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- ABSTRACT

ThlS work studies how flrms staff a nev and chang1ng 1ndustry

| in a rapldly developlng economy.u

WL, accordlng to Spanlsh computer profe551onals, tralned manpower

,is such a blnding constralnt how 1s 1t that the 1nsta11at10n of

computers has grown at an average annual rate of more than 20% s1nce the

fj1960's? E
. I show that the tralnlng rssue underlylng the alleged manpower
shortage is part of the problem of ch0051ng a computer technology. ; |
Tralnnng is a constralnt of ch01ce of technlque. Thus, training ‘cannot
<. be dealt W1th 1ndependently from technology. ;,- fl"
% ,;. The analy51s of technology under uncertalnty and 1mperfect
1nformatlon cannot be adequately handled w1th standard tooks llke the
mlcro—productlon functlon. .. Thus, full 1nformatlon and certalnty are
Substituted byt (1)-uncertainty of outcomes (2) "trial-and-error®:
decision-making; and (3) individuals maximize their behaviour by

, oonjecturing about uncertain outcomes and therefore, certainty in

fa)

T max1mlzat10n is. dlscarded

The problem—solv1ng nature of worklng act1v1t1es prov1des the
_llnk between skllls and tralnlng. ThlS enables me to study (1) :the
emergence, and speclallzatlon, of formal tralnlngh (2) the signaling

s value of the content of tralnlng as reflected in the 51mllar1ty between

- ‘o the problems solved on the Job and during the tralnlng _period; (3) tralnlng

ag a dec151on varlable 1n the cholce of technlque, and (4) the amblgulty
of manpower shortageg,;ﬂl'- s _
: The amblgulty of manpower shortages is malnly due to the scope

-for cholce of technlque and redes1gn output and phy51cal caPltal




iii

specifications, training, job rede31gn, hlrlng, preomotion and uagcs are
comblned in different proportlons by de01310n—makers. When this
flex1b111ty in labour an@ftasks design is compounded by uncertaintj e
" and novelty, manpower plannlng can hardly be seen ag an improvement to

' the outcomes produced by the market

; My approach to tralnlng prov1des an efflcient framework for

the study of issues ralsed in this work about the theory of training
: and the- understandlng of Spanish commerclal computlng. At the pollcy

l level I show that however unWarranted manpouer plannlng appears to be:
(i) govcrnmcnts cannot escape hav1ng a pollcy in new technologies,
even if only by.omission; and (2) government policies.in new tcchnologies

" are inevitably tentative. .
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Chapter 1

INTRODUCTION

1.1. Scope and Pufpose : _

The central problem of this thesis is the'aiieged.gpdétage‘dfv'
well-qualified specialisfs in'commerciél_éomputing,inTSpain; ' Sigee
- training is the'binding constraiﬁt; I focué on the'ahalfsis of the demand
for and supply of traiﬁiﬁg.in this rapialy groﬁing aﬁq éontihuously'
éhanging industry. The'theoretical issues are: (l)fthé inflﬁence.of_
uncert;inty and coétly.information on training choices; (2) the-_
interaction between the market for compute;;iéha the market forlcomputer
specialists, that is, the interaction between.choice—éf—technique aﬁa
choice-of-employment; and (3) the signaiing value of training and.
certification. |

Starting from the concept of ﬁskillﬁ} an intégratéd ahalysis of
training and manpower shertages in Spanish céﬁmercial computing is
developed. The identification oflskillé as:problém—SOIGiﬂg hopeé té
provide the foundation for an economically s;gnifiéaht'eiﬁlanaﬁion of the
concept of training. The proposed specificgpion'of-skill ééntaht is
'used to show how training emerges and evolve;_in.neﬁ.tasks,Iand how it can
be suppligd by training-on-the-job and off—the—joﬁ. -Chqicexamong-
technoiogies determines both the characteristics of. ‘Eraining- and the

number of trained specialists over time. Thus, the solution of the problem

of manpower shortages is ét the same time the seclution of fﬁe problem of

choosing a computer technology.




Having outlihed the main theoretical questions, I turn to the
empirical relevance, and policy implicationa, of the study of trainiug in
_eommercial computing in sﬁﬁin. " Since tme 1960's electronic data;omocessing.
has grown at an extremely high rate in Spaln 1nlthe context of a h1gh
overall rate of economlc growth. " This case study furnleheS'an 111ustration
of how a developing country should staff new, ang contlnuously changlng,

- industries. ° Additionally, ‘the ana1y51s of the computer growth in Spaln
may be relevant:for the analysis of other rapidly growing sectors in the
Spanish econom& that use advanced techﬁologies. | I

i "There is a widespread belief iu Spain that there has been a
persistent shortage of “eompetent" specialists ever since eommercial
computing started in the early 1960}3, "According to most decision-makers
~in commercial computing, the inferred market failure can only be overcome
by government intervention, that is,by manpower plahning. Homever, this .
POli;Y alternative'is_not theoretically warranted. Neither perfect
competition,-nor‘menpower'plahning,-ame well suited to the following
characteristics of commercial coemputing: (1) uncertainty and, costly,
imperfect 1nformat10n, (2) technlque, Jjob design, and tralnlng are pollcy
varlahles- and (3) 1nnuts and outputs spe01f1cat10ns are heterogeneous.

1 argue that in the early stages of the introduction of a new.set
of skills, the'merket plays a limited role, governmeﬁt policies are of
neceesity_tentative, and decisions tzken by employers and employees.are
highly influenced by the characteristics of internal labour markets, because .
"with a new and rapidly changing technology, the information generated by
"the market is very mreliable, That is why I look at (a) the internal

labour markets of firms to discover the different ways in which qualified



computer specialists are produced; and (b) the expanding role of the
external labour market as the level of standardization of the new technOIOgy._i
and'tfaiding inoreaseli over time.
1.2 Analysis
.-;.Acccrding'to Stﬁndard neoclassical labour theory, manpower
shortaées héy be d#ercomé in the short run by higher wages and by lower
ﬁirihg and prombtion standards. In the long run, the problem is solved
-by investing in t;aining. Thus, pérsistent menpower shortages ecannot in
principie.take place in a competitive market. However, the conventional
"view among Spanish computer professionals seems to favour the belief thét
there exists a chronic shortzge of highly qualified specialists in
cormmercial computing. " In addition, they tend to support manpower planning
as a remedy for market failure in training enough specialists.
It is my contention that the conflict betiween what the outlined
theory predicts and the widely held view mentioned above, cannot be
resolvéd by confining the aﬁalysis to: (1) producing an operative definition
of maﬁpowep shorfége; and (2) comparing the relative adequacy of perfect
compétitidnlénd mahpower planning as a means of overcoming labour shorteges.
Ny contention rests on the decisive role played by novelty and information
acquiéition in new technologies and their logical ié;omp&tibility with
perfect competition and manpower planning. -
In new and rapidly e@olving fechndlogies, the generation of
genuinely new knowlédge profoundly affects the conjectural nature of
economic relationships and decision-making, sinée knowledge is inescapably

incomplete. Choice of technique under uncertainty and imperfect knowledge



of the range of technical possibilities cannot be adequéteiy ﬁandled with-
scalar measurements founded on an objective exchange-value. Nor égn inpﬁts
be considered homogeneous, since inﬁufs embodying Aifferenf tééhﬁdlégical

© vintages will differ in thei%productive capabilities.ﬁ But, even more
damaging technological novelty takes'place.under unceféainty; ﬁhich

implies that the exchange-value of éss:ets embodying new know-how depen.d'on'_
expectations and, therefore, their values are speculative and inherénfly
unstable. |

What uncert;inty and imperfect informatioﬁldoes to economic values
has to be compounded with the technological and institutionalzmutability
of economic assets that is conjectured, énd eventually_manipuiated By
decision-makers. That is why micro-economic production functions mis-
specify the economiecs of technological relationships. .* The concept of
micro-production function fails to aécbﬁnt for novelt&_and costly informetion
arnd it assumes: (1) full knowledge of uﬁ%mbigucusly specified input-output
relationships; and (2) technological relgtionships as_scalars that are
manipulafed by decision-mgkers via changés in factor proportions.

In other words due to novelfy and information costs, economic
relationships are not unqualifiedly objeétive, nor are thgy technologically
-certai@ snd unambiguous. Thereb& Pareto optimalit&_considerationg are
besidé the point. . ¢

Thus, I do not analyze the-alleéed manpower shortzge in Spanish
_commefcial computing by attempting to produce a déscription_qf the
- conditions that would produce Pareto optimality or even a second-best
solution. Such an undertéking would assﬁme-away novelty, uncertainty,

and the intrinsic ambiguities of investments in new technologies.



Instead, I incorporate these issues into the study of the interaction
between choice of technique and training, under-uncertainty'énd costly

information. -

As the concepts of manpower shortage,'manpower'planning'énd
cqmpetitioh_are uséd in a variety of ways in the economic'liﬁerature,-l
postpone the'necesgary clarifiéatibns_until'fhese concgpts enter the
mainstream 6£ the argumenf.‘ In so doiﬁg Ilexpeét.fo provide an
empiribally more u§eful discussion of the issues raised. The immediate
task is to'present the main threads of the analysis.

Because'of novelty-in choice of technique I assume uncertainty of
outcomes and discard Pafeto optimality. As for the behaviour of
economic agents I assume maximizing behaviduf, without implying certainty
in maximization. . Decision—makeré follow a trial-and-error appioach_to
maximigation: they conjecture what is likely to be the best possible
outcomé, bearing in mind that-the uncertainiy of outcomes meskes their
conjectures tentative.

This is not a departure from standard theory, but a logical
extension ofjthe role which uncertainty pieys in standard ecqnomic arelysis
sinqe F.Knight introduced the classic diétinctiﬁﬁ between risk and
uncertainty. This.meant that events that can be insured egainst, thaﬁ
is, risk& outcomes, can ezsily be assimilated to qon—iisky cutcomes, since
it is -possible to form a certainty.equiialent of uncertein outcomes that
refer to realities that had already taken place in the past. Uncertainty
howevér, cznnot be insured egeinst as it refers to something that has
not been_experienced;before end therefore actuarial calculus cannot be
used. - Aécording_to Knight'profits are uncertain and profits heve slways

‘been part of standard theory.



Following Knight's classic dichotomy I argue that choice of

‘technique and training are un-insurable risks due to novelty. Thus, -
; uncertaintz,is not confined to final outcomes -- profits or losses -
of an investment decisionj uncertainty-is an inescapable ingredient

of decision—ﬁaking. Behaviour in new technologies always takes place
under uncertainty.

In other words, I assume that economic agents maximize their
behaviour By conjectuting about uncertain outcomes. But, of course, if
deqision—mékers know that outcomes are uncertain, they are choosing under
vncertainty. So, what I do is nothing more than explicate that Knight's - —
concept of profit implies that behaviour always takes place under

uncertainty. ‘ However, this is not to say that risk, as defined by Knight

. is a felse category. . The paredoxical result has to do with the

distinction between risk as a category that desls with groups of events ~

A

and the uncertainty of a single outcome or @ecision. In short, my
behavioural assuptions do not need to rely on novelty. They are logicai
“implication of defining profit as an unpertain outcome. Rovelty onl&l ®
increases the degree of uncertainty.

. Employers and employees in commercial computing are severely

constrained by uncertainty and costly information. Their choices are

tentative gnd interdependent. Feed-backs from other decision-makers,

actual performance of production processes, and novelty lead to piece—méal,
tentative, decision-making beheviour. Technigue is not a parameter. Inputs
_and outputs specifications, training, jgb searching, hiring, and promotién
policies sre imperfectly understood variables that are modified at a cost,
'whengver decision-makers conjecture that the current combination can be made .

more cost-effective. That is, what matters to decision-makers is producing

-
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an output with given specifications as effiéiently as possible, which
amounts to choosing a production process with spécificationslthat are
deemed to result in a more profitable business oﬁécome.

Ih this context, I begin with the.goﬁcepté of training and skill,
and show the need to éonsider.technology; i‘The mi;ro—production function
is.rejected on the groundé that it assumes full information anﬁ fhefeby :
is incompatiblé with novelty ahd training.- In order to deal with techniéue
in a world of uncertainty and costly information,_factor'éubstitutioﬁ |
and changes brought about by costless-techhology are replacedlby-the
dichotomy between flexibility in facing uncertainty and standardization
to meximize physical output for a well-defined set of csnstraints. Thus,
while the spurious concept of costless shifts of the range of téchnological
possibilities is abandoned, the concept of substitution gains in scopé
and empiriczl relevance.. fgctor sﬁbstitﬁtion materializes the choices -
on the conjectured trede—off% between flexibility and standarcization
under uncertainty.

After analysing proéuction undér:uncertainty and costly information,
I specify skill content as prohlem;solving.': Then,_I conjecture how'fraining
specialization and the emergéncé of formel fraining tzke place. I also
show how proficiency in the cormand of skills and fhe speed in acquiring
relevant abilities can be enhanced by certificztes aéérded to those that.
undergo off-the-job traininé. ¥ith this preliminary work, 1 develop the
analysis of the behaviour of decision-meskers in commercial computing.

That is, I discuss the charascteristics of the demand for and the supply of
training from the standpoint of the decision-makers involved. By discussing

trzining choices, manpower shorteges are set in perspective, as training is



an uhavoidabie constraint in sfaffing new technologies that réquire-
sophisticated skills: .

. "With the discussion of the demand and supply of computef w;
specialists, and the critical éppraisal of the concept ofjmanpower'
shbrtages,.the_relative.efficec& of market forces and menpower planning
is Aeait with. - However, it is_not until the:laSt chépﬁei that policy

issues are.explicitly evaluated.

1.3 HMethodology and Data

 As T show in this reéearch, published information on computer special-
ists is ﬁnreiiable. A . The he%erogeneity of occupational
classifications, uncertainty, information costs and risk attitudes among
employeré and employees play important roles in commercial computing. 7In
'addifion;.information;on the Spanish lgbour market is ﬁery_limited ana,
often, oé-dubious validity, since most clegssifications are based on
socio-economic groups. . Furthermore, the educational composition of the
labour férce and its occupational distribution have undergone rrofound
changes during the last'fifteen years.

