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.hethodology. The analysxs at the system Ievel indicates where there

, hypothesxsed that these dxffxcultxes explaxn the reason for the

- ’ . ’ F
proposed using the Canadian Forces as an e:ample.

i * ©

. ) Job Performance Aids: .
Concept, Impiementation and Implications
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Reszearch into job ard +echnology has been conducted for. mére than

Awenty t1re years by the United Stiteg Department ot Detence with good

. Y. e . ' .
evidence that the f@chnology zupportz ‘on-the-job morker pertormance.

In cpite or the flndxngs. the U.S. military has not embraced the

fechnodogy a: a means of 1mprovxng the worth of worVer performance.

<

3

Worth 1n this context 13 the result of the value of the worker

'

accomplishments 1n Feratxon to the cost ot acqux?xng‘fhe beh3viour

repertories. The results of flndxngs rnporfod 1n the literature

concerning JOb aid fnchnology are compared to a conceptual analysis

using Stafford Beer’s Viable System Model as a dedubtive reasonning

- T
1

may be d1f+1cult1es for 1mptementatxon of jyob aid technology. It 1s

'

failure in 1ntroducing-yob aids to the mxl1tary; A general model for

gA

the 1ntrodgcti§n of the ‘technology 1nto a large organization }é«

o
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A : , CHAPTER "ONE
) h - THE_P;OBLEM AND 179 SETTING . (
. &8
2 - e : '
. Introduction- .
" ' J The results wt a stud; into thelresearch tha; has peen conduc{ed
on Job pe}f;rmanqp a1d technology are presented héfe. A substantial .
i amounthof eftfort has been expended on research of the job a1d concept
. (Folley & Munger. 1941: Elliot, 19443 E1110t, 19463 Foley & Cramm.
- 1;?2: Booher, 19%Ba:.im1|!xe. 1785) . 3Some 1:sues appear to have been
' ; resolved. while ofhers remain targets ¥or furtherksfudv. These
. reséarch topxc; are 1ééntii1ed and subjected to a novel systems
’ . B "analytic procedure which attempts to extract';nformatxon useful at the
: m;cro (worker) and macro (;ystemi levéls: ’
0 . — : . -
- There were three phases to the study. The first phase was the
1dentification and desfripixon of the research problem for this study,
.. this chapter. Next was thé-select1on ot research method and analytic
deviges; this 1s the‘subJect ot chapter two,- The fxﬁal phase was the
3 , compilation of the anaiysxs_whicﬁ 1s presented 1n chapters three
through five, Chapter'flve\also summari1zes possible researclhh topics.
The firs}~phase is dxscgssed below 1n two parts: the de;inltlon .
.. | ,of the prablem; and ‘the setting.
. ' ‘The Problem Defined |
/ The 5}oblem;6ef1n1{ion 15 discussed in three phases. The:concept
Job)axa is first defined to provide focus. The context of Job a[&
) research ts ihen‘prese;ted{':%d followed bz,a refinement of,the
— ' pesearch prinéiples to ;rovide a clear definition of the research
o ) ' 4 . . ‘ - '\ B
oy . ‘ o #
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"problem for this study.,

Job aid definition, A job aid is an information ai1d which

v 2

guides an 1ndividuak:s performance on the job 30 as to enable him to

do something which he was not previously able to do. without requiring

»

him to undergo complete tpaining for the task (Wulf¢ & Berry. .1942).

The following 12 a list of eguivalent terms:

¢ job performance aid (JPA) ‘

® performance aid

® o0b guide (manual)

. procedural gquide

k)

8 how-to~book

~

e task perform:kce map

[}

-

1

P

This definition 1s further refined 1n chapter three where the

concept is expanded, but the definition will suffice as a starting

point. The key elements of the concept are that it is used on the yob

while performing a task, and 1t is used as an alternate, but

complement, to training.

An exampie of a job aid is the piece of paper that comes w1 th a’”

1
3

. .
new uqassembled bicycle or garden shed telling the purchaser how to

'3

assemble the parts. These tasks may be ones the purchaser has never

1
encountered before,

-

However, with the ai1d of the piece -of paper

together with previously acquired general skills (reading

-

instructions, using a screwdriver, etc.) a new performance can be

3

accomplished without special training.

The amount of difficulty (and

o'

cursing) exhibited {n performing the task is an i1nverse measure of the

efféct@veness of the job aid. It is apparent that there are good'énd

bad job aids. This suggests potential researth problems.

r

!

in context.

Wulff & Berry (1942)



1

proposed some research qﬁes}ioné with regard to job aid tecgnology.
’ :5hT9Ey Qregumedikpat the ssychélogxcal problem posed by‘the'requ1ranentm
go design job aids is one of stimulus control of human performance on
“the yob. .How can stimulus &1tuations be arranged 1n a job aid so as
to produce obtimal performance by controiling behaviour? In refining
this question, tggy rejected any resear;h problems attempting Eo
. ;b - categorize the Qewilderxng variety of human performances.in systems,
< Wulff & Berry suggested that ‘it might be posslb3e to cliassify the
varieties’of change in performante that could be brought about’by

~—introducing Job aids. The research problem proposed was how to define

= %ﬂch classes of change and how thenzto relate them to the
characteri;tics of the,performance aid. Change of performance or
behaviour is related to learnxng: In\the learning env;gdnment,
hﬁwevér, tﬁg-student ‘is given opportunity to makeaerro;s, refining his
performance toward the mode) performance through successive attempts;
this rbocedure is reférred to as shapifg the behaviour. In the job
environment the task performer is expected to pe;form correctly on the
P g/" first and every atte;pt. The problem 1n changing on-the-jyob
pesformance by using job aids is that one yob a;d which may be o
~ appfbprxate +4or one 1ndividual may be inappropriate for another; T:e

problem proposed by Wulff § Berry i; related to the categories of .
1earneq behaviour in relation to the characteristics of job aids.
Since 1942, when the Wul ff & Berry article was published, tge
"United States Armed Forces have spohsored a substantial number of
studies in -job performance aids. The culmipation of this work is the
introduction of an entire military trade whiéh is based‘on, among
certain other principles, Joé peé?ormance aids. This project is the

Enlisted Personnel Individual Carogr System (EPICS) (Blanchard &




~

-

Smillie,,1§?9{ 1983; Blanchard, Smiilie &'Conﬁer, 1984; and Bl;nch;rd,
Cleltand and ﬂégéd:tchxan, 1964): " The resear?h information base that
has béen developed iﬁ the 1nve§tigatxon of job aids is ereral}y “
unavailable }Z fhe puél{s. This is not 'due to security classification |
of th;Astudies,’bqt due to their *fugitive" nature.

A search for 1nformation on Jjob aids usxqg/C:}\ous information

-

sQurces such' as card catalogues; dictionaries (e.qs, Educatianal
N c . .y .
Technology: Definition and Glossary-of.Terms), encyclopedias (e.qg.,

Encyclqpédia'of Educatzon),'indeies or abstracts (e.q., ERIC) will

»

produce very little in the way bf resul'ts. Searching through
textbooks will produce results if the searcher already’knows which e

authors to look for. Much -of the information will not be found except .
' . . “ .

-

through an enhtustive.search of . “fugi tive"” ‘iterature.' The fugitive

Yy ' ' .

literature information base is large, beilg primarily studies
conducted for the United-States Department of Defence.
- ' 1

,

In these twerity five years since Wulff & Berry proposed research

probl ems 1an6b ai1d -technology 1t can be presuméd that much has been

p

"learned. However, readxhgﬁof the, studies done to date wil! not reveal .
o a gerpral §§el which answers the all asﬁects of tﬁe problem proposed
by Wulff & Berry. - A goal proposed by these researchers was to develop

a method to classify job tasks so that jou aid developers could learn - ‘

.

to c}assify any given task and then enter a.table ﬁy type of task to’
determine appropniate rules for generating optimum job aid material.

D - ] ,

Undoubtedly other research problems have been encountered as a

. ’. a , ‘ . . -

resui t of individual s}udies,"and additional problems may have beenvf :
r / . . ) ’ . y . s N

discussed. The prgblem for the present ;tudy is what havaeé€> }earned

Vo

/ '

about Jjob afd technology? Is there sufficient information for a.

. generalized systems model for job. aid utilization in the context of
.~ . /‘ b . " [N s -

-

e, . *



,alds and these Ievels-prwxde 4 useful dyvision for the research

13
r -

!ife cycle support of maJor capital equipment proourement?'*hese‘,

‘questions are posed thhxn context of a gda‘l to transfer Job axd

1

technology ﬂ-om the Uni ted States, ih partlcular the mllxtary, ‘to the
’
Canadian lndustmal Complex. It is the- author ¢ desire that Cdnadun

Armed Forces wille also benetlt £rom th-e research.
The resé‘arch to date has been extensive as will be demonstrated, -—
but how are researchers to Vnow whethér the .;ob aid cOncept' has been

fully explored’ Much is Khown and is being employed but, what are

[

the guiding prmcxples to orgamze further know! edge about JOb aid

technology’) 'y two level mode] xs proposed for the analysxs ot Job

\

A

problefns 1nvestlgated in.this study ,

The problem refined. The research pr%blem for this study was

A

dealt with on two.levels: ,the micro level - thdt is the 1nteractxon .

+

“betwe'en the task performer and the Job aidj and the macro level -~ that .

»
-

15 ’the role of ,Job aids wlthm the Iarger systems context. The

prc\)blems for this st dy are basic ones: -

Y

.¢ ~ Micro Level -
‘® What are job 30d what do they do in task performance?

.~ 8 ‘Why use job aids helﬂ*ln?ividuéls perform- tasks? o

L¥)

@ Where and when should they be®used? ’
" @ How shduld job aids be used on the job? . -
, e
Macro Level < ' ) . N

¢ MWhat are job ai:!s in the~systems context and what do’ they

do for overall system performance? - — T

"o Should job aids be developed as an integral part of a ' .
whole system? ' o - e
® At what stage should they be 'dwelopod in the system . g

&

»
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: . . U ¥
.
. \

development process? And, where in the system should they

be used° ) , . ST

]

: @ How, in context of the whole system, should they be used’
The xnvestlgathp of these problems created furfher needs. A’

conceptual framework for systems deveIOpment was needed. A systems’

engineering point of v1ew.was'selected; Also an-analytical method was

required to cope w{th the 1large numper of’veﬁfables and the resea:ch )

data. A‘c9bernetxc'model was used to'ptocess the research information

-~

and the model provides a method for proposing a system design . .

fraﬁework for yob aid'implementatiod. The ﬁandhfng df these needs is

dlgegéBed,xn chapter two. " ’ ,

From this definition of the research prdplem the drscussion leads

-~

L
to the setting of the problem. . c ~

The Setting of the .Research Pr?b}em

The setting of this current effort is within the ecademie and

military milieu with potential'industrjal benefits. The sponsor of’w

t the study is idehtéfied;below with a statement of the 1ntended scope

!

of the study and finally the importance to the three communlties.
S The sngnsof " The Canadian Forces have provided some - -
seonsorshxp for thxs study as pagt of a general program which has-a
‘goal of 1ncreasxng re51dent Knowl edge wlthxn the Forces of varxoue

" topics. ' In part:cular, for the author’s 1nvolvement, the need for a
' strq§egy for appllcatlon of Job ald technology has been identified.
.‘The fxndings of thxs study should aid the development of a Job aid

'strategy. . - é‘

Scope of the study. This study was conduc ted within a context

of Applleg Research ln that the results have a- practical applicatijon

Y

that can be applied in various settings. It is not intended that the

T [+



-

" the Canadian Forces.

L

~

N ) e L
- .) . .
fxndxngs be’only appTicable to the spoﬁéor of the study. 1t 1s

-

expected thit, while the Qanadt&h Fofces is used as the onganizatxoﬁal

example, other large organizations which have a heavy training load

[

could benefit from this study’s findings.

4

This ;tudy does not propose detailed m?fhodé for Jogfand

development’ as they are dealt.with elsewhere kHariesS, 1979; Horabin,

1980) , but does &eaf with factors influepcing their design. fhe stgdy
. . ¥

does propose a task guidance strategy using a general model for sob
!

‘

aid fechnology. It is suggested that this strategy 1s suitable for

- N . A

o Importance of the study. This‘stﬁdy 1s important to three

communities: thé military, in particular the Canadian Forcesy

industriai complex, i1ncluding defence contractoré; and, the research

and development community.
R . 3 . . \ ."‘ . "
The Canadian Forces are currently engaged in several major
. - ] o , L
capital acquisition programs to upgrade operational capabilities.

-t

e Aurora Long Range Patrol Aircraft (LRPA). The delivefy

14

of these aircraft igpcomplete; - training has been .
‘ £\ . .

o

: . implemented;  and, some job aids were provided, however a

" system was not inﬁroduted for the updating and maintenance

of the Job.aids, "

- ® New Fighter.Ajrcraft (NFA). This contract 1s well into

implementation; the NFA Training Development Team was
briefed on a systems aﬁproach to performance aid technology

in January 1981 (Morse, unpublished). ' ,

® .Canadian Patrol-Frigate. The contract for this project

wis let in July -1983; this project is the iargest capital

‘ s
project ever undertaken.by the Canadian Government; it is

- -



tosting over three billion .doilars.

In each of these proyects, 1t 13 %hticipated that major changes
to the ski]ﬁ repertory of Canadian Forces personnel-wifl occur. These
- . ~

projects will- result 1n-a shift from “tube technology” fo "zolid-state

digital "technology”". Significadt retraining is required and savings ) \\
. \ .
, v - L 3 . 2
may. be possible with increased -utilization of job performance aids: AN

. L]
F3 .

These projects are also having an effect on: the Canad{gn Industrial

A

Complex. This i3 especially trua.in the Patrol Frigate Project which' %//

“has angimportant Canadian Industrial Benefits package which emphasx;es\

' - {

"transfer of technology" from U.S. to’'Canadian Industry. 'There have -

been 1ndications that zuccessful contractors with the Canadian
' ' ’ w‘

Government will have a proven capability in integrated life cycle

support, .

it wag'recégnlzed_sqveral years ago ;haf fbtUPE‘technologies. .

would ‘present problems#*«’?he provision of sk1illed personnel to !

~

‘maintgxn complex computerized systems. The Cinadlan Forces Maritime

<

Command conducted a study which has resulted 1n a major ‘restructuring

of Naval Trades (Marxiime Command, 1978). The study has been Known as

~ 1 - '

, the. MORPS Repoﬁt. MdRPé 1s an acronym for Maritime Other(RanKs\
% 3

Production Study.
The MORPS Report describeé severa}‘problems which.may be

universal to volunteer military organizations:

\
~

-

® attrition of trained personnel
i Kigh front end costs of training, especially maintehance
tqaxnxng°‘
In addition the Canadian Naval Forces aaye had a general attrition
problem which has resulted 1n fra&é‘srrutture imbalance at thqlmiddlé

rank levels. The MORPS Report anticipated the technological advances

2 .
3 :
.

ﬂ.\
/
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and predxcted quxte accurately the: dxscrepancy between stII levels,of

’ the la&e 78 s ahd the skxll requxrements of- the early 90’5 as 15

i

evxdent 1n the NFA and CPF Projects.

Jt.is unfortunate that the MORPS trade\;eé/ructuring 1s'befng

///’—m—doﬁe thhout cognxi‘hce of’ research being done by the Unxted States

Armed Forces 1nto means of reduc1ng the effects of attrxtxon of

traxned personnel and” the impac t, of technologxcal leaps.t The answer
. 5 . 1 }
to these problems coming from the'U.S. research and ‘development

efforts involves deferred traxning,'but immediate'employment,xn

maintenance areas with task quidance by the use of various forms of -

JOb performance alds. The'MORPS answer, on fhe'dther hand, invol&és \\,«

deferred traxnxng and deferred employment in maxntenance areas. .

Until recemtly, l;ttle emphasxs has been ngen In the Canadxan

Forces to the potentxal of job performance aids 1n solving performance

/

/problems on the job. The specxfxcatlons that govern technlcal manual

¢

b
by

"implied in the job nerformance aid concept., .

.wider scale application of the Job Performance Ai

production do!no} make reference to job performance aids, nor do they

require the Kind of "user friendly," procedural documenit that is \

. The Job aid concept is now 1ncluded in the, curriculum for the oy
\a

nadian Forces Traxnlng Development Officer Classxfi atxon tralnlng.

One ,could expect’ sane Job aid development in some ingtances as a

functxon training development.

’

_ The Canadian Fortes have recognized,the-need!

d. Technology (RO}T,

or a strategy for

1982). 1t.is intended that this paper wiil provide.groundwork for

. . N
developing such a strategy. This present study explores the job aid

EOncept from the worker point of view, supervisory point of view and

Y
. . / )
the system point of view. By handling.the topic in this way, gpoeiflc
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; working procedures can be developed for implementatign of Job aids in
' approprxate ways usxng the concepts presenVed and the sVeleton system

v /
mode) presented. - L b T off*

P

While the government sector has been enoaged-in study into the~
‘JOb<Qld concept in an attempt to ‘justify the technology so that
. funding can be allocated, the 1ndustr1al complex has been the
- benefactor of much of -the’ research.. Improved presentatxon of |

information .to woriers by means of job aids in apprdprlate 4nstances

/ results in 1mproved worker ' performance and therefore an 1mproved *

4 proftt picture. It is suggested that many of the personnel 1nvolved

1

in the research are from time tO'time consultants to industry and a

transfer of the technology has otcurred, ‘Further research into yob’

»

aids could haQe add: tional beneflts. Some of the aame benetits "_
l "proposed for the Canadian Forces could app19~to jnqpstry.
For the research and development communxty, this study collates
information avaxlable in dlsparate 'fugxtxve"sources The, findings
"and concepts are presented in a rational fnd novel way using Stafford ’

', Beer!s cybernetlc model (Beer, 1972; 1979; 1985) fc’w analysis and
A 3
presentation. It 1s atso prOposed that the analyt;c method used in

" this. study could be used béfore conductxng research and development

- work to make the research moré focused while avoxdxng the problans of

implementing the -findings. . " .

s
-

v By handling thxs compiex subject in the way that has been'

4

descrxbed, it is exggcted that thls paper will further Vnowledge about

’ ' -

JOb aids and promote their use.

r

N Thxs chapter has presented the 41rst phase of the present

. research, the statement of the problem in terms. of the questions to be

- -

;

addressed as welllas setting of the study into the problem. The next

. ,
. .
Ko . 4 . .
\/\ i

- . t

o
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-Introduction . -

~within a Canadian context. K ,

CHAPTER TWO> . - =
+ DESIGN; “CONCEPTUAL FRAMEWORK AND RESEARCH METHOD.

-~y
'
\

-

i Ihe second phase of the research reported ‘here was the selection
of a design, a framework. .and anatytical method dnd 1nstrumentation

%or the study. The selected analytical method also prowvided the meanc

[y
©

to propose an 1dealized organizatieonal model which 1ncludes job aid
, , g
technology., First the design. .

. o

. w' ¢
) Design \ ' , K
This section describes the design apprq;cﬁ/for the study and
., * ot - B ., ‘ °
discusses the nature of the information sources.

)] ’ '

Historical Desiqgn 0

o

!

A Historical Design was selected for the present stgdy.' There 15
a [}rge 1n+orm;t10n base 1n job aid technology. Compreh§n51ve Eevxewé
nf the lxteratunelbpve been cénducted about every five'on 51X yeafs
since 1941 (Folfey &‘Munger. 1961; El)iot, 1946; Foley & Cram&, 1972;
Bogher, i978a). Morse (Mote ) conducted a review of the Titerature
in 19QO“but did not complete the study; 5owever, an ;xcellent )
Bibfiography with Abstracts was prepﬁfga\foverlng the perind 1954 to
{980, lOtheC than the Morse notes, no study ;r review of’ the -

-~

literature on job aid technology has been conducted i1n Ganada or

° p
. . Substantial .information on job aidé 1s buried away in a

“fugitive® data base. These studie$ were accessed through the



.}

éanadxan Dep;}tﬁént of National Defence (DND}% Defence Scxenced
-Informatlon Senyxce\zagTSTia'sectxon thhin Thief of Reséarcﬁ‘andv"
Deye[opméht éCﬁQD’z PSIS is not normally available to the ﬁubiic.
however’ msf;tutxons %‘compames which have cont‘r'acts wi1th DND may
subscrlbe to the servté DSIS ac&efsgs research reports from

- . )
Caradian and*forelgn institutions conducting defence research... -

,The Nature of Job A1d Liferature

iPrior to 1948 research reports relating to yob 31d technology

were, fpr'the most ba?t, informal studies using a scientific éppnoa&ﬁ

- \ '
) ' [}

and. the findings are not generalizable. The early reportz were
studies of parfgcuiar'syétemsaqr parts of systems. By 1?38 guides' to

L 4

‘the design and uze of job aid types ot materi1ale pere published (Hoehn -
& Lumsdaine, L?SS;'MxIleF}'19§6). it no studies were found 1n which

any ;ttempt was made to identify the relevant variables. in the ¢

{

‘.performance.aids problem (Ellxott 1966) . .

t

1968 to 19?2. By }9?2 Job axd research had determined that

certain varlables were’ xmportgnt 1n the tgchnology.

¢ Job aids vs no aids vs trarnxng (Horabin, 196?) . '
) Qp Job ald Vs traditional. technical manualé‘vs training
length vs subject technical aptitude (Elliot & Jogce, 1948) ..

_® job aifls vs traditional technical manuals vs length of

\

tr&ining (Gebhard, 1970)
¢ Jjob aid formats - flow diagrams vs simple lists of

instructions vs subject technical aptitude (Elliott, 1945
’ Y ) )

e Job aid media - visual vé audio media (ElTiott, 1966

® subject technical aptitude vs job aid vs control (Elliott,
’ ~

.
’ -

1967)

- These studies were prxmar:ly Research and Development type of




L]

.

studies, however,, inferences were made 1n some cases to a more

~

generalized population. These sgudles were not true Experiméhta\
designs, but Dda914Experxmeqtal (Causal-Comparative or Corrélatfoﬁql!.ﬁ

The subjects were generally in preformed gnobp§ and occasxéna[ly

subjects were randomly assigned to treatment. : S o -

-

1@22 to 1978. For this period fewer, of. the studies emphasize’

*

the utility of job aids and a greater emphasis was placed on the ,

structure of. the job aids and their acceptabiNity, New job aid
variables.were studied:
1 . M ,

o ‘level of job aid detail vis traditional manuals ve |

i . e

technician experience v's spareé usage (Potter t Thomas, E
- L. T
1974) o '

L

e user and supervisor acceptance ot job aid ws traditional

technical manuals tJoyce & Chenzoff, 1974; Johnsop gt al,

L3 .

19773 Richardson & Syster, 1977; Bialek & Kulas, 1978;

" . \’ ‘
Thomas, 1978; . , ' ) )
) ¢ job aids with imbedded t}axning vs on Job tramning

o n

(Pulliam & Goett, 1???; Theisen, Elliot & Fishborn, 1978

]

The studies 1n this period were more rigorous in attention to

design and reduction‘of'confoundjng vari1ables. The potential for

integrating training and knowledge or skill advancement wrthin the. yob

L3

aids was conceptualized. During this period and extendiﬁg to dété

"have been some studies on the use of algorithms in:instruction (Brecke
; p -

-

- & Gerlach, 1973; Gerlach, 1974; Gerlach, et al, 1975 . The emphasis
‘ - " . ~ , - -
in these studies 1s on the effectiveness of flow chart type formats.

.for communication as well as analysis of procedures and content; some

useful design information can be drawn 4ndb7tﬁé algorithm research.

1979 to Date. The most récent studies in job aid technology
. B .
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were concerned Nith job axd structure and Iarge“%cale 1mplementatxon' -~

H

- ' .8 flow chart Vs equxpment state tables vs trad:tional ' . -
manuals (Smll]xe, 1981) ' o .

® use of ‘Caflouts (Cupran, 1988) ' ’
b NG
8 1ntegrated traxnan;,Job alds and xndxvxdualxbed perSOnnel

-

system (Blanchard & Smxlllg, 1979,\1983; Blanchard,~Clelland'

. '& Megrditchidn, 1984; .Blanchard, Smillie & Conner, 1984) |

-

A

" The research during this period attempted to deal with sthe

]
- ' -

failure of job aid advocates "to achieve wholesale acqeptance of Job

aid tethnology; In the previous periods, job ai1d research was out of

.the main stream.'tlt was RMD and not necessartly oriented to
. impiementation. ‘Examples of Job aids had been developed for
comparison and e#fectiueness studies, in some cases job aids were

, 'delxvered foe 1mplementatlon, but supervnsors pegged the yob ard users

’ -

as "dummtes because they don t talV lee real technxcxans, even

though they may perform every-b:t as well (Joyce, 1977). The EPICS.

.2/

PrOJect is an. xmp)ementat:on study whxch when complete, could close

the book on job aid research (Blanchard et gb, 1979, 1983, 1984a,

)

1984b) However, a telephone conversatxon between the author and Dr.

Smxllxe at NPRDC (1982 suggests that 1n spite of every evxdenee of

-

the value of highly procedural Jjob aids, job aid users are not wanted
in the military; highly trained technxcal,people are‘preferred. Ha; ¢

* —_

the research to date been a waste of government money? One would hope

.§ not. Much information has been learned about the design, development

and implementation of improved job instructions and task guidance

‘ ~o

on-the-job. T . ' /
. The present'etudy will reexamine the Job'aid‘concept to determine -,

'what¢should be'done in order to successfully introduce job aid™ .

r
)

A . s -

- > -




- world is like., It Knoks precisely where to go and will use

s 14

AN

techhﬁ1ogy into large ohganizations., The literature éeems to'point to

-the valuable contributxons that JOb aids can provxde, but .there seem -

to be system leve! prob)ems. NorVers can use the axds on the job;
supervtsors say that worVers perform adequately (Smxllxe & Clelland,
1986) ; - but; Job aids are not being 1ntroduced intd the mxlxtary/)
Private 1ndustry, however, has embraced them because they effect the
“bottom. line® . e

_ The ﬁethod ;;;ected to conduct this study requires‘some

explanatxon. Tt follows from what haé(been discussed S0 ¥ar. Since

the problem of JOb axd 1mplementatxon is at the system level, a method '

. i's needed to examxne'xt-ln some meaningful. ana!ytxc way. An approach

was found which is novel and could have wxder scale applxcatxons as’

will be discussed in thapter five, The analytic method is thhln a

conceptuai’ framework of engineering.

LN

Conceptual Framework

Gtibert»(f9?é) compares'scienfe and engineering, His ideas are

-

summarized here. ) A B

". .Science attempts to dlscover from fxrst prxncxples the - - ~;

nature of things. 1Its purpose iq,tp find out,what'the world

8 is Jike. It uses a well-developed methodol&gy,‘and'wibﬁ'géi
wh;re ii Ieads; Sciense makes no value judgments; things"
are what they are. Scjence sees knowledge as an end for jté\\:f
; \ own sake. ' .-

4 5

Englnggnlng on ‘the other hand, is intent on remaking the )

f -

world, it is not content with just flndlng out what the,

whatever methodology to get there. Engineorina makes value-

3

N

4

K



' deal that we do Know about human performance and performance systefs.,

_engineering context. "

N

.gen'er'ilizability but greater internal vaTidity. Less experimmﬁ!

