00 .00 .00 .00 .00 .12 .00
SUV HAND KN.00 .00 .08 .00 .00 .00 .00
CLH CRANK .00 .04 .00 .00 .00 .06 .00
CLH BAL CRA.00 .00 .00 .00 .00 .03 .00
CLH HAND KN.00 .00 .05 .00 .00 .00 .00
SLH BAL CRA.00 .04 .00 .00 .00 .06 .00 ·
SLH HAND KN.00 .00 .00 .00 .00 .00 .00
CLV CRANK .07 .06 .00 .00 .00 .00 .00
CLV BAL CRA.00 .07 .00 .00 .00 .00 .00
CLV HAND KN.00 .00 .06 .00 .00 .00 .00

‘cuv CRANK .00 .02 .00 .00 .00 .09 .00
CUV BAL CRA.00 .06 .00 .00 .00 .03 .00
CUV HAND KN.00 .00 .06 .00 .00 .00 .00
SUV CRANK .00 .00 .00 .00 .00 .12 .00
SUV HAND KN.00 .00 .11 .00 .00 .00 .00
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3-1 3-2 3-R 3-3 4-1 4-2 4-3
FOOT SWITCH.00 .00 .00 .00 .00 .00 .00
PINCH .00 .00 .00 .00 .00 .00 .00
GRIP .00 .00 .00 .00 .00 .00 .00
ATQ SUP .00 .00 .00 .00 .00 .00 .00
ATQ PRO .00 .00 .00 .00 .00 .00 .00
AFV UP .00 .00 .00 .00 .00 .00 .00
AFV DOWN .00 .00 .00 .00 .00 .00 .00
AFL LATERAL.00 .00 .00 .00 .00 .00 .00
AFL MEDIAL .00 .00 .00 .00 .00 .00 .00
AFL PUSH .00 .00 .00 .00 .00 .00 .00 ‘
AFL PULL .00 .00 .00 .00 .00 .00 .00
PLATES .00 .01 .00 .00 .00 .00 .02
SPACERS .00 .00 .00 .15 .00 .00 .06
FLAT WASHER.00 .00 .00 .15 .00 .00 .06
LOCK WASHER.00 .00 .00 .11 .00 .00 .04

. « HEX NUTS .00 .00 .00 .05 .00 .00 .02
GROMMETS .00 .00 .00 .11 .00 .00 .04
POSITIONING.00 .01 .00 .00 .00 .00 .02
BOLTS .00 .00 .00 .03 .00 .00 .01 .
DRILL .00 .00 .00 .06 .00 .00 .20
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name 1-1 1-2 1-R 2-1 2-2 2-R 2-3
CLH SLIDE .03 .00 .00 .00 .00 .00 .00
CLH ROTARY .00 .00 .29 .00 .00 .00 .00
CLH DETENT .00 .00 .08 .00 .00 1.00 .00
CLH TOGGLE .07 .00 .00 .00 .00 .00 .00
CLH PUSH BU.00 .00 .00 .00 .00 .00 .00
SLH SLIDE .03 .00 .00 .00 .00 .00 .00
SLH PUSH BU.00 .00 .00 .00 .00 .00 .00
CLV SLIDE .03 .00 .00 .00 .00 .00 .00
CLV ROTARY .05 .00 .00 .00 .00 .00 .00
CLV DETENT .03 .00 .00 .00 .00 .00 .00
CLV TOGGLE .03 .00 .00 .00 .00 .00 .00

