*bﬁo-nx74 843 A COMPARISON OF THO TASK RATING SCALES OF PHVSICRL

DEMAND(U) AUSTRALIAN MILITARY FORCES CANBER!
PSYCHOLOGICAL RESEARCH UNIT (1) R S COLLVER RUG 86
UNCLASSIFIED RR-3/86

i1

NL




o™

oo

= S
AT
R

c e s oaom

Q A‘
:0“,'

“

f"

l‘
I’ 3

'

‘i

[

|
l

’

]

Iz

I
22

j
]

,/

o

FEFEER R

EFEE
EFE

Il &,

_ |.8
1.25 ”mu ”ml.b
== =— =

LR&:OPY RESOLUTIO{‘{ TEST CHART:
MATIONAL BUREAU OF STANDARDS-1963-A

i’. l)‘ 4y
i i
‘c"‘

0

4 [ e KA .
0'0 "o,g‘«. )

[N K] NN l
i ; : ‘:':“"“

| GO0
v » o't :‘ '.'“"o’t“i* ' "° "‘l

2>

L ot

‘J‘ s‘:‘
R0 st

O e"i‘
! (
N t“',




RR 3/86

AD-A174 843

COMPARISON O

THO TASK RATING SCALES

OF PHYSI

BY

Magor R.S. CoLLYER

TECHNICAL INFORMATION  Tewve
IS AUTHORISED TC
REPRODUCE AND SELL THis i ™ )

\THE UNITED STATES N2T.ON/L

] ELE" ﬁ
. NOV 1 21386 ‘
-——~‘ |'i
!
< ‘\C A

DTIC

1
)

1st PSYCHOLUGICAL

RESEARCH

APPROVED ]

PR S A N

Sé // /R o7

A\ \




Research Report 3/86

A_COMPARISCN OF Twd TASK RATING SCALES OF PHYSICAL DEMAND

by

Major Robert S. Collyer

Commonwealth of Australia
August 1986

This Directorate of Psychology publication has been prepared by the
1st Psychological Research Unit and is authorized for issue by DPSYCH-A.

LL L

LTCOL P. N. DRAKE-BROCKMAN
Commanding Officer

1st Psychological Research Unit
NBH 3 - 44

§ @ Northbourne House

TURNER ACT 2601

pE Ry
o

e .
oy -

>




i Accasnion

P RTIS  GRAR
5 E DYIT T8 ;]
Unanasi-nnd !
a | JU:’:':{n"ir C l
’ i Ohiy u.\a-g-n—.—.__...k.J
i - d
|
I Bv
1

_L}:t tution/

__Availability Codes |

. [Avail and/or - X
) . Dist Special i
é

7 ¥

i

el

m Paper presented at the 21st Annual Conference of the Australian
ngghological Society, James Cook University, Townsville, QLD. 25-29 August,
1 .




TABLE CF CONTENTS

Sectian -
Introduction
Method

Samples

Apparatus

Procedure
Results and Discussion

Scale Transformations

Interrater Reliability

Scale Intercorrelations

Scale Validities

Implications for Future Job Anmalysis
References

Appendices

Page

1"
12
14

16

P

o

3

[y

oy

eeyecdat




Table

~2

..... Reliability -- Vehiclz Mechanics

Interrater Reliability -- Driving Trades

PSE/PPE Rark Order Intercorrelaticns -- Vehicle Mechanics
CIP-8/CIP-7 Rank Order Intercorrelations -- Vehicle Mechanics
PSE/PPE Rank Order Intercorrelations -- Oriving Trades

CIP-G/CIP-7 Rank Order Intercorrelations -- Driving Trades

Range and Means for Rank Order Inmtercorrelaticns of four Task
Factors Across Five Corps

Page

10
10
10




Ii1

Abstract

\\\* Task analysis to specify the pnysical demands of work is expensive in
terms of manpower skills, equipment, and time. Job analysis methods to
identify tasks that should be subject to detailed task analysis are an
important part of any strategy to specify physical demands criteria for jobs.
This paper reports research comparing two sets of task inventory rating scales
used tc identify importamt, physically demanding tasks. The physical demand
scales are Perceived Physical Effort, which is part of Physical Abilities
Analysis, and Physical Strength and Endurance, a scale developed by the US Air
Force. Two scales assessing Conseguences of Inadequate Performance were also
used. The scales were administered to large samples from two Australian Army
employment groups. Scale reliabilities and task rank order intercorrelations

are reported and implications for the scales' future use are discussed. <Zlu:ﬂialkkx)
¢

The findings and views expressed in this paper are the result of the
author's research studies and are not to be taken as the official opinion of
the Department of Defence (Army Office).
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Ty This research arose frocm the Australian Army's need to soecify the
ohysical demands of Army Jjobs. A rigorous methodology was required, but it
had to take into consideration the need for (a) economy of resources in the
setting of criteria, (b) the limited time available for the testing of

B

JQ§ cersornel as part of the process of allocating recruits to traces, and (c) the
335 availability of physical capacity test(s) related to job criteria.

e () Q\

.‘i‘:

A literaturs search (Collyer & James, 1985) indicated that @ range of
approaches have been emplayed by other researchers, but as Campiom (7283)

1508 points out, most approaches can be categorized as: (a) measures of metabolic
:Qi requirements, (b) measures of strength requirements, or (c) measures of
’Xﬁ multiple physical abilities.

8

LA

134 e

e Measurement of metabolic requirements involves "physiological™ measures
like those of oxygen uptake or heart rate during task performance. Oxygen

,uh uptake measures can be made by collecting and analysing expired oxygen using a
Q&> Oouglas Bag (Astrand & Rodahl, 1977), or Kofranyi-Michaelis gas meter
j%¢' : (Consolazio, 1971). [Measures of heart rate are an indirect method of
{q{,& creoictirg oxygen ccnsurption because they are lirmearly related within an
Wi ingiviccal {(Astrarme & Rnyming, 1S54).  Although these metacolic metncds are

the mecst accurate, tney are cumberscme to adminmister and require expensive
instrumentation and traimed personnel. These latter three characteristics are
undesirable in a method for large scale implementation.