1

| ) : | 17

Judgments. abo;:'tr the ;'I&t;JPe of things and seeks.to make

cha;lges that wil |‘,be valued. Knowledge is not th'e end; .
kKnowledge shou'ld.be applied effi_cxently s0 as not to detract -
from the valuabl® ends. However, new Knowledge of the

- nature c;f thing; may be a sbxn:off of the app] icatx;n of
engineering approaches. . |

. The scientist who sets understanding of phenomena as his

. ¥ .
<, immediate goal {s mainly concerned with conceptual systems; by

contra‘,st, the engineering scientist whose immediate interest 15 in

" controlling "n"ature"'deals with systems of an empirical type (Finan,

in Gagne, 1962,
The 'e(ngingemng point of view was selected for this study

because, in the opinidn of .the 'author, while there is much that is not

'known,about the humén element in systems development, there 18 a great™

P

i i J N ¢
There is a problem, however, in the access and application of that

4

know1edge in controll of performance.” A discussion of systems

engineering 1s in o‘\* e? to establisﬁ wﬁere Jjob ai&s fit in the
Systems Engmgéring

The com;ﬂexit;' of the job aid concept required a design
coﬁsideration not normal Iy found in-historical research. Experimental

psychology by its nature tends to be djachronicg, meaﬁing it &_uts

, across time and place (Gilbert, 1978). The laws and generalizations

n —_—

. are meant to be universal , but §l;rict experimental control, while

reducing confounding, uncontrol 1ed variables, usually results in less’

[ RS-,

M

cont'r;ol tends to lead to greater beneralizabiality but gt“o_ator[_, -

. o

o

-
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‘can be done to produce results).,

., s o
B . .

potential for confoundlno variabies. .

- - N , .t .
Engineering, on the other‘yand, must deal with'universal'

+

princigles and apply them in real time to-achieve. specxf:c resuits.
1
Control is in real tlme, not in” contrxved epxsodes, arid the control is

4

subject to normal exterhal varxables-(l.e“the ‘system envxronment).
While h;story and maturation are threats to 1internal valxdxty of
experxmental psychology, these synchronxc factors need to be accounted
for in an engineering vanﬁao: point to ensure,fldelity of the‘ﬁorecast
of results (Finan, 1962;; Gilbert (1978) refers to che/enotﬁcoring
wvantage point as metachronic, meanjhg 'change,in‘time.' The
dirachronic vantage poxﬁq ;ocuses on pnocess and,xntéractlon ﬂe.o. what
is the nature of’ “the ‘lprocess)-\; the éync_hrgmc va'ntage poxnt’focus'es on
results and éffocts of tine te.g. the hlstorxcal vgau); and the -,

\\J ‘

metachronic vantage point focuses on. process and resufts (e.g. what

%
4

The study of Job aid ‘echnology requires a metachronic Vantage
point. The problems thh the i1ntroduction of yob aids is that the
studies that have been conducted were episodic and under an umbrella
of R&D. Large-stale 1ntroductxon of job aid technology requires hlgh
level conviction 1; the organxzacaon and an 1ntegrated systems
approach. Tne organizational system must be engineered for results;
indisc}iminage introduction of these k?nds of changes are doomed co be
anomalies in the organization., y

Job aid technology is an aspect of a personnél subsystem of a
1arger organiiational system. Organxzatxons whxch depend heavnty on
Iarge equxpment components requxre careful englneerxng of the,

relationships botween the personnel and equxpment subsystems (the

man/machine interface). The engineering of equipment systems nas ’

. . ’
v . ‘
~
> - v - - Y o
s
‘
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.become extremély complex.with mor; integrated control devices herng

' }ncorﬁorgted. Tﬁe human functions in.systems 1s not as discrete as 1t
was in an ea}lier epoch. The bounaary among thée functions of man, .
machine aﬁd computer is fuzzy.n foﬁ optimﬁm ber%ormdﬁ%e, man/machine
systems &ust be engipeered as a whole - all the part{ 1hcludxng the

man must be built to fit together as an organized entity.

The nature of systems. Ackoff (1971) defines a system as glset
of interrelated elements. It is an entity composed of\at least two

‘elements and a relation or organizxnd prxncipléﬂtﬁét holds each of the®

] .

e}ghents to at least omé other eNement 1n the ser. Beer (1979 .

provides a complementary definition:

e A Sysféﬁ consrstsvbf a group of elements
_ dynamically related in time
according tp some coherent pattern, ®
. " (p. 7) |
Thevsec;nd definition suggests the notion of purpogé. The purpose of
;‘sygtem is subjectiv;. It 1's based on.the observer. Purpose, and

the facts which provide evidence of purpose, are in the eye of the

beholder. When an observer comments on a systéﬁ, the nature and

purpose of the System being observed are entax}ea. The concept of
'system also implies interaction and cu&nunxcafﬁon between components
or parts. In the case of the man/machine systems the components are

~

individual humans and the machines they control and by which they are 
TN . _ }

controlled. A man/machine system is-an organization whose components

are men and machines, working together to achieve a common goal and

. tied together by a communication network (Kennedy, 1962, from Gagne)

System development. .  Compared to natural organisms, synthetic

¥

or man-made systems may seem contrided-and ad hot. However, they -
! - -

/‘\

~ N - S

-‘k
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. do go throegh cycles which abe’like‘natural systems. There is the
- . bxrth of a concept which is followed by development and growth, and
after the system matures a productive (in-service) phase 1s next.

Finally, there is death or disposal when the system 1s no longer

N

v:able.\ e - .

Thé devélopment phase of the |1feicyéie'of a man/machine system

- -

‘is “shown 1n’ Flgure 2-1. The bias of the Figure is dn the human
A o

. element. The flgure shows that; after system purpose, advance design

and assignment of functions to man and machines, there_xs a temporal
relatxonshxp ‘between the development of machxnery ‘and the desxgn,
deve]opment and testing of the human element. The engxneerxng of the

human el'ement has its own techniques and procedures. It also takes
[ )

txme, therefore the plannxng must be- xntegrated wnth the machxne

'

development to insure.an appropra!e man/machine system, The human

element of tne system should be engineered to take advantage of the
) \

equipment features. . -

f
. N . - .

. Engineering human performance. In the engineering of human

~y
-i vpgrformance syetems there is one basic purpose: to see that. the goads
of the system; as they have evolved,iare met. The development of j;g
‘ human performance component of. a system should consider various
')'tradeoffs.<_;electxon crxterxa; training- deyelopment; and .
environmental support to performance on the Job, Job aids peing one
form of environmental support. Low selection criteria may result in
) increased training requirements; increased environmentel support to
&\, \ personnel performing their jobs may rggult in. reduced training

.

_requirements. The%e’ tradeoffs made during system devélopment have'

tttendant front end costs and dowq stream costs and/or savings. Put
' ’
in another way: "You pay for the performance of personnel now -(i.e.
»

i . -

\ ’ 2
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 order to optimize the system. °

Performance (Gilbert, 19783; Psychological Principles in System-- .
Qggglgqnggg (Gagne, 1942) 1s qnofﬁer useful reference. A brief - )

dhicﬁ#:gvgnce‘tho teleonomice concept and describe appli

' ‘ _ ‘ ' 22

during development) or later (i.e. when 1n service)." Fiéurelz-z is
an illustration of the relationship among'theée personnel subsystem

L

componentd and the hardware system. . ‘ -

An assumption that must be made in the désignvof human
. N -
performance ‘systems 1s that.the human element 1s one of the major

fomponents in a total system. Complex mpdern systems Fequire a good

interaction between the human component and the other system

' ' : . ' . \ :
components. Means must be fouhd in systems and their development to

kY

ensure successful integration of the various system components 1in:
" N .

K]

- ‘ ‘ - .
.Performance engineering 1s a relatively new concept. The

' L

definitive work on it is Hyman Competence gﬁé;néerxng‘worthx

description of the concept will set the tone for this paper..
' Gilbert coined the term teleopomics from the Greek "laws®

(nomos) of "ends" (teleos). Teleonomics is a system for studying,

measuring,”and engineering human competence. Variations of this

system have been employed QY some performance technologists in their

»

workK. The National Society for Performance and Instruction (NSPI), an

international orgaaization which is dedicated’to the advancement and
< ;

application of performance and instructional science and technology, °

hq;lfrequent articles in‘its\fpurnal, Perf truction,

,orforﬁhncé engfneerinﬁ begins by foégsing on the re;ults,
products and accomplishmonts‘tﬁat are desired. The inputs and
condi tions ari analysed to dotermino‘%ho optimal mix of input

variables and then a system is engiﬁierodhto increase the probabil{ty

X
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that the optimal inputs and conditions will occur so tha{'the outcome
. - .

will be wor thwhile and the onelkhat 1s desirea. The behaviour of the

human in the system is but one of the 1nputs. Human behaviour is not “f

‘the only input that can be manipulated; in fact, it is the most

expensive variabl® to be manipuTE?ed accoﬁding to Gilbert (1978).,

The Teleonomic médel'is a problem solving gngineerxng approach

‘which includes strategies for analysing problems, methods for

ﬁeasuring cost and wocth of probleﬁ‘and solutions. Integral to the

+ v\ - -
system 1s a “Behavior Engineering Model." This mod§T°is pertinent to

~

the job performance- ald discussxon.

Table 2-1 11lustrates the Behavxor Engxneernng Model. The

+ v e —

~six~celled matrix presents two categorles of locus of condition,

-

environmental lncus and internal locus of individual, and three

categories in a Stxmulus (S) or Informatxon condltxon Response (R) or .
Instrunentation condition, relnforcxng Stimulus (Sr) or Motivation

condition. The Table provides examples of characteristic conditions

that should be present to avoid berformance deficieﬁéxes in a system.

}t will be noticed that "quidance job aids® are located in the

env}ronment locus under stimulus/information condifioh. The match;ng v
person locus 18 the.;kill/knOwl;dge cond@tién of the worKer. MHhile

Job‘aids are in the information condit%on, the relationships between

work design (instrumentation) and work quality/autonomy (motivation)

have a strong impact on Jobvaids; This will be discussed in more
detail in chapter three.

¥

To summarise this discussion, the purpose of an Engineering
Approach to human performance is to invent (create) a system which

pro&uccs wor thy performance. [t shoGld,bg possible to describe the

-

goals of any performance system; the direction to proceed can be m;de

\

3
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INFORMATION

INSTRUMENTATION

MOTIVATION

"Do people have the data needed to
perform weil? .

.

Do tRey have the needed resources/
work design/tools?

Are thers meaningtul incentives/
rewa(ds? '

- Deficiencies indicate the need for
training, '

£ (3 Desired accomplishments . 0 .Resources 0 Accomplishments recogmized
N OJ Recommended/required behaviars O Saustactory work environment/ | Q Performance-based
v O Pertormance appraisal measurss, tacihity, work statidns £3 Compensation
standards . (O People/things resources readily O Advancement
| 3 Jab or task theory " accessible Lo - [ Special assignments, “threats,”
R | O Gudance job aids O Opumum space of controt - ume off
0 | . O3 Reference sources » upward/downward O Other,
N O Feedback ’ {3 Adequate problem solving O Career pathing and planning in
M QO Ongoing , authonty " place .
3 'g'g?‘n:::?m .10 Véo;k 0“{'9" O Work quality adequate
1N 3 Timely , - ccgp able inputs O Autonomy .
T O Significant inputs O Completeness
4] Supervisory su?pon ‘ . []Other
) 1 Tools adequate, readily accessible {Note Work quality deficiencies may
(including job aids, references) feauire An orqaniianional deveiopmaent
Oa peaple have the needed skally/ | Oo peapte have the needed capact- Do they have appropriate motives/
knpwdedge? . ties? " expectancies?
[ S/K for using the data abave O Capacities appropriate to {3 Dessra recogmtionvia
p | O OtherS/K O Datawmputs (1 Performance
£ 3 Managenal 0 S/K inputs , 0 Campensation
O Supervisory O Resources/work design/tools (O Advancement .. .
R O Techncal . ~ O Incentives/rewards 0 Special assignments, “threats,”
S 0 Socio-pohitical - {0 Motwes/expectancies time off t
0 O Interpersonal . 0O Other
N O Intrapersonal ’

O Expectations of career develop—-
ment

O Concern for quality of wark *

O Motives/expectancies
J Datanputs
O Resources/work design/tools
Q S/K, training '

8

L

TABLE 2-1 |
_THE BEHAVIOUR ENGINEERING
MODEL - |

*Gilbert, Thomat F. Human Competence. New Yotk McGraw-tiit, 1978

.
L
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’

quite clear, - Thg/methodoloqy of how to gé?athere must be determined.
; The Pemifhder of this chapter 1s a discussion of a method which is .
derived from the engineering approach degfrxbéd above, The analytic

w ’ . .
method of this study not only serves as the analysis instrument, but

. g also the engineering tool to present system design.

‘Analytic Metngd'ang Instruments
The previous section of tﬁis chapter suggested that.a.ﬁethodology

was requred'qpich would asifst in the analy@is_of human performance
systems. ﬁgat follows is a discussion of the anathic requirements,
an ofganxzat{bnal model which fs,deéxved from management'5c1ence. and
the analytic method used in tﬁis study which was\derived.from the
orbqnizational model .

Iytic ée’ irement
) Tho_discussion*of analytic requirements for this‘study will c?ver
éhreq elements: ;the éeed to make inferences about the nature of
'thing;; the availability of infe}ential methods; and, Qow these

methods do not adequately help make system level inferences.

’ ) Making ijnferences. There are two reasoﬁxng standpoints that

P

L]

are used in research efforts - deductive and inductive reasoning. In

inductive reasoning inferences are made by collecting data about

specific cases of events and drawing conclsgions about a general

model. For example, if the specific behaviour is observed, then the
. theory or geﬁeral mode! is\gupported; when the specific behaviour is

‘ﬁot observed, the theory fQ‘not suppofted. In dedffictive reasoning, on

the other hand, inferences about specif}c events are made by loéical
.deduction from-a goneral_model or theory. For example, if the theory
is correct then certain spébifiC‘behaviqdr ought to be dbsefved.

) &

P [
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I{nduct’we reasoning moves. from tr;e spec1fic to the general, while:
deduc tive r'easo'ning moves from the gener‘al‘ to th.e_jpecific.’

, Whether the rea;oning is deductive or inductive, methods are
required to generate objective information fr.om some form of data. In
the broader context  inferential methods are required to Bbtam
objective 1nformation.

-

Inferential methods. With statistical- approaches to research,

v ~

scientists endeavour to descnbe phenomena, establish correlations and
4

in certain cases determne cause and effect relationships among
variables. Generally speaking, this appnoach 1s i1nductive in nature °’
as specxfi# cases are observed for data collection tn order to confirm
or deny a more general theory. ‘Nhen the‘data of the spécific case

) : . X
supports tl;e theory the researcher infers that the theory is corr;ect

if the confounding varjables arée centrolied. While statistical

2
. ¢
L

.’

-

methods are suitable for an induc tive approach, they are not as

hé!pful in deduc&‘ive analysxs-. When a large number of reldted studies

O

using indﬁctive approaches support one another and a general ‘theoryl', a

v

certain accuracy 1s probable 1n making deductions about specific
\’ -
instances covered by the theory. This suggests that deductive

“. . ‘. o . .
analysis is valid only when comprehensive inductive analysis 1s

".pei‘{ormed It is the author’s-suggestion that this is clearly not the

-

LY
case since much of the time reasonably accurate predictions about

14

specifics are made. For the present study analytical procedures are

required for system lével analysis‘using a deductive_approach. An

- alternate to stahstlcal procedures is requxred. .
System level inferences. The prmcxple that is being dwolopod

here is that for system leve) ,analysis 2 deductive approach is

appropriate in this study of job aid technology. It has been’
w

'
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suggested earlier in this chapter that a metachronic or engineering

" approach is required when:developing the human element af systems.‘

A

Earlier 1p this chapter it was suggested fhat experimental psych'ology

is diachronic; therefore inductive reasoning is diachronic, 1t cuts
ot . ’ . . , % . . - :‘, .
accross time and place. Problems of control and validity.make 1t

difffcult to generalize. System level analysis, on the ;ther hand,
'mustllegve control of the synchronic factors to normal external
variables, “for ‘this study a method 1s required to analyse the .
m’etachr;aml n'a‘ture of syst'emis and their components. ‘Nhat deductive
‘appr‘oach can generate data about processes as well as the resulﬂts and
. , " what analytical technigue is avaifable? T

The requ’{rements of this study for a t‘echnsique for g.ener‘ating ‘and ‘
c;:ﬂlecting data in or@er that “tnferences can be ‘made about -the design';
dweropment and implementation of job aids within a total s'ystem; *
co‘h’text’ leads to the néx.tt phase of the discusgion. Beer (1979, l981;
1983) provides a systems model t';ahicbh is useful for organizational
analysis and data generatioq. I .
i‘ neti .

The"ducussioh of Beer’sj cybernetic que! ’o\f the viable s;stgm 18
by necessity 6nly briefly covered in the main body‘of this-chapteq.' A
somewhat more compreh'ﬁnsive‘p‘resent'.ation of the important.parfs of-the
w7 mode! are contained in Appe‘ndix A. Readers gr; ep‘i:ouraged. to s;ek out
) tho~ re}orénces fdr. a t;ovnpl:ete 'discu;siqn. ' The’-vh(:st’useful refer‘ence.s
. | in understanding the method are The Heart of Enterprise (1979) where

the scientific laws are r:\resonted in reference to the viable system
v |

nodel, and r_Organigzations (1985 where the

. lnal'yt'ical tools that were explained in "Heart® are presented in a

' procedural mu){.‘ , ' , ;
) T © . . ]
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" There are three facets of the Viable System Model (USM) that are
of interest to the discussion at hand: first 15 the nature of

organizational stracture; next 1s the neurological ‘analogy; and,

?

finally the use of the analytical model in system design.

N

Organlzatlbqgj structure. The Beer model was develéped in

i

order to better analyse organizations of human endeavour or ‘the

enterprise. Conceptual tools were created within the cohte5t of

management ¢ybernetics and ‘the téols are useful in mbdelxng

organizatiSns and their components. .Management cybernetics 1s the
science of'effectivg~organizatxon (Beerﬁ'19?9 & 1985). Cybernetic
analysis of actual or conceptual systems provxdeé data about whai

makes the organgzation'biable and what structures are weak or missing

z ’ . . " . . ’
. that makes the organization unviable. The Viable System Model” permi ts

-
i

the analysis of the 'adaptivg connectivi ty* of the parts of an.
bqgani;atiﬁnal ;tructure. Accéfdiné to Beer'the organizatiPnal
sfrbcture of ;ny system of human endeavour is ana;ogo;s to the
organization of the human 'neurological systeﬁ. In féét, the human
;bmponentfuithin a'systeﬁ is a—rgcursion“qf that system.’
Neurol ogjcal aﬁalogue. }hg Viable System Model was derived
;rom a séientifié study of the human neurological system }Beer, 1981) .
The subsy;tem relatioﬁships that make the‘hpman system-viable'we}o
described using a gfaphic convention. The con%ect}ons b;tween the
bra{n and the affectoés and effectors of the body creaie‘a vertical

s

-axis oi-sysfém cbntro} down the spinal column; An horizontal axis of
| conérol is~obsgrved'in the nervous connections between the spinal
column and the various motor centéeﬁp .Figure 2-3'15 the Uiable.Systom
Model (see‘ApPendix A'for exdlanat}on). This diagbam represont§ any

viable organization. The ygrtical'axis connects viable units to the




‘ tool for the presentation of an adaptive organization which

38

"

command and comtro]l system, the brain of the egterprxse."The

. horizontal axis of control consists of, for the most part, the'linkKs

between the parts of the enterprxse and the environment. The
connectnons between functxonat entities of the system are homeostatxc

links which pass information, When homeostasis exi1sts, they are also

-
1

,the‘adabtive mechanisms’. .
. Since. the study of job aids concerns infdnmation, the Viable
‘ ”

System Hodel &ag selected as thg analytical model . The ‘mode! provides
the systems perspective that 1s necessary  as well as a means of

benerating data for scrutiny. The model also provides a system design

/

., incorporates Job aid concep}s: This last facet of the Viable System

Model will be discussed next. i

-

| H .as_a design taol. The Beer model

proQides_analytic conventions which aré grapﬁicélly presented.: The

' ‘conventions are expositpry in nature. A; analytical instruments, the-
USM conventions identify functions that are necessary for .viable

~systems. The lack of certain functions or weaknesses in them that are

exposed by éhilys{é can be rectified using ‘b\acﬁ\box“ approaches. If

Py ’ T |

something ‘is missing or weak the statement "some form of mechanism

v &

. which has the following inputs and.outputs is adequate as an 1n1txal

description of the black box. The Black Box in this context is .
defined by its punpose and what it does in response to its inputs,

Further -analysis of thé«machinery requirements to make the appropriate

‘

transformations can be done by.takihg 2 recursive step down in the

viaﬁic system.‘ Thi informafion networ¥ and adaptive structure of the

bl&ck box can be described in tho same convontions of the !halytxcal
procodure. Tho organization can therefore be designeq much in the
S -t : -

L]

o« 0.

C
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same way that modern electronics are designed with app}o riate

’

. components bepng used to create the functions that are required. This

. v . - N + ) -
is Beer’s First Princ)ple of Organizatjion (1979,71981 & 1985).

Knowl edge ‘of the wérkin‘gs\ of the components a3 not n_ecessar'y as long

A as the 1nput and output conditions are .within the tolerances of the

f=)

+»"black box* “and they contain requisite variety. Since the analysis in

this paper is conceptual., that is, not an analysis of 'a’specifijc’ l e g

organization, the resulting, organizational description.will be

.

3

prescriptive of a structure which could- be designed for successful:job

<

aid implementation. It 1s a design skeleton which focuse¢ on the task

- guidance requirements of the organization, \
» » .

) Co . 5
, Analytic Method.and Devices IR
E . The organ)zatxonal ;nodel that Beer has called the Uxable System

- . Model is used m thxs study for analyns of the Job aid concept.’ The
RN g

descr,iptx‘ve "nature of the model also’ permxts certain xnferencés to be )
. ‘maqea,abo;:t appropriate system design 'featu‘res. There are ‘thr‘ee' ~—
aspects of the model which wé,rei used for analysi:s':' recursive *
1 4‘, analysis, 'system"’ﬂ'mctiong‘l analysis; and, homebstatlf: ,anal'ysis. It
. Cwill .be noted that the*.;e aspects are themselves recursive.

rsi nalysis. Recursive an,al\ésis is descriptive, and-

—-—— Pa—

. eXplains the retationshiﬁﬂof the viable system in focus with 'the

[

[ y
vubie system it 1s a constxtuent part of as well as the v1able system

1t contnns. Viablée systerm contaxn and are contained xn other vxable )

systaﬁs. By referring back to Fxgure 2-3 it mll be noted that the ‘

' s}stcm-in-focus described contains two ﬂ.mctu:amﬂl)f'*x xdentxca'l systems.
. N ) o . .
The system management is metasy;temic to-these two operations as well

. Ce !
L\‘\ as being the system one box of the next recursxon up 1‘r‘1 the system of

nested systems. [t mll be noted that in chapter one that a two level ,

«
1‘; < - - -

k23
v
-~
e

Fab
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i N ¢

]

anals;;rs was cond?cted":“ micrg I&evel, the level of the worker and the
Job aid;. and, macro lével, the level of the —JOb aid and the'
o . management system. ’[t will ‘be seen that one recusion cllown was '
“ 'ana'l'ysed, the presumed irner workmgs_o'f the worker, as well as one
PR level up, thé relation?‘tp\ ot the lqcal managemgnt (supervisor) Qiih

u . ) . . N
)ﬁ} . _ ‘the larger management structure. In addition fo recursive analysis,

detailed system analysis was 'also conduc ted. . :

.System analysis. System anajysis, as well as being
~ ~, - . T ' - 2 N
descriptive, permits inferences to be made about the system and how 1t -

works. For a system to be viable it must contain the variqus

. subsysfems: System One; System Two; System Three and Three S'tar; .

é?stem Four; and of course, System Five. The éubsys’tems must be 1n

- relation‘ to one anot!\er such that the variety of - the ver‘ticallkaxxs of
control is adequate to absorb ihé vériety 0of the horizontal axis (The
F'irst Axiom of Manag;zment and The Second Principle of Organi‘zatxon - g .
see Beer, 19795 . Apropriate attenuators and amplifiers of var:iety

must b&‘\\present as well as sufficient hdmeostatlxc links. Most.of the

0

analytic requirements of this study were met by system analysis using

the Viable System Model; however, some analysis was Tequired of '

*

homeostats.

H an is. Homeostatic analysis 1s descriptive and

’

permits inferences to be made regarding cause and effect. I:lomeost.at_ic ’

- a .

- ahalys‘is‘;examines"the transduction ‘progess for inputs and outputs, the

3

amplifiers and attenuators, and the ch nnel capacity of the

information links. For the relation t be stable .on the homeostat,

o

" the transduters must be effective in converting to the metalanguage

mﬁ of each of the variety locks' as well as having adoquat_o
“+ -, variety (The Third Principle of Organization - see Beer, 1979).

.
’ , . - -
. ot . . .
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' ) The specifié graphic conventions (instruments) ‘used i'ri this study
o ~  to conduct the analygi\s of the job aid concept are used wi th
< a >

permission of Stafford éeer (Beer, 1985, p. 13?). For readers who are - '

I3

" unfamiliar with the QSM, most of the conventions are presented in

CL T LR .
Appendix A. o ‘ _ V\ - :

.

.
|

[» ter [

d Y . ) =

second chapter the historical design, the engineering

/0 .

! : . . '

conceptual approa and the "analytic method Using the Viablé System
. Mode! were presented. The selection of a suitable conceptual '
. . - fr*work .and. research method for "the .study lead to a useful way to .
' draw',inference's about-the job aid concept using deduc tive reasoning.
{ . ! T : L Co '

o The results of the ;na|% as wel) as the i;.fered relationships are

‘..’ T77°]. ‘presented in the following chapters. , | -
> 1 4 ‘ . » o J ’ * B ,\
% . ¢ .' .. - } . R »
1 - 4
) 't ~ . LS P _ y
) - “\A N _: - ¢ ’
e v s i
. ;. ; ‘ ’ -
- / ’ ' \ .
] . . . - .
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Bk CHAPTER " THREE y

AN ANALI SIS OF TASK PERFORMANCE CONSIDERATICNS OF

. e JOB" PERFORMANCE AI1DS

»

.
- . -
i

Introduction

. |

éhapt@rs Three and Four present the etudy < analytical findings

1

" of the job aid concept. Chapter:Five presents a model ot Job ;ld

]

technology as well a3 a summary ot recommended research topics,

‘4

Comments are also made regarding the suitability ot the Viable System

Mode! as an analytical tool. T o ‘ .
" . This chapter. concerns the study findings at the micro level ot
. c

Job aid technoiogy. ’The~dlscu5510n:has three facets. The first

aspect concerns the Job aid coﬁcépt 1n general. (Next the cybernetics -—

of task performance 1s dis&ussed."The last facet 1§‘Job aid design.

4 - '
i

z

- " The Job Aid Concept

-0On the basis of'the discussion that the author had with Dr.

"8millie (see Chapter Two) bne hxght conclude that the U.S. government
has wasted. a great deal vof money 1n Job aid research. It would appear

that the miliiary complex would rather have highly trained personpel

than -implement the findings of the research. Before the allegation
san be refuted, 1t must be determined wﬁgther any benefits hawe
accrued as a result of the studies.

.

Before discussing the study results 1t is appropriate to discuss

‘the job aid concept itself; This discussion is in two parts followed

by a reiteration of the micro level research questions from Chapter

ct A
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One.