l CLV PUSH BU.00 .00 .00 .00 .00 .00 .00
CUV SLIDE .02 .00 .00 .00 .00 .00 .00
CUV ROTARY .00 .00 .23 .00° .00 .00 .00
CUV DETENT .07 .00 .00 .00 .00 .00 .00
CUV TOGGLE .02 .00 .00 .00 .00 .00 .00
CUV PUSH BU.00 .00 .00 .00 .00 .00 .00
SUV ROTARY .07 .00 .00 .00 .00 .00 .00
SUV DETENT .03 .00 .00 .00 .00 .00 .00
SUV TOGGLE .04 .00 .00 .00 .00 .00 .00
PLATES .02 .50 .00 .00 .00 .00 .58
SPACERS .07 .00 .00 .00 .00 .00 .00
FLAT WASHER.07 .00 .00 .00 .00 .00 .00
LOCK WASHER.14 .00 .00 .00 .00 .00 .00
HEX NUTS .02 .00 .25 .00 .00 .00 .00
GROMMETS .14 .00 .00 .00 .00 .00 .00
POSITIONING.02 .50 .00 .00 1.00 .00 .00
BOLTS .01 .00 .15 .00 .00 .00 .43
DRILL .00 .00 .00 1.00 .00 .00 .00
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, 3-1 3-2 3-R 3-3 4-1 4-2 4-3
CLH SLIDE .23 .05 .00 .00 .00 .00 .00
CLH ROTARY .00 .05 .00 .00 .00 .00 .00
CLH DETENT .00 .04 .00 .00 .00 .00 .00
CLH TOGGLE .00 .12 .00 .00 .13 .00 .00
CLH PUSH BU.16 .10 .00 .00 .00 .00 .00
SLH SLIDE .00 .00 .00 .00 .44 .15 .00 ‘
SLH PUSH BU.00 .00 .00 .00 .09 .28 .14 ‘
CLV SLIDE .23 .05 .00 .00 .00 .00 .00
CLV ROTARY .00 .09 .13 .00 .00 .00 .00
CLV DETENT .00 .05 .21 .00 .00 .00 .00
CLV TOGGLE .09 .06 .00 .08 .06 .00 .00
CLV PUSH BU.00 .09 .00 .12 .09 .00 .00 ·
CUV SLIDE .18 .04 .00 .00 .12 .00 .00
CUV ROTARY .00 .04 .06 .00 .00 .00 .00
CUV DETENT .00 .04 .18 .00 .00 .00 .00
CUV TOGGLE .06 .04 .00 .05 .00 .12 .06
CUV PUSH BU.05 .09 .00 .00 .00 .00 .14
SUV ROTARY .00 .00 .18 .00 .00 .13 .00
SUV DETENT .00 .00 .25 .00 .00 .06 .00 _
SUV TOGGLE .00 .00 .00 .00 .08 .25 .12
PLATES .00 .04 .00 .00 .00 .00 .02‘ SPACERS .00 .00 .00 .17 .00 .00 .07
FLAT WASHER.00 .00 .00 .17 .00 .00 .07
LOCK WASHER.00 .00 .00 .12 .00 .00 .05
HEX NUTS .00 .00 .00 .06 .00 .00 .02
GROMMETS .00 .00 .00 .12 .00 .00 .05
POSITIONING.00 .04 .00 .00 .00 .00 .02
BOLTS .00 .00 .00 .04 .00 .00 .01
DRILL .00 .00 .00 .07 .00 .00 .23
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The purpose of this experiment is to identify and evaluate the ad-
vantages of using Worker Profile, a modified Modapts standard, when ap-
plying the results of the Available Motions Inventory to the prediction
of work performance. The work performance tasks being predicted and
tested in this experiment are selected from the Workability system.

Modapts is a Predetermined Motions Time Standard (PMTS). A PMTSis a standardized set of work descriptors used by industrial engineers
to evaluate work. In this experiment the normal Modapt's elements arebeing modified to make them more flexible for use with disabled workers.

I
The traditional method of modifying a PMTS for use with disabled workers
is to develop a field factor, or percent normal multiplier. By the tra-
ditional approach if a worker is rated as fifty percent normal all worktimes are simply doubled when estimating the disabled individual°s ex-
pected performance on a job. Worker Profile is an attempt to customize
the standard to the individual and estimate each portion of the job ac-
cording to the individual°s demonstrated abilities. It is hoped that this
approach will help not only in finding jobs that the individual can
comfortably perform, but also aid in modifying the methods for job per-. formance to use all of the person°s abilities while avoiding their disa-
bilities. —

The Available Motions Inventory (AMI) is an apparatus jointly de-
. veloped by the Cerebral Palsy Research Foundation of Kansas and Wichita

State University. The AMI is a work simulation device measuring simple
work-like behaviors one at a time. The test consists of a controls sec-
tion and an assembly section. In the controls portion of the test
switches are set; cranks are turned; buttons are pushed; levers pulled;
and manual speed and strengths are tested. In the assembly section
washers and nuts are placed on bolts; flat metal plates are fastened down
with screws and bolts are inserted into threaded holes.