'fhis'exﬁlaihs wﬁy the information obtained infervieﬁing.107
individuals woiking in cqmmerciél computing is the empirical cornerstone
of this investigation. The interviews were geared tgwards the discovery
of the e;onomically'relevant dimensions of treaining énd their logical
reletionshigs. A first apprbximation to the'problem of training in
computing indiceted thet tresining, occupational c:tegories, educatianal
cualitifications and specific skills are the result of a combination of

forces'that are hardly understood by empioyers and employees in computing.



" Rules of thumb, trial-and-error procedures, end observation of "what the
neighbour does" appear to be behind many of the things taking place
in computing. = |

Though this evidence cannot be easily interpreted, it is noﬁetheless
{reasonable to infer that o;cupational classifications are heterogeneous.
The‘very concept of occupational plassification,land the role of job
-design-and training, havé.to Be_reaépraised.

As a result of these considerations, the following criteria for
selecting interviewees were developed. . First, existing regional differences
"had to be taken into accognt. For reasors of background information, and
.of convenience, four areas were selected: Andalusia, the Basque Country,
Castilla la Nueva and Catalonia.

Second, the investigetion was confined to those tzsks performed
by highly qualified manpower. = Activities more akin to coﬁventional office
vork were left out, for it eppezred thot training problems would be very
different between the two groups.

Third, people with different backgrounds were intérviewed bgcause of
the non-existence of e generzlly accepted educationel background, or work
éXperience, demanded by employers. - ﬁntry-is oren to all, even if this is
nof true of all firms. ‘A trainee sﬁarting with a very simple task can
end up doing the most sophisticated tzsks, such as sqftware prqgraﬁming.
Interviewing some of those who-had gone through this process héd to shed
light on training, career patterns, the scope for choice and the
opportunity cost involved. Finally, I assumed that differences in
experience would be frequently related to the kind of employer(sj the
interviewee had; whether thé employer wes a computer manufacturer, a
sefvice bureawx or a computér user, was likely to influence training

sttitudes, career patterns, etec..
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On average, interviews lasted between two and three hoﬁrs;'each
person being interviewed only once. However, the first few interviéwees
were always met twice or more, as the initiasl range of'éuestions was very
broad in order to let interviewees contribute to the identification of
‘relevant issues.,

in addition, those who, for one reascn or anothe¥; did not exhaust
* their information potential in one interview, were met twice or more.

The inferviewé were basically open-ended. Each interviewee was asked to
give his own profile, to describe his installation and to name, and
analyse the problems he considered to be most relevant tb Edmiuting or

to computér professionals —- specially those referring to training and
the job, thst is, salaries, promotion, mobility, entrj barriers, etc.

" In order to obtain a sample of computer specialists that would
meet the criteria specified above each interviewee wes.askéd for naags 6f
colleagues who vould, in tneir opinion, contribute in someiway to the.
resesrch. From these suggestions I decided, by a rule of thumb, how meny
of each "type" were going to be interviewed.

The analysis of the information gzthered shows that the béckgrounié
of thosé interyiewed help in understanding the issues'posifed in thié theéis.
And it islto the analyticel foundations of such interpietation that
Chapter 2 is devoted. The theoretical framework deféloped in Chapter 2 is
applied to the énélysis of training in commercial computigg in Chapter 3.
Chapter 4 follows with alpredominantly empiricsl study of computer training
in Spain.- Chapter 5 furthers the empirical investigation started in the
previous chapter, but it concentrstes on Catalonia, as this merket, -
although it is not the largest in Spain, has the richest backg?ound

information and opens the way to the discussion of regional differences.
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Finally, Chapter 6 summarizes the ahalysis and empirical research °
developed in this thesis and -offers a discussion of the main conclusions

and policy implications.

L]
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Chapter 2

TRAINING IN A NEW INDUSTRIAL SKILL

2.1 Introduction %

In this chépter I ahalyse tréining investments in new skills. A
starting point is provided by the éonéept bf_skill. The specification of
skiils as'typeé'bf probiem solving, énd'the economics of flexibility and
étandardization-undér_unceftainty; are relevant in explaining: (1) choice
of technique and job design'as policy variables, and thereby the inherent
ambiguity of occupational grouﬁs; elasticities of substitution, and manvower
shortages} (2) the scope for training and the émergence of formal training;
and (3) the screening and signaling value of formal training.

Although training tends to be investigated in the context of the
labour market, I show that training issues extend beyond the conventional

_boundaries of labour economics. Training is not only a labour demand

issue, nor is it exhsusied by cdding latour supply considerztions: staffing
and training decisions are components of choices of technigue. Additionally,
trainirg choices are not independent from earnings and non-pecuntary
cénsiderafions; Thgt is ;hy I begin with EBecker's concept of trainingl

and conclude £haf Thﬁfow's "job—competition" modelz'is more.relevant to

training in new technologies.

s

4 Gary S.Becier, Human Caﬁital A Theoretical znd Emvnirical Analysis with

Reference to Bducztion 2nd edition (Wew York: Columbia University Press 1974)
chapter 1. _ '

Lester C.Thurow, "leasuring the Economic Benefits of Educztion" in Higher

FEducstion and the Labour Market, llargaret S.Cordon ed., (New York: LicGraw-Hill
Book compzny, 1974): p.389. ' '
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2.2 Training and the Concept of Skill

Training, from an economic standpoint, consists of allocating -
resources to the acquisition of productive skills. Sﬁéh'a definition
results in the asking of what are productive skills. The conventional
.answer is: those abilities that increase the output yield when they are
applied to pfoduction by labour. Considering that tﬁeré are many
: occupational groups perfofming different tasks, the comnection between
production skills, tasks, and training must be analyzed; a pertinent
question is: do these different tasks require different skills?

The qlassic economic classification of skills is Becker's; he
divides skills into general and specific, depending on the?r inter-firm
mobility., Fowever, the following ambiguity is noticed: are skills

intrinsically genersl or specific, i.e. does technology determine their

character, or do they partly depend on the structure of tke market.?

Tor as Gary S.3ecker seys: ' =
"Completely general training increzses the merginal productivity
of trainees by exactly the same amount in the firms providing the'
training as in other firms.," ... "Training that increzses
productivity more in firms providing it will be called specific
training".

But, as Richard Oatey remarks:
" ,.a useful distinction can be made between the generality of
of the skills (defined with respect to the content of training), end
the generality of the investment (defined with - respect to the mobility
of the tralnees)“
The ambivalence of the distinction between general and specifiec

skills is particularly noticesble in new tasks. The labour market ca:not

determine the degree of generality of a new skill independently of the degree

Becker, op. cit. p.26

5 "The Econcmics of Training with Respect to the Firm". British Journal
of Industrial Relations, 93 (lLizrch 1970): 15
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of "technical® similarity with existing-skills, since the relative sub-
stitutebility of skills 1s the characteristic that differentismtes skills
from an econdmic'viewpoint. In other-ﬁords, an economically relevant
taxonomy of skills has.to study labour mobility and the technology or
content of;fhe taské performed; for'thej will show the relative
substitutabiiit& or complementarity of each skill and thereby heiﬁ to
identify the opportunity cost of cbtaining and.using different skill
mixes. .

When technological consideratiqns are fundamental, how can an
economist approéch'téchnology? Undexr ?ull information the concept of
micro-production function may be the starting point, sinbe it is the
bridge between resource allocation and technology.. Decision makers
combine input flows to produce an outpﬁt flow constraiﬁed by relative
prices and teéhnoiogy. From fhe range of fecsible combinztions of inputs,
the most efficiengfcombinztion is cncsen, to te altiered only in response to
changes in relative prices and "costless'"technicel progress. Changes in
the demand for oufput would alsc affect the design of therproduction process
if there were returns to scale. |

Fowever, f?e distinctionlbejween costly factor substitﬁtion aﬁd
costless shifts of the production possibilities is emrirically false and
analytically misleading. To tegin with, there is ﬁo:such thiﬁg as
costless technoloéy. The acquisition of information is alvays costly,
even when it is frgely aveilable, because techtnical chenge involves a
choice to learn about a technology and therefore an opportunity cost is
incurred. Besides, time, and usually other resources, must be allocated

in proportion to the amount of information acquired.
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Moreover, acquisition of information and training ere
inconsistent with certainty or full iﬁformation. Those who have full
information cannot gain further knoﬁiedge and thereby, there cannot be
scope for treining. In addition, training involves novelty and
consequently uncertainty. Therefore, the.micfo—production function is
not an adequate tool for the .analysis of training since it assumes perfect
knowledge of the raﬁge of feasible production possibilities.

Puttiﬁg it differently, thé analytically substantive issue is not
the difference between costly and costless know-how; choosing what, how,
and how much to learn is zlweys fraught with uncertainties and alternetive
éourses of ections are foregone. Thereby an opportunity cost cannot be

avoided. The cost of information zcquisition to an economic agent -

treining for exémple - is elways positive because of uncertainty, inputs
used, znd foregone alternatiyes thet go with choosing to accuire know-how.
Or, using & differert classificction: scme zssets hzve no direct cost (tLey
are freely available,; but all assets heve indirect costs for tre asset
Lolder.

.. This sectién goes beyond disputing certainty, continuity, end
costless easpects df fechnical change as defined in migro—production
functions. Informetion accuisition, be it technicel know-how or treining,
is the result of cﬁoices under uncertainty. Decisfbn—makers know
that outcomes zre uncertein and they choose following a tentative trial-
end-error method. The. do not give up meximization, that is,-trying to
get the conjectured best possiblé outcome,  though they are aware of the

uncertainty that surrounds their choices end the resulting outcomes.
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The implicactions for the analysis of training are-far;feaching.
Training is mot confined to the labour market; it is a constraint of
" choice of technique and technical progress under_dnéertainty. Additionall&,
as I show in sections 2.9 and 2.10, this also affects the analysis of
manﬁower shortages. Finally, in chapter 6, I sﬁow that.manpower plénning
is not necessarily better than market forces in the rrovision'of trzined
manpower because manpower planning cannot take place indépendently from
technological planning which is inevifably conjectural due to névelty..
Hereafter, I assume that technological chenge takes plade under
unavoidable uncertainty. Decision-makers conjecture.éﬁdﬁt changes in

technology: they assume thet technological forecasting canncot foresee

with certainty: (1) novelty; (2) the uncertain evolution of relative

scarcities zs reflected in demand and supply changes; and {(3) how economic
agents will react to the imperfectly known ¢hanges in.Fechnology. .In
otner words, I hold a view of technicel change that as%umes both induced
and autonomous techniczl chsnge, since markets prices and novelty interact
vith one another. )

that I conjecture about how technical change tekes piace can be
applied to_the theories that explain how technical chaﬁge‘matgrializeé,
perticularly to the embodied and disembodied views of technical change.
Technical chenge materialises in physical and human gapital as, say,
machﬁnery and-tfeining, but the future exchange—value-and potential for -
further improvements for a given technological design ("putty-clay models™)

_camnot be found in the current exchangze-value of the assets involved or in
their current technologiesl specificetion. Thus, two recurrent themes in
tnis thesis are: B)tle inherent msllesbility of techrology snd the uncertain

future of technology due to novelty;ad (B cienges in scacities and the voletile
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nature of decision-mzkers conjectures aboﬁt the future.

In short the analysis in this section shows that: (1) the
allocetion of resources to training alwsys concerns costly factor
substitution;.(Z) choice of technique and treining are unavoidably
interrelated: the 1at£er being‘a constraint of the former; and.(3)
the'existence.of trainiﬁg is logically incompatiblelwith'the micro-
production function. Thus arﬁed, the next séction fiils the-pontént
of the empty boi_of training and shows what sort of production process

can offer opportunities for training.

2.3 Skill Content: Problem Solving

.Production alwéys involves problem solving: the choice of a
specificetion for the productjon proceés, inputs and outputs. The
production vrocess, tecbnology for short, is never a datum, _ in efficient
design o? a production process 1is only "technicaily optimél" in so far zs
it offer; the largest possible outrut for a given product specification
and for’é given cost constraint. "iost efficient" and "technically
optimal! deésigns do not exist in a world of imperfect knowledge (costly
information) and uncertainty. The degfeé of efficiency, economic,or-
technologicel, aftained ié influehced byltﬁe amount of resources allocated
to improve the understanding (and t?aining) of a technology -~ as shown
in the followiné rages end_corroborated by eﬁpirical evidev.ce presented
in Chapters 3; 4 and 5. Therefore, technical specifications are.not
invarianfs, but parameters fhat czn be altered at a cost.

In préduction, problem solving takes place, at least, when the
individgal chooses the production process: the specification of tecsks

that will prbduce an output with a given characteristic and for a given
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budget constraint. The first unit of output may, or mey not, meet the
technicsl eand cost specificitions of demand, and the producer csn invest
in finding out whether.a more efficient production process, an%éutput with
different ;pecifications, or both, would be more cost—effectivé. Such an
effort involves problem solving too. Since the starting of a production
- process cén be viewed as a type of change in production] in general,
changes in the production process, or in output design, =lways involve

pioblem solving,” thst is, learning is a consequence of a choice and not the

. result of technical imperstives.

It might be argued, however, that a men because of experience cannot
avoid realising that a production process, or parts thereof, can be improved,
or, more generally changed, and hence, he cannot avoid learning. Awareness
of possibilities for change is not the szme as knowledge of alternatives
that actually work and are cost-effective. The latter recuires
experimentetion with tne yroauction rrocess. in other words, there is a
range of possibilities as to how rroduction zna learning are combined. Or,
to use Popper's words:

llhb e h e -~ 3 3 - - 1
rhere 1s no suc tﬂlné €8 passlve exverience; no passively
impressed associ:ction of imuressed ideas. Experience is the

result of active explorztion by the orgznism, of the search of

regularities and invariants. There is no such thing as a

perceptﬂon except in the context of 1nterests and expectations,
¢ hence of regulerities or 'laws'. nl

-
-

The alleged technical uniqueness of the learning option, or its
being jointly offered@ with a work option, do not affect the above
rezsoning. Even if a specific type of knowledge could only be obtained

2 A \ 2lan o3 . .
in one way, the individusl ¥ho chooses it is alvays foregoing the economic

& Karl R.Popper, An Intellectual Autobiograuhv. Unended Quest (Glasgow:
FontanafColllns, 1976), p.52.