Measures of strength requirements rely on assessments of weights lifted,
heights to which they are lifted, and distances carried. A variety of methods
are available for the assessment of human stren?th, but they all utilize one

KRy of three muscle contractions: (a) isometric, (b) isotonic, or (c) isokinetic.
;p‘, Isometric strength is relatively easy to measure accurately using practical
:ﬁq: standardized methods, and some researchers (e.g., Chaffin, 1975) recommend its
'5?2&3 use, although care must be exercised when doing so since isometric (alsc known

AR as static) strength is not perfectly correlated with the other strengths.

Research (Ayoub, et al. 19823 Hogan, 0Ogden, Gebhardt, & Fleishman, 1979;

9?; Sharp, et al. 1980) has shown that approximately 80 percent of tasks that are
0N physically demanding are so because of weights lifted and carried. The focus
;s'. of these findings on strength, combined with the practicalities of measuring
‘35.*9 isometric strength, offered hope of a practical, economic method for Army use.
BaR

Measures of multiple physical abilities involve assessment of such

Sy characteristics as strength, stamina, body flexibility, and balance. Physical
33: Abilities Analysis (Fleishman & Hogan, 1978; Myers, Gebhardt, & Fleishman,
@& 1980a; 1980b) is a major example of this technigue. It involves experienced
'&§:'~ job personnel making judgments about task demands using nine specific fitness
oY~ scales and one general effort scale. The scales have been empirically derived

from correlational studies and require little training or equipment to
oo administer. The economy of using these rating scales was attractive, but
ﬁﬁ selection tests to assess all the abilities measured by Physical Abilities
o Analysis were expected to be more complex than would be the case if measures
:éﬁ of strength alone were utilized.
' N '., )

" Each method has advantages and disadvantages, but each is a form of task
g; analysis that is designed to be applied to specific tasks. Most jobs consist
K of a multitude of tasks, and most analyses are conducted to develop selection
wﬁb criteria to be applied to job types rather than to individual jobs or
ﬁb: positions. These job types often involve hundreds or even thousands of tasks. .
~ﬁ§ G Regardless of which form of task analysis is employed, job analysis to d

identify tasks which should be analysed in detail is an important prelimipary
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to the specification of onysical demands criteria, alt
analysis must take tne type of task analysis into ac

Siscusses a3 metned of oo analysis that nas ceen usec

flethods of job analysis that incluge assessment of physical demands are
availaple. Examples are the Pesition Analysis (Guestionraire (McCormick,
Jeanneret and fiecham, 1353), Functicnal Job Analysis (Fine ang wiley, 1571)
ang Physical Apilities Analysis (Fleismman ard Hogan, 1978). Another jco
analysis method that oprovides detailed infcrmation is the task invantorvy
survey method palred with the Ccmprenensive Occupational Cata Aralysis
Programs analysis package (TI/CUCAR).

The Australian Army has used this method of joo analysis since 187S.
TI/CODAP was consigered to meet two requirements of the research, those of
rigorous methodology and economy. It provides an economical way to obtain job
task data from large numbers of workers 1in diverse  locaticns. The
information, ottained from job incumbents and/or supervisors,. is detailed,
guantifiable data that can pe manipulated by CODAP to provide a wide range of
grecup  Job descriptions. Because the data are quantifiable they can Gte
ualidated, ard the general methodology i§ supported by a iarge body of sound

reszarch fses Christal, 1574, foo sxamples.

Tne TI/CCOAP joo analysis uses survey guestionnaires administered oy
mail. The main components of these questionnaires are a task inventory,
listing all significant tasks in the employments surveyed, and task rating
scales. Experienced supervisors use the scales to rate task characteristics
such as the amount of training emphasis that should be given in formal
training, or the consequences of inadegquate performance of a task. Task
rating scales such as these have been researched and used extensively overseas
(e.g.s Christal, 1974; Jansen, 1982) and in Australia (e.g., limited
distribution occupational analysis reports within the Department of Defence),
but there was no Australian research using scales of physical demand. Prior
experience had shown that task rating scales used successfully overseas did
not necessarily work for the Australian Army (e.g., the Training Emphasis
scale). This was wusually because of the diverse nature of Australian
employments. It was decided to select and pilot scales that seemed to
identify physically cemanding tasks to determine their appropriateness to the
Australian situation.

The literature search had identified two main streams of research that
offered promise of suitable task rating scales. The first was work
originating from the US Air Force (who were the original developers of the
TI/CUDAP method). The second was Physical Abilities Analysis, already
mentioned as a form of task apalysis. Scales from these research areas were
selected.

US Air force research reported by Gott and Alley (1980) showed that a ten
point rating scale (0 to 9) could be used to elicit reliable ratings of
physical strength and endurance. Reliability was assessed using the Lindquist
(1353) method of intraclass correlation. This reliability is in itself a form
of convergent validity, and other validity studies were underway, so the scale
was selected for trial. The Physical Strength and Endurance (PSE) scale was
modified to provide metric measures of weight and height, and to combine the
two lower categories, thus making a nine-point scale anchored at each point
(see Appendix 1). This modification was necessary because the version of
CUDAP on line in the Department of Defence was unable to distinguish between
"X" and "O" as scale ratings. The "X" for "No knowledge of task requirement"
was considered necessary to the research,. and the distinction between the "QO"
and M" scale point definitions was not vital to the research objectives.
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ities Amalvsis comprises ten scales. Nine of these scaless

assess specific abiiities {Static 2crengtn, Jynamic Strength, oxplosive

O " Strsrgié, Tourx Strengtn Snaring, Zxzant Tlexibilizv, ircss 3ccy
Cooroinaticn, and cgquil lbrlur} Uhilst these scales have been snown to nave

good reliability and valioity (Hegan; et al. 1379; fyers, et al. 1580a;
198Cb), tnis same research has shocwn the tenth scale, Perceived Physical
£ffort (PPL), to have gooc reliapility anc validity (i.e., it correlates
i nignly wizh the scecific scales and with actual metabolic costs) in
A - igentifying znysically demanding tasks. Use of the full ten scales for each
’ ‘ Army employment group was seen as a major undertaking and one which woulc oe
oetier avoiced if pcssible. decause of the gooc reports cn tne PPE scale, it

was selectad for research and comparison with the PSE one.

cecause it is not a reasonable proposition to use tasks which are not

b important as criterion tasks by which job ogemands are specifiec, a measure of
the conseguences of inadeguate performance of tasks was incorporated inte the

rasearch. Two Consequences of Inadequate Performarce scales were selected.