QHI: Qf Eghﬁ!l oyr: ' ’ : ’ o h i/

\

0ne~of the negat;ve force; work}ng aga{nsﬁ\the sy?cess?ul
introduct;oﬁ of Jjob aid'técﬁnology 1 the “cult of Behaviou;'.
Gilbert (1928? syggg;ts that‘;hére is something disreputable about Jbb
aids. "The cult of behavxoqé tells us fnat ’reall? w@rtpy,people’
&on't need sucd'crutches' (p. 198). People Qho can perform wi thout
directions are somehow superior: The Rénaissancb Han( The cost of

behaviour 1s often 1gnored. People who can-accomplish tasks using

task guides without hours, days or yéars of tcéqung'produce more'

. valuablé results., That 15, the benefit.of the accomplishmeﬁt 1s

-

The selection criteria one uses to fiire personnel is influenced

by whether the new hires are expected to posées the requisite

-

behaviour repertéry. One could expect to pay a highé% salary to
’ &*

_personnel who arrive atlfhe Job trained. So whether the 1ndividual is

-trained on the job, or prior to the job, his-behaviour costs more' than

if little or~no training 1s provided but effective peéformance is

obtained by providing task guides'én the yob.
"This line of reasonning suggests that job aids are a good idea.
What then, are the features of job aids? What follows 1s a discussion-

that elaborates the defipition of the job aid concept presented in
N - : W
Chapter One.

I

II E‘E - Eo!
In the most broad definition, a job aid is any tool, device or

document which "aids performance*. This definition is not

particularly us‘ful as it is too all-encompassing; it ¢ould include

w
&lmost any tool. The definition of job aid that I wish to present.

~rn



// - | . ‘ ‘ - 3?7
S here is more restficted, and I suggest mhore usefyl.

Job aid definition. A job aid is a device, usually a document,

‘which stores guidance information for the conduct of a task. A Job

S TP . . : . Lo
. - +«aid is used on-the-job during task performance. A job aid is a

. procedure as defined by Geflach, Reiser, and Breck (1973):
. . ' A , [
A procedure is‘an ordered list of instructions of rules. ...

’ “The invariants of the rules include the following: they are

.

(1) directed to Someone and. (2) specify with varying degrees

A ] of precision how,alceétain process is to be caéried out.
AGerlach et al, 1975) n
o “ f A subset of a procedure 1s an algorxthﬁ. An algorithm has ali
“the characteristics‘of a procedure as well as the follo@ing:
Attributes of an Algorithm - . |
- ) E R Must'péssess geperality - it.ﬁust be applicable tp a class

" T pf prqplehs. That is, any problem which Ieagg from various
initial data ;n a class of problem can be deailt with.,
o Must posseés replicability - it must specify an
¢+ unambiguous procedure. [t 6ust indicate preéisely the

, nature and conditions of each action, excluding any chance

oo 4 i components.

o -~ -
. . -

- 4
‘

. -
® Must possess regultivity - it must always lead to a -

—

correct resuit., While.there is ; probability tﬁit/an
individual may makKe- an error (sth as using the wrong
alqorighm for the class of problems) the errors must be
attributable to the user and/not the tlgorithm. Any errors
made‘in the use of an algorithm would be non-systematic,
i.e. not generally ?epo;table.

(Gerlach et al, 197%) ‘ .
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A Jjob aid is‘intended for use on the job as opposed to prior to
the yjob. This points out the difference '1n function between job aids
and'&riining ards. Training aads are used in training and provide
informationa} support to learn}ng activity. 'Theljob a1d provides
informational support but is used on the job. The line betwifn Job
B ‘ aid and tool can be fuzzy and, with advances in computers, is getfing

fuiz\gr. Tools provide a physical, méchanical, advantage pn the yob.
However, some forms of Jbb‘sids by their design physxcélly change the
Job or t?sks./ A transformation table or a main}enanc; dependgﬁcy
chart (MDC) simplifies thé technician’s {ésk and has the task strategy
.built {6. ‘Computerg confuse the distinction further; they are tools,
" in that they allow for rapid phyglcal Qannﬁulation of facts and
figures, but they can provide an informational ;dvantage. Computer
'Based Job Performance Aids (CBJéA>s) guide task perforéérs'through
tasks; Augomatxc Test Equipment (ATE) are tool;éthat physically test
the hardware, but with "friendly software® that guides the user
through the ATE procedu;e. Is it a CBJPA or ATE? I® is both. Figure
3-t+illustrates the differences between training aids, job aids and
quls. The figure 1tself 45 a transformation type of job aid.
The definitions of proced;}e and algorithm point out a cont;nuum~
Q’ of the concept job aid. At one end of the continuum a;e procedural
descriptions which are so detailed and step-by-step that errors are
virtually impossible (algorithms); and at the other end are procedural
doscriptidhs which, although they tell the:user what to do and how to
H do it, tﬁcy do not_guarantee that the task will be completed ’
. successfully, Algorithmic job aids remove much of the burden of task )

performance from the user; procedural Quides (sometimes referred to

as heuristic recipes) remove less of the burden of task performaﬁce



A\

.

fro,n the user - s/he must use his head more.

, Differences Among
Job Aid, Training Aid and Tool

-

————————— o = o o o A,

if and... then it is a
N R R I N R NSRRI N ISR S R R I IS
’ , : ' it is used ! trg aid
" it provides ! in trg !
informational! =----~ - i
* advantage ' it is used ' Jjob Frd
o ! on the job !
it provides ' it is used ' mechanical
a physical ! on the job ! tool
. ' advantage - ! !
‘ ' Figure 3-1 .

(adapted from Main, 1974) .

Head/BoB¥. Tra__cieo?f. Joyce (1975) coined the phrase Head/Book

39

Tradeoff in reference‘to job aids. . A maintenance ‘technician obtains.

information to do his job from two sources: _
® Information which s/he has obtaihed from for}nal training
and job experience wpich s/he has stored in his head; and,
® Information that has been stored 1n documents or other
devices rather than his memory. The traditional source of
this external memory hqs,been the book.
The Head/Book Tradeoff, the,refore, refers to the decision of
°

whether task guidancé information should be stored in the head, via

tnaibing and job experience, or in th; book or other task guidance

‘media. -

The most dramatic example of the Head/Book Tradeoff is in the

-comparison of job aids and traditional technical manuals (TM). The

traditional technical manual provides the techngcia}\ wi th thoorcticﬂ




A

.
D
v
-
-

.

descriptions of how the equipment s/he is to reﬁainﬁworksg'-lt'
provides the te;hnxcian with diagrams and charts and occasionally
procedural descriptions. The t;aqitional technical m;nual ia often
wrxttep by ani engineering staff at the level of eﬁgineers, or at leasé
at the [évél of experienced techn{ciéns. The techhic{an using the '
ﬁa‘hal is éxpected to_draw )rbm his memory the technical théory that
the manu&l makes referepce to i1n order to construct(a strategy for
‘doing the var{ous méintenﬁnce‘tasks. A job ai1d version of the
maintenance ﬁanual, especially ; Fully Proceduralized Job‘Performance
Aid (FPJPA) - &n algorithm - is aimed at the novice technician with
little technical knowledge or experxg;ce. The decision not to use Job

aids is a decision to emphasize well trained, experienced personnél

for task performance. This decision increases the cost of-the

. behaviour with unced§ain increase in benefit.

The foregoing discussion has been about what job aids are aﬁd‘
their purpose. This answers in part one of the questioms posed for
this study. The remainder of the chapter addresses this an& other

micro level questions questions.

Research Questions R S

This chapter concerns the findings‘T;_the liieFature regarding
the micro level of Jjob aid ‘technology; that is; the tevel of the
interaction between ihe task~perf§rmer and the Jjob aid on the Job. -—~~-¥

The questions for this chapter are:

- - - @ MWhat are job aids and tht do they do in task rformance?

\rorafionship to training aids and tools,
] @hy use job aids to helﬁ individuals perform 8? The

cybernetics of task performance are discussed and research



=

Ca \ finding tasks. N "

“

findings regarding the benefits of job a1d technology 1n

reducing the cost of task behaviour are c,ombared to the

analysis.
-

® MWhere and when should they be used? The role of task,

guidance -on the job and the evidence of therr utility in

4

controllxng;‘-berformance are presented. A tabular

presentation is 1ncluded which shows, the qni’er'act‘lons among

task complexity, experience, and level of detail 1in fault
A} '\ P .

.

?
® How should they-be used on the yob® In.Rarticular, what
. are the specific design teatures that are pertinent? These

\

questions are discussed “in terms of the design of job aids

A

from a cybernetic "analysis point of view supported t:;v

research findings ...

—_—

To 'clarify further jus hat job aids do in assisting task

k) [

per'f'ormance, it wi-l]l bé useful to examine how an 1ndividual performs

any task. The following is a cyberpetic analysis of task performance.

& - 'L
¢
)

¢ &
-

. ’Tﬁe' Cybernetics of Tack lPerformgﬁnce'

Un-Aided Task Performance -

The principal means that tasks are performed by humans 'i‘s by
motor activity of the 1ﬁdiv1dpal ‘in his environment. Through his.
sense/s the individuil determines that action is requined ard

voluntarily or in ntarily s/he makes a motor re/sponse. The
-reactlon of a child to a burn from hot water 1s automatic - s/he

v

,‘ withdraws from the water. He eventually learns 't‘o make volunt/ary
’

- actions to avoid being burned, ' >

-

a1

-



) roquxres to complete the task.

Definition of task. Miller (1971) provides a definitioh of

. ‘ ;-
task:

‘

A task consists of a series of goal-dxrected transactxons

" controlled by one or more "programs” that guxde the

Y

operatxons by a human operator of a prescribed set o tools

‘D

- *

environmehtal states., (p. 11)

)

PTQis definition illustrates the notion of a transaction”between‘th :

b

task performer and the environment. It also illustrates the need to

be able to adapt to the varxébility of the environment.

. Consider an example (refer to Figure 3-2): an individual 1s

performxng‘a task - the repair of a radio set. The individual is

¥

. operating in an environment whith has provided an occdsion to repair'

the ridid. His contact with the enviégékent ig\fhrough his sensars
(eyes, ears, tactile sensors) a&d effectors (probably his hands in
this case); these are his transduifrs which transform the ;
motalaanage of ais internar control system to or from the
iqformational language of the-environment: changes in states of
mechanical aspects of the eﬁvironment, including sound and light
energy. ‘ ﬁ

. The task performer amplifies his own ;apabﬁlities through' the use
of-various tools and equinnents. Tools such as ;%Idering irons,
screwdrxvers, and so on, provxde hxm the mechanical advantage s/he

The individual uses the various data soupces to extract

information as to problems in the environment and pQgsxble actions to

)

1tako. He then utilizes tools and 1nstrumonts to’ modify the ,

. environment. The changes in(tho environment are evaluated, through

“

PEY '

through a/set of completely or partially predicted %
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. | N ¢ '/
further data coLlectlon, xnstruments are utxlx ed again, and so on

% ’
.untij thc tasy i's completed.

3 . 3 R
- 'Within the individual is a complicated cohtnol,¥ystem'wh4ch
- - ¢ ! ’ M

{mandleslthe coordination of motor activity, se Figu@e”3*3.- The

aut;nomxc nervous system, SQstem Three anq SysLem“Two; controls .actual. ”

. ) _ | ’ a
motor activity 'in respodse to the forcasting and planning activity

conducte& by‘gystem Four. Systqﬁ Five, volition or.conécious control’,

provides general direction/control to SQstem’Four wﬁﬂle,mon}torjng the

R}

activity between System Four and System Three (the Three/Four .

¥

Interface) . Some taské are performed more or less automatically, such

. . \
as ‘walking, or an expert Knitter who can Vnit while talPxng. .Other

tasks require ‘more directed control such as a ballet dancer performxng

3
[

xntr:c;te steps. =a ' . - Ce
. o . - N \ ~

The.operation of the system-is'well illustrated by tbévethple of

7

h‘pianist who is playing sbme complicated piece of music from sheet

3

‘mysic. His control, of his/her.fingers is automaticjzhis/her conscious

control is in directing his/her vision to pick 60f ﬁhe trend of the

‘music. A good mu;iq}in;\ike”a speakeﬁ who rei&s'from a .script, reads
!
consciously attends to exactly what his/her hands and fingers .are

-

'ahead of the actual section beﬁng perforﬁed. If the pxanxst

doing, s/he no Ionger can play the music; s/he canm only ‘play notes.

‘Tﬁo,individugl's'Syqtem Four activity consists;of evaluation‘of‘\' o

the environment, formiﬁg Vnowledge maps or models of the environment - °,

and,projocting them oﬁ to its model of *&self whxch System Four

-~

undorstands in ggggst{ Syttom Three, or autonomous activity; System

Four learns a out the environment and how the 1ndxvxdual can respond BRI

»

to thp environment. These knowledge maps form the basis for

i

avtonomous activity,

.
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The autonomic _nervous system 13 10 a éonstant 1nformajion(
’ ~2
search/retrleval w1th "the memory portxon ot System Four,’ the «*ornd
under:tandxng of internal and evfnrna1 svstem states. Repeated motor
£

activity becomes an 1noralned part of the Vnowledae map ‘e, Q.

walking). leferent'lnstances of performing the’ @ame-motor activity

produce generalized components of the ¥nowledae map, and zpeciilized
{

-components -te.qg. wa\klng upstairs versus walking on leve) grogﬁd).”

"

The conscious part ot the brain also uf111zes the Vnowledqe maps
1n active memory searqh TJhe consciousness can decxde to atfnmpt to

reorganize the Knowledge map based on 1ts undersfandlhg of the aystem
v ! . R

ThreesFgur Intertace. -The word attemptbls_ﬁsed déllberately since old

memory patterns and habits may be d1+*1ru|* *n extxngux:h

,r

The performance of any task has rertaxn physxoiﬂgxcal 11m1t=.

-
[p—

Each homeostat 1n the control system has physxologxcal Timits for -

'oberatiOn of the homeostat. The homeostat between tﬁe'workeq and”

hig/her environment has physiological .limits in the 'physical capacity

of the worker to use various instruments for task performance. For .

PNy

example, s/he can not use a hand tool which will not f14 his/her hana{

s/he cannot see 1f 1t 1s too'dgﬁk or the markings arg too small.
’ : A v £l

i

internal control system of the individual which‘may affeét is/her

ability to perform a task. The nervous system has a feéponse

I

' capability including.inherent lags and de!ay§yﬁh?ch, 1n most

. \ . .
circumstances, are not a hinderence to task performance. But, if the

individual has ‘an' inadequate model or concept of. the. environment. s/he
will not be able to handle all fhé environmental vériety.' For
‘example, one may say that a friend has changeq,becausa s/he hasg

witnessed the friend in a drunVen stupor for . the fxrst txme. It may

Similariy there are phy%iologxcai anﬂ‘pSQChologxcal Fimite to thé

a

xS
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be that the model one has of the other 15 incompiete. - the friend
hasn’ﬁ cﬁanged, s/he has juéﬁ taken onfe*g of his/her pbssxble &tafbs‘
which is at higher variety than the moqel'would allow.

Information éids, Job aids; amplify the task performer‘s abilité
~ L

- to handle the environmental! varjety when his/her internal models are

inadequate. The next section discusdes the-cybernétics of airded task

®

performanceé.

Aiding Task Pbrformgéée ‘
| Environmental support. A worker in a system is‘usually f‘
N pravided with var}ous.tools and‘aids~\env1ronm§ntal suppor ts, t;v
éssxst 1n tﬂe peﬁformance of)tﬁe various tagks ﬁhat make up his/her ‘
. "joh. As has been discuséed, tools and‘énok%umehts act as amplifiers

of motor'activity} The utility of the instruments is a fonction of

:', 'the user’s cabacity to manipulate them. Test equipment amplifies the

worker‘s ability to collect and interpret data which helps him/her to

* decide what to do next, The workér’s.capacity to use the test

<

+. ~equipment fs a function of his/her Knowledge ‘and the test equipment

design. Workers may exhibit difficulties in task performance as a

. result of physical 1ncapac1ties;' An obvious example of correctipn of

prbblems of this nature is in the provision of a prosihetxc device to

a‘ﬁandicapped person. This represents a change in the capacity of the

user, rather than a change in the environment; the prosthetic.aovice‘

h;§ become part of the user‘s ﬁerformance system. (Compare to Table
2-1.) ’ | »

Less obvious examples may not be corrected. Keyboard design of

a tgmputer terminal which does. not take into account the physiological

I

aspects of "the uéép is an example. It is generally believed that the

«

GMERTY t&pewbiter koyboar& was specifically designed to attenuate the .

1

i
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user’E‘spéed to that which could be’ handled by the earlier typewriter

[

mechanisms. The user‘s behaviour was then shaped to match the GWERTY

keyboard. Attempts toda}Ito modify the high speézﬁaeyboard to

-facilitate ease ‘of le&rning and use are resisted because typing is

strategies and tactics'fqr information retrieval. The effectiveness

-

still taught'in "GWERTY" metalanguage.

.Job Qerfgrmgngg aids. Job performance aids are a category of

environmental supbbrts that can be provided to the workers Data for

&

task performance 1s, usually ava:lable n, the envxronment. The problem

for the worker xs detectxng ‘the i 'gformatxon contained in the data.

A deTnnxt:on of 1nformatxon is approprxate.

Informatlon is that whxch changes us (Beer, 1979, p. 283).

-

" For management’, job’' aids attenuate‘lnapproprxate proceduyres which

result in damage (inefficiencies, ebéntually hxgher‘costs of

performance.) ' ‘. ] .
+

Performance g£~des and Job axds ar supports that assust the

'

finding qf information from the environmeu&. A ert task performer

%

" may have'Eh‘adequate méder of the environment 1n his/her repertory of

behaviour. This allows him/Rer to, detect information in environmental |

data uniided. Job aids provide the inexpert task performer with

’

of the workKer in translating the.Job aid information into action is'a

functxon of the job aid desxgn. ) : )
The 1hexpert task performer who must perform the task unaided may
go into uncontrolled oscxllatlon, depending on the adequacy of his/her

Knowledge of the system being worked on. He/she hunts for

. information without really knowing where to Iook or‘whet the data

and/or information looks like. A Job aid dampens the oscxllatxon. It

assists the memorg/py/provxdlng an external (preferably optnmal) model

,
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of the task.h
When an individual is being‘guided by another individual through
a tasq as.a fﬁnction.of on-job-trainxng 0JT or“formal training with

J9b like condltxons, he attempts to emulate the traxner, the model

tasP performer. The trainee monitors pxs/her own performance in the

~

+ task based on the results he percelbes in the environment (external

. e
feedback) and his/her understanding of his/her jnternal Systeh

Three/Four Interface (internal feedback). The'adequaEy of the modef
task performer‘’s (the teacher) performance (i.e. his/her ability to
use his/her model of the task and the adequacy of his/her qﬁdel td

handle variety) wnl} aftfect the 1earn1ng that is achieved by the

trainee. Practice of the y}rious tasks being taught also affects how

;permanént and consistent the trainee’s Knowledge map will be.

-

The trainee undergoing deliberate on yob training, consciousliy

tries to model the expert performer. On the other hand, the task

‘ performer who 15 using a job aid to assist his/her performance 18 not

P

required to learn the model being presented by the Job aid. However,
-

he may learn the job aid model of the task through conscious effort or

_by,more or less accidental (incidental) assimilation. A job aid by

-

design may foster conscious or incidental learning of the task model.

An analysis of the relationship between the worker and the

"

Isupervisory level of management reveals the need of both the worker

&

" and the supervisor for task guidance strategies. What follows is a

cybernetic analysis of the task management concept.

Management of Task Performance ‘ !

-

The cybernetic analysis of the task management concept presented

below is recursive. First the system-in~focus is the supervisory,

level of .task performance. This analysis points te the need to look

. -
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l

down a level of recursion to examine the i1nternal workings of the task
performer. Between the supervisory level and the worker 13 the job
quidance requirementiy this 1s presented last.

. 3

The management view of workers. Management views task

performers as potential sourceés of variety proliferation., If a task
performer does not Know how to perform the task well, he may i1ntroduce
-new variety 1nto a lesser variety situvation. Returnxng.to the example
of the radio repair task, i1f the technician canAGQ interpret the data
avallable, that 15 his/her model has i1nsufficient variety to extrac§
information from the data sources (e.g. meter readings!), he may do
things which make the task performance, fault diaghostics and repair,
more dlff;cult. The technician may rep!ace’partﬁ which Gave’no“faults
or he may use procedurés which cause .further taults 1n the évstem: he
;ncreases the number ot possible states ot the task pertormance
activity - he 1néreases varaeg;. )
Figure 3-4 {s the result of a cybernetic analysis of the worker

‘ T ‘
and his/her management metasystem. The metasystem 1s tﬁe supervisory
. level of management., UOnly one workeF\xg depicted,.

The worker 1s shown 1n interaction with the environment, machine -
operatioﬁs and nepair. ’The~superv150r has various vertical controls
to ensure accomplishments by the worker(s) (System %wo, Systems }hree
and Three Star). éoth the supervisor and Ehe worker have a perception
of the p0551b{e future stafés of the environment. Now, the Fxﬁst
Axiom of Management (Beer, 1979) states that the sum of the horizontal
variety disposed by the woriers must equal the sum of the vertical

<~ variety disposed by the sup;rvxsor. Genérally speaking, whéq workers

are éccomplished, alert and reliable, the supervxson;s task is easy,

and Ashby’s Law is preserved (Beer, 1979). However, what happens .f

~
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the workers are unretiable?

Imadine a section of an organization which has people in it who
are clinically insane; 'the manifestation their 1nsanity includes
making random, as opposed_éo beﬁsoneh, decisioné‘about all aspects of
work. The variety of this workplace-activiiy is fantastically l;rge:

that is, machinerx would be broken due to improper and inappropriate

use, personnel wodld be inJured, perhaps kKilled. Very Jittle of the

‘burposeful wor¥. of the organization would be done, and these

accomplishments would be at great cost 1n time, capital and human
resources., It is obvious that this mythical section, is unviable, and

that unless the variety of thg workers is destroyed by massive variety
" i ¢

¥
attenuation (lock them up), the Law of Requisite VYgriety cannot be

."‘.‘ ‘
preserved,

Most of the time the potential variety proliferation i1s managed
by the societal and opganizétional norms of coéduct, the relative e
§anity and reasonableness of the workers, and the abilgty of the
workers to do their job "well enough." Much of the remaining variety
13 managed by various manggﬁment tools whith rest o6n the vertical axis
of control. The discussion here considers the job aid as a management
tool for control of variety while at the saﬁe time providing the
worker with the amplifiers of his/her own variety to handie his/her

tasks at hand.

4
Worker self management. Figure 3-5 illustrates the cybernetics

"of the worker performing his/her task. The emphasis is on the System

Four activity of the’ worker, /1 N
Some conventions are used in the figure which require

explanation:

e Comparitor. A comparator (# takes an input and ouiputs an
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error signal to modify the input based on externally set
"criteria. Any transfer function (g.v.) changes its states to
adjusf its output based on the error signal. Comparitors can

amplify or attenvate based on the type of comparator and how it

is externally set, Amplifiers in Figure 3-5 output a feedforward

o

_signal (FF); attenuators output a feedback signal (FB) to modify

an input.

I’ e Tcgngfgr'fgngtiong. There are four types of transfer

functions shown in the Figure_- .

O - s the intellectual fabric of the individual, the
value system ar the purpose, the overall ;grformance of thé
- - \ individual
! - f(p) is the transfer function of {hé syst?m-in-focus (the
workKer), in this case the-System Fouﬁﬁtask-pfﬁnningtgéiivity
. which is passed to System Three for action —
‘- F(p) is the feedback adjuster which takes some feedforward
information (FF1) from f(p) based on the setting at ¢(p)
and changes the feedback (FB) being sent to £he information

retrieval comparator

- the feedback sets the comparator which results in a change
N . _

of the i::::/;i( to its output (e) which is adjysted
. &
informati -e. it is interpreted

<~ . - F’(p) is the adjuster organizer which takes other
feedforward information (FF2) and changes F(p) by
reorganizing it
F(p) and F’(p) continu’lly adjust to one another ana the

feedforward information that is set by ¢(p). ~

o Homeostasis. Homeostasis is the System Five activity of the.

e
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task performer. Homeostasis and #(p) make up the stabalized

intellect‘ual fabric of the individual.

)t

® Black Box. The black box (BB) is the symmation of all
‘external mechanisms for management of the task performer by

his/her metasystem, the supervisor and all other managemgnt

J

devices. o )

\

Operation of rp_gdelt'. The purpose of the task performer is to

plan 'and execute the task at hand, which fo.r discussion, is the repair‘
of a;radio. The purpose of the system, the goal seeking of ¢(p), is -
the query of the knpwn enviromﬁent and possible futures in order to
gather observable data and information as well as 1ndicators‘of ‘
possible fu;ure states of the task. The worker selects search
strategiles and tactics which help organize and n;\terpret information
' perceived from the environment. Task relewvant ’information is used by
- the planning actiyity, f(p), to form actions which are carried out
'under motor control (Figure 3-3 illustrates). The task performer
cont‘x.nuc\ausly adjusts the plannir‘\g'activxty, F(;;) and F’(p;), until the
goal is accomplished; the radio i1s repaired or replaced. The
me,tasygt;m assxsts— (via BB) the task performer by helping to sgtq goals
as well as provide adjustments tc; ways of achieving them, including
the.provision of on-the-job supervision or information a1ds.
Management tries to control variet{w proliferation by ensuring
that the task perfqrmer’s plans, models, Knowledge, are adequate by“
training him/her or by providim'; him/her assistance. A common method
of pfoviding tt{e assistance is close supervision of the task 'b)" an |
expert task performer. This method causes massive variety nducti"on
of the inexpert te&nician.am‘j can Jegnde to the expert performing

.

the task while the inexpert watches or assists. This situation
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obviously does not have requisite variety - what problems are the
other workers under the supervisor having? An alternate method to
control ambiguity of performance and proliferation of variety 1s being

proposed here: the use of job performance aids. This is a System Two

——

function. 1

The pun;pose of job aids 15 to reduce the ambiquity of the? task
‘for the task per'forme;'; to contl:ol otherwise uncontrolled oscxllation.
thili't‘y of th.e performance system depends on the management of the
c,)per-ational elements (i.e., Systemsi(lne); successfyl management
produces‘synergistic performance in the Eerformance system.

System Jwo. A Jjob aid 1s lo:ated between the operatianal
element, the task performer, and the task management metasystem.
'Specxfical ly, job performance aidg, réside xn the homeostat between the

anti-osc_i'llatory System Two and the operational elements. This is

- ~also part of the worker‘s self requlatory system (refer back_' to Figure

. !

3-9).

A cybernetii: anal)}sis of the worker ‘s self regulatory system wi th
the introduction of task guxdaﬁce 15 presented 1n Figure 3-6. The
/internal wquings of the work'er have been simplified (compare Figure
3-9) . The figure illustréte’s tha‘t the worker‘s self regulatory
activity is the worker’s ability to "get out side of h;mself' to
externally monitor his/her own performance. The introduc‘tipn of job:
aids ﬁrovides comparators additional to the w_orkér"'s internal ones
which modify in an iterative way ho;» the task is performed. The
worKer seeks environmental data which, b)lt,adjustment of the job aid,
feeds forward certain expectations of task performance outcomes. This

~ .

resul ts in adjustments providéd by the guide about how to perform the.

next task element. In addition to pr‘ovid'inq adjustment feedback, the

S

.
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Job aid adjusts task morii tori1ng search pehay@éur. The relation

between-khe operators and the discriminators has the same stqﬁxlity

. criteria which is the syntactic stfucture of the )ob aid and, as wi1l]l ./ .

be seen 1n the next chapter, is requlated by fhe management - .

metasystem. (Compare tpe function of this box with the adjuster

- organizer in Fiduée 3-5.) This managemeht regulation 15 high gain but

- low frequency (for an apprbbriate Jab aid).

Job aids when appropriatiy used provide a fulcrum of task’

‘ A ¢
regulatory control. Figure 3-7 illustrates the homeostasis af the

N ¢ .

worker, Job aid and cupervisory guidance. The figure is
: self-explanatory. The movement of any of the elements in the

AN . ’ illhstratiop changes the balance of control among the job aid user,

*

. the job aid and the supervisor. Thiss figure summarizes the forgoing
section on aiding task performance. " As “the JPA approaches‘thé user

(needsz,"thé féss supervisory i1ntervention is requxﬁed (supervisorg_

element éan be smalié; and st;ll maintain balance), Tﬁ;'more the

éupervisory element apbroaches the worker withoui conréggonding J

i : : r o t . , .
approach by the worker td the supervisor, the more likely 1f fsnthat
the worker will avoid the task. ' .