Workability is an assessment test developed by Chris Heyde and the
Australian Association of Predetermined Time Standards. The Workability
tests being used in this experiment consist of two assembly tasks and two
disassembly tasks. The first of the assembly tasks used will be to suc-
cessively thread each of three nuts onto a bolt. This is repeated six
times. This is followed by disassembling the six bolts and eighteen
nuts, placing each separate piece in a specified location. The next se-
ries of tasks involves first inserting two three pronged plugs into a two
plug adapter. This is repeated three times. The final Workability test
being used is the disassembly of the six plugs from the three adapters.

Test results from the AMI series will be used to predict performance
of the subject on the Workability tests. There is no right or wrong way
of doing these tests. The intent of testing is not to demonstrate how
the individual compares to others but rather to help a counselor to help
the individual to make the most productive use of existing abilities.
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The Rehabilitation Engineering Laboratory at Virginia Tech is studying
how people work. We are especially interested in how disabled people
work. We asked the New River Valley Workshop to help us find some disa-
bled workers to help us with an experiment. The people who run the
workshop told us that you were just the right kind of person to help us
with the experiment. The experiment is to find out if we can make a test
for disabled workers that will help companies to find jobs for them.

I will describe the experiment we are doing so that you can decide
if you want to help us. For the first part of the experiment we want you
to change some switches for us. The switches you will use are just like
the knobs on.a TV or stereo. Here let me show you some of them [demonstrate
switches].

The second part of the experiment is called "the assemblies test."
For this part we will ask you to put things together and take them apart.
Let me show you [demonstrate assemblies work station].

The tests were developed by the Cerebral Palsy Research Foundation
of Wichita. Some parts of this experiment are very difficult and some
parts are quite easy. Most people say that the tests are a lot like a
game. We think that you will have fun doing this experiment, but if you
don°t like any part of it you can just tell us and we will stop right away.
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purpose of this document is to obtain your informed consent to
participate in an experiment on manual dexterity and to inform you of
certain rights you have as a participant. The experiment is an investi-
gation of the usefulness of a series of tests of manual dexterity in
predicting performance times on certain industrial tasks.

The research is being conducted by the Human Factors Laboratory, Virginia
Polytechnic Institute and State University, Blacksburg, Virginia, 24061,
telephone number (703) 961-4370. Robert D. Dryden is the principal in-
vestigator for the project.

Participation in this study is entirely voluntary. If you choose to
participate, your task will be to act the part of a worker in a work
simulation environment. The work tasks simulated include setting
switches, turning cranks, pressing levers, placing washers and nuts on
bolts, inserting plugs in adapters, etc. The experimental sessions will
last four to six hours (including rest breaks).

We will be recording your performance on videotape during all active
portions of the test. These tapes will be used to verify testing proce- ”
dures should questions arise after the session. Once all data have been
transferred to computer storage identification will be removed and the
data treated anonymously.

As a participant in this experiment you have certain rights. The purpose
of this form is to describe these rights to you and obtain your written
consent to participate.

1) You have the right to discontinue participating in the study
at any time. If you decide to terminate the test, inform any member
of the research team and they will pay you for the portion of time
you have participated.

2) You have the right to inspect your data and withdraw it from
the study if you feel you should. In general data are processed
and analyzed after a subject has completed the experiment. At that
time all identification.wi11 be removed and all data will be treated
with anonymity. Therefore, if you wish to withdraw your data, you
should do so imediately after your participation is completed.

3) You have the right to be informed of the overall results of the
experiment. If you wish a synopsis of the results include your
address (three monthes hence) with your signature below. Should
you want further information, please contact the Human Factors
Laboratory and a full report will be made available to you.
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Further comments or questions can be addressed to Mr. Charles D. Waring, '
Chairman of the Institutional Review Board for the Use of Human Subjects
in Research. He can be contacted at:

Office of Sponsored Programs
301 Burrus Hall
Virginia Polytechnic Institute and

State University
Blacksburg
Virginia
24061
telephone: (703) 961-5283

Your participation is greatly appreciated. If you have any questions
about the experiment or your rights as a participant, please do not hes-
itate to ask. We will answer your questions as openly and as honestly
as possible without biasing the experimental results. We hope that this
experiment will be an interesting and enjoyable experience for you.
Your signature below indicates that you have read your rights as a par-
ticipant, that you understand the time commitment involved, and that you
consent to participate. If you include your printed name and address, a
summary of the experimental results will be sent to you.