Bcth scales assess the same task characteristics, but one (CIP-9) is a nire-

point scale anchored at esach point %o ofair with the ninz-coint PSt scale ard

tn ather (CIP=7) is a seven-point scale ancnored at the mid-point anc
W axtramities to cair with tne seven-point PFE scals.

A ccmprenensive job analysis as proposed, wnile o0eing a reiatively
economical’ way to obtain job odata from a large number of workers, 1is still
time consuming 1in that it requires experienced workers to spend between two
and three hours completing the questionnaire. Determination of optimum sample
sizes can provide substantial savings in time whilst retaining the reliability
and validity of the results. This research incorporated a number of checks to
aid in determining optimum sample size. Samples were from employments
selectes to provide a substantizl range of variables representative of normal
Army employments, and were expected to provide a rigorous evaluation by
comparison of reliability coefficients and rank order correlations of task
mean ratings for sub-samples. Rank order correlations were used because sets
of critical, ogemanding tasks were to be selected for task analysis. The
scales were not required to specify actual task demands in terms of weights,
heights, distances, or aerobic demand, even though one scale used actual
weights and heights as scale-point definitions.

This paper reports research undertaken to evaluate the two pairs of task
rating scales, PSE/CIP-9 and PPE/CIP-7, as scales that can be used tc identify
important, physically demanding tasks for detailed task anmalysis. Imn addition
to assessing the suitability of the scales, the research also sought to
identify optimum sample sizes for the job analysis. Although the job analysis
method used was TI/CUDAP, which is not commonly available, the rating scales
and procedures are ones that can be used with other analysis packages.

Method

Samples

Oeveloping samples for surveys of this type is a matter of experience and
judgment. The aim is to select samples that are representative of the range
of work performed and the conditions under which it is performed. To evaluate
a level of confidence 1in the results, it is necessary to gquantify the
agreement between raters. The Lindguist (1953) method of assessing interrater
agreement was used. Experience in Australia and research overseas (e.g.,
Jansen, 1882) has shown that, depending on the homogeneity of the employment,
a suitable level of interrater agreement can be obtained wusing 30 to 50
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ight CETSTS. lher th2 2Mpl3yTEents ule .etero;enecus vi.2., mave @ large ziverssizy

:2  c ‘oD types,, ctnis  spculc oe intercreted as 20 to 20 raters per major -~

VY, arzl.3is .arizcls, 30 agrzeTent ) T2 2valeales TIr sup-samilss in Izie d
different ratirg colicies exist. Secause many Australian Army employments are

> meterogenecus oy comparison to LS Forces' ones (where the selected scales were

Ef' ceveloped), Tt was necessary to select samples that would =rable assessment of

) the scales witn neterogeneous amployment groups

N1, Tre sampling strategy employed was a purposive one. It was desigreg o O
gotain as many experienced raters as possioclz oup to at  least 48 in each
< igentified majcr analysis variaole (although in scme cases it was not possiole
AL to obtain 40 raters). In acdition to these consiceratiors, the sample
2 selected was larger than normally considered necessary for good quality
2% information so that the data could still be used if unforeseen variables were
~ later identified. Two employment groups were selected for sampling, the £
venicle mechanics and the cdriving traces.

Yenicle mechanics. A target sample of 314 venicle mechanics was selectad
R Fgr survey. This employment was cnosen because it is a technical emcloyment
) with a wide range of work 2ng work conditions. Venicle mechanics co all tvpes
=7 mazraniczal repairs and maintenance on venicles ranging from 1iznt weniclss &
(-.9., staff cars and motor cycles) to heavy tanks, tank transgorters, earth
movers, and gocksice cranes. There are two main types of repair werk, ocase
Wi repair, where major and minor repairs are conducted on all types of vehicles
in base wcrkshops, and field repair, where major or minor repairs are

" conducted on all types of vehicles using equipment at hand in the field or in

o mopile workshops. rield repair work is subject to the vagaries of both weather )
Do and combat movement. These two types of repair work provide two major ’
variables, with base repair units being generalizeg as Non Field Force Command
units and field repair units as Field Force Command ones. Previous
occupational analysis studies have shown this employment group to be s
homogeneous with respect to tasks performed (Healy, 1984) out the varying
eGuipment and work conditions were expected to provide more variability for ~
this type of study.

2!
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The sample included all vehicle mechanic Sergeants, Staff Sergeants and
warrant Ufficers, and some experienced Corporals. The two pairs of survey
scales were allocated randomly among the sample. The returned guestionnaires
(the actual sample) represented §7.5 percent of the intended sample, and there
were 145 PSE/CIP-S questionnaires and 130 PPE/CIP-7 ones.

L LA,

‘.:

hﬂ; Oriving trades. From a population of 1551 drivers, S50 were selected for

survey (the intended sample). The driver's employment group includes operators
of specialist vehicles and transport supervisors, as well as drivers of trucks
and staff cars across a number of Corps. In some Corps there were few .
grivers, in others many. Orivers from five Corps (Artillery, Infantry,
Signals, Engineers and Transport) were selected for sampling because they were
considered to be representative of drivers' work. This was seen as a
heterogeneous group and one uwhere it was known that some drivers had
difficulty in coping with the physical demands of some tasks.

1y
-
-
-
3
.