However this is not likely to be emzirically so. And thzt is why I
prefer to subscribe the more flexible view argued by Popper:
: "It is the problem which challenges us to learn; to advance
our knowledge; to experiment, and to observe: ... Yet every worth-
new theory raises new problems; problems of reconciliation..."
Karl R. Popper, COnJectures and Refutations. The Growth of Scieﬁtific
Knowledge (Lonoon. Routledge and Kegen Paul, 1965), p.222
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value of other learniag options. As for the second consideration, it
must be said that the joint supply does not necessafily entail supply
in fixed proportions; thers is a trade-off between work and the émount of
learning offered that can be wanipulated via job design, and éaptured by
the employee, when the redesign takes place on the firﬁ whére.he is
currently working, or via a change.of empldyer.l

Even a fixed-coefficient production function leaves room for
learning from working experience, as the mere consideration of the.
possibility of (not)} substituting such production pfocess for a different
one involves a decision oa (not) realiécéting resources; and the problem-
solving involved is not economically differsnt from the one encountered _
in a variable cocefficient production function; in both cases learning

depends on a choice.

Trner=fore, it can be concluded that problem so'ving is what fills

the content of thz training black ox:. Tais general dimension of traiing

is to be complemented by a more specific analysis leading to a taxcnomy
of skills in the hops of shedding light on the atbiguity found in Bec:er's
distinction betwe:xn general and specific training. Eowever, before
doing so, uncertainty is brought into the analysis since the uncertain

o J (=)

character of the future influences choices in production and hence the

scope for training choices.

1 James G.Scoville brings this out in his analysis of the supply of job

- types, work-related training, and decision-makers preferences among these
options. Manpowzr and Occuvational Analwsis: Concevts and .2asurements
(Lexington, lass? Lexington Books, DG Heath and Company 1972), chapter 3.
In short, the acquisition of productive inowled: e always involves a choice
between two, or several, learaing options, and, in conseguence costless
training (learning-by-doing) does not exist.
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2.4 Standardization and Flexibility under Uncertainty

Division of labour is efficient to the extent that it reduces
the amount of resources per unit of output of given characteristics.

This is usually achieved in a gradual process of standardization of the
production process, and consequently, it diminishes the potsntial for
problem solving.

tore sbecifically, a new téchnological design: (i) is unambiguously
defined in those intsrfaces belween components that are fully-specified;
(ii) allows ﬁany degrees of freedom in the ™man-machine® interfaces,
since the latﬁer are those which cannot be fully spescified, either because
they are pooriy understocd or are much affected by uncertainty; and
(iii) is ambiguously defined in those interfaces among physical assets
thaﬁ are imperfectly understood.

H wever, there is no such thiag as a technically optimal
standardization in absblute tarms. The degres of standardization degends
on output specifications, and on the inputs available, and they are
ultimately constrained by uncertainty and economic considerations.

. Under uncertainiy, standardization (fixed coefficients) is not
efficient to the extent that it reduces the scope for adjustment to
change -- it becoues costlier.l So, under uncertainty, flexibility in
the prodﬁction process, and hence problem-so:ving abilities, can be an
econonic asset. These features of the production process are assymetrically

reflected as inputs. Thus, whereas fixed coefficients are faind in

1 Abert Gailord Hart, Anticipations, Uncertainty and Dynamic Plannine
(New York: Augustus M.Xelly, 1951), p.55
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piysical eguipment, human capital assets have many degress of freedom, and
that is what enables Lanpower to produce and adapt to uncertain changes
by means oﬁ problem—solving.1 |

A production system, or a subsyétem thereof, alwayé faces an

~ opportunity cost that can be defined in terms of a trade-off between the

economic value of flexdbility, as a proxy for technology that is effieient
under uﬁéertainty, ahd the économic value éf standardization; as a proxy
fof a technolozy that produces under conditions of certainty. The
efficient dichotomy in production is not substitution vs. shifts in

the production function, but standardization as opnosed to flexibility —-

or reducing the physical amount of output produced for a given set of
constraints vs. reducing the possible cost of adapting to uncertain
change. |

Thus I conciude that uncertainty is relevant to the analysis of
production possibilities and their cost-effectiveness. This has
important implications fir training. Tne study of these influences opené
with a discussion of the role of uncertainty in the develooment of formal

training, that is, training which is not produced as a jeint output of a

working activity.

L As Nathan Rosenberg says: Winile tne structure of the social division

of labour becomes more complex, the individual worker's role becomes more
simple. In the extreme case, and in contemporary jargon, the individual
worker becomes the cheapest non-linear servo-mechanism®, 'Adam Smith on

- the Division of Labour: Two Views or Cne?' Economica n.s., 32 (M:y 1965):

135. :
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2.5 Uncertainty and the Emergence of Formal Training

To the extent that the difficulties solved in doing an activity
can be classified into homégeneous groups, a typology of production problems
is likely to be developed by the problem-solver since it is.efficient to
copy the process whenever the same problem arises. -

The typification'of problems -- the ppecification of functional
relaticnships amcng the variables involved -- is whét makes formal training
possible. For whereas training, as a joint product with work, does not
imply an explicit definition of the functional rela£ionships of the task
or the problem to be solved, fcrmal training can oﬁly take place if the
functional relationshits of the tasks to be.performéd in a job have been
made explicit, though it need not be in a systemratically logical way.

Trat is why formal training is often defined by its rot being offered

jointly witn work activities, rather than by the type of supplier.

The emergence of formal training is likely to coincide with the
relative lozs of preponderanc;.of training on the job because the
development of formal training'is bound to coincide with the standardization

of the production process.l Tne formalization of relationship among

1 +

Tne analysis of the Emergeﬁce of formal training has not received much
study by econonists. What probavly comes closest to it are comments on
substitutability and complementarity between schools and firms in the
provision of training. Becker, Huiran Cavital, pp. 29-30 and Bowman
"From Guilds to Infant Training Industries", Education and Economic
Daveloorent, ed. C.A.Andersom and M.J.Bowman (Chicago: Aldine, 1965)
pp.101-102. - -

G.S.Becker is not particularly rigorcus in this issue. First he
cites among others, the ccnstruction industry as an example of how some
training "is still best given on the job; an unfortunate example since it
is well-known that unions in this U.S.industry are engaged in many
restrictive practices. Later on, he statzs that the "complemantarity
elements between firms and school depend in part on the amount of
formalized xnowledge available™. Firally, he states that: "training
in a new industrial skill is usually first given on the job since firms
tend to be the first to be aware of its value, but as demand develops, s-me
of the training shifts to school.™ .

Obviously, these statements tell very little about complementarity
and substitutabi.ity between training-on-the-job and formal training. Nor
does it help in understanding why different sxills, new or old, have
reached different levels of training fcrmalization.
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variables will also be used to production-process designers to obtain
more efficient combinations,'which, in part, will take the form of
substitution of physical capital for labour, .as the former tends to be
more efficient in well-specified relationships (routine tasks).

If the emergence of formal training depends on the specification
of the relationships between the set of variables that define the task
performed, what requires an understanding is the different level of
_formalization among productive skills.- The explanation I offer is in
terms.of uncertainty and deérees of freedom.

Production requires the handling of three types of information
that-lead to three different types of problem-solving activities: (1) the

range of options known to the decision maker, what can be done; (2) the

relative cost-effectiveness of each alternative, how can it be done; and

(3) tre economic value of options under uncertainty, what must be done.

In real life such neat differsnces do not exist. Ker do people
spacialize in on:y one of them; for often tney are obtained as joined
products, though not necessarily in fixed proportions. As Popper states:

"Disciplines are distinguished partly for historical reasons

. and reasons of administrative convanience (such as the organization
of appointments), and partly because the tieories which we construct
to solve our protlems have a tendency to grow into unified systems..
But all tihis classification and distinction is a comparatively

- unimportant and superficial affar. We are not students of some
subject matter but students of protlems. And probvlens_may cut
across tae borders of any subject matter or discipline™®

Nevertheless, I have chosen this classification because it is
analytically efficient. It improves.the understandi:g of the distinction
between.general and specific training by providing a classificaticn of
training according to the kinds of problems solved. The economic

substitutability, or generality of formal training, is found in the type(s)

Popper Conjectures and Refutaticns, p.67.
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of problem solving practised at the training place. The generality of
fofmal training depends, therefore, on how widespread is the application
«of a type of problem solving.in the different areas of prodﬁction.
Obviously legislation and internal labour markets can influence this
divide, for they affect the opportunity costs, and the relative scarcity,
of a given type of training.

The first type is ccncerned with the ability to generate
information: to acquire knowledgze relevant to the purpose at hand. The
second type refers to the ability to use the stock of knowledge to
arrive at a solution of a problem under a given set of economic and
technical constraints. The third concentrates on decision—making
under uncertainty: choices that follow from a qualitative assessment
of alternatives in a context of imperfect information and uncertainty.

Formal training is likely to develop among takks of type (2)
due to their low level of uncertainty and to the possibility of obtaining
precise trade-offs among the variables involved, thereby making modelling
a relatively efficient alternative. CGiven a set of resourceé, a production
design that satisfies the economic and technical constraints can be found.
Engineering taszs, manual or otherwise, are an example of type (2) khqwledge;
Tasks of type (1) cannot be formalized in terms of rodels, except in so
far as they overlap with typs (2), that is, when tﬁéy are not mere
acquaintances with a boséibility, but actual knowledge of how-to nerform
it. Type (3) tasis cannot be formalized either, because uncartainty
cannot be beduced to logical relationships, however, as in type (1) some

formalization-is attempted in the aresas overlapping with type (2).
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An analytical framework is emefging: the formalization of
training is likely to develop if the task(s) has few degrees of freedom.
Division of labour and capital intensive technologies have developed in
processes fhat have been split into subprocesses, which transform the
problem of coping with many deérees of freedom, and hence a large number
of possible'trade—offs, into a set of problems with allimited nunber of
degrees of freedom.  Assembly lines aré a good instance of.suéh an
approach to producing with a complex technology.

The failure to identify subprocesses and the underlying functional
relationships precludes (physical) capital—intensive methods. An
intuitive example is painting. . Formai training in this area is relatively
limited since very few relationships are knownﬁ Another interesting
example is entrepreneurial activity -- the very activity of choosing
amongst uncertain alternatives. For no matter liow large it is, the.
amount of resouréés devoted to document and analyss ths set of ifeasible
ootions, in the ehd, a choice decides a future course of actim with
imperfect knowledée of ‘past outcomes., This jump from information about
the past into the unknown, and uncertain future, cannot be rigorously
captured by 1ogiéél relationshipsl and t:zis 1s what oprevents the
developient of a formaliéed training on dzcision under uncertainty; such

a sxill can only be practised or learned on-the-jot-makin: decisions.

-
L

G.L.S.Snackle, Enisterics and Econocmics. 4 Critigue of Economic
Treories (Cambridge} C-mbridge University Press, 1972) p.23.
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Thus, a highly firm-specific training is also general training
in so far as a géneric type of problem solving is being exercised, and the
specificity is confined to part, gr all, data and variables used.
Therefore, it can be concluded that trezining defined as problem-
solving, togethgr with uncertainty and the degree of uncerstanding of
the logical relationships_tbat.underlie the tasks performed, are ths basic
components of (1) the explanation of how formal training develops; and (2)
of the differences in the degree of focrmalization of training among
different skills. Tne same apuroach is followed in the analysis of
screening and signaiing; an issue trat must not be dodged since tre

content of formal training is economically relevant.

2.6 Pronlem-Solvinr, Serzening and Siggalingl

To state that formal training doss not add substantive capacities
is empirically una=ceptable, fer ev:in in ths less favsuradle case, formal
training familiarizes th2 trainse with concepts, infcrmation, manual
processes, etc., that resemcle tre tas.:s perforied on-the-job: handling
inforiation useful in the sol:tion of the probiems encountered in the
performance of productive tasks.

Formal training may or may not identify innate abilities, such
- as, say, attitudes toward risk, but it certainly provides_trainees witn
information (acjuaintance with rances of rroblems, interactions, feasible
so'utions, etc.), rioreover, fcrzal training can offer opporﬁunities for
problem-solving on a range of proolems, generally defined by a set of

variables, like, for instance, architecture and carpentry.

2 : : : . ) ,
The concept of scrzening and signaling are used as in John X.Arrow,

'higner Education as a Filter', Jcurnal of Public Economics 2 (July,1973)
and lMichael 8pence, 'Job iiarket Signaling', Quarterly Journal of Economics
€7 (August 1973): Scresning views formal training as a selection process,
wnereas signaling stresses the infor.ational value of formal training
regardless of what formal training actually does to trainees.




I have shown that formal training is likely to be developed for
those jobs with tasks which are well-specified since trade-offs among
the variables are functionally specified and fhefeby the typology of
problems to be learned can be tailored according to what is currently done
at the workplace. Examples are easy to find: carﬁentry, civili
engineering, car driving, etc.

Where tasks are no£ well specified, or uncertainty is high, say,
entrepreneurial activity, or research in new areas of physics, the content
of formal training cannot be similar to the actual work activities;
assignments in these fields are essentially irreprocucib’e.  lanpower
that performs these tasks can expect from formal training no more than
descriptive information, practice in how to generate (find) relevant
information, and practice in the general ati ity to state, and solve,
protlers irrespcctive of the t.pe of variables haﬁdled. I must also
add thut tis tends to be the case with new skills.

A conclusion to be drawn is that tre degree of specificity of a
gi§en skill limits the development of training syilabi specific to these
skills. However, training based on generic protlen-solving and 'in
getting familiar with descriptive information doe;lnot imply that formal
training werely identifies innate attributes.

That education does not widen the productive abilities of
individuals is a proposition that defies empiricai evidence. Can
anyone question-that learning arithretic, reading, and writing do not .

train for production? Is it not a problem-solving activity to learn them?
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Whether or not they are cbst—effective, for certain on all jobs, is a
different problem; and so it is the profieiency in the command of sﬁch
knowledge. A related iésue is the relative efficiency of formalk
training as compared with training on the job.

