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THE ALIOCATION OF FUNCTIONS BETWEEN MAN AND MACHINES IN AUTOMATED SYSTEMS
Nehemiah Jordan

In a document pudblished several months ago entitled: 'Factors Affecting
Degree of Automation in Test and Checkout Equipment” which, amopg other things,
revievs the problems of allocation of functions, Swain and VWohl assert:

e « of rather stark conclusion emerges: There is no adequate systemetic

methodology in existence for sllocating funetions (in this cuse, test and

checkout tunctions) between man snd machine. This lack, in ract, is protably

the central problem in human factors engincering today. . . It is interesting
10 note that tea years of research und applications ¢xperience have railed to
oring us closer to our goal than did tne lanumark article by Fiits in

1951."(5’ P:7) Thesc tvo competent and expericnced rbservers swmarize ten
yeurs of hard ana intensive labor as having vasically falled, This is o
scrious problem, VWhy this failure?

We can a'terpt to seek u possiule ansver to the question by seexing @
similar casc {n other fields of scientific endesvor and seeing what can be
learned f{rom it. fnd another case i8 easy to rind; it is ip fnet a classical
case. Ia their book: "Tne Evolution of Physics", Finstein and Infeld spend
some tirme ‘liscusaing the problems which bewet pre-relativity physics in which
they focus upon the concept of 'ether'. They point out tihat cther pl:xyed
a central role in physical thin<ing for over u century after having tirst teen
Introguced as 8 neccseary medium for propniating eliectrommgnetic waves. But
during all this time all attempts to buaila nad expand upon tials conccpt lecd
w ddfficultier and contradictions. A century of rescarch on ether turned

out to pe sterile in that no significant advance wus ade during that time,
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They conclude: "After such bvad experiences, this is the moment to forget
ether completely and tr, never to mention its name."(3' p.184) And they do
not mention the concept anymore in the book. The facts underlying the concept

were pnot relected however, and it was by focussing upon the facts while

f . the physics of his day.

g The lesson to be learned from thic momentous episode is that vhen a
sclentific discipline finds itself in a deau end, despite hard and diligent
work, the dead end should probably not be attributed to a lack of knowledge
of facts, but to the use of faulty concepts which do not enable the discipline
to order the facts properly. The failure of humen factor engineering to
edvance in the area of allocation of functions seems to be such a situation.
Hence, in order to find an enswer to the question: 'Why this failure?”, it
nay be fruitful to examine the conceptual underpinnings of owr contemporary
attempts at allocating rfunctions between men and machines., And tnis brings
u3 hack to the landmark article by Fitts rentioned earlier.(u)

This articlc gave rise to what is nov informrally called the 'Pitts list'.
This {s a two column list, one column headed by the word 'man' and tuc other,
by the wor?! 'machine', It compares the functions tor waich man is superior
to machines to the functions tor wiich the hmachine is superior to man. Theo-
retically thic leads t¢ an elegant solution to tae allocation or funections.
Given u complex nan-machine system, identity tice functioans of the system and
then, based on such = list which was expeetea tc be rerfined with time and
experience, choose machines for the functions they are best sulted for amd
men for the functions they are best suited for. This is a clean engineering
epproach esnd 1t 18 not surprising that great hopes were placec upon 1t, in 1951,

The only <irmick is that it did not ana doesn't work.
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The facts to be found in all the existing versions of the 'Fitts list'
are all correct, just as the facts underlying the concept ether were all
correct, Hence the inutility of these lists must be attributed to what ve
are told to do with these facts, to the instruction to compare man to the
machine and choose the one who fits a function best. I question the

comparability of men and machines, If men and machines are not comparable,

then it is not surprising that we get novhere when we try to compare them.
Just as the concept of ether led to inutility, perhaps the concept of man-

machine comparability does the same, Let us explore somewhat the background

to the concept camparability.

The literature on the place of a men in wman-machine systems converges

to two posthumous articles by K. J. W. Craix published in 1947.(2) these
articles are recoznized by almost all as being the basis upon whieh much that
followed is built. Craik argues that in order to best be able to plan, design,
and operate s complex system ran functions and machine function:s should oe

described in the same concepts, and, by the very nature of the case, these

concepts nave to be eungipeering terms, In other vwords, Craik recommends that

g we descrive human functions in mathematical terms oomgaraole to the terms used
3
i in describing mechanical functions.

In falrness to Craik's memory it must be stressea that these two papers
published after his -‘eath were notes for a discussion and probebly not rnieant for
publication., Hence he should not be blemed for railipg to recognize the simple
fact that anytime we can reduce a humar function to a mathematical rormula ve
can generally build a machine that can do it more efficiently than a man. In
other words, to the extent that man becomes comparable to a machine we do not
really need him any more since he can be replaced by a machine. This necessary
consequence was actually reached but not recognized in a later paper, also a

fundamental and significant paper in human factor engineering literature, In
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1954 3irmingham and Taylor in their paper: "A Design Philosophy for Man-
Machine Control Systems", write: ". ., . speaking mathematically, he (man)

is best when doing least."(l’ p.1752) The couclusion is inescapable -- design
the man out of the system, If he does best when he does least, the least he
can do 1s zero. But then the conclusion is also ridiculous. Birmingham and.
Taylor found themselves in the same paradoxical situation in which Hume found
himself some two hundred years earlier wvhere his logic showed him that he could
not xnov anything while at the same time ne knew he knew a lot.