The sample was selected to obtain representation of trade and Corps and ~
also of unit type (i.e., Field Force Command cr Non Field Force Command).
Corps and unit type were the major variables. The two pairs of rating scales
were randomly allocated among the sample. A total of 385 PSE/CIP-9
questionnaires and 349 PPE/CIP-7 ones were processed (the actual sample).
These represented 77.2 percent and 73.2 percent of the target sample
respectively, and 36.6 percent of the Oriving Trades population. .

b .

Lok iae B ol
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19 +sis survevs are :ime consumirg o v
. I WwCIk, CrecKks wysre in:cr:cracec ints v
0y & f teoicirg tUs 2eEmarnd o Tit: oano v
i develcp 3y parels 2F  experiences
o workers (gescriceg in the next and one cneck was to arrange for these
ﬁg‘ canel memcers to provige task catings wusing Tre PSC scale Fo? cotn zmolcyment
32‘ STOLES, Hurd the CIP-S §cale for one groug. 1t was not possible to test Fne
{E; U?:/;_;T/ scales in tnis way oecsuse of a srcrt:;e aof time st the completion
‘”.éb c7 the Imventcry ocevelcoment panels. These gpanel memoers, who ware consicered i
tZ ce xncwlacgaslia raters, nacd just comolietec f:;: o Tilve zays zralysirg tre
v emplcymerts 2nod their ratings were to Qe comearec T2 tne major sarmplie ratings o
jﬁ cotained later in the research.  These ratings, Jor the vehicle mecnanics,
-2ﬂ were also compared to the parel members' cwn ratings (using t“e same scales) 1
hﬁ cctairee curing the major survey (test-retest reliabilizy). Seven panel f
”aqfﬁ memoers  provided ratings on PSE and CIP-3 for the vehicle mechanics ]
zuestionnaire Dboth as experienced pamel raters ang as raters curing the main ’
. survey. Fourteen ganel members provided ratings as experiencad panel raters A
o, far the driving trades guestionnaire. 3
e 0
P &
] Al
!‘ > SIDETEILS A
‘ Survey guestisnnalres. rour survey guestionnaires were constructed, with
:5 ore task inventory and set of backgroune informaticn guestions and two pelirs
j{ of task rating scales per employment group. Previous job analyses had b
b - provided joo task cdata which were held as part of the #ilitary cmployments )
.2 - Data Bank. Existing task inventories from this data bank were used as the
basis for experienced panels. Panel members, representing different areas of )
, the employment, updated and restructured the inventories under the guidance of
N a trained inventory developer. Inventory development procedures were normal }
‘xl Army accupational analysis ones as detailed in Standing Uperating Procedures b
~ for the Military tmployments Research and Information Team (1362). Eguivalent S
e - results can be obtained by following the procedures contained in Archer and ;
o Frucnter (1963). dackground information guestioms, survey instructions, and
- rating scales were added later. The final questionnaire for the vehicle ™
f' mechanics containecd 507 tasks and 16 background information guestions. Tne N
"% criving trades guestionnmairz contained 348 tasks and 17 background information N
KL guestions. ‘
¥ { }
e » Rating scales. Two pairs of rating scales were employed. Physical b
. Strength and tndurance paired with the nine-point Consequences of Inadequate -
5 Performance scale, and Perceived Physical Effort paired with the seven-point ¢
f\: Consequences of Inadeguate Performance scale. .
u'\- -
_*; .. Physical Strength and Endurance (PSE) is defimed as involving sigr :ficant 1
by use of the "large" muscle groups in the arms, back, or legs. These incluce
- requirements for lifting, lowering, or carrying heavy or cumbersome abjects, -
p- pushing or pulliny, torquing, or any other demanc for fregquent or continuous 3
::j exertion or muscular effort. Raters were told to make their ratings on the '
- basis of (a) the most demanding aspects of each task, (b) the level of demand .
Moy placed on a single individual performing the task, and (c) the level of demand n
oY required oy the complete task from start to finish (Appencix 1-2). The scale
has nine points, with anchor points described in terms of weights, heights, or
;: equivalent muscular effort. Raters are given the gpportunity to inoicate with A
,;\ an "X" if they feel tfey do not know encugh about the task requirements to 7
::: provige a rating. ‘
P,




arcaived ysica st ;) is
axerticn  2xperiencec  irm gerforming a sin
32332 "28 3gu2n zcints Uith 2xamclia tasks MRS ) aT
ard  towarcs the uoper enc (Appendix 2. hese examib.2 TaSK3 4T2 1CCate on
tne scale according tc tne relative metabolic cost of  their cerformance.
~aters were askec tc rate mow much much 27fort it taxes ©o Serrsrm zach task.
Ccnseguences of Inaceguate Performance (CIP) is 2 measure of e
sericusness of orobaocle conseguences resulting from 2 task net ceirg cerfzrrec
aceguately. it is defineg in terms of prosacle imjury or zeatn, “zi._ure to
acccmolish a critical mission, wastec supplies, camaget sguipmert, ant westew
nours of work. Two CIP scales were selected. Zacr scals measures the same

cnharacteristic. The * differences between “hem are tnat ore is 2 nine-point
scale (CIP-3) anchored at esach coint, <©o pair with tne nine-point PSI  scale
(see Apoercix 3), tne other is a seven-coint scale (2IP-7) amcncrec a3t the
mig-pcirt  anz  the axtremities to pair with the seven-point PPE  scale (see

igcendix 4, The seven-point scale uses sxample tasks to nelp cefine scale-
aint ancrcrs.

(9]

Survey adgministratior. Tne surveys were conguctec oy mall usinmg ncmiratec
officers within wunits to administer them. vetailed instructions for
completing the surveys were included in the questionmmaire booklets and were
supplemented o0y aoministrative instructions to the administering officers.
Raters were instructed to rate all tasks using their total military
experience, not Jjust the situation in their present unit. After rating the
tasks, respcndents completed the background information questions and sealed
the booklet in an envelope addressed to the project team. This was handed to
the administering officer for return to Canberra. There was no reguirement
for booklets to be completed in the presence of the aagministering officer.
These administrative arrangements were normal for Army occupational analysis
surveys and most respondents had probably completed a survey booklet at some
time in their career.