Disaggregated stu&ies comparing formal trainigg and jobs is what
is needed to estimate the relative wofth of alternative training processes,
and the signaling value of certificates and syllabi. Tt is unlikely
that tests of screening using aggregate data classified by educational
level, and unrelated to occupation analysis, will ever produce any fruitful
evidence. Schools and wérkplaces have to be investigated, together with
research of what constitutes innate abilities, acquired gbilities, and how
they interact. . For, are risk-attitudes innate, acquired or a combination
of both? Or is problem-solving an innate or acguired skill, or a mix of
boﬁh? Answvers fo these questions wouid surely improve the understanding
ofifhe economic value of formal training, and of the accuwrulation of
imowledge by individuals throughout their lives.

In other words, the degree of similarity between the contents of
jobs and formal training determines the signaliﬁg value of fraining
syliabi and_of training certificates in pa;ticuiar. Wﬁere the resemblance
is less apparent the signalling wvalue of training dindinishes; but, this
is, after all, a reflection of the prevailing uncertairnty and poor
information of certain tasks, and of new skills in particular.

New technology is msually poorly understood. Tne functional
relationships are not clear and choices, in this context, have to allow for
a margin of error between expected and realized outcomes. In short,
formal training vwhen defined as problem-solving is not compatible with

tre screening hypothesis, but it makes possiblé the identification of the



signaling value of formal training. Problem-solving is relevant in this
context as well as in the choices of training investments made by employees.
. Having given content to the concept of training, and after the analysis of
formal trainirg the issues fo be discussed next are the demand for, and

supply of, training: the why and how economic units invest in training.

2.7 Problemn Solving, Seauential Choices and lMobility

Job and training choices by employees are not different from
employers' hiring and training practices, in so far as they have to
ascertain the relative attractiveness of the options available. ~ Job
seekers, specially those who enter the labour force for the first tize,
are not likely tc know much about employments because knowledge is costly.
Eesides, many jobs are goorly specified and it is difficult to estirate
tleir content, and what are the most cost-efficient skills; This is
particulariylso for new skills, since emplcyers do not Inow m#ch atout
them, and job incuntents offer conflicting assessrments.

| Under uncertainty and imperfect inforzmation, the elTicient '
approach to discovering whica job offers the largest net total advantzze
is to follow a seju=nce of choices, to be flexible, conjecturing the
lowest cost of adapting to change and to better information; as the
latter is likely to ke accumulated in the course of the workirg activity,
at a rate influenced by t'e amount invested in searchring.

Yon-pecuniary consideraztions affect job choices and mobitity.
Individuals do not compare only earniigs differentials but the whole of
net differences. Moreover, they only leern gradually about different

jcbs and about what they prefer because inforwation is imperfect and
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and costly; and in addition, job offers and tasfeé, vary with time.

To the extent that job and training offers differ across firms
and over time, mobility is likely to be a feature of labour markets, since
employees enter the market with ignorance or low knowledge of the -
difference among the openings a&ailable, New technologies are bound to.
be specially-affected by labour mobility owing to employees ignorance
being compotinded by the inherent difficulty in finding out what'ékills
are demanded. The unreliébiiity of market indicatord is partly due to .
tre low homogeneity of process and input specifications that are used.
Smployees in these2 circunstances soon realise tre importance of tzchnical
and economic change, the 1imitations qf-their foresight, and the cost-
effectiveness of undertaking a seguence of job and treining choices.

A major under-researched problem is the relative attractiveness
of jobs that differ in the degree of uncertainty. . How far do attitudes
to uvncertainty iﬁfluence ;oﬁ and training choices ought to be discussed,
for tue empiricalievidence of-this researcn indicstes that this variatle

plays an importznt role.

2.8 Internal Markets and Training ldxes in Hew Sxills

Doeringer and Piore define the concept of interral labour rarlet as

"an adninistrative unit, such as a manufacturing plant
within which the pricing and a2llocation of labour.is governed
by a set of administrative rules and procedures.”

My exposition is in terms of '"internal mar.ets" for labour and

capital since both,labour and capital, interact in the decisicn-making

involved in resource allocation. Firms are always "internal markets®

Peter B.Dosringer and lichael J.Piore, Internal Labour Markets and
Manpower Analysis (Lexington, hass: D.C.Heath and Company 1971), pp.l-2.
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The employer decides on resource allocation, on the combination of lahour

and capital, after having considered labcur demrands and thne possibilities

offered by physical canital already n the firm. Thus, I extend the

"concept of internal labour market f£o the allocation of capital inputs
‘because the firms cannot allocate labour following a set of internal rules
and capitél_according to the market. Labour and capital are
technologically.interfelated and administrative constraints upon either

. of them amounts.to limiting the choices concernirg tke other input.
Foreover, information on labour and capital is neither verfect nor
costless, although it ﬁay often be cost-effzctive to invest in inforration
on internal resources rathef-than on external ones. This will depend on
the characteristics of the firm, which means institutional arrangeients,
input and output specifications, degree of uncertainty, emplcyess control
of the process of resource allocation etc.

"nternal markeits” are efficient in generating inforration atout
heterogeneous resources, and consequently, they can reduce transaction
costs (lower mobility) and the degree of uncertainty.l An example is

provided by training on—the—job; fer the monitoring of trainees pregress
can produce a signai of the employee's potential ability to learn and to
adapt to change. The monitoring of trainees advance is often found in
comzercial computing in Spain. During this researéh, evidence on tnis
practice was also found in other areas, for instance, in séveral banks

and manufacturing firms.
1

As Armen A.Alchian and Harold Demsetz remark: ®zfficient production with
heterogeneous resources is a result not of having tetter rescurces but in
knowing more accurately the relative productive performance of those
resources", 'Production, Information Costs, and Economic Organization',
Arerican Economic Review 62 (D.cember 1972): 793.
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New technologies are likely to lead to the developument of "internal
markets", as information is normally imperfect, and uncertainty very
important. Besides, resources and output deu:ands are seldom horogeneous
or standardized; production processes tend to be highly specific and,
_consequently a large prooortion of training is specific.

The technological specificity of training, in new tecﬁnologies
is, however, not necessarily equivalent to economic specifieity, for in
a different sense, such training is essentially general. Wrile many
concrete aspects learned are specific to the training firm and cannot be
transferred to another firm due to differences in prccess design, t-.ere
is a feature that makes it suitable for other firms: highly-specific,
non-formalized, training consists basically in problen~solving uncer
-irpzrfect information and uncertainty; and this is precisely the skill
deranded by firms involved in new tschlnology. The feaiures of tEe
protlems to be soived ars not tie difficult part, but getting a wg?king
design.

"Internal marxets" differ from one another, and so does tfaining
 on-the-job. Tne background of the candidates together with tkre
institutional characteristics of the firm will condition the skill:content
of jobs, training optiéns, and the training mixes chosen by people.
Inter-firm heterogeneity stimulétes mobilily among ttose who are not
satisfied with job content, training prespects, or any other face£ of tke
emplcyment currentiy held. - Eméloyees learn what training opportunities
are open in the current employment and elsewhere. In one firm, perhaps,

a broad and shallow range of training options may be offered, in another
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only a limited set of in-depth training ofiers are availéble.l

Thus, the argument is not about employment and ﬁraining choices
in response to price differentials which is what Becker's approach
amounts to. Nor is it about a market providing a variety of work-
learning opportunities, that is, a mafket for learning opportunitieS.2
My analysis points towards a " ob-competition™® model3 with_high
uncertainty and information costs: jobs offer wages, training, and
non-pecuniary advantages and disadvantages.

Training choices depend on multiple factors; earnings
differentials and direct training costs are ﬁerely two of the multiple
considerations likely tb influence trainirg choices. This is particularly
so among new skills where uncertainty is important; and there exists a
wide veriety of profiles among job incumbents. Career patterns diverge
considerably for tue sawe reasons. Risk attitudes, the psycrolagical
attractiveness of taskgiand of the work environmeat, are not easily
evaluated in this conte%t. "Internal mariets" help to redice uncertsinty,
but they also constrain choices and lead tc differences among firms
and among the training mix and career pattern chosen by employses.  Such
a situation will graduaily change in favour of a greater role of tre
external market as technical change and relative costslead to

standardization of processes, inputs, and outputs.

Tris distinction between beeadth and depth of training options is
based on Scoville, op.cit., crnapter 3.
S Sherwin Fosen, M"Learning ard Experience in the Labcur iarket®,
Journal of Human Resources 7 (Summer 1972): 326-342

3

Thurow, op. cit. p.3&9.
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The choice of a training mix is also influenced by the way
individuals appraise obsoclescence, an important factor in new skills.

When a new technology comes to the market,the design is someﬁhat

- provisional; before it consolidates many modifications are introduced .

L~

on the initial design. Thus, learning a new technique in its first
marketed) stage is not necessarily efficient. New technolog& is

learned solving the problems that emerge when trying to make it

operational, and there is no obvious reason for problem solving with

the newest design to be more cost-effective than with a refined version.
The market value of the ability to solve certain problems is bound to
depend on the "extent of the market" -~ an issue to be elaborated further
in Chapter 3.

In short, training in new technologies leads to a variety of
skill mixes that together with the heterogeneity of job incumbenfs and
the hich elasticity of substitution reduces the analytical value!pf
occupational classifications. In conseguence, a representative profile
of a job incumbent cannot be produced. However, something is learned

by analysing the econcmic and technical characteristics of job design.

2.9 Job Desiegn, Occupational Croups and Elasticity of Substituticn

The design of jobs, théir specificity, will partly depend on the
level of uncertainty and on the number of degrees of freedom o fhe
technology. Caeteris paribus,.the larger the number of degrees gf
freedom, or the higher the level of uncertainty, the less specific a
job will be, and tihereby the higher the elasticity of substitution among

jobs with these charscteristics, regardless of their belonging toc sectors



using differenﬁ technologies. - The intersectoral mobility of manager-
entrepreneurs is a case in point. = The speciélity in eccncmic terms does
not have to be defined by the economic secfor they work in, but by the_
characteristics of their activity (decision-making under uncertainty)
because an input is a set of perfect substitutes.

Low formalization of tasks results in a non-existence of
forﬁalized training, as well as of widely accepted standards of selection.
Though it is sometimes implied that standards of selection and prcfiles
of an occupation can be obtained from job analysis, this is not necessarily
so. Mark Blaug, et al, state:

", ..occupations must be defined in terms of the nature

of the job, without any reference to the characteristics

of the people who will or should take them up"l
in an effort to circumvent the limitations of occuvational classificationg
- based on the educatioral profiles of job incumbents, due to their being
the result of demand and supply considerations. vJ._b-ana:.ysis", together
with "jcb-specification®™ and "job-evaluation®, suffer from the same
wea¥ness: the design of jobs is not an invariant, but a decision variable
that is influenced by supply and demahd, particularly in new technologies.
Chapfer 3 provides an illustration uith commercial combuting.

First of all, there is no such thing as a technologically_given

relationship between a job and manpower, both are determined under the

_influence of technological and economic considerations: the actual design

of a job and the level of training are decision variables, and so is the

technology (physical cepital) that cenditions the tyoes of jobs that con

be designed.

L kark Blaug, laruice H.Peston and A¢rian Ziderman, The Utilization of
Ecucated Manpower in Industry. A Preliminary Report (Edinburgh: Oliver
and Boyd, 1967), p.43. :




In addition the concept of occupation is not very useful in new
tasks, because the poor specification of the ﬁan—machine interface in new
technologies, and the large degree of uncertainty, lead to a high
elasticity of substitution -~ empirical;y reflected in the wide variety
of profiles of job.incumbents. |

New technologies are bound fo employ people with a.vafieﬁy of
backgrounds, in so far as they leave to men those tasks with uncertainty
and larger number of degrees of freedom; for the'attributes that.are
demanded from manpower are the capacity to deal with uncertainty and
the ability to build ad—ﬁac“models —— that is what problem-solving on-the-
job consists of, when formal training has not preceded the performance
of a task.

Similarly with the relationship between occupations, job design,
and skill ‘requirements",  Loose technical specifications cannot be
expected to produce wellééefined joBs, nor occupational categories since,
individuals with very different backgrounds can qualify for the different
sets of tasks that can r;sult from the multiplicity of job designs that
lare feasible and likely @p be generated'as relative cests change over.time.
"Job-analysis" like "the"ﬁanﬁower reqaifements approach"  assure figed
coefficients, the former betwéen technclogy or fhe design of a job and
skills, the latter between occupations and edﬁcatiS;. Thé assumption
tecomes untenable as soon as it is realized that job designing is a-
decision variable. lMoreover, job design ané recruitment polidies are
likely to be influenced by the background and 5ro§p strategy of job

jincumbents.
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In brief, the anaiysis of the.design, the concept of occupation,
the difficulties in determining the relative efficiency of different
profiles of job incuwbenté,_and the ambiguities of the tecrnigue chosen
due to uncertainty and being .imperfectly understood, and their being viewed
by decision makers:as'variables leads to the dismissal of the concept of
'micro—production function in the analysis of training. The clarification
of these issues ﬁakes for é more efficient discussibn of-ménpower‘

shortages.

2.10 * ‘Decision-laking, Interdependent larginal Productivity and lanpower

Shortagzes

I discuss in this section the analytical and empirical difficulties
that surround the investigation of labour shortages, as the leading problem

of this research is the alleged manpower shortage in commercial compating

Economists do not coincide in the defizition of a manpouwer si:ortsge.

.= p 1 . " : ; i . g
Blank and Stigler™ define the "salary rise shortage" as a rise in the
salary of an occupation which is relztively larger than the rise in other
occupations, since demand at current prices is larger. than supply. The
3+ } n 4 - n 2 . o . "
Hynamic shortage" of Arrow and C:ipron™ is defined in terms of vacancies that
are not filled because the wage is too low to clear-the market. loreover,
intervention in the labour market can also prevent wazes from rising when

denm and is larger than supply at the current wage, that is Folk's "controlled

3

1
price shortage®.