Tnis contrediction, so concisely formulated oy Birminghan and Taylor
yet not recognized by them or, it seems, by their readers, should have served as
2 warning that something was wrong with tne conceptualization underlying the
thinkinz in this area., But it didn't.

Now we can see why the 'Fitts lists' have been impotent. To the extent
that we compare, numerically, bhuman functions to machine functions wve nmust
reach the conclusion that vherever possible the machine should do the Job.
This may help to explain a curious aspect in designers' behavior which has
anroyed some: an annoyance expressed trenchontly by a human factors engincer
over & glass of beer thusiy: 'Those desigmers, they act as if they get a
brownie point every time they elirinate a man.'

Let us return to the 'Fitts lists'. They vary all over the place in
length and in detail., But if we try to abstract the underlying commonalities
in all of them we find that they really make oonc point and only one point.

Men are flexible but caannot be depended upon to perform in a consistent
manner vhereas machines can be depended upon to perform consistently but they
have no flexidbility whatsoever. This can be sumarized simply and seemingly

tritely by saying that men are good at doing that which machines arc not good
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at doing and machines are good at doing that which men are not good at doing.

Men and machines are not comparable, they are complementary. Gentlemen, I

suggest that 'complementary' is probably the correct concept to use in duscusse

ing tne allocation of tasks to men and to machines. Rather than compare men
and mechines as to which is better for getting & task done let us think about
how we complement men by machines and vice versa to get a task done,

As soon as we start to think this way we find tnat we have to stert
thinking differently. The term ‘allocation of tesks to men and machine'
becones meaningless. Rather we are forced to think about a task that can be
done by men and machines. The concert 'tesk' ceases to be the smallest unit
of analysis for designing man-machine systems though still remaining the pasic
unit 1n terms of which the analysis makes sense. The task now consists of
actions, or better still activities, which have to be shared by men and
machines, There is nothing strange aoout this. In industrial chemistry the
molecule is the fundamental unit for many purposes and it doesn't disturb
anyoody that some of these molecules consist of hundreds, if wot taousands, of
ators. The analysis of man-machine systems should theretore consist of
specifications o1 tasks and activities necessary to accomplish the tasss.

*an =nd machine shoulu complement each coiner in getting toese activities done
in order to accomilish the task.

It is possitle that with a snift to empnasiziry man-machine comparatility
new formats ror syster analycis and design vall nave to be develovec, iand
taese formats mdy po3e 8 problem. I am conv.nced however that as soon as we
vegin tnlnking in proper units tiis provlem will be solved with relative ease.
Regardiess whether this is so, one can now elrcady specily eeveral senersl

principles thet may serve as Dasic guldelines for complementing men ana mechines.
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Machines serve man in two wvays: as tools and as productiorn nachines.

A tool extends man's ability, both sensory and motor; production machines
replace man in doing 8 job. The prineiple underlying the complementerity
of tools is as follows: Man functions best under conditions of optimum
difficulty. If the job is too easy he gets bored, If it is too hard he
gets fatigued. While it is generally silly to use macnines to maie a job
more difficult, although this may be exactly what 1s called for in some
con: rol situations, tools Lave, since thelr inception as eolitns, served to
make a cdifficult job easier and an impossible Job possible. Hence tools
should be used to bring the perceptuzl and motor requirements of & tasx to
the optirmum levels for human performance. VWe have had e .ot of experience
with tools and they present few, if any, proovlems.

The problem is more complex with machines that 4o & Job in place of mai.
Here we can return with benefit to the commonalities underlying the 'Fitts
11sts'., To the extent that the task environment is predictable and a priori
controllable, and to the extent that activities necessary for the task are
iterative and demand consistent performance, & rroduction machipe is prefer-
able to nan. To the exteut, however, that the environment is not predictable,

or if predictable not coatrollable a priori, ther man, aidei by the proper

toois, 18 required. It i8 in coping wity contingenclies that wan is irreplaceable

by machines. Thie is tne essential meaning of human flexibility.
Production macinines pose a prot.em rarely posed by tools since they
replace man in doing a jJob. They are pot perfect and tend %o oreak down,

When they break down tney do not do the Joo. One sust always then taxe into

account the critieality of the Job for the systen. If the job 1is critical, the

systen should s0 be designed that man can serve a8 a manual baeckup to the

ey
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machine. Although he will then not do it as well as the machine, he still
can do it well enough to pass muster. This is enother aspect of human
flexibility -- the ability for graceful degradation. Machines can either
do the job as specified or they botch up; man degrades gracefully. This is
ancther example of complementarity.

Planning for feasible manual backup is e difficult Jjob in the contemporary
conplex systems that we sre constructing. It has generally been negllected.
In most simple gystems explicit planning is not necessary since man's flexi-
bility is generally adequate enough to improvise when the relatively simple
machines break down. 3But this chapges with growirg system complexity.