Results and OUiscussion

Scale Transformations

Since each survey respondent can have a personal assessment of what is
"average" and rate according to that assessment when using the CIP scales,
CIP-S and CIP-7 were treated as relative scales. The PPE scale was also
treated as a relative scale since it was judgec that most raters would fix a
‘rame of reference of "effort" within which teo rate tasks. Ratings for these
three scales were standardized to a mean of five ano a standarc deviation of
ane, This is a standard optiom available as part of the CODAP analysis
system. because the wording of the anchor points for the PSE scale made
reference to specific weights and heights, it was judged to be an absoclute
scale and therefore unsuitec for standardization.

Interrater Reliapility.

Interrater reliability statistics used were based on the Lindguist (1953)
method of intraclass correlation as applied using the CUUAP REXALL program.
Twa indices of reliability are normally reported by REXALL, and a third has
been calculated. The first, Riy» 1s the single rater reliability, which

- - |
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apcroximates the average sf all possinle sairwise correlaticns., The sescond,
Rkk’ is the reliapility for a sample of « raters, wnicn is the expecteo
cCrrelaticn cetuysen t-e set of coservec sarele task mears and The “ask  ~ears
of an hypothetical equivalent sample. If calculated R1 anc R, values meet
or exceed .20 ang .S0 respectively; they are interoretec as meaning trat
sufficient rater agreement exists toc proauce stanle estimates of task mean
values (see Jansen (1352) anc Goody (1576) feor more detailed discussions on
the use of REXALL). Sample size is also an important consideration in
assessing interrater reliability, especially in evaluatiny causes of poor
agreement. cxperience has shown that tetween 30U and 4G raters per analysis
catagory can te expected fo give reliable results. gecause sub-sample sizes
vary greatly in this research, the Spearman-drown prophecy formula, which
algebraically describes the relationship between sample size anc interrater
reliability, was used to calculate a standard Rkk for a sample size of k=50
raters.

Interrater agreement results are summarized for the vehicle mechanics
ample in Table 1 anc for the driving trades sample in Table 2. Comparison of

s
R,3 and R,, results against the desirable criteria of .20 angd .3C {Zansen,
1532) respectively incicate that results for the total rating set on eall
scalss were very good for the venicle mechanics, snowing tre close agreement

oetween supervisors as to which tasks were important and wnicn ones were
physically demancing. The reliability results for the driving trades were
also satisfactory, though the R., values tended to be lower than those for the
vehicle mechanics. These figures for the drivers reflect the more diverse
nature of that employment group, but all values are satisfactory. It is also
noteworthy that the R,, and Rkk values for the panel raters of both surveys
showed good agreement, as did the values calculated for the vehicle mechanic
panel members' ratings from the actual survey. It was not possible to collect
survev data for the driving trades panel members during the actual survey.

Table 1

Interrater Reliability -- Vehicle Mechanics

CATEGGRY SCALE R R R

" kk 50 50

All raters PSE .52 .98 .98
CIP-8 41 .99 .97

PPE .62 .99 .99

CIP-7 .45 .39 .98

FF Comd raters PSE .93 .58 .98
CIP-3 42 .97 .97

PPE .65 .88 .g8

CIR-7 .47 .97 .98

Non FF Comd raters  PSE .52 .89 .98
CIP-3 .40 .98 .97

PRE .60 .89 .99

CIR-7 44 .98 .97

txperienced panel PSE .56 .80 .38
CIP-g .46 .85 .38

Panel/survey PSE .67 .33 .99

CIP-8 .48 .86 .88
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Taclie 2 oN
Interrater Reliability -- Oriving Trades -
CATEGORY SCALES R11 R RSO 50 K :ﬁ
v a0
All raters PSE .38 .95 .37 281 O ot
CcIipP-9 .26 .39 .95 - B0
FRE 42 .54 .97 260 .
CIP-7 .27 .98 .85 260 o
Vo
N : FF Comg raters PSE .35 .59 .56 136 )
' : CIR-7 .21 .g7 .93 144 o ,r;’
PRE .40 .98 97 - 134 s
CIp-7 .27 .38 .95 136 .

: W

& vion FF Comd raters PSE .37 .93 .97 124 o

N cIP-2 .28 .98 .35 128 ¢

9 FeE L4 .33 .37 123 ol

’ ZIR-T7 - 27 .88 .35 123 =

B Corps 1 raters PSE .38 .59 .37 145

ﬁﬁ CIP-§ .28 .98 .95 146 E

m PPE .45 .99 .98 144 "

¢ CIP-7 .28 .98 .95 144 o

\ Corps 2 raters PSE .39 .96 T .97 34 -

H CIP-9 .26 .92 .95 34 s

! PPE . .39 .36 .57 34 "

! CIP-7 .21 =y .93 36 ;5

1 (3]

¢ Q Y

Corps 3 raters PSE .35 .96 .97 41 :
CIP-9 .22 .91 .93 38

! PPE .38 .96 .§7 38 .

L CIP-7 .23 .92 .94 38 )

k) é,
"':

" Corps 4 raters PSE .31 .92 .96 26 ..

g CIP-8 .25 .89 .94 26 i

PPE .40 .56 .97 32 .
$ CIP-7 .33 .94 .96 33 |§

. &

Ty P8

e Corps 5 raters PSE .33 .89 .56 17 3

By CIP-9 .28 .88 .85 18 Sbfh

= PRE .38 .89 .97 12

CIp-7 .26 .82 .95 13

" ;

:{ Experienced panel PSE .61 .84 .99 14 fh

‘!. x;g

o ol

The interrater reliability statistics indicate that personnel experienced -

N in the employments surveyed can agree closely on which tasks are physically W&

A demanding and which ones are not., They can also agree which tasks are 5

ff important and which ones are not when considered in relation to unit mission, %

safety, or loss/damage to stores. This agreement holds for all raters and for
sub-groups by Corps or type of Command for each of the four scales. Use of &
the Spearman-8rown prophecy formula indicates that, should an occupational
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analysis survey be conducted using any of these scales, reliable results can
ge expected ay surveying approximetely 50 exgerienced trade personnel. Tnis