1 David M.Blank Wzshington and George J.Stigler, The Demand and Supoly of
Scientific Personnel (Washington: RNational Bureau of Econcmic Research,
1954), Pe24e '

2

John K.Arrow and VWilliam M.Capron, "Dynamic Shortages and Irice Rises:
the Engineering-Scisntist Case, (uartsrly Journal of Zconomics 73 {(December 15t

3 Hugh Folk, The Shortape of Sc1entlsts and Zngineers (Lex1ncton, Iass:
D.C.Heath and Gonpany, 1970), p-3.




Differences aside, these concepts show two common features:
(1).manpower shortages of an occupation appear when the demand increases
more than the supplx‘(Z) wages are a central variable in the detzrmination
of the size of the shortage.

-Presuwnably, the underlying intérest in manpower shortages is based
~on the'belief thgt price rises and lagged adjustments are inefficient.1
However, there is no a priori reason for such a belief. First of all
~ there is no theorstical reason in favour of stable relative prices.
Furthermore, for a changing economy the contrary is true, since relative
scarcities change over time. How large a price differential must be,

. for a change of supply to take place, is an empirical question; even a
price inelastic supply is not necessarily inei’ficient.2 Neither economic
theory nor technology can tell what the output mix, or the structure of
relative grices, should be; they are determined by tue checices of econtmie
agents. As for lazs in the process of adjustzent the answar is also
likely to be ambizuous. h comparison of prices and gquantities demanded
and supplied can never provide all the relevant information.

kdjustments lags partly depend on the design of production processes, say,
the structure and duration of college degreess. That a redesign of

these processes is bound to alter the lags in markets that recruit college
graduates, seems predictable. However, from this'it cannot be inferred

that current lags are inefficient.

1 "The utilization problem was recognized as a r2sult of the rising
salaries and vacancies of tie 1950's ...The apparent contradictions of a
labour market in which emplcyers bid vigorously against each other with
governmant money for engineers, whiie governnment ajencies and universitias
were unable toc ccmpete in salary, were too obvicus to be brushed off as
part of "the normal working of a competitive labour market'.m™ Ibid. p.l5.
2

"The salary-rise shortagze was not a problem; rather it was a necessary
result of the adjustment process. The dynamic shortage reflected the
adjustment process, especiallythe controlled-price shortare for schools,
universities and government. The projected supply shorifall the
~arithmetic difference between projected resquirements and projected supply
never occurred, because firms adjusted the manpower limitations by
substituting other factors for engincers and scientists, and because
R. & D. plans were cut back." Ibid., p.17




So far I have shown; (1) the role played by choicés of technique
and job redesign; (2)  how production processes are neither fully
understood, and specified, nor are they invariants} (3) adjustments at
the micro-economic level are not confined to prices and quantitieﬁ;ahd
(4) most resources are hetsrogeneocus. loreover, priées even when théy cén'
be measured their meaning is ambiguous, since thej are one, among several
dimensions (degrees of freedom) +that can be manipulaﬁed by decision-
lnakcers. Despite what is often stated, prices cannot tell whether a
market is efficient, for price equality is a valid indicator only when
all other dimensions of a resource. Adam Smith's advantages and
disadvantages--are equalized; a situation that is noit freguently found
in labour markets, particularly in those of advanced technologies.
Taking prices as a proxy for the total net advantages may be
useful, and casual observation shows that firzs often do so. Hﬁether
this is a’wzys valid is an embirica® question, and,-?f course, a natisr
of cost~effectiveness. This approach cannot be accepted in labour
markets for new technolcgies since neterogeneity, and hence tune degrees of
freedom, are so high ihat the information value of (ag;regated) prices is
ambiguous.-  Thus, even in the best of cases the meaéuremen@ o (mécro—
economic) manpover shortages is difficult and of dubious value for policy
purposes. Tne empirical detsrmination of an occupétion is always an
arbitrary décision,1 and the actual specification of an occupation will
affect the interpfetation of the measured shortage through the impact
on the scope for substitution.
1 This is clearly shown by Folk, ovn.cit. Chapter 3. P.R.G.Layard, J.D.Sargan,
{.E.Ager and D.J.Jones, Qualified }annower and Econcmic Performance. An
Inter-Plant Study in the E'ectrical Engincerine Industry (London: Allen
Lane. The Penguin Press) pp. 101 and 105; J.D.lace and S.if,Taylor,
"The D:mand for Engineers in British Industry; Some Implications for

Fanpower Forecasting", British Journal of Industrial Relations, 13 (1975):
180




Sensitivity analysis caﬁ circumvent this weakness only to a point,
since the analysis of the cost-effectiveness of alterﬁative policies
gearéd to modify the shortage; or to let things as they are, will alsa
depend on the scope for.substitution. The dilemma is of difficult
solution since, caeteris paribﬁs, variahle-coefficient processesg tend
to resbond with shorter lags and produce a lower volure of output than
fixed ccefficients production functions. The estimatioﬁ of thé relative
worth of flexibility is beyond‘current'economics since the conjectured
value would depend on the uncgrtain future.

As an illustration it tan be stated that, ex ante, a dzsizn of a
production process that produces Xl.units of a given product and takes Tl
units of time to increase ocutput by x, is neither more, nor equal or leés,
efficient than a design of the same productioﬁ prtcess that produces X2
units ofrthe same product and takes T2 units of time to incrzase outout
by x units, (Xl> X, and T1>' TZ)' Tne two processes are difrsrent. 1In
wealth terms, suppliers and de:anders are not indifferent to the production
design ctosen;'the difficulty, however, is that the technolozy is chosen
under uncertainty and whichever way the choice goes, én opportunity cost
is faced: either‘a-lower level of ocutput or a larger adjustment lag.

Thus,.a manpower shortage canaot be reliably estimated or

-

forecast. Tnis follows from the way occupations are specified, dut, more

fundamentally, because of the ambizucus meaning of manpowsr shortapges. These
considerations are even more important for manpower in new technologies

since heterogeneity (degrees of freedom) is high,k,and uncertainty puts a
premium on flexibility; thus making price adjustment relatively less

important and occupational classifications less meaninzful.
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Conclusion

This chapter has developéd a discussion of training in new

technologies leading to four rain specifications:

(1)
(2)

(3).

(4)

training consists of problem solving

staffing and training decisions are components of choice of
technique

thé degree of uncertainty, and the number of degress of freedom,
of a set of problems are analytically relevant for training and
the types of training available - on the job and off the job (formal
training)

the efficient production dichotomy is not between movements along,
and shifts of, the production function but between flexibility to
face uncertainty and standardization to maximise physical output
for a well-defined set of constraints. The concept of micro-
production functiox is logically inccosistent with choice of
technique and training under uncertainty.

New skills have many degrees of freedom and are highly influenced
by uncertainty. 'Wages are but one policy variable, Thereby
wages or anj'other'dimension alone cannot provide an unambiguous
measure of training issues; several not just one parameter are

needed in empirical studies of trainingz. A "jot-corpetition®

' model under uncertainty is more appropriate than a "wage-compstition®

‘model of training.

With this analytical apparatus the emergence of formal training,

screening, signaling, job design, occupational and training choices and

ranpower shortages have been analysed. 1In the analysis of the training



market in commercial computing in Chapter 3, I show that training chaices
and the cemand for specialists cannot be discussed without first

studying what determines the adoption of technology,that is, the choices

of technique.

-3
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Chapter 3

TRAINING TN COLI'ERCIAL COMPUTING

3.1 Introduction

This chepter analyses training in commercial computing using the
theoretical framework developed in Chapter 2. .The sources are both
bibliographical and empirical. The laﬁfer:evidence is from Spanish
commercial computing and it was obtained in the interviews referred to in
Chapter 1.1

I concentrate the analysis on those skills that are considered
most sophisticated, such as systems analysis and software progremming.
Computer programming is analysed in greater detzil because it provides a
good exsmple of the historical evolution of a set of newlskills with a
high problem-solving content that has gradually become standardized. I
do not study tasks such as key-punching, as fpey are fa;rly.routine—type
tasks, the training scope seems much more&reduced than that of the
skills to be analyzed in this reseazrch and, it appeared to me, a priori,
that the latter group present problems more ékin to those studied by
researchers on conventional manual skills.

Trsining issues are reised after a suhmarize@ description of
computer technology. Such an introducticn is instirumental in showing
the cheracteristics, and flexibility, of the processés thet constitute -

comnmercial computing, as they reveal the scope for trazining choices and,

Formal training and manpower shortzges in commercial comruting are dezlt
with in Chapter 4, because of the singularities of the Spanish evicdence in
these areas. As for the other issues, what has been observed in Spain
coincides with evidence from the UK and other countries. = The main sources
of information have been: A.B.Frielink, ed., International Symposium on
Economics of Informatics. Froceedings, (Rome: Intergoveramentzl Bureau for
Tnformatics/IBI-ICC, 1974); Comnunicctions of the ACM (monthly), Datamation,
Financial Times. ' %5
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more fundamentally, the influence of choice of technique on the supply

and demand for training.

3.2 Flectronic Computers

An electronic computer or, more accurately, a computer éystem
is a collection of interacting devices that éan:process (classify,
compute, etc.,) at great speed any kind of information, provided that
such information is fed into it in mathematical form. The ability to
iterate repeatedly the same short description of a basic mathematical
process is what makes it so prerful.l It is universal because the
information to be processed does not have to be of numerical nature
and only what cannot be done following a mathematical model,_has to be
performed by human skill, with or without the aid of conventional

) 2
machines.

1 Vhat distinguishes a computer from conventional calculating

machines is the logic of the design materialized in an arithmetic

unit, a menory, a control and input-output device. Electronic-

devices are only instrunmental insofar as their capabilities make
possible designs that were either unattainable with other technologies,
electromechanical or magnetic, or that were not cost-effective.

Neither the supporting technology nor the logic designs are fully
understood; many alternative developrments coexist in both areas. A
very concise exposition of these alternative approaches is found in
John von Neumann, The Computer and the Brain (New Haven: Yale University
Press, 1958). . An account of the early stages of this evolution and the
prevailing uncertainty as to the outcomes of the research efforts is
offered by Herman H.Goldstine, Tne Comouter from Pascal to Von Neumann
(Princeton: Princeton University Press, 1972). A survey on current
research and problems in computing and related fields can be found in
Communications of the ACN 15, (July 1972).

2 Conventional devices, sucn as Hollerith's tabulator, were also
logical designs that solved (fully specified) problems. The main
differences with the (von Neumann) computer are the control and memory
units which give greater flexibility and generality to their processing
capabilities. :
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Speed of computation was demanded in the 1945'3 in orde? to
perform complex and lengthy calculations.l' Electronic technology was
seen as potentially more promising than electromechaﬁical devices since
the latter are less suited for processes that require great speeds.

The speed at which the information iéiprdcessédg once in the
computer, is not the only decisive variable in commercial computing.
Account must be taken also of the nature of the informationlprocessed~—it is

bulky and easy to compute --and more generally, of the objectives that
have to be attained by computerized information systems. And to the
flexibility and multi-dimensional character of commefcial computing

I devote the next section.

3.3 Uncertainty, Degrees of Freedom and Variable Proporticns

A computerized data précessing system . can be considered as a
collection of resources (procegéing units, transducers, storages, systems
programmes and manpower) that tgnd to be highly nonlinear and interactive.
Users make multiple, and often_poorly specified or incompatible, demands
for these resources. A uéer's demand can be processed using a variesty
of combinations of dated resourées. Moreover, due to.nonlinearities
and interactions, the production function for informat;on processing is
not simply a relationship between dated inpﬁts, manpbwer,'proceSSing
units, ete. and output. - It élso includes the job stream and ths

cbjectives of the system (reliability, response time, ete.).

1 Scientific and engineering computation basically requires fast
processing because the calculations demanded are either very lengthy

or the results are used to control operations in "real time" - automatic
tfeed-back? systems. It is because of this precise performance

requirement that early designs were developed to meet the speed
specification.
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The system confipuration. or system rescurces (all devices and

software parameters) is not a datum it can be modified at a cost.

Besideg, its perfofmance depends c¢n the characteristics.of the job

stream_(leﬁgth, complexity, frequency, etc.) and the constraining

effect of the targets of the system (level of reliability, response _

time, etc.). In short, data processing has a''variable-coefficient

productioh function.l

1

; "
6.
7.

10.

1.

12.

Sam

of Economics of Informaties, pp. 210 and 217.

There are:

. The computer speéialist is faced with a

Myuelve dimensions for measuring the effectiveness of a
computer system, individual scales of measurement have yet to be
established ... in current practice, a designer uses his
experience and judgement to apply qualitatively the systems

objectives™.

systems objectives are:

EFFICIENCY

TIMELINZSS

SECURITY
ACCURACY

CO-PATIBILITY
THPLEMENTABILITY
MAINTAINABILITY

FLEXIBILITY
ROBUSTNESS
PORTABILITY
ACCEPTABILITY
ECONOMY

computer resources, being expensive, should be
used wisely (e.g.: reduce sorting, seeking and
sizes of files and programmes) L

Response/turnaround times must be met under
normal, peak and recovery conditions.

Kardware/software breakdowns must be recoverable.

The (input/output) system must work to an
acceptable level.

The system must fit the total, integrated system.

The system must be built from available resources.

Subsequently, the system must be modified from
continuing resources (e.g.: maintenance programmers
may not be as sxilled as implementation progranters).

Systems algebra is dynamic.

Systems arithmetic is dynaﬂic.
Systems harduare/software_is dyhamic.
Design standards should be observed.

The system should be cost-effective or cost
beneficial when compared against its alternatives.™

J.Waters, 'Efficient Computer Systems Design'!, International Symposium
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fesource allocation problem that must be programmed - a mathematical
solution for the workloéd or job stream to ﬁe processed.

The problem is one of choice of .bechnique: of combining
imperfectly understood tools and the ways they interact, to meet an
incompletely specified demand that changes over timé._ In other words,
the computer-specialist has to produce a solution, knowing that there
are many trade-coffs, and some of them are specific to the devices used,
gthers are difficult to measure, or even to understand.l The
individual réalizes that there are no single, unambiguous specifications,
énd that choices have to be made and consequently problem solving, that is,
training wvaries from.installation to installation.