It is here that 'automation' should be mentioned. Some of you may have
beer. bothered by the fact that 'automation' is in the title or this paper
but hes, as yet, still to be introduced. The reason is rather simple,
Although automation represents a significant technologiecal breakthrough which
has generated many specific problems, the allocation of tasis to men and
amachines being one of them, conceptually, an automated machine is
Just another machine, :lbelt radically differcnt in its efficiency end per-
formance characteristics. Tae problems that were gererally latent or not too
critical in the older, simpler nman-machine systems became ooth manifeet and
eritical, however, with its introduction. One of the most eritical aress
i manual backup.

We customarily design automated systems vy sllocating those tunctions
wiich were eitner difficult or toc expensive Lo mechapize to men end the rest
to machines., As many articles in the literaturs indicate, we have looked upon
man a8 a liok in the systex and have consequently piven hinm only the infor-

nation apnd means to do the job assisned to him ae a link. When the system
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breaks down a man in a link position is as helpless as any other machine
component in the system. We have tended to design out his ability to tseke
over as a manual backup to the system. At the same time the jobs performed

ty the machine have become more and more important and the neceasity for a

manusl backup consequently greater. How to design a complex automated system

to facilitate its belng backed up menually is a neglected area. One thing
seems certain, It will most probably call for 'degradation' in design, that
is, systematically introducing features which wuld not have veen necessary

were no maunual backup needed. This is er importent srea rfor future human

factors engineering research,

Another area of complementarity which is gaining in significance as the
systems are getting rore and core conplex 1s thet of responsibility. Assuning
we lick the problems of reliavility we can depend upon the machines to uo
taose activities assigned o them consistently well, but we never can assign
ther any responsinility for getting the task donv; responsibility can be

sgsigned to men only. For every task, or for every activity eatailed by the

task, there must be 2 man who nas the assigned responsibility to see that the

Job be done ss erfficiently as warranted., This necessitates two things: the

specification of cleur cut responsibilities lor every man in the system and
supplying the men with means vhich will enable. iien to exercise effective
control cver those system tasks and activities for wiich they arc responsible.
You may think that this is obvious -- yes it is, t it 1is surprising now
rare, and then hov ineffective, our planning and design in this area are,
Experience to date with automatea systeme shows that the responsibilities

of the individuals involved are ysenerall: nebulous so tuat when sometning

unexpected occurs people often do not xnow who is to do what. Fven to the
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extent that these responsibilities are clarified with time and experience,
the system hardware often makes it difficult for men to assune these
regeponsibilities, the means for man to exercise conirol over the areas of
his responsibility being either inadequate or lacking.

The complementarity of men and machines is probably much more profound
and suotle than these aspects whiech I have just high-lighted. Many other
aspects will undoubtedly be identified, elaborated, and ordered to the extent
that we start thinking about how one complements the other. In other words,
to the extent that we start humanizing human factors engineering. It is not
surprising that the ten years of lack of progress pointed to by Swain and
Wohl were accomnpanied by the conceptual definition of treating man es a
machine component. Man is not a machine, at least not a machine like the
nachines men make. And this brings me to the 1last point I would like to make
in this paper.

Yhaen we plan to use a machine we always take the physical environment
of the machine into account; that ls: 1ts power supply, its raintenance
requirenents, the vhysical setting in which it has to operate, ete. We have
also taken the physical environment of man into account, to a greater or
lesser extent; that is: illumination and ventilation of the working a.;‘ea,
noise level, physical difficulties, bours of labor, coffee breaks, etc. But a
fAundamental difference between men and machines is that men also have a
naychoclogical environment for which an adequate physical environment is a
necessary condition but is ultimately secondary in importance. This is the
truth embedded in the adage: Man does not live by bread alone. The psycho-
logical environment i3 subsumea under one word: 'motivation'. Apd the

problems of human motivation are at present escheved by human factors engineering.
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You can lead a horse to water but cannot make him drink. In this respect
a man is very similar to a horse. Unless the human operator is motivated
he will not function as a complement to machines, and the motivation to

function as a complement murt be embedded within the task itself. Unless a

task represents a challenge to the human operator he will not use his flexibility
or his judgment, he vill not learn nor will he assume responsibility, nor will
he serve efficiently as a manusl backup. By decigning man-machine systema
for man to do least we also eliminate all challenge from the job. We must
clarify to ourselves what it is that makes a Jjob a challenge tc man, and build
in those challenges in every task, and activity, and responsibility which wve
888ign to the human operator. Otherwise man will nct complement the nechianes
but will begin to function like a machine.

And here too men differ significantly fron wachines., When a man is foreced
to function like a iachine he realizes that ne is belng used ineciiclently
and he experiences it as his being used stupidly. And men cannot tolerate
such stupidity. Overtly or covertly men resist and rebel against it. Nothing
could be more inefficient and self-defeating in the lon¢ run than the construction
of man-machine systems which cause the aumnan components in the system to rebel
egeinst the aysten.

Herein lies the main future challenge to human factors engineering.
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