(signature)

Print name and address if you
wish to receive a summary of
the experimental results.
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The purpose of this document is to obtain your informed consent to par-
ticipate in an experiment on manual dexterity and to inform you of certain
rights you have as a participant. The experiment is an investigation of
the usefulness of a series of tests of manual dexterity in predicting
performance times on certain industrial tasks.

The research is being conducted by the Human Factors Laboratory, Virginia
Polytechnic Institute and State University, Blacksburg, Virginia, 24061,
telephone number (703) 961-4370. Robert D. Dryden is the principal in- -

}
vestigator for the project.

Participation in this study is entirely voluntary. If you choose to
N participate, your task will be to act the part of a worker in a work

simulation environment. The work tasks simulated include setting
switches, turning cranks, pressing levers, placing washers and nuts on
bolts, inserting plugs in adapters, etc. The experimental sessions will
last four to six hours (including rest breaks). Participants will be paid
five dollars per hour for their time.

We will be recording your performance on videotape during all active
portions of the test. These tapes will be used to verify testing proce-
dures should questions arise after the session. Once all data have been
transferred to computer storage identification will be removed and the
data treated anonymously.

As a participant in this experiment you have certain rights. The purpose
of this form is to describe these rights to you and obtain your written
consent to participate.

1) You have the right to discontinue participating in the study
at any time. If you decide to terminate the test, inform any member
of the research team and they will pay you for the portion of time
you have participated.

2) You have the right to inspect your data and withdraw it from
the study if you feel you should. In general data are processed
and analyzed after a subject has completed the experiment. At that
time all identification will be removed and all data will be treated
with anonymity. Therefore, if you wish to withdraw your data, you
should do so immediately after your participation is completed.

3) You have the right to be informed of the overall results of the
experiment. If you wish a synopsis of the results include your
address (three monthes hence) with your signature below. Should
you want further information, please contact the Human Factors
Laboratory and a full report will be made available to you.
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Further comments or questions can be addressed to Mr. Charles D. Waring,
Chairman of the Institutional Review Board for the Use of Human Subjects
in Research. He can be contacted at:

. Office of Sponsored Programs
301 Burrus Hall
Virginia Polytechnic Institute and

State University
Blacksburg‘ Virginia
24061
telephone: (703) 961-5283

Your participation is greatly appreciated. If you have any questions
about the experiment or your rights as a participant, please do not hes-
itate to ask. We will answer your questions as openly and as honestly
as possible without biasing the experimental results. We hope that this
experiment will be an interesting and enjoyable experience for you.

Your signature below indicates that you have read your rights as a par-
ticipant, that you understand the time commitment involved, and that you
consent to participate. If you include your printed name and address, a
summary of the experimental results will be sent to you.

(signature)

Print name and address if you
wish to receive a summary of
the experimental results.

(signature of legal guardian)
(if applicable)
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ml m2 m3 m4 g0 gl g3 p0 p2 p5 j0 x4

CLH SLIDE 4 7 1 0 0 6 0 0 6 0 0 0
CLH ROTARY 13 11 2 0 0 13 0 3 10 0 0 0
CLH DETENT 22 8 2 0 0 16 0 6 10 0 0 0
CLH TOGGLE 8 10 0 0 18 0 0 0 0 0 0 7
CLH PUSH BUTTON 0 9 0 0 9 0 0 0 0 0 0 1
SLH SLIDE 4 7 1 0 0 6 0 0 6 0 0 0
SLH PUSH BUTTON 0 9 0 0 9 0 0 0 0 0 0 1
CLV SLIDE 4 7 1 0 0 6 0 0 6 0 0 0
CLV ROTARY 13 11 2 0 0 13 0 3 10 0 0 0
CLV DETENT 10 12 2 0 0 12 0 2 10 0 0 0 .
CLV TOGGLE . 8 10 0 0 18 0 0 0 0 0 0 8
CLV PUSH BUTTON 0 9 0 0 9 0 0 0 0 0 0 1
CUV SLIDE 4 7 1 0 0 6 0 0 6 0 0 0
CUV ROTARY 13 11 2 0 0 13 0 3 10 0 0 0
CUV DETENT 13 11 2 0 0 13 0 3 10 0 0 0
CUV TOGGLE 8 10 0 0 18 0 0 0 0 0 0 8
CUV PUSH BUTTON 0 9 0 0 9 0 0 0 0 0 0 1
SUV ROTARY 13 11 2 0 0 13 0 3 10 0 0 0
SUV DETENT 10 12 2 0 0 12 0 2 10 0 0 0
SUV TOGGLE 8 10 0 0 18 0 0 0 0 0 0 8
PLATES 0 0 0 20 0 10 0 0 0 10 10 3
SPACERS 0 0 12 8 0 10 0 0 10 0 10 0
FLAT WASHERS 0 0 0 20 0 10 0 0 10 0 0 0
LOCK WASHERS 0 0 0 20 0 5 5 0 0 10 0 0 ·HEX NUTS 20 0 0 20 0 10 10 10 0 10 10 0
GROMMETS 0 0 0 20 0 10 0 0 10 0 10 10
POSITIONING 0 0 0 60 0 10 20 0 0 30 30 5
BOLTS 20 0 0 20 0 10 10 10 0 10 10 0
DRILL 0 25 0 0 0 0 0 0 25 0 0 0
TASK 1 528 6 42 0 0 282 0 270 24 0 0 0 -. TASK 2 504 6 42 0 0 270 0 264 0 18 0 0
TASK 3 0 0 6 9 0 6 0 6 3 0 0 6
TASK 4 0 0 6 9 0 6 0 3 0 6 6 6