Job pertormance aids have been anal?sed‘in terms of purpbsé and M

i

where cybernetiqélly they reside, But, what evidence is there of’the‘~\

\f utiﬁity ofﬁfhese devices?l What does the iiteratur® say\about how well -
) Jo& aids. help individuals perform tasKs?

1

of Job.Aids in Controllin Péffotmance'l“ ' -
The.cybernetic analysis of job aids in relationship to the worker
and| the supervisor points to control benefits for both.mpnagemeni and

the! task p&ﬂformer. The following discussion focuses on the eQLdence_'

" of the value of job aids-in improving the worth of accomplishments.

7
J v

I
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Before présenting,&ﬁe‘reseancn +1nd1ngs'reppntéd:1n tne

‘}iteraturﬁ, a discuss:bniof perforhance’measurement’Q:il‘establish ,
. N : . n . )
some prtnchples. -Next the context of fhe Ixterature flndrngs will be

.

explaxned in terms of costs and benefxt at tﬁé JOD “41d user level.

And last the lLterature support of the analvsxs in this section will
be discussed. . P A ) x>

Performance measurement. ‘The. aspects Q%'paﬁ?obman;e
measurement relevant to this study are the vaoidbles pertinant to,
3 . s, oLt “ ,

value and worth ot accomplxshments. thbert t1§78):5r691des a use+tul

exp051t1on of the variables and .a summary 15 prpvxded here, The +xrst

-

group ot warxablec relatpd tp accanpllshmenx of fa:?s ara the benet1ts

that are valuéd tfor whatever reasdn» of tasY behavxoUr. s

4 ,o.

' ] bualitz ~ the quallty measures . of tas? compiet1on are’

the accuracy of the output, the class/affect of ’ the outcome.
‘ RECE
and ndelty/creative variance n prooedure or product.

“

® ~Quantity - tne quantxty measures ére the completloﬁ

rate, the meeting of deadlanes, and volume of productxon.

L4
¢

The second group - of variables are the costs of task: performance xn

SRS

achieving the valuable ehds: o ‘ f

-

f
o

A\ . e Lgbour - the labour measures are/nanhours,'Wages, énd
¥ .
N ‘direct overhead costs 1nc|ud1ng amOrtxzed tralnlng expenses.
e Haterxal - the material measures are supp1\es xncludlng .

storage costs,ltools, space; . and energyu 1,.

v 'A»

® Management - the management-measures are supervxsory -

+
'

labour, adnxnxstratlve costs, and; management structural
L T R
overhead. = - R el g
The combination of all these variabies in the achievement of

S

< valuable ends can be expressedtin-fénms'g* the worth bfhghe,f

- - .. .
- . PR
- : .
LR L e - « . ' '
- ‘e . . ‘ o .
. - - 4 . .
2 LA 2 . . : . .
. - . -
N - ) = h s -

+



Achievement. This is traditionally referred to as Cost/Benefit.
Economics provides us with a formula +or costs and benefits:

® MWorth 1s a function ‘of the ratio of valuable,_-_
A ' v ’ " .
accomplishments (A) tq costly behaviour (BY, This 15 the

payof+ rétxo which should always be equal to one or Qreater:

otherwise more effort is being expepded than walue achieved.
L

The formula is simple - W=A / é:v

A

The unxi,of measure 1s-usually monetary, however. any unit that 1s

‘practical can be uséd p?ovxdeg all variables are reduced to the same

1

S upits.

y Lostsbenetrt of JPA's. The variables just presented relate to
the worth of job aids. The discussion earlier 1n th;s chapter makes
referencevto the achievement DX tasks w1fhoﬁt attendant high training

:dr wage costs (due to pay requiremeq}s of perﬁons who have requxs}te

skills) by the workKer’s use of jyob axhs. The-benef{ts,oflthe task

?

performer behaviour 1ncaccomplishing a task are the values that
management places on the successful task outcome. The costs of the |
i

task outcome are the costs of producing the behaviour, [f the

behaviour can be achieved with less expensive labour (1ncluding

»

amortized training costs), or less supervision, or less material
L N “i .
expemse, then the worth of the outcome would be greater. The cult of

behaviour would declare that this dedfes the "quality of performance”.
The quality of the outcome 1n terms of management valyes is what
‘counts, if the behaviour required to provide what management values‘ls

! -
elegant, i.e, inexpensive but effective, tha} is quality performance.

Job aids, by cybernetic aﬁalysié, ought to i1mprove. the worth of
worker accoiplishments. What dqes the  1iterature say about the worth

of job aids, in terms of the variables presented here? ‘
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Research Findings 1n JPA Effectiveness o

.

The prinkxples of measurement of interest to this study have been

presented, The ﬁeasurement of performance 1s simplified to cost and ~

I

{
benefit and a ratio of these indicates worth, Job aids ought to

- enhance the worth of task accomplishment by their very nature. This.

~

section examines the literature findings about JPA effectiveness in

the follawing way.: -First, a discus¢ion 1s presented of the variables

-

retated to worth. Second, ?he J1terature related to cosf measures are

reviewed. Last, the research into benefits is examined.
t

Research variables. The ev1dence.1nd1cating that job aids are

a suitable means for controlling perfqrmancefls primarily from stuaies
commissioned by the United States armed Forces. The measures of
effectiveness of pgrformance are numerous but they can be categorized
under two headings: costs ot perforﬁance; and benefits of performance;

Table 3-1 summarizes some of the wvariables. e

TABLE 3-1 - Benef1t and Cost Measures of Performance

Benefit Measures Cost Measures 7
- accomplishment T - cost of behaviour:
of task: , - spare parts use
g - accuracy ~ = cost of training
- speed ‘ - recruitment of high
-— tasks (aptitude personnel
completed .+ - cost of developing

| perfarmance system
|

»

Some variables are more important to 'some organizations than

others. And, some data is difficult to collect for some variables.
Government organizations, for example, do not have a measure of

*profit" in the same way as profit making corporations so the measures

“of accomplishments must rely on indirect measures of achievement. The
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©accuracy and speed ot performance as well as number of tasks per formed

in a time, span are diffxcult to convert to monetary units. The worth,

4

then, for these organizations has to be in terms of some bepefitial
values rel%ted to societal goals, The true "worth" 15 accomplished by
cost cutting. Job aid research has demonstrated cogt savings,

therefore their worth to orgahlzatlons.

Eindings concerhan cost measures. Foley (19781%;n a summary
of the impact of maintenance data and training technoiog;és stated
that one of the high costs of maintenance in the United States Arm;d
Forces was due., 1n part, to the unnecessary usage 0+ spare parts. -
Potter and Thomas (1974) 1n a study ot electronic technicians tound
that experienced technicians using Jjob ai1ds used fewer spare parts
than experienced technicians using traditional technical manuals.,
They also found {Aat inexperienced technicians using more detailed

Fully, Proceduralized Job Performance Aids (FPJPA’s) used fewer spare
parts than i1nexperienced technicrans using less detalled Logic Tree
froupleshootlng A1ds (LTTA"s), The same study demonstrated that for

difficult tasks, spares usage. by 1nexperienced technicians using

FPJPA’'S was iless than by 'experienced technicians using tradxt{onaf

"technical manuals. - . /

There éne‘several studies i1ndicating the effectiveness of Job
aids in reducing training costs. Elliot and Joyce (1968) found that

they were able to take low aptitude technician candidates (they were

" below the cut’ off for Edmission to advancement training) and give them

a twelve hour coucse in maintenance procedures using a job aid, No
di fference was foEkg in percentage of faults found between 'this group
and experienced technicians using traditional technical manuals,

Gebhard (1978) found that a course designed around the use of job aids

\
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d&s hal¥ as long as the conventional course; no significant difference
was found in troubleshooting performance between technicians taking
the nedrcourse and those having taken the old course. Theise; (]978)
had similar results as Gebhgﬁd (i.e. no difference).using medium
aptitude trainees (below cﬁt off for advéncemen@ training), shortened
courses (reduction for bagxc 1 evel course was 45%; reducgion for |
1atermedi ate level course was 554 and job aids, compared with high
aptitude technicians who had completed t;aditional training and used
technical manuals. The emphasis in the Theisen study was reduction of
course “length to a minimum b; using program@ed instruction and Jyob
aids. .

The costs of developing job aids, and other techhlcal m;nuals, 15
proportional to the level of detail, and the amoynt of graphlés and
illustrations: the m;re detail the greater the development cost.
Potter and Thomas (1978) report that the development costs of FPJPA’s
were‘from 48/ to 907 higher than LTTA’s which were rat a lower levei of
detail and did not include pictorial locators. While no data were *
;ound to illustrate the cost differences between job aids and
traditional technical manuals, estimates run in the region ‘of five to
one greater costs for' job .aids than TM‘s. The Canadian E:rces
estimates'that the cost of camera ready originals of traditional
technical manuvals cost about $438 per page to produce. Due to the
accounting procedures used, it is uncertain whether the cost includes
the cost of job and task analysis (Note 3 - Desorcey, 1983). One
might estimate that FPJPA’s would cost; for camera ready masters, in
the ncighbourgood of $20800 t; 42308 per page (1982 Canadian dollars -
using the five-times estimate). Theisen (1978) reported that the job

gids and associated training (total of 29 weeks for two courses) cost

v -
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$300,000, or ab;ut $35@ per hour of instruction. In 1983 dollars, one
might expect the figure to be about $788 (Canadian) JOF each hour of\
programmgd\instruction and the assoc;aféd qu'aids. *This cost should
be compared with the cosfs of developing traditidnal.technical manuals
and traditional training conduct (which 1s about ?02 ionger) and

development.

Findings concerning benefit measures. The conclusion one must

-

come to in examining various .studies that have evaluated the
effecgiveness of job aids 1s that Job aids are effective 1n quiding
taék,performance. Job aids are at |eask as effective as traditional
techgical manuals (Elli1ot & Joyce, 1948; bebhard, 19703 Potter &
Thomas, 19746; Theisen, 1978), and are more etfective than 1n
situations where no other task guidance methods are avaxlablgwr
(Horabin, 1967; Pilette, 1978; Walch, 1978); therefore, task éuxdance
1s better than no guidance. Potter and Thomas (1974) found that high
aptitude technicians using FPJPA’s @ound,more faults than -technicians
using TM‘s regardless of experience level (1.e. inexperienced, up to §
months experlenc;, over six months); they also found that technicians
w1 th yp to six months experience using LTTA’s found as manyﬁ}aults‘as 5
_ more experienced technicians (more than six mon ths) using TMH’s. The-
more experienced technicians using LTTA’s were more successful in
finding faults than the technicians using TM‘s,

A summary of the interaction amdng experience, level of
procedural detail and task complexity vs faults found is in Table 3-2.
For the system engineer, Table 3-2(§ummarizes the interactions in
terms of predicted fault finding performance. That is, for high

complexity tasks, low experienced personnel using FPJPA’s are

‘predicted to be as reliable as high experience technicians using



)

, traditional technical manuals and medium experience personnel using

)

PPJPA‘s, For high complexity tasks, pgrfor ance better than that
which can be accomplished by loﬁ experiencererformers using FPJPA‘s,

. . requires a more experienced technician using FPJPA‘s; a more
experienced technician using-PPJPA‘’s are predicted io be only as good

as low experienced personnel and highly detailed job aids.

Table 3-2 Predicted Fault Finding

Task Complexity

| ow high
; ‘ : FPJPA > 85X : FPJPA > 857 : .
; ' Low : : ’ i
experience : PPJPA > 75/ : PPJPA > 404
({6 mo.) . : :
{ TM'don’t use + TM don’t use
i { v
1 ¢ FPJPA = 1007 i FPJPA > 934
, * medium f

experience i PPJPA

100% : PPJPA > 85X
(65€12 mo.) i B

£
u

1902 0 TM oz P .

-- i FPJPA > 99/ i FPJPA > 994
-, high i i :
! experience { PPJPA > 95/ : PPJPA > 854
212 mo.) i . i i
PO 16974 : ™ > 894 i

o \ A

The greatest measure of the wo;th of job aids in guiding task
R performance is in the interaction effects of the variablés. So far,
. the variables of interest have been Qpecifically retated to task
| accomplishment. However, research has provfdeq some information
, i

rtgarding Job aid disign. The design issues are the subject of the
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next part of this chapter.

" Job Aigroesxgn
The Design of the Transducers .

Returning now éo the cyberne&ics of job performance ai&s, recall
that the job aid is task quidance information that exists on ;he‘
homeostat between the task performer and the management mefasystem, in
System Two. Specifically the job aid is'an amplifier of management
variety and an attenuator of task perfo}mer variety, from the
ﬁanagement view. From the worker viewpoint, the job aid 1s an
amplifier of his/her own variety 1n regulating task accomplishment.
The job aid 1s at a | ower level of variety than the worker; 1t
therefore requires 1ts own variety amplifiers and attenuators.
Tradxtiona! technical m#nuals are seidom designed to interrogate users
to help them }dentxfy probleﬁs and solut{ons (Kern, in Duffy, 1989);
they lack requisite variety,. What gre the features that giQe Job

information aids requisite variety? Looking deeper into the

relationship, an analysis of the homeostat between the task performer .

and the job aid reveals much about how the job aid amplifiers and
transducers should be &esigned.

Figurb 3-8 illustrates the job aid/task performer homeostat,
Once agéin let us use the example of a technician repairing a radie,
but let us examine the homeostat between the tecﬁnician and the job -
aid. fhe technician has his own transducers: his data search
behaviour is the output transducer; the input“transducer is his
ability to translate or interpret information present;tion;.

For the job aid to be effective, it must attenuate the variety

increasing search behaviour; that is the novice technician, left to

o
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his own devices, might randomly search the job aid for information,

.

increasing vaﬁiety. The transducers of this attenuator are the means
the job 3ld controls the user’s search patterns. Thesé transducers
are the discriminators: diagram callouts; ‘and the logic of the

algorithm 1n directing task actavity based on resul$§ offénvxronmental

A

“T -~ conditionst

The job aid must also amplify 1ts own variéty, it being at ‘lower
variety than the user. The job aid must preseAt information in a.way

which takes into account the ability of the user to interpret'it.

Since information is "what changes us", the transducer must cﬁange the

. behaviour of the user. The operatoﬁs that are chosen for the job aid
will affect whether a change occurs or not. For examplé thé
transducers of the amplifier are: medium ;f presentation; style of
presentation - prose, flow diagrams, use of inform;tion maps, etc;
amount of detail in presentation (drawings, prOSe); use of tabless

. etc. The ability of the Job‘aid to present information has an affect
not only on the success of t;sk completion, but also on the quality of
the task performance. Sqeed and'accuracy of performance.are a couple
of quality measures often affected.

There must be'good interaction of the output and input
trangducers of khe Jjob aid; {pe syntacti; structure musﬁ effectiv;l;
2« relate the operators (output transdhcgrs).and the discriminators
| (input transducers). Information which confirms the corregtness of

P

the user’s actions provides him with the necessary feedback to permit
him to adjust pis use of the job aid. According to Qi;bert (1978)\
gask‘pefformers often do not Know when they are perforing well, so
the Jo? aid desigﬂ must have sufficient var}ety to ensure performance

is confirmed, The designed strength of the job aid amplifiers and

-
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-attenuators is a funct;on of the potential variety pHBliferatton by
the user. Well trained, or experienced pgrsonne{ are less likely to
proliferate variety than BOVYCe t;sk performers with little or no -
train{ng. This and other taﬁget'audience characteristics.must be

taken into account in the design of a job aid. i

Research into JPA Design Uariabfes

Presentation tecgnigggs; The research into job aid

presentation techniques 1s of three types: format of procedure

i
-

presentation; .effect of detail; and effect of communication channel .
(i.e. visualzaudie).» Elliot (1965 found that flow chart type
4

di1agrams were better than list forms when speed was the é@aluaﬁion

criteria. Flow charts were also found to be better for accunaﬁy for

medium aptitude individuals versus no difference for high aptitude .

individuals. Schmid and Gerlach (1977) found that -there was no
differeﬁce 1n performance of pilpt trainees between brose and flow
chart forms of algorithms. Levi%é (1978) found that 1Bdividuals using
’i decision aid f}ow chart had consistently reliablevperforman;e. -
Elliott,(l?éS; found' that the amount ?f det#xl‘included in a job

aid affects speed:‘too much detail depresseé performance. scores. He

sugaests that the amount of detail to be inciuded should be only that

amount which is necessary and sufficient for the performance of the

task. However, Joyce and Chenzoff (1974) found that dual level job
aids.would be acceptable in the opinion of potential job'aid users.

Dual level job aids have two levels of detail: one level which can

best be described as a procedural guide for experienced technicians;

and a second level which is an algorithm to be used by nonexperts. In

. " (¢
current forms, this presentation technique uses bold type for the

procedural quide; the algorithm includes both bold and regular type,

P, 4

e
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If speed 1s not critical, this techniqﬁe of presentation now referred

to as Hybrid Job Performance Aid (HJPA) may be a suitable form. I

.

Research seems to indicate that the use of dual channel

preséntat}ons has no signlficant{effect on user performance (gpéed of‘
perform;nte, number of errérs, etc.). Elliott (1963) and Serendipity
(1969) found that there was no difference between v:sual‘and
éudio-v;sual presentations. Frey and Eichert (i???)lfound no
difference 1n }he‘use of‘hdlograms, Iine,drawings or photOS‘;n Jgb
aids. However there has been an effect noted in deg;}} of'bfctoria}
components of wrxtteﬁ communications. Biege, Borge & Schuller (1977
found thaa the amoynt ;f detail 1n drawings and phptog‘sigﬁxficantly
influenced performance: jess detail (1.e. only that deﬁq1l wh;ch 18
necessary and §uff;cient) is'Sétten for understandnng;

»

Control of search behaviour. On the input side of the job aid,

the transduction process which controls user search behaviour, a few

studies have provided results which are note-worthy, i1n particular the

! »

use of callouts on technical diagrams. (Callouts are the means
whereby parts are i1dentified; usually a circled number with an arrow.)

b
Curran (1988) found that a technician’s search of a diagram for a part

from a list is faciiitated by use of numbered callouts where the

-

numbers begin at a consistent place on the diagrams, typically upper

', left, and the numbers continue clockwise aC}und the .diagram. The use

of random numbering strate&xes, that might be typical of numbering

based on item function or by alphabetical order by part name,

Al

sericgusly interfered.with part location when the number of parts was

over 20. .The research also suggested that there is no difference in

' part finding success and speed for ten to &2 callouts provided that

sequence was used. The resgarch suggests that for part Yoca}ioh when

\
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optimal procedure 1s
%' . .

.is crossreferred to the numbered’c:

- -

' ‘ , . Lo N
3 N -
- - 72
.
] C, . .
: . . ¥ ! ' -

‘

d, when calloufs‘exceed'ZQ, the

) put nomenc Qre 1n ‘an alphabetic .table which

»

ladts.

No itud(es-were found whic luate the effect of algor1thmic

t

approaches on'search proceduro. One would expect that algor:thms by”

a

efinxtion, control search behav:our as. a functxon o# the ":' | -
Peplxcaéxlity and Pbsultlvxty requxrements (Gerlach et al, 1975),
Language xtself 15 sxgnxfzcant, however, 1n technxcat manual :
desxgn. A consxstant recommendatxon in the literaure is the use of
simplified Language (Curran, 19?7, 1988 Knxffxn, 194; Kieras, 1982).‘

£l

By simplified language what _is meant is short words and “short

i

Sentences'u51n§ the active voice. The-réading grade level (RGL)
should be appropriate for the target audlence. Technical manuals
often have an RGL of 14 or so, (technxcal school/unxversxty

graduation), while typxcal new entrnés in the U.S. Forces have a

‘measured reading ability of only grade six (Theisen, 1978; Curran,

1986) . Twenty five percent of recrufts in the U.S. Forces are five

RGL‘s below the technical tra:nxng maternals.

The amount of detail in drawings would be expecfed to 1nf|uence

o

search success. This is a function ofuthe need of the user to
discrimioate items in the drawings. Each item or element in a dr%wjng .

would serve as a distractor for every other element in the drawing.

o

Research suggests that simpler’ drawxngs result in better composxte

task performance (i.e. total performance not Just search behaviour)

LY

{Bioge. Borg & Schuller, 1977).

4 ’

- ad
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This Chaptér was aupresen‘tation of an gn\a!ysi”s'of the‘job aid

o

concept primarily at the "micro* level. Thé& attributes and - '
v

eff@ctiveness\of job. aids wi thin the context of the cybernetics cwl

t

task -performance wds assessed against the research. Various desx‘gg

4

,f'eatdr‘es‘*.are al Wuded to on trie" basis of studies. .
:'!'he effectiveness of job aids carnot be disputed. "However,
implementation of job aids info.large corpotate structures has had
;;robléns.’ Corr;onations th;t oper'ate'on the profit motive have‘ .
.'.utilize& ;J‘Ob aids on the basis:of influencing the “"bottom line® ce.q,
,-‘Bell 'Sy‘stem“s, Forc.i,'west-inghouse», IBM) Government.organxza'ti;ns like
© the .piil;tary\_ha\ée‘ no bdtt,c.x;z*i’ine inceantives and are less able to
"m'easure‘l‘:dt'all system performance. This may fn part explain éhé
.'all,e’g'a'txfon,‘ stated at the outset of the'-chapt"‘e} - that the U.S.

©

"government. has wasted monéy on the research because it has not

"imp} ementéd .j_cit_: aid technology. The government does not seem to have -

'a way of collecting all the-gosts of -behaviour ‘and‘may not have a

a

. relatable benefi,t‘.\ The next Chapter will deal with these and other

" system considerations influencing job aid implementation. @

- . * - -
1
L)
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The prevxoUs chapter concluded that, whlle Job axds zmprove the

I“

worth of worker' accomplxshments, the mxlltary whlch h&s qunsored the_’

-

reséarch has nqt embraced " the concept. -1t would seem then,'that,the-ﬂ
R : . . oy

military has wasted.money in conducting the research becaUSe users are. '’

sayxng="Ne;d'ratHer'have well trained personnel“ But placxng th:s

allegatlon in context sxnce benefits. and values have’ﬁeen

* -

demonstrated, and therefore the worth potentxal, rndustry is ugxng the

- concept to affect the bot tom lxne - thanVs, in part,. to the government

. research, I

- . . . . LA

- ~
e

. : ~
/ Is the sxtuatlon wi thout hope for the government sector’ Can job

ald technology be 1mplemented as.a general pollcy of tasy guxdance°
[

e

Thése and other system\concerns are the. subJect of ‘this chapter. '

A1 . -

This study s findlngs at the macro level wxll be presented in two

parts. The first part 15 an exam1nat1on of the cybernetlc concerhs at
Y
the system level; thxs 1ncludes the reactnue and adaptlve mechanxsms

of organxzatxons. The second part presents the research fxndxngs

o -
h '

_repor ted in the llterature regarding the macro level of job axd

)
'

technology. ' : 5

+ -

The questxons for this chapter are:

. Nhat are job, aids in the systems context and ‘what do they

.

do for.overall\system performance? ,

- 8, Why should Job aidg 25 developed as an integral part of g

y
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the whole system? - B
® When should &hey be developed in the system developﬁeni
. process? And,hwhere ie the system seould they be used?
i @ How, 1n contextAof‘ihe whol e eytem, should they be used?

System Level Cybernetic Concerns

)
t

‘The i1ntroduction of job aid technolody 1n an organization such -as-

the military seems to be difficult. Research has been Eonducted for

Jrore thad twenty foe years 1h the concept, "but 'technical manuals are
stxll not "user frxendly".‘ And, as a friend of mine who is a Naval

Technician working on the Lanadxan Patrol Frxgate PrOJect said: “the
| S

-

technical manuals we dre gett:ng today are down right hostile.* Tee
manuals being provided to the CPF PPOJECt are being developed by U S.
(ah& other) industry.which or;glnally developed the equipment systems
for the,government. ' . A ! '

- It seems that if the user attitude is that highly trained

- personnel are wanted, the command organization of the mlitary cannot

¢

" just say "use Jjob aids®. [ suggest that the command structure does

not even Know the benefit of job aids. This points out a major
shortcomming of the structure of organizations and the location of tﬁe
"research and development activity in the planning and/systa;
eevelopment process.

The theme foe this section of chqpter four is that there is
inherent waste when plapning is autocratid'(from above) or when i} is
passive (bottom up). What is needed is top-down adaptive planning
with constant atten?ion to the burpose of organization. I suggest

that any orgaqugtion which uses this latter approach to system

development will probably already have job aid teehnology as well as
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4

other adaptive measures. -

* '

The discussion of this theme 1s 1n two parfg. The need for

.responsiveness by the metasystem of system one requirements.will be

-

analysea'firs}. .The adaptive mechanisms will be analysed next.

- Reaction: to System One Needs

The f:(st part of the ggbernetlc analysis of thE macro level of
Jo? aid technology concérns,hdw Systems One apd the metasystem, System
Three, respond to one another in achieving th§ larger system goal;:
This analysis is 1n aid of examining how the high level decisions
regard{ng resource allocation, includxng pePSOﬁnel resources and their
Job infor@et?on support system, aré transltated }nfo praoductivity.

In an earlier discussion it was sugggsted that in go;ernment
organizations, it is difficult to collect all the cog}é assocxatea
with achieving on the job performance. Assuming the behaviour that
workers exhibit affect in a positive way the desired ocutcomes of the

.organization, there is a benefit to the activity.’ For the net worth

of the activity to be profitable, the costs of the activity must be
4

- less than the value of the benefit (the worth fqrmula). For

government the best wag'to improve the worth of its activities, 1t
. « .
seems, is to cut costs, ’

For the metasystem to state that it will cut costs is liKely'to
L]
arouse the cry from Systems One: "they don’t Know ng;/we need or what

, [’m doing". The following presentation of the std%y analysis concerns

t;; metasystem reahtibn to user needs. The focus is, of course, on
the personnel requirements. Three topics were identified for

'discussion: system one resources; the Resource Bar ain; - and;
) \ !

‘decision making by System Three.

Svstem One resource requirements. The need that was identified

v
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earlier was tra;ned personnel to ensure that management accomplishes
1ts goals. When System One focusses on such a need it seems to make
sense. The rules for viab!e sy;tems state that System One must be-
atcthtable for its work and resource utilization. It is natural for
any System One to desire the best of everything. This, of course
canﬁot be achieved by any System One‘thhout resulting 1n *"unfair"®
resource alloca:ion to other Systems One, Regources are distributed
.as equitibly as can be achieved 1n order to create synergy.