® cemonstrates a ccrsideratls saving in staff time, and in joo incumbent rime 1‘}?’-
required to complete survey guestiomnaires. Time zer zerson to complete these )
5 guestionnaires was typically between two and three rours. The high interrater =
2- reliability results from the panel members ratings suggest that this set of .
?‘ task means may also be adeguate for identifying tasks for task analysis. The :4
Q reliapility results for k=50 raters are consistent with previous reports v?
0t & e.g., Jansen, 1962). .
t Scale Intercerrelaticns 15
N Y
X el
.{ Part of the survey aim was to compare how the pairs of rating scales ;Z
4] selected important physically demancing tasks for task analysis. To make tnis 45
g & comparison, the rank ordering of the tasks based on task mean ratings was b
assessed for PSE versus PPE and CIP-9 versus CIP-7. Tebles 3 to 5 repcrt the
. rank order intercorrelaticns for these comparisons. For the odrivers, w
X correlations for the ratings across the five Corps are summarized in Table 7. ¢
iﬁ All correlations are significant (P<.01). I
o g
Table 3
" W
; PSE/PPE Rank Order Intercorrelations -- Vehicle flechanics 5
h Gh
¥ 2 3 4 s 6 7 8 e
. 1. PSE all raters .991.0 .9 .35 .96 .96 .95 e
) 2. PSE FF Comd - .98 .9 .36 .94 .94 .93 '
Y 3. PSE Non FF Comd - .93 .9% .9 .96 .96 iy
) 4. PSE panel raters -- .95 .80 .sO0 .88 W
e 5. PSE panel/survey -- .90 .50 .8s s
' 6. PPE all raters -- 1.0 1.0 —
. 7. PPE FF Comd - 1.0 ¢
s 3. PPE Nen FF Comd -- A
¢ o
¢ e
C g
. W
K ,’)
i Table 4 o
t l.g
)
# CIP-3/CIP-7 Rank Order Intercorrelations -- Vehicle Mechanics ﬁ;
, - g
‘7; _‘
e 2 3 4 S 6 K 8 %ﬁ
i 1. CIP-9 all raters .98 .99 .75 .89 .87 .95 .57 .
Y 2. CIP-8 FF Comd -~ .9 .81 .9t .97 .96 .95 .
v 3. CIP-8 Non FF Comd - .70 .85 .95 .92 .96
Y 4, CIP-8 panel raters - .78 .78 .82 .76
P 5. CIP-Y panel/survey -- .88 .88 .87
' 6. CIP-7 all raters -- .98 .99
7. CIP-7 FF Comd -= .95
8. CIP-7 Non FF Comd -
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Table 5

-2 K] 4 5 B 7

1. PSE all raters .82 1.0 .83 .93 .92 .84
2. PSE FF Comd -- .88 .82 .92 .92 ,93
3. PSE Non FF Comd -- .83 .94 .33 .S4
4, PSE panel raters - L7207 T4
5. PPE all raters -- .98 .39
6. PPE FF Comd -- .98
7. PPE Non FF Comd -

Table 6

CIP-3/CIP-7 Rank Order Intercorrelations -- Driving Traces

2 3 4 5 5

1. CIP-8 all raters .39 .98 .87 .87 .97
2. CIP-9 FF Comd -- .96 .97 .87 .85
3. CIP-9 Non FF Comd -- .97 .86 .96
4, CIP-7 all raters -- .99 .99
5. CIP-7 FF Comd - .97

6. CIP-7 Non FF Comd -

Table 7

Range and Means for Rank Order Intercorrelations
of Four Task Factors Across Five Corps

MIN MAX MEAN

PSE .78 .96 .86
PPE .81 .94 .87
CIP-8 .79 .93 .86
CIP-7 .74 .94 .84

The scale intercorrelations show that the experienced raters agreed
closely which tasks were physically demanding and which ones were not, whether
they used the PSE scale or the PPE one. High agreement was also evident for
the CIP-9 and CIP-7 scales. These results suggest that essentially the same
job analysis results may be obtainable regardless of which pair of scales are
used. This 1is discussed in more detail later in this paper. The high
intercorrelations between the sub-samples selected by major variables (i.e.,
Corps and unit type) were expected (although nmot mandatory) once the high
interrater reliability statistics had been calculated for the sub-samples.
The high rank order correlations between the panel members' ratings and those
of the main survey suggest that, under certain circumstances, the main survey
may not be required. These circumstances are also discussed later.
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Scale valigities

Although a high level of agreement exists between raters using both pairs
of scales, there were some differences in the way the scales identified tasks,
and in order to report these it is.necessary to look briefly at the selection
of tasks for analysis, and some results of tnat task analysis. 7This will give
n incication of the validity of the physical demands scales for identifying
asks for task analysis.

cr fb

Tasks were sorted in order of task mean ratirgs ang categorized using tha
following decisic. rules: Firstly, those tasks with a mean rating greater than
the grand (overall) mean plus one standard deviation on the physical demands
scales were considered as potential tasks for task analysis; secondly, these
tasks were categorized using the CIP mean ratings so that those tasks with
means greater than the grand mean plus one standard ceviation were included on
a tcp priority task analysis list, and so on for lessor CIP categories.

Structured task analysis interviews usirg a fcrmat modified from Aycub,
9

2t al. (7882) were conducted to identify precisely what mace these important
“asxs zhvsizally zemardirg. Ztiacts were izzrtifiec ang a2stimates of welgrnts
iifteg, aistarcas gojscts were moved, and forces (e.Q., torgues, Dush, oDull)

appliec were cbtained. Jbjects were also weigned and technical manuals
checked for heights and torques. Estimates of frequency of task nerformance
were also obtaired. Part of these interviews involved seeking to identify
physically demanding tasks which were not included in the list of tasks for
task analysis. Although a few were proffered in the interviews, a check
invariably showed that these had been included in the original job analysis
and bhad not been on the task analysis list because mean ratings had been too
low. No new tasks with significant physical demands were identified,
indicating that the job analysis using both these physical demands scales and
this method of selecting tasks had been quite adequate.