Modapts standards for the 29 AMI tests used to generate the Action Set
Worker Profile and the Modapts standards for the 4 work tasks.’ ‘

Appendix E. Modapts standards 101



I

AEEEQQLZ E, AQIIOQ S§]§ yügkgß PRO§I;,§S

The following are the individual Worker Profiles for each of the
subjects tested. Each profile is a vector of twelve action times for the
twelve Modapts actions required to describe the AMI tests and the work
tasks used in this study. The action times are calculated in seconds.
Subject identifiers consist of a letter to designate group and a randomly
assigned number. The first group tested is designated the "a" group
(normal able-bodied college students) and members of the second group are

I

indicated by a "b" (disabled workers from a sheltered workshop).
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action al a2 a3 a4 a5 a6 a7
ml 0.11 0.11 0.12 0.11 0.09 0.06 0.06
m2 0.35 0.38 0.24 0.42 0.24 0.34 0.20
m3 0.56 0.65 0.47 0.48 0.50 0.36 0.28
m4 0.53 0.52 0.54 0.46 0.56 0.49 0.46
g0 -0.01 0.03 0.00 -0.01 -0.02 0.02 -0.00
gl 0.14 0.08 0.11 0.14 0.10 0.05 0.07
g3 0.69 1.21 1.20 0.69 0.16 0.21 1.02
p0 -0.04 0.03 0.02 -0.05 -0.01 0.00 -0.01
p2 0.40 0.47 0.39 0.28 0.31 0.36 0.39
p5 0.76 0.56 0.37 0.61 0.80 0.98 0.43
j0 0.03 0.03 -0.12 0.13 -0.07 0.30 0.17
x4 0.61 0.63 0.63 0.67 0.67 0.59 0.57

action a8 a9 bl b2 b3 b4
ml 0.14 0.20 0.03 0.54 0.34 0.27
m2 0.27 0.32 1.90 1.26 0.57 0.29
m3 0.08 0.13 1.65 0.69 0.99 0.15
m4 0.45 0.60 3.27 0.79 0.95 0.88
g0 0.02 0.00 0.02 -0.09 0.19 -0.05
gl 0.13 0.13 -0.01 0.68 0.28 0.28
g3 0.43 0.34 0.48 0.24 2.69 3.95 °
p0 0.01 0.08 0.08 -0.17 -0.05 0.02
p2 0.33 0.37 0.84 0.60 0.97 1.07
p5 0.71 0.33 0.84 1.97 1.17 1.01
j0 0.40 0.37 0.53 0.51 1.37 0.96
x4 0.37 0.58 1.39 1.80 1.06 2.07