In the broader context, the needs of System One are directly
related to the system purpose. Cybernetically the purpose of a system .
is what 1t does, that }s, 1ts value c;eatlon activity. What a viable
system does 1s done by System One (Beer, 1979). MWhen a supervisor
claims that well trained personne) are wanted: the hidden agenda 1s
that he cannot create value with anything less. ;

Ege principle that is working 1in this context 1s: "I have to get

_}he Job done, but look what you gave me to work with'.® When the
accéuntabllity for value Freation is lost’ as in much (most) of
government activaity (my suggest{on),'ghqn objectives stop being
completely relatable to the stated purpose of the system. MWhen what
System One does is the purpose of the system, objectives and purpose
can be'created anywhere 1n the system wi thou t regard to the main event
obJeEtives of the metasystem as hong as the resounces available are
not exceeded. The\pur ose can shift:L “the purpose is to have the
bestvsérsonnel und;r my control regardless of cost because 1’11 look
gosd." But, System One should not be able to change its purpose
withodl regard to the metasystem *"main event®. A Resource Bargain is

struck between Systems One and the metasystem, System Three being the

metasystem focus for System One.
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Resource Bargain. For System One to declare that 1t' needs

better ‘trained personqel it a cateqory mistake. It 1s cybernetically
illogicaly A Resource Bargain 13 struck between Systems Dae and
Senxor_hanagement. The main characteristic of the bargain 13 the .
-autonomy granted to the™junior counterparts by senior management. The
bargain declares that out of all ot the activities that mLQh; be”

under taken. only these are authorized and. as negotiated, this 13 the
resource allocation (Beer, {985). It 1s loqical for\éystem One to
declare that the resources (1.e.. the total mix> are or will be no
longer adequate due to some untforseen perturpations 1n the operational
envxrqnment. '

[t 15 the metasystem’s perogative to declare the purpose ot the
system through the Resource Bargain. - epproprlate capital and human
resources accompan; the bargain. In return, the wviable system
requires accou;tabilxty from System One 1n return for the resources

and autonomy necessary to create the value which 13 its’purpose.' Part

of the Resource Bargain is the combination of human resources and

support system tor the effective utilization of those resources. O0Of

interest to the present study 15 the decision making that occur's

‘

.regarding this elgment.° ,

« s . < .
System Three decision making. Senior management allocates

resources to the various Systems One in accordance with certain.

policies and guideliﬁes, and operational plans, The constraints
affecting the Resource Bargain ;nclude the staffxng policies:
personnel selection; .training; and, provision of environmental
support. Earlier in this study it was suggested 'that these elements
are fradgd off one against the other in providing personnel who are

1

capable of accomplishing valuable work. (See Figure,2-2 for an
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illustration: of the conéept.) o p ’ iQ

System fhree, the part of éenior Managemeﬂt that .1ooKks after the
autonom?us operation of Systems One, allocates human resgurces te the
operations, éystems One. The decision to use Toderate aptitude |
persannel, with minimal training and job aid 1nformqtion§l support can
have the requisite variety for System One 1f the three elements are’
complimentar;. The selection of personnel who cannot réad, or the use

of printed information that is at a reading level éuch higher than the

user, is likely to result in a poor Resource Bargain and an Ce
;nappropriate investment in human capital. Thé apprbpriate Resourcee
Bargain will have the following personnel element chafacterlﬁ%ics:
¢ Selection - Only personnel who have the skills,

knowledge and aptitudes that are seen to be necessary for

A

jsb per;ormance are selected. This assumes that the
enviréhment, the job ;arket, has tﬁe fac1lity to provide
qualified personnel. Recruitment efforts are directed to
dbtaining personnel who would be motivated, capable and

.posses the correct bghaviour repertories.

@ Training - Personnel are proQided training experiences,
formal and on-the~job,” to develop requisi te behaviour
repertories. Discrepancies between actual skill and

a

knowledge, and‘the skill and knowledge seen to be required
for the fob performance are corrected.

() gugirogmghggl supports - Enviéonmental support sysgoms
are brqvidéd to cor%ect the discrepancies between the actual
skill/knowledge, capacities and motivation of personnel, and

the requirements for worthy performance on the job.

Environmental supports include job aids, equipment, tools

-~
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and instrumeﬁts, and incentive schemes (refer back to Table
2-0.

These strategies are seldom used 1n 1solation. Varying degrees
of each sfrategy are used to achieve system performancefo Selection
and training (including Eareer planning) are the most common methods
of providing personnel who can produce vzlued accomplishments. Tools
and instruments are usually t;ken for granted and incentives often °
take the form of Christmas Bonuses and periodic pay raises in which
the incentive 1s hard for the workKer to relate to specxfxcibehav1our
which lead to i1mproved outcomes. (Cy?ernetics, however, suggests that
.accountability requirements shéuld automatically result 1n 1ncentives
being built 1n.,) Job aids and other task gquidance strategies or other
information aids are of specific 1interest to this study.

‘c?igure 2-2 illugtrated the b%lance among personnel selection
criteri1a, training specifications and job aid specifications,
Decisions Eoncernxng'selectxoﬁ‘criterxa influence traininéx
specifications. The selection criteria establish the base level of
the Target Audience for training: The specifications for training are
developed so that training will be designed to correct the
skill/kno&ledge shortfall, If job aids will be used, the training
specifications can be trimmed, resulting in less training development.
The dec;sion to increase the job aid component of the performance‘ :
systembﬁesults in reduced training andam;kes the decisions concerning
selection criteria easier. Ultimately, the selection criteria must
take into account the actual JoB market. The ability of the
organization to a{tract personnel who have the appropriate behaviour

repertories must be accounted for. Shortages in the job market of

personnel with target behaviour ;epertories increases the need for
\

N
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training, job aids or increased wages. (You pay for training whether
you have 1t or not!) ‘

System Three uses the policy, whate@er it is, to provide the
human resources to Systems One. It 15 part of the Resoﬁrce Bargain,
The"decxsxons made by Three are guided by the policy. Problems in the
Resource Bargain are understood by System Three in terms passed to 1t
from Systems One. Since System Three 15 concerned with the “here and
now" operations of the system, the only way System Three canf—
understand, the future with respest io Systgm One, 1s through System
One activity 1n the environment. There 1s no capacity 1n System Three
to Know about the future except through éystems One or System Four.

[f this 1s the case, how is planning for the future accomplished?
Where do the policies cope from that determine wﬂat the mix will be .
among selection, training and job aids? The answer 1s found in System
Four - the ada&(ive mechanism of senior management.

« This part of thg analysis dinvestigated the allegation that senior
management does not know what System One needs or what 1t is doing.
In a viable system, this does not make sense. The Resource Bargain
ensures that what System One does 15 its purpose and that appropriate
resources are available to accomplish the goals for which it is
aecountable. P;rt of the Resource Bargain 1s the human capital as
wéll as the equipment capital. The policies and plans which make the
system r;sponsive to fugure change are developed 1n the interaction
between System Three, which understands current activity, and System
Four,twhich,deals with future environmental states. The next part of
the study results concerns the mecharnisms for adapting: the structure

of the organizafﬁon for future states, The structure of System Four

is importaht to the understinding of'policy development and, for this
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study, the development of ;ob aids.

-

Adaptive Mechanisms — Inventing "the Future

Attempts by System One to change without adjustments }0 tﬂe
Resource Bargain, could result 1n misdirected evperdxture oi
resources, waste, But, successtul adaptations could result and the
Resource Bargain could be renegotiated (1ntrapreneurism could/should
be part ;f the Resource Bargain - 3ystem One 15/cught to be a wiable
system and theretore has System Four activity of 1tz own). System One
actxvxty'cannot change 1ts own purpose, without reference to the’
metasystem, without causing perturbations among the other Systems Dng
at the same lewel 1n the recur<ion, The mefas;stem cont;xns the
adaptive mechanism which underctands the +uture 1n terms ot 1ts own
level 1n the recurgwve structure ot the orqapization. System Four
understands Systéé?:ne requirements 1n terms of System Three.

This section of the présentation of the study results 15 a

discussion of the adaptive structure required 1n the viable system.

The 1introduction o¥f job aid technology 1s an adaptive measure to some

\

. pertibation(s! 1n the environment: changes in the job market;

introduction of new equipment technology to the system: problems of
on-yob performangg 1denti1fied within the organiZation: cost cutting

measures; etc. The adaptive struc{ure discussed here 1s of a general

‘nature cince 1t deals with system change, and applies not only to Jobél

aid implementation, but also other personnel sub-system 1nnovations or

- any change 1n the value creation capital mix of the organization, .

System Four and System Three continuously interrogate and adjust

to one another in order to match the variety generated on the vertical

)
axis. " Planning and adaptation should be continuous without lag or

hiatus for the variety to match. If a meter reading could be taken at

¢
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the Three/Four 1nterface. the meter would observe this message: “The

future 13 now - here 1s the new set of Resource Bargains which will

keep the organization alive",
(

The discussion will cover three facets of the business of

“inventing the future". The first discussion concerns the cybernetics

\ 4
of planning and development. Next 13 the System Four response to

[y

System Three. The final facet 1n this section concerns var'xgus .

o -

»

raspects of implementing change.

g , v

Planning and development. System One dperates at 1t5'own’,|ev91'

of recursion 1n responze to the "environmenta)l lobe which 1¢ 1ts
operating environment. System One, as a v1able system, knows this’
‘environmental lobe and has planz within that compase. System One does
not have the wheretulth;l] to "see" the larger environment that
corftains 1ts environmental lobe. Senior Management lcoks 1nto the
1arger envxron'r_.nent and considers things which are beyond the
1magm:atxon of System One; thue metasttem operates in a different
langurae (cybernetically speaking) from System One. Systém Three 1s |
responsible for translating the operating 1anguage ot Systems One to
and from the opératxng'language of ‘the metasystem.

System Four 1s respons;xble for 1nterogating the putative., .
environment at its'o“u}' level of recursion, 1.e., not the recursion
. above. The pr'oblemat;c element ‘at System Four’s recusion 1ncludes the
environment of Systems One. <(Refer back to Figure 3-4.,) &’/

Research and development’ activity cbnducted. within the 'System '
Four planning éctivity attempts to discover what the nature of the, .
future 1s within the environmental context. Beer (1979) maintains

that in most organizations research and development is often outside

* the planning activity; it is a staff function, not a line function.
|8

A

«
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RMD i3 a serwvice 1n this case which can be used or not.
, .

- Cybernetical ly this 15 unsound and does nnt efticiently coﬁtrlpute\to

system viabili1ty - it does not have the requisite variety necessary on

, . ﬁ/ o
the vertical axis. This 15 where, I $uggest, the problem l1es in the

attempts of the R&D activity 1n the U.5. military to intgoduce yob aid

technology; the research has been discoverlngﬁadaptlve organizational
. ‘-l }'. ! '4-

structures, yob aid technology, but the research attivity 1s not in

the continuous plannlng‘loop - 1t 18 an appendage.

System Four must not only discover adaptive structures for futﬁre

requirements, 1t must also invent the future tor 'the organization and

help introduce 1t. To do this System Four must understand the

\ , .
organrzation at i1ts own level of recursion as well as the .environment,

and be provided the wherewithall to cause the organization to'change
, | S .
1ts states. There must be requizite variety between System Four and

System Three as well as.System Four and %he putative future.

Response to System Three. For requisite variety to exist

[

between Systems Four and Three, there must be a continuoys flow of
ihformatxon’up and down the homeostat between these’system elements.
Sinté *information is what changes us", Systems Four and THree must
continuously change states. The here and now 1nputs of System Three
resulf }n adgustments 1n System Four with respect to its undeﬁstandlng
of the operations, and System Three adjusts 1ts operatibnal planniné
and structuFeS'in regponse to System Four s understanding of the
futgre.

Figure’ 4-1 iilustrafes the informational links betwéen System’
Four and,'sttem Three and the environment. The description (adapted

from Beer, 1979) that follows is somewhat lengthy, but essential to

the main points that will follow with respett to the implementation of
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Jo& aid tgchnology. For easeé of understanding an gxample is used, the

Canadian Forces Defence Program Management Systeh (DPMS) .

!

The development of Defence Innovations is, cybernetically, a

‘System Four activity. As has been discussed, the relationship between

System Three and System Four is critical to the viability of the
syst;m.' The Three/Four Interface réquires some funftions to be
present to ensure the varieties match. In the Figbre,'the interaction
of System Four with the‘prbblematic env;ronmeﬁt of. the butative future
is.indicafed by the arrows to and fromxthg Systemyféur box and éhe
environment bubble. Poxqt “L"* in System Four represents a 'peint- of-
access to thg development activity of System Four. It 1s, in
particular, the point in System Four wh{ch has collated System Four’s
understanding of the whole systém’s posture concerning external
environments and the possible futures of the system. Point “Y" is a
similar point in System Three; 1t represents System Three’s
understanding of System One’s posture concerning the external and!
future environments (at its own recursion).

Informa@izn frﬁm "L* passes through point "K* to point "J" for '
transduction to System Thrée. When the information reachés "Y*
through point *1* it-causes a change of state at point "Y" which is
represented as the change .from *1* to "2° (recall ‘the definition of
*information® - that which changes us).

The information acﬁessible at point e s passed to System Four- and
i; registered at "3" which changes state to point “4". This_adjusted
information returns to System Three at "5" which changes state, and
becomes part of the collation activity of System Three at point "Z2*.
Point *2° represents the synghggis of System Three’s understanding of

System’s One understanding of external and future environments.
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’Point§ g, *3" and *4* are the transductlon mechan:sms in System Four -
. of System Three’s understand:ng of Svstem dne s posture thh respect
to happenings in the systan. Poxnts “1' and '2' are correspondlng

transducers in System Three. A -E—' : R 3 " ‘. f

‘i ’ 1 A

Because there 1s-more than one Systems Dne, there are more poxnts

Y" than shown; at least one for each.System One.\ Poxnt wgr

r

syhthesizes the 1nformatxon avaxlabli at points "y for transmxssxon

it

to System Four . n System Four, IlVed}ee there are several ponnts ?
\ -
:q', one for each System One. Thxs 15 half of)the varlety eguatlon L

between ‘System Three and System Four . System Four must be able to
;o
handle System Three varxetv wlth respect to 1ts functlons concernxng

Systems One. bystem Four must be ab]e to generate xnformat:on'

{ o

concerning.the future which pertaxns~to each SystemuOne: "‘\

’7"_\ o
‘The 1nformatxbn whxch passes between poxnts “2” and 'K“ is of a S

different type. Pt is 1nformatxon concern:ng th synthesxs of
»
Systems’ One postures wi th respect to current envnronmentaﬂ condltlons

~ -

. - . *

and tq; putative future as seen by System Four; thxs synthesxs 1s
. ¢

tempered by System Three s understandxng of the actual and potentxat

synergy ot Systems One.
h)

Thls other half¥ of the varxety equatxoh resul ts in the stablq
operation of the homeostats between the system development actxvity of
' System Four and the autonomous cohtrol actxvxty of System fiwge. The

channel from *2* to "K" must be.able to handle all the variety that is

generated in the operation of the various *J-Y* channels'including

their double 1dops (transducers 1 to 3, plus the varxety of the

synthesxs of Poxnt *2* and the synthesis .at point “K* of System Four

understandxng of actual and future environments (which isl. registered
i

at po;nt ", /Beveral points "K* probably exist in System Four, one

‘ - ' : - ["ad
» .

/o
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for each environmental labe (sxgﬁxfxcant sub-environment) .

Putting this Three/Fo;r Intertace 16?3 practical:- terms requifes
an example. F;gure 4-2 1s an*1llustration of m§ understanding of the
operation of DPMS an the cybernetic terms jJust dxscussea.

Several other System Four tunctions have been i1ncluded 1n the
diathm and wil! be discusszed presentliy. The box maerd LCMS (Li1fe
Cycle Management System) represents all the System Three #u6c€;6ns of
the previous Figure., In the center.of the Figure 1s a box marked‘;
"Cpllator of System Pos;ure;" this as poxnf "L, In DPMS 1t 1s
probably not explicitly stated, but resides incide the heads ot the
collection ot persons i1nvolved 1n development actxvxvn The equipment
change generator 15 the mechanism which considers the possible fugure
in light of what 1s Known about th% poss@bxlltles s understood by

organizations outside ot the Canadian Forces i-the homeostat between

7
A ¢
Equipment System Change Generator and the circles - outside

orgadlzatlons). This 1¢ 1nformation of the possible future as filtred
by other'org;nxzﬂtlons (equipmeni supplgers, researéhers; other
government agengles, etc.). The box marked quxpmént System'Gu;ry7
Generatorrls the tunction 1n the development process which generates-
innovative varléty iﬁ the putative’env1r;nﬁent. [t is the concept o{
inventing the future.’

Unf;ltred reception of possible fgturés occurs at the Equipment
. Change ‘Generator function. Initially the Ehuipmen{ Query Generator,
in DPMS, ig the informal 1nvestigation byJanyone 1n the system int;
the future. The submission of a St;tement of ﬁgquxrement (SOR)
formalize§ the change propo%al and is registered at the Equipment

Change Generator. In the Canadian Forces, the Query Generator

function is handled formally by funding of R&D pfoJects by NDHQ, Chief

- _ i
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© to Keep the ordanization ¥rom constantly fluxing.

of Research and Dewelopment (CRAD). There are other organxzatxohs

thgat have research functions (Director General Operatiopal Research -
. v/

bG s D}rectﬁr General 'Personnel Research and Development/Personnel

Applied Research Unit - DGPRD/PARU) . Some changes to the personnel

N
\ - 4

sygtem have occured as .a result of their efforts.

L]

' 4
Informal queries are generated by anyone in ‘the organization who

i3

has contact with possible futures. Formal replies to queries

concerning possible tutures usually come, solicited or unsolici ted,

from non-DND organizations. Interpretations of the possible futurd’

within the Canadian Forces 15 represented by the arrows from the
Problematic to the channel from the enironment to the Equipmerit !

Change Generator. This-i1s the “inventing of the tuture” as seen

-

within the organization. . .

’ ’

“The Change Evaluator and the Response Generator are the System

Five functions which assess the suyggested changes. This function 1s
. . d ]
handled i1n part by the Research and Development Program Review

Commi ttee (RDPRC). The Change Evaluator must damp change suggestions

Potentially mayor
changes could be 1nitiated'which- are 1ncompatible with one another or

with metasystemic considerations. The response from System Five 1s

registered at the transducer which Transiates Sybtemwave Posture with

respect to changes. In the formal serise within DPMS this 1s the
40 i ’ ™

. i

understanding by changed initiators of-System Five’s response to the

‘change. Disapprdb%#‘of an SOR(P) 1s not necessarily iﬁ}erpqeted as a

'no—go" for a change 1dea. | e
The box marked System Four Unaerstanding of System Three Synergy

is poinf 'K"in’Figure 4-1, It is _part of the crutial balancer in the

program 6evelopmeﬁt'process;'it interprets the needs and| concerns of

[ -4
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the operational components of the. system (Systems One). In DPMS this
-, i

function 1s probably handled by the makKe-up of a prOJec} development

- - 4

team. The i1nterpretation by the team members of the system's postdre
wi th respect'tq the-turrentistata of the system and the future that 1s -
being i1nvented will affect tﬁe operation of the Three/Four Intertace.
blfnthe tgam has i1nsufficient channel capacity to cope with all the
implications of the system changes, then the xmdlepenfatton may be
faulty. This kKind of channel capacity problem may result‘ln partz ot
the s}stem not beinqg addressed, sucp as 1mpakt on;the tra}nxng system
of the change, or installation of a sys(em WIthOU; suff:cxeqt'

Y

availability' of spare parts.
. .

The DPMS scenario just presented.seems to be quite typical of

Major Caprtal Projects. ROIT (1?82) suggested that DRMS projects
frequently did not 1nclude parts 0¥~thg system xn)developlng fhe
—~ innovations. The author 1s aware of a situation concefnxng'the P
purchase of some large éﬁecirlcal equipments. At the time.the cut ofg
for Ha)or‘Cap1tar Projects was $258,00§l The value of pur&hasxng the
electrical eqqxpménf was about szee,dee, within }he 1imits for Minor
Projects. iThe purchase ot the electrical eqﬁipment was made and {}
was delivered. However, removal of the old equipment, installation of
the new ones and rewiring was to cost 1n exéess of $50,008. The local
funding authorities could not spare the cost of‘the.anstallatxon on an
ad hoc basis because of planned §9mmftments. The electrical‘equxpment
was not installed until more money could be obta;ﬁed from the original
.fundxng authorities (aboﬁt a year later). 'The;e were some
difficuities in getting the addiéional funds since the total project

was now' over the limit for Minor Projects. If the original submission

had followed thé correct procedure (i.e. submission of an SOR(P)), the



“a

. implementing changes.

‘installation would haVe been i1ncluded as part of the normal

dévélounent of the project definition.
‘ "It §hould.be\noted }hat the operation of DPMS 1s primarily
equipment draiven. Systém ch;nges are usually perceived as equipment '
changes. Similar changes could be proposedixn the Personne! System. /
The +orgoing analysis demonstrates the ;eed for a substantxa}

e . .
1nformq<xon transter between the operations activity 5n§ the planning
kY ,‘: >

V.

and development.actxv1ty: 6ystem\F1ve ic also active. (See again -
Figure 4-1.) Within System Four must be a model of‘the environment
v
that the system 1n tocus 1s operating 1n, as well as a mgdel of the
system 1tsel+.(1%clud1ng'gystems Three and Four)., Figure 4-3
illustrates the concept. This 15 how the system understands 1tself

and can Know how to change i1n response to envirdnmental pertibations.

[ suggegﬁ that the Model ought to be located in the Collator of System

“

~

Posture (Figure 4-2),

The adaptive mechanism descibed above needs to be on the vertical
axis of. the variety equation. The variety absorptior requirements are
extensiye - The Second Axiom oé Management (Beer, 1979). It 1; the
author’s suggestion that, the reéson the U.%. Government R&D e;forts
tn job aid an& related technologies has not had the extensive

implementatxah that mxght‘be warranted, 1s due to the tendancy of

organizations to treat R&D as a staff function, not part of the

. continuous planning process. .This peints to the need of a:Planning -

Directorate which embodies the cybernetic principles described in this

study. This leads to the next facet of the current analysis -
r

Implementing change. MWhen an organizt;on exhibits the adaptive
mechanisms described here, the introduction of change is on the ba{ji

2
-
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\
‘of the system learning about 1tself. Change is evofutionary, not

‘

revolutldnary. Evolution implies gradua[ adaptation to the

;
/

.envy}Bnmgqt. Revolution implies sudden'lar?e changes. Revothlon;fy

4
!

hiatus goes against the principle of‘continous planning and/
.

14

g

, , .
, development., Large chawpes are more 1ntrusive and destroy’some o# the

. + : /
organizational cohesion: “"Look what the-'grownups are !ryxng to push

.

-at Qs‘" Organlzatxonakgchange shouid be more 11Ye learhlng than a

frontal ‘lobotomy. - “‘ . /
The 1ntroduction of changes could be aided by gﬁange agents or -

- ! . /
charige advocates. Abrams, et al (1974) suggests that 1mplementation

ot change can be 1mproved 1f both change agents “and adyocateg are

empl oyed: ‘ ' rT
\ - 8 Chanqge .agent - 15 defn!%d as an 1n3}v1dual or agency
\r e

. sponsoring the change. The agent fust push e change

/
process toward a problem solving format involving the

; increased understanding ‘of isspes, concepts ,and

v

. / .
possibilities, and away from, the emotional affect-laden-
/

interpersonal confrontatloné. , ' l
. /
® Change advocate - ié?an Endivxdual who functions

J; -
formally or informally,/1n the role of initial' commynicator

~—

concerning the advantiges and capabilities of the .device or

* change to the potenfxal users,

. // , v
The use of change agents and advocates are reasonable from d

3

- cybernetic standpoint. By% the notion of a requirement for this

e

cgpcept indicates that gﬁ hiatus 1s péesent.v Changes sh&ulg 5? Known
by thé players before, they happen as a function of the céztinuous

’ ; i
ope;ation of . the Thrée/Four Interface. System One ought to be
anticjﬁ%ﬁpry - 's#ée ?ood things are aboué‘to come just like we

pan—

(U]
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expec ted”. 2 A . « 5
: /

This final éuggéstnon\xs not to say that‘éhange should not be

~

1

followed through and followed up. System Eour'may even be aéked}to

-

participate 1n ensurlhg that the changes® are managéble by SyséemsSDne.-
.Ultlmatelz/5¥stgm Five 1s 1nterested that th? Three/Four Interface -1s
cont1ﬁu1ng to Keep the system adaptive. There was a suggestion
previously thgt,xf a-me{er were -placed at the Three/Four Interface it
would reg{gte}‘the message : 'The;iufufe 1s now - here 1s the new set\
(e} 3 éesource Bawﬁafns which wxli Veep ihe organization alive*., This
meter 1s part of System vae.’ e .

To conclude this section, planning and aevelopment for‘the'health
- of'the\2£9§nlzatxon must 'be adaptive to Sysfem %ﬁree (System One
_controller2 and tﬁe out;ide future as well as the qupose ot the

organi1zation as stated at -System 5 (wh1chlxs‘the system 1n focus

undersfanding of the meﬁas?gtém as well as the 3/4 Interface)..

With respect to yob aid research the allegation made earlier:

ems 1nevitable because of the cybernetics of the R&D process in the

'
~

government sector - Gevernment has wasted money on research, But

looking at the broader context, Industry.has benefited. 'Job aid

technoloéxﬁmay be to. the Defence Department wh9t teflon 15 to the

Al

Space Agency. ' ' C N

l .
‘ The cybernetic analysis presented in this chapter points to some

.4

fairly extensive system qonéideraiions for an adaptive planning

process. The allegation that the government research effort has

wasted money is chernetically understandable. If thé altegation is

o

true in~terms’o§ tility of yob aid and reldteq technolbgy research

1
\

findings, it is because the RAD ‘effort does not meet the cybernefic

priﬁciples - The Second Axiom of Managemenf has been violated. - This

-

. ' “J
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appears to bé the case 1n spite of macro level studies (as. defined 1n

c )3

th& study) in Jbb aid technology.

The concluding part of.this chapter 1s a presentation of fl_ndmgs,.

reported 1n the literature on the macro level duestlons'.' Some

» .

analysis 1s presentgd of how the study findings should result 1n

- .7 ~ ’ N L] !
system change. . VT
L “ .

. System Level Resedrch Findings

- N

The findirigs repor ted in the literature reqarding the efficacy 6{ o

- job aid technology were discussed 1n Chapter Three. “In this chapter
the findings regarding system level 1s3sues are being presenwted. The °

cybef‘ﬁetxc an‘alysxs conctuded‘that”system level {ntroductlon of Job

aid technology 1s difficult without certain system features pr‘eseﬁt.

.The most sxgnxf‘xcant feature 1s the requireme‘nt that the research and N

development activity must be on the vertical ax.is of system.control

for th; vari.ety equation to balance. The R&D ma'ctiw ty muet be part of

the continuou!q;lanmng and. development actxvxty'. . g .
The R&D efforts 1n yob aid technolc;gy have discovered adabhvev

mechani*sms' which ought to affect the wor:th of :;orker performance. Tf{e

¥

"+ value of the beha\:iour could be enhanced by bétter& performance (speed,

b"‘ R

timeliness, completeness) or the 'costs of behaviour could be reduced
(fewer. spares used, labour and supervision reduced, lower level of -
‘ behaviour repertories). Research has also found some useful e
information regarding how to implement job aid techhology. The future, ‘ ’
.of job aid technology 1s here and now - what 1s needed is the Resource
. L . &
Bargain. ) g ’ \

The literature findings regarding system and implementation

issues will be_pr'e'sented in three parts., The firsts discussion
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concerns ;apc system issues; the next part examines the JPA ;L
‘dovelppment fxndi;g?. The !aét presenta;ion deals:w:th integration éf
job'arq technology 1nto the personnef system. _Conclu;ions about
system requirenents will also be discussed. .

System Jssues

In striking' the Resqurce Bargain, cenior managemént considers

’ 14

various system issues related to the personnel subsystem. The ..

‘e

‘

literature related to this corcern will be presented in thex4o|{owing
way: first the 1ssues relatfng to system tradeoff; then yob aid
types; and fxnafly, decisions rebarding the selection of jyob aids.

Head/Book_tradeoff. Senior management makes the decision

regarding the human resource element by trading off behaviour

.~

reperfqries (selection and trainxng%.qﬁd_on Job support (job ax?s).

_ This has been referifed to.as the head/book tradeoff (Joyce, 197%)..

Chapter Three presented-research findings regarding the d'ponstrated
value of job aids supporting worker performance. Job aids influence

the benefit of worker behaviour (sBeed, timeliness, completéness) and

—

~,‘_’¢'f /
riagg;“:;e costs of behaviour (spares use, behaviour repertories,
’ ~ rs |
‘ - o
worker and supervisor labour). This demonstrated efficacy contributes

3

to the variety of manégement“choxces in establishing the human

resource mix.