" Commercial applications (payroll, stock control, etc.) have
traditionally been developed by trial and error. Ad hoc changes are
usnally introduced over time., . Acquisition of information is the answer
~ to imperfect knowledge. The heuristic approach in the choice of
technique and the design of computerized processes is the consequence of

ignorance as to the generating of information and the poor specifi- .

1 "The very wide class of problems executable by a computer system, the
mixed-speed resource structure of systems, and the differences in
resource use by different jobs require that any performance measures
include a specification of the workload. This is a most delicate
process. One reason is that we have no theory of performance
evaluation that permits us to deduce system performance on one workload
from known performance on another ... there is really no such thing
as a simple "general! evaluation of a structure as complex as a
computer system; each performance study must first decide on its
goals and then specifically reflect these in the choice of workload
and performance measures.®

Eerbert Hellerman and Thomas F.Conroy, Computer System Performance (New

York: lcGraw-Hill Book Company, 1975), p.12. The conclusion to be drawn

is not that users cannot obtain performance estimates but, rather that the

participant resources can be combined in different ways, that their actual
performance depends on the design of the systems and on the job(s)

 processed, and flnally, that their performance can only be roughly
approximated.
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fication of the information demanded.1 The latter partly derives from
the impérfect understanding of current phenomena and from
the limited capacity to take into consideration change and unceftéinty
that is generated. It also exemplifies the choice of flexible and
" locsely specified arrangements -- for both physical, and human, cépital,.
. and therefore for training -- in an effort to adopt defensive me;sures'
against trose major and continuous decisions which offer a considerable
" degree of uncertainty. .

" Fast computation can be cost effective but it requires logically
thought out designs (mathematical models) of the information to be N
processed —— this amounts to saying that machines are substitutes for
labour (mostly clerical) and complementary with highly skilled labour
(model builders). In general terms, mechanization only replaces labour
performing well specified tasks; for the new tasks that emerge, aé they
are not usually fully understood, human szills are devoted to parfo;m
them. This is not, of course, the same as saying that all well defined
tasks are mechanized. This stronger statement is not likely to be true
for the simple reason that automation, or even partial mechanization, is

“introduced only if it is more efficient than current methods.

1 "hue to the broad, diffuse, and ill-defined spectrum of user
requirements, most existing manufacturer-offered operating systems are
built on the concept of functional, that is horizontal, modulatity.
[1BM] 0s/360 is a good example of this comstruction. [ IBH ]0S/360
was originally, and to a large extent still is, designed as a kit of
tools, technigues and functions from which one may select, assemble
and construct a system to meet a hopefully well-defined requirement
'of the end user. In such a system we have many ways of doing the
same thing and many different pieces of hardware for accomplisihing
the same function. The end user is to select a set of hardware and
sofiware modules and assemble them together to provide an optimized
system to meet his requirements.™

W.G.Lynch, 'Operating System Performance', Communications of the ACM. 15,

(July 1972): 582,




49 -

New tasks and training arise in information production frém changes
in technology which are due to: (1) the piecemeal apprdach to technical
improvements; (2) to innovations in other sectorsf and (3) to the.feéd—back
from users of improved equipment. In other words, advances in the
mechanization of information processing have often taken piace whéﬂ
research imprbvement has been directed at éOlving specific performance
specifications. In addition, improvements in.one requiremént have
frequently resulted in new demands for information which, in turn, have
influenced the direction of the research effort. This is so, partly
becalise computerized processing combines equiﬁmént based on essentially
different technologies. Electromechanical and magnetic technologies
were, and still remain, important in this field though their relative
importance has fluctuated over time.l .Besides, these technologies have
differsnt degrees of engineering understandiég, electronics being the
less well known and mechanics the one whose ﬁapabilities énd actual
performance in industrial deviess are best understood. Finally, these
technologies are used in other sectors of tﬁe economy and, in consequence,
technical change in computing has often originated elsewhere in thel
economy, This explains why the evolution of commercial computing has

been continuous, but unpredictable in its rate and in its

1 An historical account of the interactions and uncertainty between
different tachnologies, innovations and trends in rzlative cost and demand
is provided by laurice V.Wilkes, 'Historical perspectives - Computer
Architecture', Fall Joint Computer Conference 1972, Proceedings.
Spartan Books, 1972. In the same volume:J.H.Pcmerene 'historical
Perspectives on Computers - Components', 977-983, Albert S.Hcagland, -
'Mass Storage - Prst, Present and Future', 9£5-991, Walter F.Bauer and
Arthur M.Rosenberg 'Software - Historical Perspectives and Current
Trends', 993-1107.

Washington NDC.
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directions.

variable proportions and unéertainty of technical change affect
choices of technigue and the ﬁroblems to be solved. These interactiong™
have a bearing on opportunity costs and trade-offs in vays that deserve

separate discussion:

3.4 Flexdbility, Invariants and Problem-Solving

The computer épecialist has to prbduce a cost-effective model
for the processing of demands for informaticn; Sﬁch as payroll, sales
ledger, etc;--‘In very general terms the assignment amounts to
standardizing processes, or parts thereof — reducing them to invariants --
in order to take advantage of the high processing speed offered by
corputer systems. The cost reduction from a mechanized procéssing of
a previously normalized information must be set against two facfors:
firms do ndi live in a world of perfect certeinty and infermaticn demands
tend to change. In such an environment built-in flexibility in the
process of'generation of information is also economically efficient since
it is likely to lower redesign costs.2

TheﬂjoE content oflthe computer specialist can Ee broken down

into several tasks. The classification I have chosen is neither the-

only possible, nor imposed by technoldgy. Nohetheléss, it will be shown

that it is economically meaningful, because it highlights the existence of

1 Semi-conductors are a good example of how much developments in otker
fields influence the evolution of commercial computing. The papers cited
in footnote 1 on page 49 put semiconductors in perspective within
commercial computing! they were in the market before electronic
computing and their evolution cannot be explained by what has happened

in commercial computing alone. The origins are well-documented in
W.R.MacLaurin, Invention and Innovation in the Radio Industry (New York:
The Macmillan Company, 1949) The more recent past is dealt with in John
E.Tilton, Internaticnal Diffusicn of Technology (Washington, D.C.: The
Brookings Institution, 1971).

2 Hart, 6p.cit. p.55
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subprocesses with different opportunity costs when standardizaticn is
considered.l ' J

Commercial computing can be divided into three groups on the
b351s of the types of variables ——technlcal knowledge — that define

the tasks perfcrmed. " One group,gystems analysisg, encompasses the model

building activiﬁy: matching the demands from the users of the
information uith the consfréining implications of an unambiguous and
1ogica11y consistenﬁ desigﬁ, Another group, programming, contzins the
problems arising ffom the tranélatiqn of the model into a stepwise
process tﬁat the computer system will perform; the translation must be
done making a cost effective use of the resources Af the computer
system. Fiﬁally, operations refer to the problems that emerge from
the actgal processing of the information by the computer. Obviously,
the three seté can be enhanced by a single individuwal, as they are

' sequéntial and essentially all refer to logical procssses. The
-sequence is, in practice, further broken down into several subsystems,
eaéh one composed of one or more tasks, leading to a more efficient use

of each specialist's know-how, that is, an efficient use of the

1 Another classification gaining many adherents inserts between systenms
analysis and programming, anotker set of skills often called systems design
consisting of task specifications of the subprocesses that constitute the
. borderline, broadly defined, between systems analysis and programming,

as defined in thris chapter: A
' "The computer systems design problem that is considered in
this book can now be formally stated as follows:

GIVEN a definition of information processing requlrements and a
definition of rescurces,
DESIGN a computer system of files and programmes,
SATISFYING tne required objectives of the system."
Sam J. Water,s Intrcduction to Computer Systems Design. Planning Files
& Prcgrammes (Manchester: NCU Publications, 1974) pp.22.
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specialist's ability to solve a set of problems in which a given group-
of variables is predominant.
” Thus the computer specialist, first of all, has to analyze the
demands for information in rélation to the resources available.
Logically consistent objectives and specifications will be defined.
Once it is known; the data dictionary, input and output méssages, the
data basé and the processes involved, a second set of tasks leads to
a detailed computer systems specification: processes are partiticned,
.files and programmes designed,and interfaces established. A third
set of tasks corresponds to the programming of the systems specifi-
cations, that is, translating all the computational and logical, or
decision, rules into a language understood by the computer system.

~The next step will be the implementation of the designed
process. A trial and error method is followed until a cost-effective
éolution is produced. It must be kept in mind that the procégs of
designing a mechanized information system is tased on a trial ;nd
error approach, since nothing is perfectly understood, and many trzde-
offs are feasible at any point in the process. Moreover, feed-backs
are important in designing efficiently, since a systess specificaticn
can only graduallj be made more and more cost-effective. In other
words, the process of designing an information system consists of a
gradual reduction of deérees of freedom --loss of flexibility‘—— of
the information prccessed, and a consequent definition of temporary
fixed coefficient subprocesses. |

Apart from substitutions due to changes in the relative prices
_ of the resources used, maintenance tasks take place due to failures in

the system that cannot be predicted in adgance. Other sources of.
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post~implementation problem-solving are: changes in the-specification of
the information demanded by users, and the processing of new
information, for they alter the.performance of the sysﬁém'due to the
interactions and nonlinearities that cannot be_takén into account when
information systems are designed as they are not fully uhderstood by

the computer specialist.

The tasks performed by the computer specialist have beén :
classified following a sequence of decisions. that progressively
diminish the amount of flexibility of the information system.
Maintenance tasks are, however, a combination of the tésks already cited
and in fact, the process cannot be efficiently designed unless each
step interacts with the previous ones, and changes in the intervening
segments are brought about whenever it is discovered that a more
cost~effective combination is feasible.

Two major consideratiops émerge: (a) thre division.of tke
resource-allocation problem involv%d in designing a computerized
information system into a set of tasks can be illustrative but it is
technically arbitrary, since the outcome of each task depends on all
others: in mathematical language;ta system of ecuations must be solved
simultaneously, if the solution is to be optimal for the given set of
constraints ; (b) the existence of trzde-offs and the imperfect
understanding of the technical chéracteristics, and possibilities, as
‘well as the fact that the demand is usually inadequately specified
precludes the option of defining a set of simultaneous equations and
an heuristic approach must be followed. The resource allocation

problem is divided into several subproblems that are solved separately,
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and only to some extent sequentially.

The partition of the proglem into sub-units tends to be
economically efficient because the number of degrees of freedom of
each sub-problem is smaller. As these sub-gystems are solved the
system becomes more and ﬁore constrained and eventually a provisional
solution is fouﬁd. The specification achieved is likely to be
inefficient and usually it pays fo revise some parameters, following
a basically "ad hoc! iterative process, until a cost-effective design
is reached.

To the extent that theré is no theory of information
processing, thre division_of the fesource allocation problem must be
based on whatever knowledge has been accumulated by the specialist.
Hence, if specialists have different know-how, work with different
constraints (resources and demands), or both, training opportunities are
likely to'éiffer and there is no reason to infer that all sgecialists
will be onithe samne "production funcfion". In fact, it is unlikely that
they will 1@ on the same production function since this assumes, amongst
other things, that all specialists are endowed with the same know-how:
an empiricél question that is.firét approached by studying the impact
of the flexibilityiupon choice of téchnique,-job design and training

options. | : : .

3.5 Choice of Technigue, Jcb Design and the Opportunities for Training

I start the exposition with an analysis of the evolution of
programming skills and show how a loosely specified set of skills

partly or fully performed by the so-called programmers, gradually



evolved into several sets of skills, such as systems analysis, systems
design, software programming and data-base management. A discussion

of the design of hardware and software will follow, showing how technical
change, and training opportunities, can neither be fully specified once
and for all,inor do they depend on mere technical considerations.

Market trends.within and outisde commercial computing influence the .
direction and speed éf changes.

'The_design of a computer with a stored programme in the 194C's
resulted in the demand for a new skill -- giving mathematical
formulation, and soiution, to the processed data, numerical or
otherwise. .In other words, computer programming emerged and those
who performed the task were called progrémmers. Initially, programming
was machiﬁe orientated and machine specific, that is, the crucial thing
was to make the computer process the application satisfactorily and- the
'{ instructions were written in a code that was directly obeyed without
any translation by the computer. It was a hignly labour intensive
task, very .simple though not easy and certainly time consuming as it
had to be expressed in great detail.

Programmers séon realised that certain segments of a programme
were Qsed repeatedly ana hence it was convenient to have them as
separate units (subroﬁtines),thus avoiding reprogramming the same
sequehce.of instructions. It was also noticed that programmes were
difficuit to test and modify, as they were long and ideosyncratic.

A1l these considerations led to the gradual development of mathematical
languages that simplified programming. This was achieved by combining

mathematical languages, e.g. Fortran, Cobol, (mnemonic instruction codes)
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with an assembly programme that translated the mnemonic codes into
numerical instruction codes. The former was easier to handle by the
programmer, thanks to its similarity with everyday languages and it
abridged programming by the use of fairly complex statemenés —- each
one containing several instructions at the machine language level,

The latter simplifying.the programmer's task bu£ reduced the degree of
human control aﬁd, hence, his potential learning of the actual workings
of the computer was also reduced.

Computerized information processing was introduced beczuse it
processed information at such speed that it was more efficient than the
method superseded, even though its technology was not fully understood,
it was obvious that there was room for improvemenf and therefore for
problem solving. This explains why those new tasks which were to be
performed in conjunction with the technical improvement provided

"unavoidable® training options. The programmer, in the esrly days,

could, but did not necessarily, learn a lot from work (M"learning by

doing™) because the task to be performed (programming) was to be

executed_using a machine code language, a very generic tool.l
Whether or ﬁdt the programmer did develop programming aids

(subroutines) was left to his ingenuity and dedication. It involved

a resource allocation decision: shifting his effort  from current, ad

hoc, programming to investing in the development and testing of

1 A tool can be simultaneously generic and specific from a technical
point of view. This depends on the design of the interface with other
devices. A machine code language is highly generic from the standpoint
of the programmer and it is highly specific in relation to the computer.
The opposite holds true for symbolic languages (Cobol, Fortran, etc.).
Assembler languages are in an intermediate position. In general the
first few designs of a new technical device are usually highly specific
in their interface with other devices because their specifications

tend to be strongly dependent on the particular technology that supports
them. '
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subroutines that would simplify future programming.