action b5 b6 b7 b8 b9
ml 0.23 0.29 0.90 0.33 0.20
m2 0.83 0.81 0.97 0.67 0.31
m3 0.47 0.19 0.23 0.67 0.58
m4 1.38 1.17 2.62 0.99 0.53
g0 0.11 0.00 0.56 -0.01 0.06
gl 0.29 0.16 0.43 0.35 0.14
g3 1.14 0.62 0.66 0.12 0.30
p0 -0.23 0.13 -0.17 -0.01 0.06
p2 1.04 0.33 0.42 0.49 0.50
p5 2.48 0.86 2.88 1.52 1.40
j0 0.80 1.00 5.67 -0.21 -0.07
x4 0.51 0.90 -1.50 1.15 0.46 .
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The following group averages offer an interesting comparison to the
Modapts theoretical profile. Note the similarity between the average
able-bodied profile (A) and the values that are used as a basis for
Modapts (M). The one notable difference is seen in the j0 times. The
j0 action is a manipulation that is performed while the hand is in motion;
for instance, a pencil might be repositioned in the hand after it has been
lifted from a desk top and while the hand is being moved to a location
near where the pencil is to be used. Heyde (1983) assumes that like the
p0 and the g0 action the j0 will require no additional time beyond that
needed to make the simultaneous move. In the case of the p0 and g0 the
assumption that no additional time is required is intuitively reasonable

I (i.e. by definition the move to and from the point at which the p0 or g0
occur absorb all the time. In the case of the j0 no such automatic as-
signment of the time is allowed. For many dexterous people the j0 might
not require any time beyond that needed to move the hand from the location
where the object was found to the location where it is to be used, but
for some individuals this level of activity might (and apparently does)
require some slowing of the simultanuous actions. For the able-bodied
test group the j0 added about the same amount of time as would be required
by one additional one inch move (ml). For the disabled subjects the j0
time requirement was considerablely (and quite reasonably) higher; more
than a second in fact!

action M A B
ml 0.14 0.11 0.35
m2 0.29 0.31 0.85' m3 0.43 0.36 0.63
m4 0.57 0.51 1.40
g0 0.00 0.00 0.09
gl 0.14 0.11 0.29
g3 0.43 0.64 1.13
p0 0.00 -0.00 -0.04
p2 0.29 0.35 0.70
p5 0.71 0.61 1.57
j0 0.00 0.15 1.17
x4 0.57 0.58 0.87

M is theoretical basis of Modapts (i.e. profile of typical able-bodied
worker).
A is arithmetic mean for group A (10 able-bodied students).
B is arithmetic mean for group B (9 disabled workers).

I
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ANALYSIS OF VARIANCE PROCEDURE
MEANS

TASK METHOD N SCORE
1 1 18 183.572000
1 2 18 162.747356
1 3 18 209.522312
2 1 18 195.680000
2 2 18 150.437117
2 3 18 208.694685
3 1 18 17.580000

I 3 2 18 35.259139
3 3 18 18.697291
4 1 18 32.320000
4 2 18 36.168763
4 3 18 27.649193

ANALYSIS OF VARIANCE PROCEDURE
MEANS

GROUP TASK N SCORE

1 1 27 123.945286
1 2 27 119.739849
1 3 27 11.653800
1 4 27 15.479412
2 1 27 246.615826

, 2 2 27 250.134685
2 3 27 36.037153
2 4 27 48.612559

ANALYSIS OF VARIANCE PROCEDURE
MEANS

GROUP METHOD N SCORE

1 1 36 71.380000
1 2 36 67.237073
1 3 36 64.496687
2 1 36 143.196000
2 2 36 125.069114
2 3 36 167.785053
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ANALYSIS OF VARIANCE PROCEDURE
MEANS

GROUP TASK METHOD N SCORE

1 1 1 9 133.760000
1 1 2 9 122.200333
1 l 3 9 115.875523
1 2 1 9 127.600000
1 2 2 9 117.370244
1 2 3 9 114.249303
1 3 1 9 9.960000
1 3 2 9 12.777761
1 3 3 9 12.223639, 1 4 1 9 14.200000

I 1 4 2 9 16.599952
1 4 3 9 15.638283
2 1 1 9 233.384000
2 1 2 9 203.294378
2 1 3 9 303.169100
2 2 l 9 263.760000
2 2 2 9 183.503989
2 2 3 9 303.140067
2 3 1 9 25.200000
2 3 2 9 57.740517
2 3 3 9 25.170943
2 4 1 9 50.440000
2 4 2 9 55.737573
2 4 3 9 39.660103

Key to CELL MEANS TABLES:

GROUPS:
1 Able—bodied college students
2 Disabled sheltered workshop employees

TASKS:
1 Bolts disassembly
2 Bolts assembly .
3 Plugs disassembly
4 Plugs assembly

METHODS: _
1 Actual performance
2 Motion Class Model
3 Action Set Model

Appendix H. Cell means 106