I : ot

The decision to Use job aids 1s influenced, in part, by the

ch;racteristics of the job for which the job aids are being

considered. Two job categories are of interest:

Operations - OperPtions are the conduct and control of the

primary system functions which, in combinétion, 1éad to the
achievement of system goals.

Maintenance - Maintenance functions are the means whereby
. s ! . » - ' - .
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d¢ystem components faults are predicted/avoided, and repaired

if they occur. There are two types of marntenance

. functions- “ (»;i? . o
. ® routine maintenance, and . d=

® corrective maintenance.

«Rod*&ne maintenance tasks 1ncluée fault prédlctnon.‘

adjustments, alignments, calibration, i1nspection,

lubrxcation, installation and removal, etc. Corrective

»
v

maintenance tasks might include some of the tasks 1nvolved

in routine maintenance as well as troubleshooting or fault

.’

.findxng/lsolatxon and problem soiving. !

The yobs that the U.S'. Armed Forces are. emphasizing for Job

[

guidance strategies are prlmahily maintenance jyobs. This is true as

b

well with some corporations. In, the middle 1978”s Armco, 1n
f Pennsylwvania, bggan an apprenf;;; program which uses FPJPA’s and
progradmed instrdcéion‘xn eléctro-mechanlcal maintenance of its
rolffng milws. Both routine and corrpctive maintenance tasks were
included (Foley, 1976)i‘-Fofey (1976) states that most of the U.S,
Armed Forces job aia effort 1s directed at improviﬁg performance of
troubleshooting tasks. Bell Systems in the U.S. (and Canada) are
dsing Jo? g}ds for 6perat6r Jobs as well as maxntenancéﬂjobs/(Foley,
1976) .
There are some newer efforts by the U.S. Arﬁed éorces in job
aids. The} are devefbp;ng comﬁuter based job aids (CBJPA) to assist
/ tactical decis{on makérs‘ Operational Decision Aids (ODA‘s) are being
»teséed for use by ship’s command personnel (Peterspn, Phil]ips;

)

. -
Randall & Shawcross, 1977). There is also an effort in using .

artificial intelligence programs in computers to augment the decision
* .

A
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) capacity of decision takers, .
. JPA types. Booher (1§?8) suggests that there are over 188 job

.aid systems; He has proposed five categorxes for dealxng wil th* them:

Format/Content Systems, ngp)ay/Medxa Systems; Applxed Tralnxng ,

Systems; Perpreral Test/Diagnostnc Systems; and Delivery Systems. He
;\‘ further suggests that thers are three types of job aids from the
Format/Contént category which are sbfficibntly devel oped éo warrant

large scale implementatxon- FPJPA’S; Hybrid JPA‘s (and Enriched
3 ]
JBA/;) and Deductive JPA 8.

f. Fully Procedyralized Job Performance Aids (FPJPA) -~ This
| type o; }Bb aid is thé most détailed and step-by-step
.. algori thmic tygﬁ of aid. This type of aid has been well
’ received and several different versions of produttioﬁ '
» ‘_ - specifications have been published. The ;pecxfication by
.Joyce et al (1973a,b,c) has formed the basiénof several
other specifications: U,S.N. Draft gpecification (nd) ;
CP-148 (Aurora) Program JPA Specifica;ions (1977) 3 USN P-3
(Orion) JPA Specification (1980). . .
® Hybrid Job Performance Aid (HJPA) - An evaluation of’
this type of aid was conducted by Post & Smi th (1879) for-
the USN to determine what strategies could bé,empldyed to
increase\feirning opportunities for ca;eer relevant
jknowledge. The principle characteristic of the Hybrid Aid .
, _ is the use of two levels of task guidance: directive and ’
‘ deductive. The directiye element i; algorithmic; the
" deductive element is not algorithme but procedural. 'Then

- strategy underlying the Hybrid JPA use is that, over a

series of porformanc(g, the technician will become more and

\
\

\
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- the deductive component as described in the Hybrid JPA. A

¥ ’ ) . o
"
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more famillar with the directive element until he feels
ready'to troubleshoot using oﬁly thé:deductive e{emont.
Should the technician encounter foficulty”th;'dxrectlve
element is évai[able. This type_of a1d fosters i1ncidental
learning. Shiver & Hart (1975 desExREe a similar concept
which separates out the detailed rep;ated tasks from the yob
aid and places them in a Job.Performance Guide - 1t is

expected that the user would dearn the content of the JPG,

Eoriched (Hybrid) JPA - The EJPA takes the

characteristics of the HJPA to the logical conclusion by

providing, in addition to two levels of task detail,

enrichment information concerning the task being performed.

Thé enrichment relateg to the content of the deductive and
directive components of the job aid. Three types of
enricﬁment were ideﬂtifieqrby Post & &ﬂith (1979): 1.
transition - any i1nformation designed to help the hybrid

user trahsition from the directxve‘to the deductive ai1d

“form; 2. system understandxngﬁ— information about the

0

operation of the hardware repré%entéd in the deductive'iid
of the hybrid; 3. theo}y - information about the op;ratién

of or princ:plés underlying the class of equipment to which -
the present har&ware.pelongs. \

Deductive Job Aid - This type of job aid includes only

deductive job aid could at best be described as a procedure -

(i.e. not an alggrithm). Heuristic Recipes described by J
Harless (1980) and Ensamplers described by Gilbert (1978)

are similar to deductive Jbbvaids. These aids are suitable

4
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for medium and aptitude personnei. with moderate training.

\i\The Job‘aids described s6 far are suitable when the actual steps

-

in per@ormxng a task are Known. The guided query may be suitable when
‘ *

an'Jendless" number _of factors must be considered; when task
perfo}mance 1s better Knewn by the performer?,{::\the gqlde devétoper.

but a strategy for perﬂbrmance 1s required or lacking. The gdxded

/7
U

query taVes the decision taker through a ratxonal sequence to arrive

‘at a decision. Some Artxfxcxa! Intelllgence studies are attempting to

deveﬂbp‘a computer program that forms an analogous strategy to the one

used by‘the degxsxon taker(s): the‘cgmputer developsttts own guided
query strategy and may, tn fact make the decision and operate on 1t
(Note 2 - Padk & Mitchel 1, 1983 .

There‘gre more‘advanced~types of job aids being developed using *
comput;rs ang variogs delivery systems.\}ﬁutomated or Computer Based .
SCB)'JPA’s are grxmarxty Media/Display tng‘Job ajds. The algorltGmlc
component mqst be-as tomplete and detai;ed 4s FPJPA’s, but the ‘
transducer's controlllng the display of 1nformatxon and the search

suggest that the devélopment pf CBJPA“s has been becaus: of the

logistical problems associated wi th papé; based job axds:‘}They cite

\

the example'of the job aids for the EPICS program which are 1n printed‘

' Y
I

booklets. The ﬁaper life of booklets is -short and the volume of the
2 . ) :

books present a significant problem in locations where space 15 at a

K ‘ , : 3o

premium, such ds aboard ship where-tha,EPICS program is being tried.."

-

Hixh the miniathgizationiof microgﬁocessors/ang neduction in
costs of chip teéhnology, small—-size computer based Jbb'ald‘>are
f&astble. A prototyge C@JPA has been'developed by the Naval“Training
Eqpipmegt Centery Oﬁ)ando. The—Canapian Forces will,be.trftng VIMADS

vt

-

'behavxour %f the user are computer driven, Scan[and & Scanland (1981)

-



-

-

, . : . - -»
(Voice Interactive Maintenance Piding-Device System) "which was

developed by Honeywel for‘the u.s. Depd?lment of Defence;

-

e Oy

VIMADS

. combinesg wvideo dl:C. mlﬁrmromputer. volice. recognxtxon svstem ‘and a .

N

-

headset/hefmet.

Yl —
g

Qerpally ask UIMADS for guidance usirng 29 commands. The

This device frees the ‘hands of the ufer who ‘can

192

. . ™, ‘
characteristics of the system i1nclude tull motion vicuals, repeat on

request, .silent and audio guidance.

v

as a.surrogate for the'real equipment.

- 6BBPAfe,are stil)
Problems of rel1abiisty tn military settrnge must be addressed.

//sugge=ted that w1th the 1ncreased use bt\"mall formaf romputers

-

at the,conceptuél

1

0

’

L YN

v

»
A

‘ctage and require more Study.
‘ o

It

,\IMADS has a traifing mode which

permits repair of machinery using the wvideo disc supplied i1nformation

\

13

*hroughout modern machlne:systems, LBJPA'S vl become an 1mportanf

format for task guidance and’ may become resident 'in op?ratxonal‘and

+ N

maiftenance software.

-

s

’

‘{ - Job_aid.decizions. The trade o+f among the wvarious factors are

complex.

~
»application .of Job
training, on-job-traim
and hybrid job aids.

* decision criteria:

. L)

‘l

.

3y
Personnel aptitude. '

’

- [
Task type being aided.

Equipment coqplex1tyf~

Degree of proceduralization.

Technical experience.

Task codplexxty.

Equipment . type. " -

v

LY

.

2§(OJT), degree of ;ob aid proceqbralxzation.

The fol lowing|factors were considered impontapt

[




=

-

] - . ! ) \ ' .
| : : b 103

¢ . N i -
. A
- \\ -
The decision algorithm uses hard data,\most oﬁﬂmpxch'haﬁrgpen
. . . ' , . |
discussed' in this report,.and some hypothesis based on interpolation,

€

’ Bo?her’s aigbrxthm 1% not ;ummarlzgd here as the report 15 detailed
ana lengthy, andrwo%id Ioggwhuch 1n summarization. {nterested readers
are'strongly urged to read.tﬁe report in'congﬁnctxon with 1ts
companion. Booher (1§7Ba), wh1ch presents a classxflcaﬁxon scheme and

,a discusslén of cost-performance'hpade-off dens 6ther topics. }hﬁ
algorithm 15 not cpeci¥ic to the system desxgg stage of svstgmA
d;velopment. aqd may‘be useful 1n performance prablem solvxng.wheg
Joss are bexng‘con51dered,f0r‘per+ormance ;1din§. ,

"Boqher <19786t m;kes a questxonab}e assertion'tn the dlgcu551on
ot his algorithm: "Low-experxénce technicians cannot *rqubleshoot
with FPJPA 1f the equxpmént complexity 15 relatively high and the task
compléxxty 15 high" (p. 7). ?ooher claims this assertion s suppcrfeé

/5 b9 harg data (which sthéy?). This assertioﬁ goes against the -

-recommendations of some‘of the recognized expérts (Gilbert, i978;:
Harless., 19803 Bullock, 1983). -
In'my own research findings [ could not find any =upport for iﬁys

assertion concerning the interaction.between experience and task

complexity. ' The research evxdeﬁce suggests that low experience

"
- 1

'(vpersonnel using FPJPA“s can solve an average of 88/ of electronic

faults regaréfeis of task cqmp[ex%ty (ﬁotter & Thomas, 1976).
Exggssxve spareg usage by }ow egberieﬂce personpel in low complexity.
tasks 1s about 50/ more than expérienced technicians using 'TM’s; about
five times‘highér than experienced technicians psing FPJPA’s;and
abqut three times higher than experx;;ced'techniCLans using Partially

Proceduralized JPA‘s (PPJPA’s) ., Excessive spares usage for high

complexity tasks by low experience technicians 1s 23/ lower than

PR

L\
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experienced technicians using TM’s; énd 487 to 56 Exgher than

3

experienced technicians using FPJPA’s or PPJPA‘s.

The inference that I am making from the data 1s that low s

experienced electronic technicians cannot reliably utilize job, aids
1 . ' et

(i.e. @jth greater than 95% reliability -.that level sﬁbuld be

‘expeéted with experienced personnel dsxpg FPJPA’s or PPJPA's);

- Y -

: . , , s v 3
however tﬁey are more reliable in performing complex troubleshootrng

L]

tasks than experienced technicians using traditional technical manuvals

(887 ‘reliabilpty versus 78%-. Less experienced technicians are ‘less

relrable 1n Jess compléx tasks than experienced technicians
L0 Vs ‘. ’ 1

. ﬁegérdlesé ot form ot task gquidance. It 1s suggested that this
3 ¥ ' . :,

apparerit paraddx 15 a demonstration ot the ampiifier effect of job ~ l !

aids in task guidance. The decision criteria seems to be the .

. ‘requirement for reliabflity of perfofmanée by low-experience personnel
. . , Y o T

-

- for example, criticality of equipment 1n“the sxsiem,.or consequences

‘of falllng‘to find a fault ﬁay be the i1ndependant decxsxon’fécﬁorsL

~

- b ’
spares usage 1s.another factor. Less experienced technicians must be

embloyed‘for less complex tasks, regardless of their lower @

reli1ability, 1n order fo gain Jjob experience (and have a meanpingful
function i1n the system.) Booher’s ireatment of the data must be
reviewed to determine the.correctneés-and sultability of his

algorithm. ° - - o

JPA Developmen t @ ‘ '

_The literature concerning job aid development is closely related
, , , N ‘
to training develbpment. There are two entry points in system

}

developkeﬁt for job aid consideration. Thé one that has been

. discussed extensiQeJy in this stgdy, during sysﬁem desxqﬁ, will be r.’

discuésed"presently. Another way is performance problem solving.

. : W/



.

" the course, $1.8 Million would be spent on trainee wages. The

Per formance problem solving. Performance problem solving in '

] 1 } . e

exigting systems is often (usuafiy?) handl ed by training solutions as

first choice. This assertion’ is madé on the basis of personal

‘experience and the experiences of various training/performance

- )
consultants (Gilbert, 1978; Haqless, 1?75 - Qunce -; Mager, 1972).. . \\ -
. . ] . . .
Trgihxng and job aids i1n many instances are'equﬁwalent 1n K ‘.
¥ . . ¢ .
providing solutions to performance discrepancies. As has been ~ . //

¥

.« \ ) \
disclssed job aids operate as external memory for the performance of a
/ i ‘ .
tasé; training, on the other'hand, stores task performance inférmation

in the head of the task performer. The princ}pfe differénce 1n - !

-

choosing Jjob ands\pver training, when either solution may be’

t

appropriafé, 15 cost. According to Gilbert (1978)} most organizations

do not consider the“rost of trainee wages in” the costing formula for

[N

‘trainingl Approximately 90Y,of the:cosi of tbaining 15 accounted for

in wages (p. 221)f Dellvery'cdsts about gxﬁe percent and developmen:t
costs about one'percent.”

By th:s'reckonyng, a week~long course, using traditionﬁl
instruqur lead, gr9up-p;ced iﬂétﬁuction (as opposed to self-paced

H 3

pﬁbgrammed inéfructyon), with 20 students whose wages ake $486 per

. week each, would cgst about $9668 (énly about $1080 of which would H&

"aftributable'}o deljvery and development costs). Ovér a five-year

LY

portion of the lifespan of such a course, assuming 225 offerings of

elimination of such a course by the prggision of job aids w&uld permit

the workers to be on the job and productive to the ordanirationai

]

.purpose, not in the élassrogm; the waées spent ﬁould be productive
: . S ’
not overhead costs. But, an increase in development costs would

re:?lt. I sﬁggest that pet'saQings'are liKely. It would be unlikely
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that development‘of the‘Job~aid would cost much more than two or three
hundred ,thousand dollars (the Job aid would be 1n the 188 to 150 page |
range using $20090 per page est:mate of development costs) .

Gllbert (19?8) claims that almost any urse offened hv'en

organxtatxon can be’ reduced to one thxrd of its former Iength by

A . ' 1

1mproved course. development qtrategxes and technrques. Harless (Note

3'-71981> claims that, when Job exds are develpped and progr ammed :
" . oL oL ' - ‘ '
'instrpction,isvused, a course can be reduced to one quarter of its

farmer length. The experlence of the u.s. Armed Forces .1n converting
training to JOb axds and assocxated tasv orlented ‘training 15 a,

reductlon to half of a course’s *onmer 1ength (Thexsen et al, 19785 \\

i
o=

Gebhard, 1976) . - Let us say that for courses whxch were prey;pusly
_ fairly Qell designed the reductxonris half: other courses of

questionable design strategy: the reduction would be to'one thlnd of

the former course length. This represents for a 20-day course a

tooe

reduction to/between seven’and ten days; a ninety-day

ourse would be

- - N <
, reduced to between 30 and 45 days.

The costs of the former 28-day course, usxng pr 1ous figures, 1s

about $34,000, $4000 of whxch is attributable to delijvery and- =~ =
, \\\ﬁevelopment. The total trainee cost per year, assum ng eleven
offenings of the course, would be about\§498,808. { the course were
reddced to hal% of the former length, and stili onjy offered eleven .
times the trainee cdste would be $260,000, a savivgs of $200,080.
OvenA4ivetyeers the savings would.be one millﬁon‘dollars. However ,

N

the course could be offered with increased freqyency (i.e. 22 times
" per. year)ﬁ twice as'many/Zrainees could underg the training or the

student instructor ratxo could be doubled proyxdxng Kuch greater

1nde1dua| attentxon. Agaxn for cost 1mprovements, the development
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costs would have to be less than one million dqlldqg 1f no increase 1f
v A V¢ v .
annual course load resulted, or less than/ﬁwo million dollars 1f the
\ : . .
’ /
. annual course load were QOuBled. . ' oY

The,dec§sxon to employ jyob aids cwuld be simply an economic one.
Uoh\aids could bg\prescribed algo 1n 1nstances where there have been
chhnges’or uﬁfdngsern states iﬁ the organizatro;‘ environment. A good
example of this 1s the change of reading ability of the average North
,Ameracan student leaving high school . [t is estxmated that the
average hxgh'schgol Ieaverfhas no more than a gradé eight reading
abiiity (reported on Canada A television show, March, 1983).

) According to lebert‘{i??B. p. 232) only 88% of the'adqité in the .
Onxted States1qan reach the minimum stan®ard 4or litenacy (i.e.
Qnderétand and interpret simple want ads and grocery advertising); 33%
of Amerlcans are functxonally 1nadequate (1.e, cagnot determlne the
un1t price of various sized boxes of breayfast cereal) .

The problem of declining pg}ding levels is aggravated by the
tenpenfy of technical manual prodpcers‘ﬁ? write equipment
documentation at the level of engineering graduates. In a study
conduc}ed by Curran (4988) 1s was determined that 25/ of the
nonvof#icer status recruits to the U.g. Armed Forces were five grade ’
levels below the readability“of training‘materlals (grade 8 or 9
réadingfability versus grade 14 [i.e. 2 years po§t secondar; school]
readability level of the documentation). The performance’problems
that must result when more than 254 of the trainees cannot ‘ "

-~

satisfactorxly read traxnxng materials could be solved by allowxng
R

them to fail; a solution that recognizes the potential that personnel

&hé have poor reading skills may have, would .be 40 rewrite the

y

documentation,
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/’ Duffy & Waller (1985 provide substantial guidance regarding

' //readabxlxty and comprehension o+ text materi1al. .Job aid
/ ‘ . ¢

specifications (Joyce et al, 19723 1972b: 1972c: Shriver & Hart, 1979

L] .

are very zpecific with respect to readability; job aids must use

standard wvocabularyy and’have a reading level ot which 13 compafxb\e

‘

with the literacy prpfxie of the target audience.

S

' System desian. The'research. designsand devel opment component

tSystem Four) of an organlzétxon should be prepared to address alt

aspects ot job and task pertormance as a routine part ot 1ts
' : . v

operathp. The ﬂ;thods._models and policies that are created can have

enormous 1mpact on system performance. The tallure ot system
. designers to take into account the human tactorz of the system and -
i ' - . — { ,
only the equipment and mechanical factors, could have far reaching

-~

K}

.results. \\_u | 74”**‘“‘"

-

Designers who are conscious of the "frent end” costs of a system -
g . \ y

could reduce the emphasis, deliberately or unlntent;;lly, of. the -

- '

personnel costs of the system. Failure to include training’

!

development and job aid costs 1n the front end costing does not

-

eliminate them. Mager 1s quoted as saying "you pay tor training __

whether you have 1t or not." Failure,to provide tor the human

-

.
4 v

" performance system 1n initial development may result 1n more damage
B . a
than just deferring the costs or placing them in a different budget

director’g lap. The systemic nature of the system can be placed in.

-~
°

Jjeopardy. .

System design and modification usually commences wi th
eonsideration of the system’'s goals. Discrepancies between actual
achievement of thf system and the goafs are addressed with -

J L]

, recommendations for system modification. The goals themselves may

®

i
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change, - Recommendatiéns for system'change.hay incfudé major equipment
.- + _
: acquisition. The specifications for the provision of the équipment
- “ , 1 ld

could include Intergrated Logxst#éal Support (ILS): all the support

requirements of the systgm 1ncluding sbares, warranties, training

-y

programs, technical documentation, and so on.

The system developer, whether in-house or'cbntractor, myst makKe
an.accurate assignment of system functions to both the machine

compoﬁents of the system and the ‘man components, The capabilities and

A)

limitations of manq?ust be placed in balance'with,Jud1c1ous decisions

<

concerning the need for machine ampLificatloghto correét his
limitations, and for yob satisfaction, the fostering of his. |,
capabilities. The overall performance strategy for‘achxevémeqt of the-

system goals must be designed wi.th realxst‘c estimation of .future

Il

environments. .,

L 4 ' ¢

Job and task éesign should take advéntaée'o; the patentials for
performance that are aéailable. Sefection, tr@ining, and performance
aiding need to be traded off to optimize goal achievement.

The Research, Desxgn and Development component of the éystem must
" develop sétisfacggry performance meesures to determine whether sxstem
goals are being achieved once a\sysgem modification has been made.
'Reseércﬁers have 1dentified problems in measuring human performance.
Foley (1977) describes the problem of paper and pen&il theory tesf%
which show little demonstrated relifiggﬁpip to on-the-job performance.

)
‘He cites the need for a shift of testing emphasis away from‘theory_
testing, to testing "off-line® in a job-like environment, when it is
'nok péssible 'on-lin;ﬂ. Symbolft substitutes f%r task perfOrﬁances
noed to be deveioped. There is a criterion'probl;m in the difference

between the real world and the simulation of the real world in testing

L3

¢
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and training situations.

~.

. ~ : : "
Once performanceﬁsurement systems which encompass all aspects

of the éyst/em which may be influenced by improwved task performance
" have been put in place, feedback adjustments can be made on the
inforffation contained\in the measurement data.

Ul timately ’the system developers must communicate the various
moBifications of the system to the various levels of management. Ore
of the goals of this communication shouia be the mi"agg of the system
that is wanted. A system which utilizes the ,Chalnge'ﬁgeunt/ﬁdvocaté
concept might be.pro.jecting an image o+"1t‘sglf as Mwy lfr;g to let all
" members of the system h’avé a say 1n system change;s.," Sy§tem modiﬂerg
and dewvelopers sh‘ou\ld be aware t‘h:;tlth;alr‘ decxs'i'ons do progect an
image; that image should _be.plan'ned, notjaccidental. .T'ota} sysfem

closure and self awareness is a goal of avi abile sygtem to help

maintain its viability. '

4

The last"issue considered in this section 15 the dévelopment

~

s
, ] -
scenario which employs outside contractors for system’modifications.

It is a common method used by governments to utilize the private

sector 1n system updating and modification. The problem 1s, as [ see-

t

it, how to control the activities of the cohtractor s0 thﬁt the system

" performs to specifications, while leaving to the .contractor the

4

variety thdt 1s necessary for the synergistic performance of -its own

.

system. ' i !

Once a contractor gains a contract, it has a certain amount of

L
/7

control over the contract lettlng. organization., This has been dubbed
) oo

the "buying-in syndrome® (2aleski & Grice, 1988 - Proceedings:
. - -

lhtérservic’e/lndustry Training Equipment Conference and Exhibition of

‘the National Security Industrial Association). The “buying-in

“

2 -
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, qyngrome“'is tpe,tendency of an organization, the.government in this

~

case, to set a trap for itself. Governments tend to award contracts

to the lowest bidder who appears to provide services to meet the

specificatiops of the system. This puts pressure on bidders_to bid

low. Once the contract has been iet, the government'is commi ted tg>

.t
Ed 1

. the contractor provision of services.

'y

Experience of U.S. Armed Forces suggests that shortf§1ls‘by.the

contraftor an meetjngtcontract requirements result in contract

\
1

{overruns. late delivery; system standards get’reduced, system

’components get neglected etc, , But, the contract lettor becomes

-

‘powerless, it seems - Governments can always get more funds. ,Fallures
will be pxcPed up along the lxne. A concern 1n thxs paper 1s 1n the
failure of contractors to provxde technxcal documentatlon whxch meets

the need of the’ contract Iettnng organ;zation. Technxcal'

s

documentation is ‘easily hidden in contracts as a one-lxner"-ﬂ.the.

5

contractor ehd|1 provie technicat dbcunentation. Thxs authon has seen

\

such contracts Wet. _ . Ty

[n tgg ation 1ntg Personnel System SR

The failure of JOb aid xmplementatxon 1n the past has been “due to

"the developnent of job axds In xsolatlon from other system L
' .. h ¥ .
considerations. Job aid ;mplementatxon is doomed if it is implemented

haif—heartedly and watered down (Foley, 1978) . ?he EPICS Program is a

large-scale 1mplementatxon study whlth addresses these'concerns

e .

(Blanchard} 19793 . A
Gordon (1975) identified several reasons for implementation

" fajlure of task guidance strategies: co
. N g “ - \

- +

9 resistance to change by personnel

® job satisfaction’ e
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4

@ career advancement .
. di'! . . .
Resistance change.\ Fitting job aids, or any other change,
s i . ! y ‘ .

.into a.SQStem‘on a retroactjve basis could resuit 1n resistance by the

Clelland, 1986.) .

o & / <, ,,P’ - 1
personnel dxrectly affected< Gordon has expressed his concern on the
e 2. - ‘

ba51slofﬂpsycnologxcal research into- theitendency of individyals to

reéist‘change. The studies which have been condycted ingd‘

>

- acceptabllity'of Job aids’indicate no problem of acceptance by users

of the various forms of Jjob axds (Joyce & Chenzo 1974;'Bialek & .
- ©
1983;\~Smxll1e &

’

Successful 1mplementatlon of job aids can result 1f personnel at

-

vartous levels .are brought “on sxde" early in the plannlng stage of

the program. Richardson & Syster (19?7\\found that 1f the end user

i P e

1was not 1nvolved in the development of the job aid he would fxnd 1t

J

'less acceptable, but not less usable, than* users who were 1nvolved in

the development- acceptance by, personnel 1nvolved 1n development and
‘those not 1nvolved in the development was. quxte high in splte of the
differences. . t':ia "\_ , | . .