The realization that programming could be standardized and
made relatively simpler, gained adherents with the continuous increase
in the speed of central processors. Substitution of higher level
1anguages for machine code languages was efficient as programming
in machine code was highly labour intensive and proceésihg was be-

- coming cheaper.

Hizher level languages are less versatile -- they have more-
constraints -- and its statements are sets of predetermined instruc-
tions that are invariants to the programmer. Voreover, to the
extent to which such languages are not machine specifie, programmers
have less scope for learning by doing for they learn to programme in
Cobol, for instance, a language which can be fed into most computers,
whereas with machine code languages one learned to programme a given
machine, and programming another one meant learning aspecfé-of
programuing that were machine specific and hence the change of machire
implied some new learning.

Programming skills became more specific as the range of
variables, and combinations thereof, was reduced by higher:ievel
languages. A.process that coincided with a tendency to divide into
systems analysis and programming the development of “the model that
would transform user's information into an input that couid be fed
into the computer. - The former concentrates in the specif;cation of
a logically consistent model from information and output demands trat
are rarely systematic and consistent. The latter, programming
narrowly defined,works on problems with fewer degrees of freedom and

a lower degree of uncertainty.



The all-embracing tagks of early programmérs was further
reduced by the progressive complexity of computer installations.

The central processor ceased to be the main consﬁraint; a set of
devices, peripherals, were being added to it and the  poor understan-
ding of the interactions among these deviéés led tb the development
of a new set of skills, software programming, dealing with the
programming of the integrated functioning of all the devices -~ the
computer system. |

In the early days designing programmes that could be
processed was the main constraint. Those who "uﬁderstood" the
computer were the key specialists. Programming, mathematical model
building, was a very relevent skill. As computer systems and '
symbolic programming languages simplified (standardized) the
translation of the mathematical model of the information-input into
a set of instructions that ;éuld be fed into the computer, the actual
translation became less and less demanding in terms of problem solving.
Nowadays programming is easier. It requires less training since
the scope for problem solving is narrcwer.

Systems analysis, software programming and data-base
managerent are now some of the most demanding skills in terms of protlem
solving as they have to deal with a 1argé number of variables whose
inter-relations are hardly formalized.. Moreover, programming tasks,
as they are currently performed, involve very little uncertainty,
since they consist of solving well-defined problems under given

unambiguous constraints. This is not the case of systems analysts
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and software programmérs; their decisions have consequences that
sometimes are not known until the process has been performed, or
changes in the uger's demands affect the relative cost-effectiveness

of the solutions chosen.

This changing scene is likely.to bé_better understood if
computer manufacturing is dealt wiph. The design of computefélleéds
to the accumulation of kﬁowledge that is_ﬁot uﬁavoidable. Designers
start off with a know-how which is applied to solve a problem, say,
to cdmpufé éomplex calculations faster than conventional methods.

The initial know-how cannot take designers beyond the definition of

a plausible design and develqpment aﬁd ﬁesting outline. Generally,
thé projéct is based on an imperfect understanding of the technology
'inyolved, and hence éngineering specifications and reliability
standards-demand frequent choices as to what, and how, specific
coéponents, or processes, should be tested. Knowledge gained from
each one of these research assigﬁments is likely to increase over time,
_ bﬁt a cost is incurred. The inputs used in one assignment could be
used in advancing knowlédge in other parts of the project.

_Ghoices és to-what devices should be improved are made
 under-uncertainty, as it is not always obvious which development is-
likeiy £o be mofe preductive.  Moreover, othe£ industries alsé offer
more cost-effective technologies. Transistors are a good example,

The substitution of transistors for vacuum tubes did not take placé
when técﬂnology was "fully mastered" but when it was realised that its .

average performance and reliability was superior to vacuum tube
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technology. It pays to use a "half-baked" technology whenever it is
more efficient than the one currently in use. Furthermore, it pays

to inyest in improving the engineering design only when it is eétimated
that the resulting inerease in efficiency from the improvement will
outweigh the cost involved in discovering (learning) it. This process
_will continue until it is realised that further investment in

' improvements are not profitable.

The conclusions to be drawn from the analysis of the
evolution of programming are that (1) job designs, skills demanded
and occupational label are not invariants in commercial computing —-
they depend on the choice of technique under uncertainty. A job
specification in 1965, say, a programming job, is essentially
different from a_programming job as defined in 1975 apart from any
consideration of interfirm differences, (2) problem solving, degréeé
of freédom and uncertainty are analytically efficient in the
explanation of the evolution of training in commercial computing,
and (3) the flexibility and evolution of job design partly depend on
the interaction among demand and supply in commercial computing and
the evolﬁtion of industries that use tschnologies relevant in
commercial computing.

Having shown the fundamenfal influence of choice of technique
on_ the scope for training in cormercial computing and the evolution'of
skills and job design over time, ﬁ specific reference to the computer
specialist market is made, since training options depend on access to

jobs.
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3.6 Division of Labour, Access to Jobs and Demand for Training

Assuming that computer specialists maximize pecuniary, and
wnonpecuniary; returns from their working activities, it cén be statsd
that, caeter s paribus, a computer specialist will take an employment
that offers the widest scope for skill-acquisition, or training for
short. This follows from the differential that will be offered by
employers who demand such skill,
It is also assumed that: (1) workers are free to choose
employment;and (2) workers know that employers differ in the amount
of training they offer. The first assumption does not require further
elaboration. The second can be substantiated by just saying that a
computerized processing of information varies, at least, from industry
to industry since the variables and parameters differ significantly..
For instance, a commercial airline has an applicaticn, the ticket
feservation system, with variables and param=ters that are nog-
encountared in, say, the information system of a chocolats manufacturer,
and that is why one type of training can only be applisd to another
environment at a cost.
| Moving into the supply side of training, it can be stgied that
the division of labour in commercial computing owes its existence to
efficiencies resulting from.complementarities between different types
of labour and physical capital, and to the substitution of e%pensive
~inputs (labour specialized in solving problems) by cheaper inputs (phys-
ical capital and labour with relatively low problem-solving skill).

Both processes are specially important when output is poorly spscified
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and the stendabdization of the production process is low ~- $his is-the
case of commercial computing. * Generally speaking, labour is
particularly efficient in problem solvieg, and physical capital
performs better in repetitive or energy-consuming processes.

Because technical change has never stopped in commercial
computing and tﬁis has meant that the mix of problems to be solved has
been changing over time., The evolution has been more manifest in the
"specialist-computer" interface than in the "user-specialist" interface.-
This precess can be presented in terms of an initial lack of performance
standards and a continuous revision of emerging ones, thereby preventing
the consolidation of job specifications; and eonsequently job incumbents
show very heterogeneous skills and qualifications. Foreover, employers
are not frequently inclined to impose specifie requirements, other than
the evidence of p%oblem—solving ability; or, to new entrants, a display
of a capacity to d;evelop such skills.,

Besides, commercial computing is a growing sector and there are
always new job openings that some firms fill with relatively well
qualified (M"experienced") specialiets, while others select less qualified,
or unqualified, or‘i-es. The 1atterlinvolv-es a lower retribution at the
beginning and facilitates the adjustment of the newcomer to the
practices of the installation he joins. : -

It must elso be stressed that many managers are very concerned
about the interdependent marginal productivities of employees resulting
from the nonsxistence of well-defined standards in the interactions

between the different tasks that are performesd by computer specialists.
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This goes a long way in e;plaining why scme managers only recruit
people that have never worked in computing —- as a manager said: new
entrants have no "ices', meaning those practices not consistent with

-the way the installation functions, and hence no cost in eradicating them

is incurred.

As a-result, job categories, recruitment, redeployment and

career patterns vary across firms according to the charactéristics of

the“internal market! Information on over one hundred Spanish computer
installations belonging to different economic sectors, and regions, show
that unless the firm‘s"internal market’ restricts the scope for labour
mobility and imposes barriers of entry, say, college degree for certain
jobs, the opportunities for investment in skill-acquisition are many.
For instance, entrants with only secondary educgtion can expect to have
access to any type of skill-acquisition. New entrants discover that
_problem—solving ability is the only reguirement imposed b& many employers.
Kany firms offer opportunities for junior staff to move to ather jobs
with different content, partly because, as shown in section three, there
is a great deal of interaction betuegn tasks in computing.

Foving to the deméﬂd side, interviews, with computer specialists
with different bacigrounds and experience (in number of years and content
of their jobs and career patterns) in commercial computing, showed that
computer specialists are extremely sensitive to options for skill-
acquisition and the opportunity costs, monetary and non—monetarj,

- involved. A major incentive is technical change and the concomitant
;obsolescénce of the know-how acquired. New technique s mean new

problems and there is no place to learn them, but on the job. This
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should not be surprising if it is considered that computer prbfessidnals,
in general, tend to be risk takers. They have chosen an occupation that
is not well-known even by their practitioners and certainly there is
considerable uncertainty as to their future. Consequently,.these_
ihdividuals are likely to pay a lot of attention to chénges in -

. opportunities for training.l

Thus, it is not unusual for a specialist to aeccept relatively
lover wages in return for the option to work in an installaticn that .
uses new equipment. Cther specialists invest in knowledge about the
firm, or industry, through analysis and design of apéi;éations (sales,
stock controlling, ete.) partly for nonpecuniary reasons - such as
the preference for 'on-machine-orientated tasks"™, and partly because
they trade specialization in information processihg, like systems
software, for analysis of unser's demands which are.more substituﬁable
for other :nowledge, whicn is the samz as saying thaﬁ-the opzortunity
cost of transferring to another occupation is lower.., Flexibility has,
therefore, an economic value for computer specialistg, since the
content of specialization conditions the degree of flexibility (the
opportunity cost of facing the uncertain future).

In.addition, people interviewed were specially aware of how
1ittle they knew about computing when they first eﬁ%ered the field; how
their career plans underwent modifications as they ;ere accumulating
information about fhe content of the jobs and about how well the tasks

performed coinciddd with their monetary and nonmonetary demands.

1 Computer specialists' concern for technical change was very acute
for many years. This is well summarized by the computer specialists'
slogan Mif it works it's obsolescent®. Andrew M.Pettigrew, The
Politics of Organizational Decision-Making (London: Tavistock, 1973),
p.77. .
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More specifically, it must be stressed that tastes -- their non-
pecuniary demands —— and the self—assessment of the abilities
possessed change over time. And this, certainly, influences job and
training choices and in particular the behaviou: of peopie'who leave
computing and take jobs outside the field or vice versa.  This is
especially important for individﬁals whose first job ever is in
womputing, and regardless of their level of schooling.

These consideratiiuns may not be very relevant in a well-
established occupation, the medical profession for instance, since
new entrants can be far better infofméd, entry ports are few, and
there are formal training certifications limiting the access to the
profession. Computing jobs in Spain are not under such limiting
influences; flexibility is enormous, and therefore to-assume that
there are such things as well-designaed career patterns in commercial
computing is unwarranted, -

In short, computer professipns in Spain use skill-acquisition
as a decision variable due to mone£ary and nohﬁonetnry considerations.
Training opportunities and career patterns are varied and_accesé to them
open to all market wide, thngh not neceséarily tfue for each firm since
some' internal markets”limit intrafirm mofility in establiéhing barriers
.of entry for certain jobs. In other words, skill éiquisition is a |

decision variable, a condition that is partly due to inter-firm

differences in the breadth and depth of the training options.
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3.7 The Breadth and Depth of the Skill Mix

In what follows I retain the division of computing skills.into
systems analysis, programming and operatioﬁs. The options for the
acquisition of productive skills can be aggregated intec three groups, -
depending roughly, on who offers tﬁé@:' computer manufacturers, service
bureaus and users. The distinction is econcmically meéningful because
of the differences in (1) breadth and depth of the training they of fer,
and (2) turnover.

Generally speaking, manufacturers are those who offer more
training geared to the technological aspects; service bureaux offer a
broad scope of options for systems gnalysisland programming and, finally,
users supply the widest range of options to learn about the actual working
of user departments (sales, personnel, etc.). This specialization,
however, ié not alwaYS clearly defined. For instance, a large computer
user may offer opporf;nities on the "technological front! that computer _
manufacturers cannot ﬁatch.- Tnus, a user of a large real-time, tele-
processing, system may be using a configuration of computer peripherals,
and user's imposed constraints, that-méy not be found elsewhere in the
€eCconomy. Similarly,lé manufacturer may be developing the design'of a
large, and complex, informatién system (payroll, accounts, etc.) for a
user who is the first to computerize information in a given econcmic sector.

I use the two classifications as shorthands for all the possible

combinations of skills and options that are feasible in commercial

computing. = Any of the groups of suppliers tend to offer the best
opportunities for training in depth in the areas above cited and do offer

broader, and shallower, training breadth in the remaining areas.
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It must be added that éommercial cgmputing is practically open
to anybody, as there is no generally accepted view of what should be the
qualifications of new entrénts in the field - similarly for promotions and
changes from one "Specialit&" to anofher, say, from systems analysis
to software programming. TTainihg can also start off on simple tasks
such as_key-punching and progress toward programming in Cobol, for
instance, and follow to systemé analysis of, perhaps,-tOWards
specialization in software programming.l These possibilities are not
necessarily available at every computer installation, or firm, but they
exist at the market level,

The market for computer professicnals allows for a large variety
of paths in the acquisition of skills, as well as in the depth and
breadth of these skills. Tﬁere is also evidence of the importance
of sociological and psychologicﬁl considerations in the determination of
what, and how, is to be learned. The prefegence for tasks involving, or
minimizing, social intercourse is an example. These non-pecuniary
aspects are very important in most cases, and an explanation of the
optimal path of investmént in computer skillé cannot be oiffered in
earnings functions, or-inlany other éonstruct that is merely based on
pecuniary (wages) considerations, as they do not account for non-pecuniary
considerations.2 :

An explanation for the relevance of the non-economic va?iables
can be offered foilowing an economically reasonable interpretation.
1 Internal markets in commercial computing do not have a set of well-

defined ports of entry except in those firms which do so as a matter of
gneeral policy, irrespective of the characteristics of the department.