The choice of physical demands scale had several effects on the set of
tasks identified by the task selection criteria. If the PPE scale was used,
more tasks were considered to be physically demanding than by selecting with
the PSE scale. But the PPE scale identified all significant tasks identified
by the PSE one. Inspection of the tasks indicates that this appears to occur
because raters using the PSE scale identify tasks largely on the basis of the
weights (and possibly the height) specified in the scale anchor points. The
"OR an equivalent demand for frequent or continuous muscular effort" part of
the definitions appears to have less influence, although the "stamina" tasks
(e.g., "drive cross-country in convoy" , which is mentally and physically
demanding but requiring more stamina than strength), did appear further down
the ranked list of physically demanding tasks. An alternative explanation may
be that the PSE scale discriminates between strength and stamina better than
does the PPE one, and that the stamina tasks really are less physically
demanding. Assessment of metabolic cost in task performance would need to be
conducted to determine if this alternative is true, but Ayoub, et al. (1982),
using the PSE scale, Hogan, et al. (1979), using the PPE scale, and Sharp, et
al. (1980), wusing actual metabolic cost, all found that about 90 percent of
physically demanding tasks are so because weights lifted and carried. Also,
the PPE scale is linked to metabolic cost via its development and the example
tasks on the scale. This is an area that could be subject to more research.
In practice, there 1is little problem in selecting "weight" tasks from the
tasks identified by these job analysis procedures, so either scale would have
served the purpose.
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A further factor to emerge from tre tasx amalysis interviews 1is that
trose intarviswes zisarl, orefarrsg tra ~S2 scals Fossibly this was pecause
the PSE scale makes it clear, by using specific weights and heights, what the
rating frame of reference shculd be; whereas the PPE scale is less clearly
cefined for these raters. This would suggest more face and content validity

for tne PSE scalsz than for tme PPE one,

Implications for Future Jcb Analyses

This research suggests tnat the job analysis to identify important
physically demanding tasks can be done satisfactorily using either pairs of
scales. Scale reliabilities are good, there are high ranmk order correlations
between the two physical demands scales and the two importance ones, and the
task aralysis failed to identify any significant physically cemanding tasks
not identified oy tne job analysis procedures.

Although these job analysis methods would be practical regardless of the
task analysis methods used (i.e., metabolic cost, strength, or multiple

chysical  abilities), joo selection criteria that focus on strength could be
justified on  the 5asis o7 osszarcn {alrsacy citaedi showing tha sominance  of
strength requirsments in cerforming ohysicaliy cemanding tasks. Use af suce
criteria offers economy of resources needed in selection testing and in

conducting job analysis. Measurement of strength is far simpler than the
measurement of stamina, and job anmalysis could focus on weights lifted and
carried. If strength oriented task analysis procedures are selected (and thus
concentrate on weights lifted and carried), then the PSE scale appears to
offer advantages over the PPE one. It focuses rater attention on those
characteristics by virtue of its scale point definitions; raters felt more

comfortable using the PSE scale; and there were fewer tasks in the group
selected for task anmalysis because the PSE scale tended to exclude '"stamina"
type tasks.

Regardless of which set of scales are selected for use, this research
offers some very sigrificant (and cost reducing) implications for the design
of the job anmalysis. Reliability statistics from this research shcw very good
results not only for large samples, but also for quite small ones.
Satisfactory reliability coefficients were obtained for all scales from a
sample size of k=50 raters. Since two to three hours of work time are saved
for each worker not required to complete a survey guestionnaire booklet, this
can mean many man-years of work saved by applying these findings.

The high correlation between the panel members' ratings and those of the
main survey on the PSE/CIP-8 scales, and the high reliability results for the
panel ratings, suggest that the job analysis may be undertaken by using the
experienced panel to develop a task inventory and to rate the tasks using the
selected scales. (Although the PPE/CIP-7 scales were not tested in this way,
their high correlations with PSE/CIP-9 suggest they would provide acceptable
results.,) If the interrater reliability results from the panel members is
acceptable, these could be used to identify tasks for task analysis, thus
saving the resources required for the survey. If the panel ratings do not
demonstrate acceptable reliability, then a survey of approximately 50
experienced workers could be conducted. An alternative to the survey may be
to vary the criteria used for selecting tasks for task analysis. One way to
do this would be to accept the ratings for those tasks that show high
rater agreement, and select more apparantly high demand (but alsc high rater
variance) tasks for task analysis. Put another way, the job analysis is to
ensure a complete coverage of the employment via the task inventory. The task
ratings are to target the use of labour, skill and equipment intensive
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and uwhere there 1is more variance in the task ratings than is
some compensation can be made by subjecting more tasks to task
It is estimated trat the successful applicaticn of the orocedures
in this paragraph woula save about ten man-years of Army project
if they were to be applied to the setting of physical demands

criteria for Army jobs. Many man-years cf worker time would also be saved.
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Agpengdix -1

g O shysical Strerzth and Indurance
Scale Point Description of Effort

J - No Significant Physical Oemand -- Corresponding reguirement would

: include periodic 1lifting of 9 1lbs or less =-- includes mest

‘R administrative and clerical tasks.-

1 - Extremely Light -- Corresponding requirement would incluoge periodic
lifting of 10 - 19 1lbs to a height of 5 ft OR an equivalent demanc
for frequent or continuous muscular effort.

E O 2 - Very Light -- Corresponding requirement would include periodic
lifting 20 - 29 lbs to a height of 5 ft OR an equivalent demand for
frequent or continuous muscular effort.

3 - Lignt -- Corrésoonding reguirement would include pericdic lifting of
30 - 38 los to a height of 5 ft OR an equivalent demand for freguent

O ar rontincus muscular effort,

4 - Light to foderate -- Corresponding reguirement would  include
periodic lifting of 40 - 49 lbs to a height of 5 ft OR an equivalent
demand for frequent or continuous muscular effort.