C Abrams, Sheposh & Llcht (1974) found f;at‘successful

) implementation of a change can be 1mproved if both Change Agents and
. . N N - - p

:.Change Advocates are employed. -§s’oiscussed earlier, the Change

-

/édvdcate shoulo be a'ﬁepresentatiVe of the user .group who\becomes ag

/

representative fon the\Change Agent.’\He snoold have the following

;charactenistics,'as seen by the user ‘population: . .credible; member of

the populationy-influential with the\population;‘perceived as an -
experf; and, physically attractlve. )
Job satj ign. Concerns over the 4bb satisfaction of the

job aid user has been commenieo'on'by Post and Smith (1979%., Thoy
. * N ' \ N
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found that among inexperienced techniciars using Directive . Job Aids

fFPJPA’e)‘that there was a high level of job satis;action‘since the

* technicians were able to do work that would other@xse be beyond their
capab{jities. Poor results were obtained when the same level of

) g pergonne) used Deductive Job Aids (Procedural Guides) since the/) -

\

' technician 1s reduced to observing and menial support chores during

4

| the abbﬁén’@ices‘hip'('lea’rnmg how to use 'Dequ’cnye Aid) ; Libstantial

| éhallenge ie presentlto learn the sys;em and large investment of time

‘ by the learner and his mentor is requ;red. 'Foh experlenced users
\contlnued use of Dlrectxve Ald is reduced to rote per*ormance with no

’ (\ . :"‘ ) deyelgpment of system undersfandlng and no ‘challenge.  Use of

Deductive Aide by'expeﬁienced technicians presents the challenge of

’

. - producxng or recalllng work strategxes whxch eventually results in
e . ;o
. 'reduced helxance on the job axd. ' Ly ,

) L Blanchard, Clelland et al (1984) found "that peer pressure from

personnel servnng in the .same unlt who were not usxng FPJPA‘s resul ted

S . in napxd transxtlon from the JPA to more tradxtxonal Malntenance

/ e v\ R Dependency Chart. The supervxsors felt that the FPJPA'S were too

¢

, debaxled and 'prodedura.l" . C ,g TU
! It would 3ppear‘that JUdlClOUs utxlxzatan of FPJPA's Enriched

" and Hybrxd JPA‘d as well as Deductxve Aids should pPOVlde JOb

< |

satlsfactxon at all. Ievels, provxded that they are the only form of

T ,‘\ -task guidance’ for the peer group.

Y o - ) !i Qggggg_gggggggmgnl. The decxsxon for the large-scale \
» ' N ‘)

<. 1mplementatlon of task guxdance strategxes will have profound 1mpact

‘Aon career advancement methbds. Advancement strategies which are

i
-

s - oriented to advancement on- the Easis of course complefion and - .

5 S certif}catevholding, md;f gibo way to accomplishment based caheer,
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progression.: The large sc§le system changes ;équred in the career
structure is, 1n my vipw, the most likely reason for Eésxstance to
implementation of task guxdance'strategies.' The U.S. Navy is
attempting to address this problem in-yts EPICS Program.

The skills and capabilities of personnel 1n a system which
incorporates a career strategy must encompass graduated levels of
experience ang skill requxrementé.b EPICS has adopted ‘three (and
perhaps tour) skill Jevels:

[ ] 'equxpment'technjcigg (novice) - Personnel at this level

s

would receive minimum formal training and maximum Job aid

support (FPJPA’s); tasks assigned would be primarily

»
»

nontroubleshooting 1n the maintenance function. It would be

!
_expected that only a portion of this level of personnel

would remain 1n the system (take career status).

AN

[ ] sugsxstemggechnician (intermediate) -VPersonnel at this
level would receive some formal training and utilize

J

PPJPA’ btlsﬁ? assigned would be both nontroubleshooting and

i

troubleghooting.

"6 system technician (advanced) - Personnel at this level

' would receive extensive formal training in job specific as
well as thearetical topics, and would utilize the full range
of technical documentation including traditional technical
manuals;.zasks assigned would be system specific.

‘. *Master Tgthnfgi;n' -~ The Master Technician is n;t '
described by Btancberq but it is a possible level that may —
be inco}poratea. 'Présumfbly the Master'Technician)would‘_

have variéd experde;ce and trhiq}ng enabling him to work dn

!

many different ;ystems within thg'reqpirimeqt; of the trade.

- 3 — C !



: ; : c Y15
. . Lo . .

°, ) . M 4 1.4 . )
C;/ ’ Within each level there are grades which pérmit advancement
opp&rtunities in recognition 6% responsibility and proficiency.
f:?:p ' hY
The career structure suggested in EPICS, as Just described does

not take into account the deVelounent of ‘Hybrid and Enrlched Hybri1d

JPA“s which could be 1ncorporated 1n the tralning component, reducing

~
.

some of the bprden of formal classroom sraining and traditional

~

on-job-training approaches. . - )

> The decision to use job.aids implies a shift of emphasis from
. , ’ , Ty R

“‘what a person Knows," as measured by the number of courses and

“

A certificates he has, to “what he has done,* as measured by the value
of his accomplishmentsig Traditxo\el miiitary cdreer decisions, such

as promotxon, have often been based, rn Sart on training level. This
\ I

I-4 “ type of.policy makes the inference that training level equals‘\

' performance on-the-job level. For éxample, the Canadian Forces names

)

its occupation (and pay) levels based on qualification courses (0Q3,

. A -

004 etc.s ~ "0Q" refers to Occupation Qualification) prqgressxon,is
typically from 0Q3 course to 004 0JT program to 085 course eté. The
L/ / W change from_0Q3 io 064 accarganies a promotion (to corporal) as ?oes
the change from‘0Q§ to 0QéB (to §ergeant)} the promotion 1s necessary

’

~

for advancement training continuation,

Opponents oi an 'accomplishmeﬁtg“ based career system &hich'
emeloys performance aiding (that is those proponents of a 'knowledge’
based sys;em) usually express’ the desire to have guality performance -
which cannot be achieved urless,the task performer has a good
}heoretical krowledge o; the task he is performing,.and the associated
systems (Gilbert, 1978). This bias in favour of ability to L

2 demonstrate behayiour and not necessarily valuable accompiishments,

o ) \ ‘ can be viewed)ps a preference for the "Renaissance Man®, one who seeks

~
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' knowledgé'as an end for its own sake; one who desires to delve into
e * ) \ N .

T

\subtle'nuanpes of Knowledge systems. .1t is not my fntention.to .o

suggest that the seeV1ng of knowledge for: i ts own saVe is not valuable

[

or desxrable xn some 1nstances, rather I am suggestxng that In some

1nstances it-is counter productxve.. !
f . B . - '

s

’ Complete reJection'of the phrlosophical 1mpl1catxons of the

/

+ "Renaissance Man* in a system which employs task guidance strateqies

o

‘would’be a rejection of the highly des:rable "master performer"® or the

N -

master techntcxan 1n a maxntenance'system. The master performer in a®

4

system 15 on occasxon L} happy,acc1dent that’ results from a process of

“natural selection”. This formtofgmaster performer would do well "1

R [

l/ ‘ - ) \ * R e
‘ almost any capacxty. The master oerfoi\Er could aiso develop as a,

!
.

product of\a career plannlng strategy excellent tralnxng .

-

oppprtunxttes, broad scope of. employment' and relnforcement for good
and excellent performance. ' ‘ - f v ' "

- \

In a scenaria which includes only-a task guidance strategy for

’ novide‘pérsonnel at one end of the scale, and the master performer at

o

the other Wlth no one in between/ an absurd.sxtuatxon resul ts when one’

i~ -
’

considers career prbgresslon: how does the novxce become master’

Transxtxon ‘from the job-aided novice .to the master performer must

’ 3

occur in any system which, employs caréer strategles. Tralnxng in any

of various forms is 1mpl1ed. Enrxched JPA s could be part of that

0 )

strategy. h
—~

- '

' Backup support for. JPA users. “The job aid user oh-the-job

- ©

cannot be |eft in isolation. Research suggests:that Job-&fded'novice

task performers may be less than 9@% reliable 1n task performance
(Potter & Thomas, 1976) ; Job aids, by désign, including Fully
Proceduraiized JPA’s, are npot designed 'to handle all possible‘task

' 4 1 - . l

- - . i -

~

-

.
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' ‘ " L | “ : :

performance scenarxosé there wxll always be some aspect in the systen

whnch is not covered/ Master per{ormers at the highest Ievel are

necessary to help even experienced pereonngl. Provision 'of backup

P 3

’ support to all levels of task performance competence shduld be made

‘ J . \ .
For example, one could expect that between 98X and 95% of all

availabple.

A

s;stemyfaults in a system being maintained could be nandled'oy

personnel with relatively littie experience using FPJPA’s. ' Personnel

i

with efficient fault isclation skills and equipment design knowledge

N

should be able to,locate.%he *elusive" five to ten percent of the

. ’

"rEmaxning\problems in a sysiem. However, it must be recooni}ed~that

flaws in system dasign wili, in all likelihood, be elds1vé to the

master performer technician. 1

§2§tem~8upgort !, ' C SR Co R

i

Thereuare serious implications to,a system,which-is'introducing

tasV guxdance strategles w:th respect to the system support component.
/

How the’ organxzatxon handles publlcatxon of documents, who makes

'pOllCM décxsxons, who has control, and how” performance*xmprovement

1 v

’1nformatxon 15 fed bacV these are matters whlch could gb overlv(yed

!

xn lmplementatxon. . - .
/ ’ ) v ' L
A concept of costing of training has.been proposed which

fidentifies most:of the cost of training as trainee costs, such as

.
, .
, .
[
.

e

wages. The 1mp|ementatxon procedure for task gundance strategies must

’provxde a,mechanxsm for reconciling reductxon of traxnee costs wi th

4 ,
the increased costs of producnng job aids.’ In associatioh with the
. -9 . :
.introduction of tasY guxdance strategies, the xnclu;xon of task

oriented (accomplxshment rather than behavxour ornented) traxnxng may

result in 1ncreased trainlng development costs. The reconcxlxatxon

. . P . < <

) ‘ ; h
N - .
. .

»~

i

A
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.- mechanlsm muEt be able to accommoda e this as well, ¢

- N

' [
Rexnforc1ng strategxes for the technical manual production

component of an organization must be bqsed on more than cost of

4

. 3 . > i . }
productxon. Rewards for 1nexpensxve'techn1cal documentation that

emphasxze cost reductxon only, cannot recognize perfgpmance benefxts
‘i | '
nn- the—Job that can result thh the use of more expensive FPJPA’s. A
! '\

mgchanism for reinforcing the utillzatxdn of perform%pce impr ovement

documenta%ion must be ted back to the technical manual development
authorities. . , ) S : ] \’

Claims have been: made for reduced spafes utilization (Potter &
Thomas, 1974; Thelsen, 1978f.. Mechanisms must be put 1n place which

permit the reconciliation of the reduction of spares usage and tne

increased costs elsewhere 1n the sgstem when task guidance strategies

.

are {mplemgnted. ’ .
’ “Successful implementation of Job4axds may_necessi tate the
- establishment of almanagemént element within_the research and
' deJelopmen)’component (System Four) tﬁﬁi’?s respons;ble for the
various reconciliation mechanisms, Performanoe;bosed mea;unenents of
. 7
,tnefvarious‘cogtg and benefits ot implgmentatxon must be deve)oped or
.recagnized, if thex already ex}éf, for the system to g$nerate
“performance feedback infonmatxon-to the relevant system cohoonents.

- h =

a Chapter Summary

L4

The system level research findings indicate that some problems
are evident for the introduction of job aid technology. The

cybernetjc analysis indicated what the system featuros ought to be for
! !

research and development f;ndxngs to be included in the Resource

Bargaxn. It xs my suggestion that thest findxngs are complimontary.
\ ‘b ’ a
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X
\\) An’ apprqpr:ate piannxng and development activity would be in a better

“on

posxtxon to address the 1mplementatxon aspects of job axd technology.

- Y

S To summarize the ana)ysis $0 farJ Chapters Three and Four took
o apart, the job aid concept into the micro level and macro level '
. ’ ’ v
) componente. These componhents were fyrther distilled. Variois
< ! positive findings were described which seem to confirm that the future
k . of job aid techpology is now. Chapter Five will put back'lhe pieces
' using some "corporate Qlue’ and present a model which addresses the
' Reéource Bargaxn aspects fhat would ensure successful Job a:d
;o T {echnorogyAxmplementatxon. o ‘ . i iy
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e . . CONCLUSION AND RECOMMENDATIONS " .
Iqtroducflon e e . . '

4
o

In this concludxng chapter the results of the analysxs ot the -

prevxous chapters are synthesxzed 1nto a model which could form the

sVeleton of a structure which wduld aid the 1ntroductxon of job axd

technology. The research i1nto JPA“s has been extensxve. but problems

-

of implementdtion 1nto the government sector which sponsered the
research are due to the unviable organization of the plannlngfand
¢ n 1 N *

development activity - the R&D is not bart of the continuous planning

.t , N
pPOCESS. . - K 'l

’

The conclusions and recommendations of this study are covered in

three topics. A cybernetic model 1s 'described; the model uses some
. Py

Y — . .
“corporate glye" to assemble the parts of job aid technology that are
. e 4

causing probleﬂs for implementation, 1nto a'whole. The second’topxc
is the recommended research.questions that fall out of this study.

" “Finally some comments are made about the Uiable System Model as an

analytic iool.

3 L]

“ A Corporate Model °

This siudy examined the job aid concept from two vantage points:
‘the aicro level, tﬁe 1evei of the workKer in relaﬁiod to task quidance
stnateéies; and, the macro level, the level of the systemic concerns’
of task gu;dance conéepts. This part~of the study steps outside the

two levels and exaﬁiées them in reletidn to one another; the result
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is the synthesis of a corporate ‘model. .

The model 13 p}esented first from the broaé perspective ot job
aids 1n relation to the worker aﬁd the managemeng eystem all contained
within their environments., Thg,dlacuggxdn NArrows i1n on thé Planning
Direct?rate wlth,ah emphasiz on the‘personnel sybsystem in rela%non to-
equipment development., tThe last zegment focuses in on the development

e

"of JPA‘’s in a major capital projgect which introduces sxgnlfxcént

—_—

technological change. -4 N

The Job A1d Environment o

'

The Viable System Model provxdes'a means Of lookKing at

k

stand-alone swstems, Systems do not truly "stand alone" zince every

4

. . .
system has a relation to 1ts environment and, systems containm other

systems which stand alone. This is the concept ot retursion presented

!
[

1n Beer: USM, A sysfem.xs stand alone 1f it has some form of closure.
The VSM referé to this clbsdre as:System Five. The‘ablllty of a
viable system to be aware of 1tself 15 contained i1n the System
Three/Four Interfac;; and, the ability to be aware of itsel+ being
aware of 1tself 1s contained 1n System Five.

'This section of Chapter Five addrésses, from a broad perspective,
the'récursxveness of systems.® The focus within this perspectiv; 13
the job aid concept g Figure 5-1 illustrates the concept being
discussed. ,,B ‘ T

By lookxng first at tﬁf»organxzdtion bubble,~1§ will be noticed
Shat it“contains the manégementfsystmn and the user (of the {ob‘a1d).
Thé management bubble contaxﬁs the supervisor and the job axd(s);

s

Outside of the user 1s the job environment which includes aspects of

-
e

the organization and aspects of the environment outside the

organization. The Problematic (future) is shown as connecting with
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" i

the envxronmenfi/gf the organization and~the job environment of the
P 7 -~
user.—The whole of these systems is contained 1n the larger,

—

environment. “y
é

' The ma{n intergctions‘bf the syétems,‘shown by homertatic‘
aérows. summarize the findings of Chapters Thre; and FOUPll The
vgr(@?y equations are assumed to be in balance. This simple
illustration of the very compliekx relatxonship‘prgvxdes a point of

embarkation for the discussion of the systemig development of job
performance aids. The choice of-!systemic" not "systematic” 1s
. ' ‘

-~
1

deliberate?y the cybernetic analysis explained the problems of

’

implementation of Job aid technoloby to be sys?emxc. The systematic
development of‘Job aids on 1tz own will not assure successful
implementation. Systeﬁic debelopment requires the organization to
have a cBn&inuous planning Snd dévelopment activity whiéh includes

personnel performance 1n the planning.

— . .

The Planninq Directorate
A\

Chapter Four presented an analysis of System Four in relation to

- el .

System Three. An example from the Canadian Forces was used to make

+

o

the discussion more‘concretgi This section elaborates that analysis
to propose a skeleton organization of a Planning Directorate that is
on the vertical axis of organizational control.

The difficulty with introducing the job aid concept  into the U.S.
Military has been due to the non-systemic nature of the research and
development process. The RAD effort has'been venz\thorough and~
systematic'in the approach, but sysfemitally the pffort does not
function, in the case of JPA develﬁbqsnt, within the variety .

X manaéement network,'-Ihis aséeption has not been confirmed- in this

study and requires‘@hlidation. But, cybernetically treating the
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’

implefnentatlon ;effort as.a “hlack box." the 1nputs-and outputs of the
JPA effort lend creldence to the suggestion.

The model being presenlted 1n this study uses the Viable System
Model as the basiz. The model focuses on the need to xntegr"ate the
development df th;per‘sonnel requirements and the equxpﬁ’nent
requirements of the organl'zation. The l:‘anadlan Forces 1s again used

as an e&ample to make the discussion more concrete.

Integration of ejuipment and personnel development. Figure 4-2

15 an elaboration of Figures 4=t and 4-2. [t ma;/ be worthwhile for
the reader to reread the related sectioq in order to place the

following description 1n context.
- .

The organizational difficul ties that have been 1dentified as

/
being a reason for the job aid technology implementation problems are

’ , 3
likely present 1n the Canadian:-Forces situation. This 1s an s

- ~

assumption for the following Hiscussion. Any failures and short

- -

domings of the @andian Forces' equipment and pe?sonnel devel opment

activities 1s 'amplified by the failure to provide a mechantsm to

-

integrate the Development efforts. Figure 5-2 1llustrates a possabie

»
-

~ .
~ configuration of Canadian Forces System Four Operations.

The first Qr‘xncxple change that 1s propoded 15 the integration of
® ( .
the change generation activities into the System Change Generator
< . ' .
function and recognition of the function of System Four‘s interaction

’

with outside ori;amzat“lons as separéte from the change generation -

~

function. The second principle change 1s the formalizing of the
Collator of System Posture. Beer (1979 suggests that this function
shouid be made more7expl ;cit and be stated openly rather than

remaining 1in the heads of the peopie involved in developpllmt

activities. The third change 1s formalization of the Equipment Query

N
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. i ' [

commitment on the part of DND to initiate 1nvestigatrons of the Future

. s . ™ . ¥ A , M )
Generator and Personnel Query Generator function. This requires a

3

on-1ts own, not just to.remain as a reflector of other organization's

“interprétations of the Future. These rhanges. while -sybstantive, are
P ' ' o\ . Bl ?
not 1ntended as a challenge to the establxshed operations of -DPMS,

.o

but, rather an enhancement 6 the system designed to‘help correct some :

\ i
1

Operation of development dhrectorate.j The discussxon”begfns at

4

of the deflciencies that have been 1dentx¥led.

| /

the two boxes .marked Equxpment bystem and Personnel System Querry

Generator.. General varlety Increasing , queries with’ respect to the
Future would be generatedlas a routxne function of ‘the Development

Dxrectorafe (Equxpment/Personnel bystem Guery uenenators). FOPmal o

responses 5# organxaatlons 1n the ehvxronment to genenal quermes would

9

"- : be handied by ‘the appropr:ate System Guery Response Evaluator
o . (environment xnput and output transducers to the Equxpment System and

4 —

Pensonnel System Tactic Generators). -The Tactlc Genepators would

’

feedback DND'posture to the response and feedforward -the information

<

’to the bystem.bhange benerator. The System Change Generator wouldr
xnterprete thhxn DND the possxble futures in lxght of the results of .

‘the 1nformatxon available at the bystem Response Evaluators and based
/ ’

on 1nformatxon avaxlable in the Collator pf System Posture. ‘Changes

- C would be proposed as appropriate.

. The current operatlon of System Five does not need to change

substantxally. <The utxlxzatxon of this system [.am proposnng would

4

‘ ~

reduce -the need for the Change Evaluator to assess the balance between

the effects of equipment system changes and personnel system changes;
. “ )

this information would have been hapdled witpin System Four .in -its

normal op%rattons. Figure 5-2 illustrates the existance of models of

e
A -



- R -~ 127

. ' ‘ f
= , S

System Three and Four within uystem wae. . THe principle artivftv‘of
!
L
Systeh vae is the assessmen{ of whether *he System Three/Four

Intewfare 1s operat1ng 1n 3 stable state and feedlno back overall

N ! '

systém ppgture (heavy thted,J{ne).

!

e

Major System planning and development 1nformatian flow 1s
indicated. by the bold lines 1in the Figqure. ‘&ngha51s ie indicated 1n
direct query of the Future by DND. Rgutihe resporses to-other ’

.organizations’ 1nterpretations of the putative fufure could continue
» ; [ .
. vlrtually unchanged. The introduction ot a system such as indicated,

§

lS cybernetxcally sound and should corract some of the problems

1denf1+1ed by RRIT € 1932) ,

’
N ~

The use o*_contractors to develop systems tor the Canadian Forces

could take on two forms. The first would involve the exporting of the

’ S

-~

Persondel 3nd/or Equipment System Response Evaluator functiont¢s). The  —

contractor could undertake these.functions on behalf of the Canadian

N
4

Forces. The operation of these activities would be very much like the

¥

-

current 6anadiar Patrol Frigate Program; the contractor- 1s responsible
" for 1nterpret1ng external research 1nto factors which affect the
Program. The second form o+‘utlllzat10n of the model would Keep the
: Sysgem,Responsg Evaluator functLons in house.? The cogtractor ‘would
be requxréd to interprete bND understﬁnding;‘of‘ex}ernar reqparch: T
Regardless qf which method Qould-be used, the ultimate System Changes
'would be.éeen as a function of the Panadian'Forcesﬁ own interroga'tion
of ‘the Future, _ ' ,

It-is my suggestion that, 1f a system such as.thxs one Just
proposed were a}ready in exxstance many of the problems 1n the
Defence angram Management Systgm would not exist.u Personnel.
cdrsiderations such as'the'utilizatgonlof task gu1d§ﬂcb stratég(eg

o ¢

N
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problems. I 7.

- B

-

v & 2

would have aiready been addressed as a normal result of the

, )
development etfort. ' A

New Capital Proajects N

The development of yob aids for existing sys&eﬁs shquld,bé. .

'conéeptually. easi1er than for compietely new systems. Actual tasks

can be -analysed. Actua) Jébs can be performed using the Job aids 1n

[

-

real or experimental situations. The experience of researchers i1n the

. U.S5. Forces has been 1n yob aid appllcatlons~w1th1n existing systems,.

Problems. have been 1dentitied in ;mplementation’df Job aids 1into

existing systems. In ,new systems;the developeméntlpK/the.JoB aids i3

S

"more diffiécult, but., 1f the system prv15§s tor the ¥ind ot

o3 -

dévelppment being proposed here, fmpLeméntatHon should be easier since

. ) 4
there is no status quo to change. Evidence for this can be found by

‘looking at the introductidn of job axdé in the CF-148 AUrora - the

a1ds were well received (Note t - Desorcey, 1983).

1Y

The exampie being used here for implementation of job aids is the

9
¢

-Canadian Forces. The large-scale new equipment prbcurement by the

= -

.

€anadian Forces 15 usually minageq Bg contractors 1n the private
sector. This presents challenges additional to the equipment design

ones, The next discussion proposes a meéchaniém tq address the

¢
o
N

Job_aid development system. A close analysis of the T

functioning of the whole system development mechanisms (System Four

for the Canadian Forces - see Figure 5-2) reveals that the’prxncipie

activity conductbd~by the Defence Program Management System 15 1n the

writing’of spécificétions for system modifications. For.the most
- 0 )
part, these system modifications are left to the contractor who must

‘be able to interpret the ‘substance and intent$bf the specifications as

3
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Specifictions of the Contract (anti—osc1llafory mechanism from

- 129
)

presen ted ln\the contract. Much of the operation of System Four 15
transferreé to the contnactor. eepeciallp the functions ot Query
Respon'se Evaluator (for equipment and personnel systems».n The
contractor must'alsc>have a mechantsm for Lollating Sysztem Posture,

-
. : |
which 1ncorporates the contractor understanding ot his own system as

well as his understanding of the Canadian Forces posture with requ%t

*

» i
to the Future and.actual envlronments.

* g

Figure 5-3 15 a repre sentation of the operatxon ot the 3
development activity*of the contractor in add;essxng the

Spécxixcations of the Contract., Emphasis 1s taken in this "ﬂ :

. 8

presentation on the development of job 31ds; parallel structures
J \ ' . ﬁ

ta

should éxist 'for other Performance System componentz as well as the
Equipment and Maintenance Systems. )

’ a ' - o\

This Figure is not too much different fggm the previous Figure,

One of the notable differences 15 the 1interaction between the,

contract letting organizatidn? and the Collator of System Posture

(divided here 1nto personnel and equxpment,functxonsf. The zecond

1

dxfference 1s the 1ntroouct1on of’ the qurr‘ogate of System QOperations.

¢ ~

[ am assuming +or*the purposes of thig discussion that the system that

- is being developed is brand new, completely tnnovative, such as ‘the

development of the Canadxan Patrol Frigate (CPFY.
2

[3

‘In the normal operation® of the Development Functlon (System
Four), interaction 1s posexble between the actual_System anee and
Q{spanuFour. Recall in Figufe'4—l that the Three/Four Interfaee
attempts\to belance System Three understanding'p¥ Sygiem One é;nergy

Q&d Systems’ One postune with respect to the putative future, and

Sysian Four‘s undenefanding of its own posture as well as'Systan

b
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: Surrogate Funcﬂxon as pmesented in Figure t-3 is an aftempt to come,to

- ’,\//“' _ ) ' - L - ’ ‘3‘

ThreeLsTposture.wtth“neSpett to poss1ble tutures. . In the,development
7z ) N

of'completely new eg\*ems. System Dne does not f<ist; }n'tact S&stem ¢
.. J . . ¢ ,
Three does nof ex1st but 15 part Of fhe dewelopmenr effort. Jhe

Ve / - -

~ Al ~ \ N B \

grxps wlth thls problem. Part ot Sy:tem F 's actxwltv xs in the

'

- / N |

which eventually wﬁl ‘make up bvstems One. /In 1nitial stagec of

S —— . Q /'

: development -models must -be developed ‘of what the ppopo:ed =vstem wxll

N |

looV leeeand ‘how . 1t wxll respond to fhe Future. The purrogate of
\ -

:bvstem Operations funct:ons in thxs model buxldxng capacityy

»

\

- )

V] o ’ ‘ . e N . -
1,eract1ons wlth the .Future are mdlcated. . ;0

. . ’ .
- ¢ . - \

The developmenf ) lob a1ds snd assotlated trainxnd In a wery
- \
problematxc. ever—changxng,envxrodment of possab]e +utures present:

partxcular problems. The problems are, amplexed by the fact that

[y

sxmllar problems are bexng encountered by other elements of the

v 13
\

development actxvxty. As actual equipment'xs produced in prototvpe,

~

1t is easier to dlscover the tasVs that will be performed thh respect

‘to ﬂhe equ1pment. ~Integratlon_of the mhole sysbem must eventuallx

N 3

taVe place. The Surrogate of System Operations mustrhave the capacity

“to bap%le these" demands. lt must be shaped durlng the' development - of

- 4

- the system. -It MUst be a macﬁxne for. learnxng how to 1mplement the

future. - , e A ' ) , ,

. ;
' New Redearch Questions ’ ‘
. . . 22€4a . . ,
- t B .

» \The"resegr;h thaf has been.dore to date jn‘Job aid technology has

" been fairty extensive, ' The thesis cf this paper is that much is Known

\
v - ~ ' \

about Job axds- the problems are, -for the most paS%, systemic ones of

1 -

the target organxzatxon. The resolutlon .of thoee problep@ should be

¢

¢
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, the subJect of sttem and‘perfofmance engineering. *
This study concludes that Job aid technology 15 sufticiently
developed thHat organizations §hould_consxder Job aids when making the

{rade off ams€ng pérsonnel selectibn. training and the provision of

-

_envinonmental support. 1In considering Job aids as part of the -
‘ .

»

environmental cupport, this paper propozes some system considerations.

“Further research topics follow from the conclusions presented.