- 5 - [lopderate -- Corresponding requirement would include periodic lifting
of 50 - 59 lbs to a height of 5 ft OR an equivalent demand for
frequent or continuous muscular effort.

6 - Moderate to Heavy -- Corresponding requirement would include
periodic lifting of 60 - 65 lbs to a height of 5 ft OR an equivalent

& demand for freguent or continucus muscular effaort.

7 ~ Heavy -- Corresponding requirement would include periodic lifting of
70 - 79 lbs to a height of 5 ft OR an equivalent demand for freguent
or continuous muscular effort.

& 8 - Very Heavy -- Corresponding requirement would include periodic
lifting of B0 - 89 lbs to a height of 5 ft OR an equivalent demand
for frequent or continuous muscular effort.

9 - Extremely Heavy -- Corresponding requirement would include periodic

v lifting of 90 1lbs or more to a height of 5 ft OR an equivalent

iy I demand for frequent or continuous muscular effort.

X = No knowledge of task requirement.




Apcendix 1-2

PHYSICAL STRENGTH AND ERLDURANCE

This scale is a measure of physical strength and endurance. Physical
strength and endurance are defined as involving significant use of the °large’
muscle groups in the arms, back or legs. These would include requirements for

lifting, lowering or carrying heavy or cumbersome objects, pushing or pullirg, YRS
tgrguing or any aother demand for freguent or continuous exertion or muscular
effort.

Remember, make your ratings on the basis of:

a. The most demanding aspects of each trade. :
b. The level of demand placed on a single individual performing the 4w

task, and
c. The level of demand required by the complete task from start o
finish.
T - NCNE OR ZXTREMELY LIGHT PHYSICAL DEMAND - Ccrresponding raguirerent Qy;

would include geriodic 1ifting of 5 kilos (11 1lbs) or less -
includes most clerical and administrative tasks.

2 - VERY LIGHT - Corresponding requirement would include periodic
lifting of 5 - 10 kilos (11 - 22 1bs) to a height of 1.5 metres OR
an equivalent demand for frequent or continuous muscular effort.

'

s
N,

3 - LIGHT - Corresponding regquirement would include periodic 1lifting of
10 - 15 kilos (22 - 33 1bs) to a height of 1.5 metres OR and
eguivalent demand for frequent or continucus muscular effort.

4 - LIGHT TO MODERATE - Corresponding requirement would include periodic &
lifting of 15 - 20 kilos (33 -44 lbs) to a height of 1.5 metres OR
an equivalent demand for frequent or continuous muscular effort.

5 - MODERATE - Corresponding requirement would include periodic 1lifting
of 20 - 25 kilos (44 - 55 lbs) to a height of 1.5 metres OR an
equivalent demand for frequent or continuous muscular effort. (5‘

6 - MODERATE TO HEAVY - Corresponding requirement would include periodic '
lifting of 25 - 30 kilos (S5 - 66 lbs) to a height of 1.5 metres OR
an equivalent demand for frequent or continuous muscular effort.

7 - HEAVY - Corresponding requirement would include periodic lifting of
30 - 35 kilos (66 - 77 lbs) to a height of 1.5 metres OR an ® 4
equivalent demand for frequent or continuous muscular effort.

8 - VERY HEAVY - Corresponding requirement would include periodic
lifting of 35 - 40 kilos (77 - 88 lbs) to a height of 1.5 metres OR
an equivalent demand for frequent or continuous muscular effort.

9 - EXTREMELY HEAVY - Corresponding requirement would include periodic
lifting of more than 40 kilos (88 lbs) to a height of 1.5 metres OR
an equivalent demand for frequent or continuous muscular effort.

X - No knowledge of task requirement.




Acpenaix 2

~ 3.__\{:-—‘..

This 1is the degree cf

physical exerticn experienced in perfcrmirg a

single task or a series cof tasks.

Requires txtensive
Physical cxertion

Requires Little
Physical Effort

Using the 7-point scale,
each task.

7 ——

Jperate a jackhammer

Ferform lignt weldirg

3it at a desk using a hand
1. __J__ calculator

please rate how much Effort it takes to perform
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: x Acpencix 3
- CONSEGQUENCES CF IWACEQUATE RERFCRMANCE

- This scale Is a measure of the sericusness of prcbaocle conseaquences of
a:j inacequate oerformance of an activity. It is ogefired in terms cf

1 crocazle injury o©r death, failure to accomplish a critical nmission,
wasteg suppolles, Camaged ecuigcment, and wasted man-rours of woTK.

\5: 1 - EXTREMELY LOw CONSEGUENCES (neglible effect on pecpla, =quipment,
.'v- miSSiOﬂ)
"y 2 - LOw CONSEQUENCES
et
o
:«.E I - LELL 3ELTu AUVERAGE CONSEGUENCES
o,
‘ 4 - SCHMEWHAT SELJW AVERAGE CONSEGUENCES
P A
2
o S - AVERAGE CONSEQUENCES
‘i
. 6 - SOMEWHAT ABOVE AVERAGE CONSEQUENCES
1 ’
K \J«
‘- 7 - WELL ABOVE AVERAGE CONSEQUENCES
- 8 - HIGH CONSEQUENCES
W)
:ﬁﬁ § -~ EXTREMELY HIGH CONSEQUENCES (may result in injury, death, serious
b damage to equipment, or failure to accomplish a critical mission).




Apcendix <

CCONSEQUENCES JF INADEJUATZ PERFORMANCE

the sericusness of probable conseguences of

It is defirneg in terms possible injury or

eguipmenrt, ancd wasted man-nours of work., The

a scale from 1 (Least Sericus Ccnseguences of

7 (Yost Serious <Conseguences of Tnacequate
mediate lavels definec as rollous:

Tl e &

ynat will nappen if the job is inadequately performed?

7. Most serious consequences (eg check
carachute rigging prior to perscnnel drop).

Moderately serious consequences (e.g., prepare
ammunition for destruction).

AT AR

o

1 Least serious consequences (eg fold hospital
linen).

-
(X

Using the 7-point scale, please rate wnat will happen if the task 1is
imadeguately performed.

b o .

8
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