—

Research Based on This ‘Study
f]

A}

The most difficult research questxoﬁ to 1nvestigate concerns the
- model presented 1n this study. What specitic adyustments are needed

to the Canadian Forces 'to permit the Planninq Directorat’e skeleton to

. \ ;
be fleshed out and 1mp)emen(eQ? The development of the answer woul
P \ *

heMath simpler than 1ts 1mplementation., It 19 not jyust job aid

technoloéy that would be introduced but a‘hhoie new Headquarters

struc ture. -

4

An-extensive cybernetic analysis of the Canadian Forces
. ’ ) : . ]
Headquar ters, as itJiszcurrently configured would be required. The

- -

analysis should focus on the Planning Directorate functions,

Adjustments to the structure of the organization could be made, but a

N

substaﬁtial amount qf political will would probably be required to

effect the new‘stnucture tndicated by a cybernetic analysis.
- [~

Other Research Topics

Tpere are potentially a large number of research topics which are
of f shobts of the present study, however, a few lead from thg trade
off model presented i1n Chapter Two. This study concentrated on job

aids, but there are interactions to be considered among personnel

selection, training and job aids.

Per nel selection. There are a few questions that are of
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Lspécxfic 1nterest to tﬁe Canadran Forces. MWhat is the reading level

of recruits? - Currently the Canadian military does not test recrurts
. l ¢ '

for reading ability. Related to this 1s the question of what the

/ +
' Reading Grade Level of technilal manuals should be. The author has
\ e " - '

tested some 6f the technical manuals being pﬁovided with the Canadian -

Patrol'Frigate Project and the .RGL"s range between grade 14 to as high

as grade 17 (university level); the target technicians are recruited’
with a minimum of Ontario grade ten. Sticht (1983) suggested that yob

‘related literacy tests ought to be developed‘fo avoid some of the

concerns about bias against low‘rggding ability adulte. Any of these

questions could result 1n" a substantial amount of research effort.

- - 1

Traxnlng. What 15 thé et+fect on learning géxn when related

?

JPA‘s have been used first?> 1Is there a retention effect? Do the

. different types of JPA‘s (FPJPA, PPJPA, HJPA, EHJPA) have differing~
- N /

effects on formal learning gain? These questions are especially of

> M

“interest tq organizations which have a career management‘policy such
‘as the military does. It may be that there are different savings
, potentials to the costs"ofkécquxr;ng skill repertories depending on

the type of Job aid used prior fo training. An hypothesis is that

task related learning would be faster and more complete for

b 0

"individuals who used job' aids on-the-job prior to job related

training.

beernggic'Analysfg as_a Method

It is useful to step outside bf the study that hﬁs been presented

- to look at the method - to apply closure to the study. The Viable

System Model was used as the analytic tool for analysis of the various
S

aspects of the job aid concept{ The model also was used for the
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. . v
desigh of a Planning Directorate, The Viable System Model served the

role that was 1ntended. .

‘The U3M 135 recommended for tuture work when a3 deductive reasoning

approach 13 appropriate. System-wide interences are possible and _

important relationsh}ps can be 1dentitied, 'Data can be qenerated

relating to the relationships: the vvariety can be medsureﬁ:—*rausé '
-

and effect ecstimations c$n be made: and when cause and etfect zannot

be estlmatea accurately, a‘black'box approach can be used for the

analysis.

»

8w

The main caution with the uze ot the YiM concerns the
E]

. repeatability and waiiditiy ot the model.

Repeatabiiity. The natune of cybernetic analysis depend: on

the stated purpose of the system. As 1ndicated 1n Beer (1979 the
stated pgrposé of a system 15 very much dependant 06 the Poxnt.of view
of the,qpserv%r. For xﬁdependant researchers to analyce the same
system using the USM would possibly stem from different stated
purpo;es. For egample, the purpose of the educational system could be
stateqd as: a machine for ;tudent learning; a chiidren control
systems or, a.baby si1tting sérvxce. I suggest that even when the same
stated purpose 1s used, the aﬁalysxs would likely Se somewhat )
different based on 'the kno@ledge the researcher has of the system

being 1nvestigated. Much of the difficulty of repeatability mght be

avoided if an 1terative approach to the analysis were used;

Qlternately the use of three or more team members might reduce

variability of the analytic result. Beer (1981) provides guidance

’

regarding the probability of error when three or four persons are

engaged in a collaborative effort (the multinode); he suggests that

the reliabilty could be. 1n exfess ninety five percent 1f the

r

=~
v



- analysed could ensure validity; however, more abstract systems may be

difficult to validate. i -

: S 135

reliablity of fhg team members i3 quite high. This problem might

.

prove to be -an xﬁteresting subject for.research.
. . WValidity. The validity one would expect with the USM js
[ -
content validity, The researcher’'s access to and understanding of

system content would influence study validity. Uerlficatigh of the

content of the analys$1s with ‘members of the organization being

To close, an important consideration for researchers is that with

a thorough cybernetic anatysis drior to beginning other scientific
s € / . : . -

methbds, research questions can be made maore precxae and more
applicable. The cybernetic me thod cbuld'help target research

.

qQuestions,

- —
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APPENDIX .A o

7 SYBERNETIC ANALYSIS

’ * ~

Introguction . ‘ " T L,
" h - ﬁ. s ~ ‘rd' ,
The analytic method used i1n this etudy lp analyse hhg.svstemlc' »

constderations of job performance aids 15 the\Beer iable System Model

Al . . >

. . . .
_(Beer, 19794 1981: 1985 . Thorough discussion of the model is\poi

- ‘ A

' rarfxcel an this Teport betadse of the model:s complexity. ‘A brief
' p - ' X

overwxau ot the :alxent aapecf of, the mddel are presented here to

. /. R .
provxde fhe reader with an orxentatlon *o the use of the modei in this

’ -

¥

5tqdy; Reade@snuhb are 1nterested in a fuller explanatxon are

4

. ; © c0 . , :
' dirdcted, tosStafford Beer’s own .presentations af the modegl. |

/ ' ! ! f c o - ’ : -
‘The ¥irst part of this discussion ‘concerns some impoktant
\ - - . - * B ) . V' ) »
‘concepts to cybernetics,1n -gemeral. The second part is a discussion ,
’ RS N N ! N . .. P

K ! -

. L . R . . 7‘ ‘l - ‘ c, . .
of ‘the Beer model” through the uselof an example. | .

.
~ . -
~ ]

o \ , . b
gzgerneglcs. vaernetiqé (from Greek meanrnq "steersmanship"?

- , _ P N

* / N ]

_ay be«def:ned a5 ‘fhe scxence of effectxve organx;atxon (Beer,

<
d v -

P ) o
1979) . Cybernetxcs is concerned w1 R system contrpl._«System control

'
i

theory has evolved over the past f:fty 'years out q# general systems
theory. There are two branches o+—tyberhet1cs' ~?§turat sybtems, and

synthetxc (man-made)‘systems.‘ Cybernetlc analysis\ﬁf how bxologxcal

PN
\ ~ (St

‘systems control themselves and xnteracf thh thex& nvxronments have

s Al

- .
prov:ded models for analyges of synthetxc systems.‘ The 01abie System
Model (VSM)/}51{’530g0-cybernetxc model. 1n that, whx?e it is -a mode|

S

for effectxvo organxzatxon of human endeavour, it is analogous to the

biclogical neurosystem. ' . ’ L .



o

\

'

‘ There are warious related concepts.that are key to the *

understanding ot cybe}netxcs.‘ Some of the related concepts are:

system, previously discussed: enviromment: system states; variety;

vxabllltsg stability; homeostasisi: metasystem: and, system recursion.

v '

. v,

. Each 15 defined brief]y below.

»

Environment. The.natyre &f a system 1z determined i1n part by

. t

how the environment of the system 1= defined. rAlI real systems have

P

environments ., Abstract systems can be conceptualized zp that they

n

N - PO
. have no interaction with any element not contained 1n 1t. The

. . environment ot 3 system 1z a set ot elements and fhe%r retevant

- N >

properties which are nht partzoi‘the system but., a change.in dny one
. ' R . > \

can produce a-change, 1n the ztate ot the system (Ackof+, 1771r7  The

. -0

ot
PR

) J - - . - a . ’
. definrtion of a system by 'an observer necessarily definesuts
w, ‘ t .

boundaries. The boundaries are where the system and i1ts environment

' «

snteract, oy .
) . N s ’, =

‘Svétem states. The state of a.system at any moment 1n time 1s

- o

3 »

tﬁé Set of' relevant properties which that system has at. that time

'xéckoff, 1921) .. Typically in the definition of a particular system,
only some of the systgﬁ states are relevant to the observer. The

r

] ll:- . N 9 ’ .
. states of a system change‘in response to changes of state i1n ‘the

n

environment. = . T ) o

‘ v
>

Variety. "Variety 1s.a ¢ybernetic concept which haé to dqfthh :
system states, .It‘is a"measure of complexity. "Variety,is dgfinéd as”’

the nﬁmbér 6f‘possible states of whatever it is whose complexity we

* v -

. want to measure":(Beer, 1979, p.32). Variety i1s a nuherical estimate

of complexity of system elements. The Eomplexity of the social

systems of man and most of his synthetic systems are a result of the

large variety of states that the systems may take in response to

@

- '

e

-
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Viability. System viability is measured'by the system’

ability to exist on its“dwn witfin its effvironment. Systems which are

. , 2} m *

not viable, therefore, cannot surviwve "the perturbations that occur in
L ;

the eﬁblronment. The viability of any system is dependent on 1tz

internal stability in response to. the environment. !

a

Stability. The stabilrty of a system 1s its ability to'resume

44

equilibrium when displaced. An ultrastable system 1= one _that can

survive arbitrary and untorecast interfergnce (Beer, 19810, "By this

o : N ! R ', .
1t 1s meant that regardless ot the perturbatjons ot the environment,

including untorseen ones, the syztem 13 able 'to resume '=quilibium,
) : ¥ N

The stability of a system is based on the homeostatic connection

between the system and 1ts environment.

'
3

Homeostasis. Homeostasis 1s the basic cybernetic principle 6f

-

«
v .

stability of a system. It is the tendency of a system to maintain

equilibrium between itself and its environment. In an ultrastable

‘

system, the homeogtatxc conbection, hoﬁeostat; between the environment
and the system 1s able. to handle all the y@r{éty of pogsible states of
theysystem'and its envgrénment. Fo;‘fhe,ultrast%ble system, when the
environment takes on an udfavourab!e staté, a mechanism must be:
available 1n the system to respﬁhd approprlatelylto restore the

u

stability of {he system. s .

System Recursion, A fundamental, concept to the- Beer Viable

System Model is fhe concept of syétem recursion. Viable syste@s

contain and are contained.in viable systems. Systems are imbedded

within one another; each level of system organization ig a recursion

¢ -

7

'

of its metasystem.

v -

N i . j .
Metasystem. The distinction between a system and a metasystem '

r
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\
,
N
N ,
’
'

“ . 7 ,
is a’logical one. "Meta” means "over and beyond'. Rr metasystem tnen,
1s legically over and beyond thgisystem being, .examined )It 15 the

of recursion,ibove the system of concern.

The %fatxc'nature“
1n sp1te ot &

7
' next logical level
o ~ oo . i
o g _ The followungrexampie will rllustrate, i1n context of the Beer
; ' Model. the cybernetic concepts presented thus far. The example 15 an
v /4 : analyal' ot a flmple'avqfem with an emhhaala on the homeestatic link .
; - | B . . . ®
/ betwnen the "yctém and its nn\uronmen+ Addxtlonal cybernetic
- roncept: will become 2vident through use of fhxs eiample 3 ' =
- 3 .
LA +am1|1ar example 0ot an. homeostat 1z the thermoctatxc contrn!

a_home hnafxng system,<eee Fighre A=),
fnﬁperature 0f the hom

13

/\ S
[, . .
. \ 'edu1lx5r1um3'o; the 1nternal
ﬁ-” o héak'loss and chang;s 1ﬁ ou tdoor (env1rbnmenta)r.f?mpprafure.
' - _'maxntérnéd by fha dynamxc: of the heatln s?stgmngxrh'xs turned on o
The héatlng sy:tem 1:‘1téelf'coq%alned with1A ‘

| ' off by the. thwrmostat.
‘ L the house glxts envxronmeht.‘ The neaflnq system'istthg Qanagemen*
‘/ | \\‘ ’ '_pn:hciple whych regglates the }nteréal temperature  of tﬁe house.
. o | . thg‘thermoskat has ; temperathrg ;eﬁ§1;g cbmponent'that turns the

‘ ‘ F h,‘Tbe heatxng’syskem also.hgg a/dlstrxbhtxoﬁ -
( The house has a

! ".’ (:‘ . - -
" - heating system on or off
network of some form to dxétrgbuf@ heat to the house,
"1t could.be at the

"+« large var}efv of possible states of temperature:

coldest temperature ever recorded for the area, .at the hottest
fhg heating system has

temperatuﬁe, or at any/tgmpérafure in between.
. : on or off.

' 1 ow varxetyy\basigqlly two states:
How does the low variety gemperature controller regulate the

!

hxgher varxety envxronment, the house’ The controller uses amplexer5‘

of 1&5 own varxety and attenuators of the envxronmental varxety. The
first, the heatxng system 1s

-

oo A varlety attenua&aon is handled two ways;
intended only to xncrease temperature (1 ‘am excluding §or the moment

v\

|
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air cﬁnditxonxhg). s0 those temperatures above the comtort range are
attenuated; secon&ly, tﬁe,khe}mostat has a sensing element thét can
de?ermlne }f the temperature of the house 1s below tﬁe temperature
which js set - 1f 1t 12, the heating system 13 tbrneé on, 1f 1t 15
not, tpe‘heatlng system 13 turned off. The Iérqe uaﬁiety of khe
heating gystem‘s environment has‘begd massively attenuated.
Amplification of the varléty of the two-sztate ﬁgagxng system 15
accomplished by the ducting network. which distrxbutés warm air/water
to the warious parts of the hpuse. Success of this temperaturs -
management system depends on thé& ability of the amplnfxg%s tol

counteract the heat-loss, of the.house to 1ts environment.

.

X

Whenever a homeostyd transitz the boundary between an envirfonment

and an operation or a control system. information transitting 1t must

. undergo a transduction process. A transducer transforms the

information on the homeostat from the form of the output source to the

form requiréd by the input. There are four locations of transducers:
_ Z

at the input and output stages of the amplifier; and, at the 1nput and

output'stagés of the attenuator.

3

In the ﬁeating system. example the transducers are:

-

gmpli%ier input - the circulator transforms the static heat

. ¥
energy of the heat source into fluid energy of the amplifier, the

e

distribution network;

amplifier output - the heat radiator transforms the fluid heat .

energy of the distfibution network into the warmth of the air

inside the house; )

attenuator 1nput - the bimetallic gco1l transforms the

1

temperature information of the environment into mechanical force;

attenvator output - the electrical mercury switch transforms

(
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the mechanical force into the electrical control con/off) of the
system. F
The success of the homeeostat En handliAg the variety of possible

]

system states 15 determined by the adequacy of the.amplification and
attenuation cﬁgnnels. For.stabxley to exi1st, the transducers must
have the‘capac1ty to handie the same variety as the other elements of
the hémeostat.

Homeoétasxs 15 exhibited in this example between the houge and
;ts environment. The house continually adjusts 1tseli+ to the
env1rpnmenta{ temperature i1n the form of heat loss or gain. The
envitonment 1s %lso adjusting 1tself to the temperature of the house -
by gaining heat., The capacity for the environment *o:absorb"fhg
differences in temperature 1s much greater than the capacity of tﬁe
house, s0 the net adjustment appears to favour the environment. I;rge
'bui!t—up areas of ‘many baildings, however, often‘are warmer than rdral“
areas as a result of the environment adJustingkiofthe temperature of *
the buildings and other ﬁan—made heit sources. The capacity of a
building’s insulation and.weather s:>\pp1ng to resist f%e heat loss 1s
a demonstration of the effectxveneés or ineffectiveness of the
ampliflers and attenuators i1n the house/environment system.

The adyustments that the'house ang&the environment make to one
another is\an e;ample of a self-organizing homeostat. Many of the.
Aomeostags between systems are self—organizinjﬁ This is especially
true in natural systems such as.ecosystems. It is the contention of
Stafford Beer that, if {ihomeostat aﬁ? and its attendant amplifiers,
attenuators and transddcers in a synthetic system are nqtldesigned

specifically for the variety of system states, it will self-organize.

The self-organized homeostat may not be as adequate in handling
B P ] -
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1

variety as a homeostat which has been specifical ly designed (Beer,

1981) .

A cybernetic system, one designed for homeostasis w th 1ts
- »

environment and i1ts contrql systems., can be described 3s a machine

¢ ! .
which handles i1nformation (Beer, 1759). Information transits the

homeostat 1n two directions. The abitity ot the information channels

‘and their transducers to handle the variety of 1nformation affects the

-

system’ s viabid ity ..
LY

This example 1llustrated zome of .the +u%%amen1al conceﬁts 1n

cybernetics. A system which is designed to be "ecybernetic™, désxgned

. S

tor homeostasic, must have adequate meane to handle the wariety o+
system stateg. An ultrastable system, or one approaching

. i

ultrastability, must have controls and management principlee which
! , A

have the capacity to handle all the variety including unknown future

states.

System control cybernetics. For system engineering,

cybernetics offers tools for analysis and design of systems. Models

»

of the system being analysed and 1ts environment can be described with

varying degrees of fidelity as appropriate. For the present-study;
1
cybernetics provides a modelling i1nstrument for determining what the

control>requirements are and what the communication links are for the

human elemerit in man/machine systems., Job aid technology was analysed

as-part of a task guidamce strategy i1n system control using the ///”{\

concepts described below.
In anylviable system there are four identifiable parts:

@ the operational element of,ihe system;

°
o
\

Ay
¢ the environment;

8 the management of the operation (the local management
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principled; and -

.8 the metasystem. . //\

In the Beer model of cybernetic analysis and cystem design, the

o

management principle c&nélsts of five sub-sysiems. System One 1s the
basic local management pn{nc1ple of an Operatnsn and the operation
itsélf. Systems Two, Three, Four and Five are part of the Metasystem.
As stated earlier, a metasystem 1s logically over and beyond the
system being examined. To the systfp, the metasystem is a "black box"
that operates in another language from the system. Returning to the
example of the home heating system, the languagg of the heating =ystem -~ .’

control telectrical onsoff) 15 metasystemic to {the janquage ot the

‘ 7

operation of the heating system C(addition of hegt to airy. The ¥ f
s

transducers serve to translate from orfe logical language to the othqg.

[«
In the Beer model the control principle which manages several
L]

operations, Systems QOne, is metasystemic to the control

principle ot each 1ndividual operation,
System One. System One is a viable system at the level of
recursion that 15 being observed. [t eonsists of the group of

1
) ! 3 .
operational elements,that perform the warious transfer functions

which make up the operation of the syétem, and the 1mbedded AV
operational control system. Figure A-2 1llustrates a System One and o
‘its environment., The box 1sfthe control principle of the System One
and has been removed from thé circle for clarity of presentation.

A typical enterprise consists of several Systems One ane a
metasystemic- orgamizing principle. Figure A-3 illus¢Lates two
operational elements and their relationship to th; metasystem. MWithin
"the metasystem are system components which control the operations of -

the Systems One to ensure gynerqy. "This refers to the margin of
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ELEMENTS

i

151



152 -

profitability that derives from having a viable system rather than a N

collection ot parts* (RBeer, 1979, p.2a2y .

System Two. System Two 1z the management tunction which damps
= z ‘ 0 .
the oscillations that may result as a function of two or more Systems

One being out of phase when they are each at a stable sztate with
respect to their own environments. In electrical control s:}tems

oscillation 15 sometimes referred to as huniing. Delay and/or -

impedance 1s added to damp the hunting. 'Damping in this way 135 a
, o
Gystem Two function. An example ot System Two 1n an enterprise 1s the

‘ Y

use of production control, Flexible work zchedules (Flex Houre) have

4

a Svstem Two function of permitting workerz to go to work at hours ot

their chotce while damping uncontraolled ozcillations that maht occur:
* ~
by establishing core working hours. ®©

'

System Three. System Three 13 the management principle which
controls the auténomxc operation of the Systems One. For example,
this 15 the autonomic nervous system‘in animals. The control by

@ .
System Three ;s to ensure that @he operations of Systems One produ91;>

synergy. 3System Three controls the enterpricse by use of System Two

and by a direct route to individual oﬁerations. the command channel .
Figure A-4 illystrates System Three and System Two and the control

channel homeostats.

The System Three command channel cannot handle all the variety of

the .operations of Skstems One. For System Three to attempt to do this '

would result in a collapse of'System Three into, Systems One. The
command channel 1n a viable system should be used only to veto
planning that may be stable in the language of System One, but

unstable or not dptimal with respect to the collection of Systems One
s

-

operating in conjunction 'with one another. Most of the control

4
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exercised by System Three 1n a viable, synerqgistic system 13 through

the operation of System Two and througﬁ,an Audit Channel. System

Three Star (Y, System Three (£) is the management prerogative to
‘audlt the operations of Systems Dng. Adjustmente to the control

system would optimally be exerciszed through System Two.

¢

Example of System Three Operationz. A good example of the

1

"autonomic control by system three 1s the use.by the Army of ﬁhe Orders
Group (O Group) concept. When a Company Commander 15 given an
objective to accomplish, he prepares a plan which i1ncludes situatignal
information, 3 miésxoq statement, means ot evec&tion. admintstration
and loglstxgs. and radio control frequencies lSMEAC). His execution:
statement m;l\ xncluqe information about i1ndividual platoon (System

One) obyectives, but not details of how the objective 135 to be

¢

carried out; that is variety wﬁxch can and shcﬁld be handled by the

»

individual platoon’ commanders. The radio'control net 1s a good

example of a System Two operation = provision of. information. up and

.

down the chain of command well as between Platoons. The
-3

administration and logistical plan is also a System Two
‘anti-oscxllatéry function which ensures that supplies will be 1n‘
optimum position to meet-the gverall bbﬁectxve; Each platoon

’ ! .

commander then exercises his own control of his operation by having an

€
!

Yeg Group* with his platoon, giving them SMEAC.
| Once the operations begin, the Company Commander'will audit tpe
progress of individual operations and brovxde revisions to SMEAC as
required. Only occasional use of the veto channel will be used,

Platoon.Commandeﬁs have the responsibilfty to cun their own

operations; they must handle the variety at their own feve\ of

recursion,
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This example 1llustrates the recursive nature of viable systems

as well: the Company 15 a viable system which contains Platoons;

2

Platoons are viable systems. .

System Four. The previous example 11lustrates .the need for

System Four.: 'System Three 13 autonomic control of the wviable systenm,
/ . .

but provision must be ‘made for future contingencies that cannat be

.

#hown or understood because of the metasystemic nature by System One.

o

. System Founixs sometimes referred to as the Reseapch and Development

(Rr& D) functxon, and Operatxonal Research. Autonomlc sy4tems cannot

react to major changes 1n their operatxods until the changes actually”

*
occur., [f System Three encounter: 3 state for which 1t does not have

)

sufficient variety 1n 1ts contral systems, 1t could send the zystem *

into uncontrolled oscillation and‘eventuall; death. S?stem Four

; .
attempts to predict these, changes by buxldxng models of +uture

»

env;ronments and- proposxng new models of the viable :ystem and ‘system
components,whxch wiljl be able to respond to the future. In this way

\the viable system becomes adaptlve. It learns about the envxrgnment
and'xts ow; abifity to respond to the envxronmentﬁ'\[n_natural
systems, the evofutgoneryﬂpeocess"ﬁeq‘tﬁe learning process ére
examples of System Four in. operation.,. 0

Faxlure to adapt spells death ta a prev:ously vxab]e system.
System Four and System' Three must have suffxcxent capacxty to -absorb
one another’s varxety.‘fSystem Four, if it is operating propeely, ¢
should be generatxng a large variety of possxble states, models, of

the viable system. It should be- xnventxno the fyture. System Three

should be able to'absorq those model changes without lag or hiatus.

_System Four should be-able to absorb-and measure the' affect of model-
: . f

changes on System Three. Figure A-9 iltustrates the homeostatic

e

.
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" connection betweeﬁ‘éggtem Four and System Three,

Sf;tem Five loses its affect as well, there is no closure to be

»

ample of 3System Four Operatigns, Retgr 1ing to the example of
ah Army‘operatxdn in the field, i1ntelligence ghtWering 1z an example
¢

of éystem Four operating, Intelllgeqce 15 gathered to buiid and

: . ™
modify a model of the environment: enemy disposition;. thﬁhi;rragn:
etc. This model 12 prosected against the,model of its-own fokces tq'
determine congruence and incongrdence. System Thnee‘lmpfements

appropriate adaptations ot 1ts disposition, L

~ System Five, The pre:xous evample points out the need for

System Five., HNot 1n all cases wi1ll the operation of the System

-

Three/Four Intertace handle all the variety ot the situationz. System

Five provides the closure which 12 required tor system ‘s1ability, by

measuring the affect of the System Threes/Four Interface and the
.y -

overall atfect of the operatfons. System Five exercises veto control

4

+

over unstable states ot the system. System Five, i1n mostspractical
. ' [}
cases, 15 the boss at the level of recursion being examined. System

Five 15 metasystemic to Sysﬁems.fhree and Four, that 15 1t is

metasystemic within the metasystem. Beyond System Fiwe of the

-

recursion being examined, is the next level of recursion in the wviable

.
T

S . .
system, Figure A-é 1llustrates the total management concept of the
viable systeh. ' L , .
Too often in the operation of an enterprise, System Five '
-~y L

collapses into System Three by exercising’direct control over

-

operations. This results in a reduced affect of the varletthanbling
A} .

capacity of the System Three/Four interface. In this situation,

System Four is séen as a service appendage to the operations of the

system rather than as an integral component in the variety eqﬁ?@ion;

.

e
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‘;pblled'ana there 15\5 danger of ﬁlosure being applied bf the |
réhdrs{on‘1ogica!|v_above the one bexﬁg examined., While this

a .
’sityatxén may not threaten viability directly. 1t does reduce the
synerqgistic nature of the viable cystem as péesenteg: yltimately

viabil1ty may be threatened 1f the reéursxongibg;cal]v above 1z ungble

'’ to handle thé variety ot environmental and 1nternal changes with

' respect to the recursion beihg dbserved.

/

Examplée of the Closure of System Five. gn example of closure

. beipg applie@ pv the level of Hecufsxon above 1s in the ménagement of

' severely ;etﬁrded-personsrby a pospxgal staff. The severely retarded

‘xﬁdxvxdual who has li1ttle ﬁolunfany~coﬁtbol oveh h1s act1v1ixes‘
(opgratxoésl h;s ﬁo SQstem F}ve functionihg, no volition., The
informition ga@her;ng capacities of his sense; are used only for
abtonomic)contrgl of his being, not for learning and ad;ptxng to
environmental states. Adaptation to environmental s&ates 13 hanaled
by the recursion above, the hospital organization. )
The cybernetic model, accordipg to Beer (1979; 1981, a1s
invariant, All viable syctems exhibit the the characteristics

described in this section. Some viable systems are. however,

somnoient; they are technically asleep. The well o1led mechanisms for

autonomic control operate effxc{entlyﬁ but the System Four activity 1s

¢

‘dispiaced or deactivated. System Five is out of the picture because

of the attenuatfon of imformation flow that results from System Four
diéplacement. The system reacts to changes, rather than foregeeing
them. . The future happens; it 1s not invented. Any extraordinary
edViroﬁmental change can place the operations of the system into

disequilibrium., I[f there is 1npsufficient' time for the metasystem to

react to the screams for action by Systems One, the system will die.

(4

AN
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Summary ,

)

" The discuésion here of the Viable'System Model has,been
2 A

f ’
—

’ | . . N . ’ ‘ =
necessartly pr{e#.f Beer‘'s works on the subject are extensive and

. . _ : r .
- recommended to recearchers a an-analytical' tool when the total system

Al f
needs to be studied in a deductive mannef. In my“view the latest

book, Diagnosing the System for Drganizatxohs 11983) 15 the most
, ¢ - ' i |
useful for analysis. The other books should be read for detailed
. ‘ - * -

understanding of the model .
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