2

The follow-up study of the introduction, and replacement, of computers

in a British firm in A.Pettigrew, The Politics of Organizational Dscision-
Making, shows how resource-allocation decisions, and hence cost-effectiveness
(and productivities) are decisively influenced by labour attitudes to
nonpecuniary aspects of jobs when uncertainty and imperfect information
prevail in a production process with variable coefficients.




New entrants know very little, if anything, about the tasks performed
in any of the jobs they are initially offered. Often, they may be entering
their first job ever. This means that some problem—sélving is required

to make the sequence of job choices that will lead to an acceptable skill
mix, The individual has to find out whether the tasks he ié pe;fnrming
come up to his initial expectations (demands). He acéumulates information
‘on econcmic, and non-economic costs and benefits. Considering that the
process takes place under partial, and total, ignorance, the individual .-
approaches work (commercial computing) with an open mind. He can alter

his initial demand. To the extent that he faces multiple alternatives

and the profiles of job incumbents are heterogeneous, it is reasonable to
expect a large variety of job sequences. Furthermore, commesrcial

computing may, or may not, be a long term commitment; often, people

spend a number of years in the computer department and then move to a

user department or management. This is understandable whén one

considers that the computer professional is trained in problem-solving

that requires logical thinking and a great deal of decision making,
particularly in systems analysis. These are skills important in other
.fields and the transfer cost is relatively low. .

Thus, it can be concluded that: (1) a computer spscialist can

choose the breadth, depth and the secuence of training optionss and (2)
pecuniary considerations, and earnings in particular, are ﬁot sufficient
to explain the variety of training paths chosen by computer_specialists,
nonpecunizry variables have also to be taken into account. The analysis
of training has not been exhausted yet. The signaling value of
trainees' performance, as a proxy for the economic value of a trainee, is

an issue that must be studied too.
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3,8 The Signaling Value of Trainees! Performance

Monitoring trainees' advancement is economically relevant, for
it can be taken as a proxy, signal,.for the trainee's capacify to solve
problems, new problems in particular, since the latter group deals with
different variables and relationships. This gives fhg employer
information on employee's abilitieé and it facilitates a more productive
redeployment. The most adequate (efficient) personnel may be assigﬁed
jobs with tasks which are less well defined and hence require more problem
solving ability. In other words, employees' learning-by-doing is taken
as a proxy for problem solving ability and also as a proxy fo¥ the
generality, and hence versatility, of tbe employee's ability to learn
and adapt to new technology. The latter factor is relevant in computing
due to the continuous changes in technology, which oiten make specific

knowledge obsolete and, at the same time, the development of formal

TA

trainirg is discouraged.
Sometimes, certain skills may noﬁ alwvays be available on the
market, or even if they are, firus do recruit untrained people, though
not necessarily without higher educaticn. This allows employers to
monitor performance and, simultaneously}-to model employees in accordance
with the work practices of the firm. This is impértant due tq the often
non—éxistent standards of performance in-many gomputing tasks.
: Communications problems may appear as ﬁasks are either partitioned in a
sequence of inter-related obs or they are undertaken by a "pool" of )

specialists. In practice, it means that while someone develops a

programme somebody else might test it, or the two tasks plus maintenance
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are done by the same individual. But if at some pcint in time such
an individual is given another job, and-another specialist has to assume
the tasks, there is a considerable difficulty - inefficiency - in
following the programme, especially if the conventions are not shared.
Hﬁving shown that employers and employees have a range of
choices of technical designs and training opportunities with differing
costs, the next section analyses the scope for training ecohomywide, or
to use a different label, the influence of the extent of the market on

job designs and on the supply of training.

3.9 The Extent of the Market and the Supply of Training

~ Manufacturers train and specialize their personnel in accordance
with the size of the market. ~ Thus the largest market for real-time
teleproéessing systems among "saving banks" is in Barcelona,.and it is
there where users have manufacturers with manpower highly specialized in the
problems characteristic of these financial institutions.

"If one takes a comparatively small market, for computers,
Seville for instance, one can discover that a_manufécturer only has a
sepior spécialisgfecause the number of élients in Seville plus the very
few, if any, clients scattered over Western Andalusia require, on
average; small number of hours of assistance from éhe manufacturer, The
computer seller minimizes costs by sending someone from Madrid on tre
first plane if the problem is too complex or several major demands for
help coincide. It follows that a customer in Sevillé is normally not

" serviced so well as the one in Madrid.
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lGenerally speaking, manufacturers usually have a head office
in Madrid that controls and assists regional offices, which, in turn,
depends on a European chief office that is frequently located in Paris,
_or is under the control of the manufacturer central headquarters. This
hierarchy broadly_reflects the increasing availability of specialized
manpower. A local, or regional, branch, has limited specialization,
but for pafticular sectors that may be very important in the area, such
as.“saving,banks“ in Barcelona.

Manufacturers do not train people of a local, or regional, office
on a new devise uniess_there is an effective demand tc cater for. In
fact, if an important user emerges, the manufacturer does not hesitate
to.bring a specialist from abroad whenever a qualified specialist is not
avaialable in the areé or even in. tke country. This often happened in
the early and mid-sixties and it can still be observed in 1975. A
pioneering computer installation can te an investment from the point
of view of the manufacturer. Tne evolution of the market for cormercial
computing equipment has stimulated the involvement of manufacturers in
the design of information systems for specialized users, such as
hospifals. The' design of ‘the ecuipment can be made more efficient -
.more specific to the particular group of users - if the main parameters
of the worklcad, or job stream, are known. Furthermore, this éan be
seen as an extension of a mérketing strategy geared to offering the
user a "ready-to switch-on machine", since it has always been the case
.that many users do not want to find themselves going through the design
of tﬁe informatien system - the programmes that will make possible the

computerization of the information.
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The user attitude toward an in-house development of the
information system is by no means uniform. Some consider that they
know the best way to design the information system, while the actual
computer, and the devices that complement it, are only a very secondary
problem. This is particularly so when a user enters into the field of
mechanized- computation; after some experience is gained, they argue,
one can_bégin to question the adequacy of the equipment in use. In
other words, ‘the computer is be cost-effective if it is manned
efficiently, and this can only be achieved by user's staff who are well
aware of both infénmation demands and interpersonal and inter-
departmental relations and hence they know the opportunity cost of
affecting institutional practices.

Other firms prefer to get a system either specially tailored,
or a standard design, supplied by the manufacturer or, often too, by a
"service bureaux!". Some users, finally, tzke a middle course, the
manufacturer is asked to help in the development of the first few
applicaticns and once the user's staff begin to master techniques, the
manufacturer's assistance in development is terminated. Within this
third éroup, there is room for users that initially contract out the
design and production of the information and, only after some time, decide
to consider the possibility of in-house production:bf inforﬁation.

The interviews suggest that the behavicur of users differs
across regions and industries. Generally épeaking, Catalan and Basque

comzuter installations tend to be more self-sufficient from the very start .
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The Public Sector and Andalusia show a major reliance on manufacturers,
particularly the latter.

This affects the division of labour at fhe manufacturer's
regional offices and, of course, at the user installation. Thus, a
manufacturer in Seville is relatively more involved in the mainteﬁéncé
of basic applications, like payroll, for instance,-than in, -say, Bilbao,
where the support to the user is mainly of a more specialized nature,
software problems, for example. As a provisional explanation it can
be argued that these differences relate to differential aspects of
the labour force in the public sector and in Andalucia. lMore generally,
there is no such thing as a Spanish labour market for qualified people;
the low regional mobility, and the differences amongst markets such as
Madrid, Seville, the Basque Country and Catalonia seem so important
tkat what is valid for one is hardly relevant to'another.

To summarize, it can be stated trat the exte%t of the market,
or the number of customers, bear a major influence on the users and
manufacturers supply of training opportunities to théir staffs, and
indirectly to user staff - via the exchange of information between them.
The extent -of the market as well as its evolution ovér time gffect
training. These changes over time and to the effect of uncertainty
upoﬂ obsolescence.of computing skills must be considered as they afiect

the value of investments in technology (inow-how and training)
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3.10 Obsolescence and Trainiﬁg in a New Technology

Computer specialists are aware that technical change makes
obsolete some of the know-how. The ability to programme in machine
language that, at one time, was used in practically all areas becare
gradually obsolete, as far as programming user applications (payroll,
invoicing, etc.) due to the progressive use of higher level languages
such as Cobol and Fortran. |

Nowadays there is a lower concern, and less anxiety, in being
proficient in the newest device; The "profession" has slowly realized
that the threat of obsolescencé froem new technology, not only new
languages, tend to materialize After several years; for given the number
of instailations using the "old" technology, the new one is economically
valuable in proportioh to the number of users that adopt it. The more
users adopting it, the larger the demand for people with the know-how
to handlé:the new devices.

B;sides, new technology often develops parallel to well-established
tasks. F;r example, the development of real-time, and teleprocessing,
has not done away with systems analysis. Regardless of the mode of
productioé-of the information, syétems analysts still have to find out
what information—éutput the user wants, and what are the information-
inputs available or economically feasible. _ . _

What is iikely to be affected is the breadth of tasks the systems
analyst performs, and particularly the extent of the feed-back from
specialisté that translate the specifications into programmes and combine
the resources to produce a cost-effective design. Thus, it is not
surprising to find proficient systems analysts whose operational knowledge

of computer hardvare has not gone beyond what they learnt in the early

sixties when systems analysis and programming were hardly differentiated.
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There is another drawback in investing in the know-how of the
very latest device, dr vintage., Many of the problems to be solved are
_1ikely to change, and the scope for problem-solving is likely to be
reduced once the device hgs been improved with the feed-back received
from the first users. This can be exemplified with the IBM software
packages, the first version, ";elease",'is substantially improved over
time. N-wer releases are usually easier to handle -- they tend to
present fewer problems, and a larger Mibrary" of solutions is available.
It follows that while manufacturers' specialists must learn
about each device they are supposed to repair and maintain, specialists
working for users have to know only about the device they man; besides,
they cannot master a device they do not operate, since training is, of
necessity, on the job. Caeteris paritus, it zay pay to change employer
if the installations' practice is falling well behind the Maverage
practice'. It is at this stage when obsolescence begins to matsrialize.
| Computer specialists interviewed were aware of the significance
of the share — current and the trend — of the market by a given device,
as a proxy for the value of the investment in new know-how and the value
lof know-how in older vintages. - Their choices of employment, and career,
were infiuenced by these considerations, and it was clear that not everyone
was equally keen on investing in the newest lnow-how, specially when it
involved changing employer or industry.' While this sectioh, has shown
in micro-economic terms tiat there is a demand for training in new know-how,
and that investors xnow that an opportunity cost exists, next section deals
with the economy wide effects tlat innovations impose on users and

employees who have invested in nold  vintages™®.
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3.11 Technical Innovations and Externalities

It is sometimes argued that if innovators produce positive -
effects that they cannot internalize, investment in iﬁnovation will be
suboptimal.l

This may very well be the case, but it is not the-complete

“story of commercial computing in Spain. Arrow confehds that in the
process of production of a new technology, learning-by-doing takes
place unavoidably, and this results in a more cost-effective prodﬁct,
the manufacturer being unable to reap all the benefit from the improvement.
His demonstration is beset of an economically dubious identification of
costs, or "non-costs! such as learning-by-doing; the absence of a
discussion of the possibility of an opportunity cost and risk in
learning-by-doing, and the free (costless) character of the difftision
of innovation are far irom satisfactory. |

I contend in this section that it cannot S? assumed that
the diffusion of an innovation is a free good, or that it ought to be
distributed at zero cost because the diffusion process cannot be separated
from innovating. The process inevitably has an opportunity cost, and,
at least in the Spanish commercial computing scene, the éost involved
is not aIWayé negligibié, though not necessarily superior to the benefit
brought about by the improvement. Furthermore, benefits and costs do
not appear to be affecting all users equiproportionatelf, SO some
redistribution effects are likely to take place.

The introduction of a new series of computers by a manufacturer
leads to a gradual redeployment of resources away from the "old" line of
products. Fewer specialists are available for the servicing of old

products and a progressive run-down of spare parts stock tales place too.

1 ",..the private marginal productivity of capital (more strictly, of new

investment) is less than the social marginal productivity since the
learning effect is not compensated in the market.™ :
John K.Arrow, "The economic implications of learning by doing", Review
cf Economic Studies. (1962): 159.
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The evidence gathered shows that, at least, those users purchasing a
product shortly befo?e it is beginning to be repléced are adversely
affected by the rate of introductioﬁ of the new product, sinée the
quality of the service provided by the manufacturer degrades progressively.
After all, users of an old vintage are, to the manufééturers,fsimilar
to a small market; it is not economical to provide them with the same
amouht of resources that is made available to a large market. - This
economically imposed obsolescence may very well Ee smaller, in value
terms, than the improvement in cost-effectiveness brought about by the
new product. Even if this description of the innovative précess be
accurate, that is, costs are smalier than benefits, the idea of a costless
diffusion of innovation would be untenable, unless one could show that
the size of the costs involved is negligible — something that
definitely runs contrary to the evidenég collected..

Another consideration must be a?ded. Contracts between
manufactuer and user, and legislation on the minimum length of
assistance of certain quality -~ the lﬁtter being difficult to define
and enforce, and certainly not witnout a cost —- can influence the speed
of obsolescence, and the repercussion'oT innovation costs between
manufactuere%, users of the newest vintage, and users of old Vintages;
legislation could put part of the burden on the innovator and manufacturer
since the opportunity cost of the rescurces émployed would be higher.
‘The manufacturer would have to study the relative attractiveness of
selling more or less new equip:ent while having to service users of old
vintages. It follows that the pricing and servicing of the newest

vintage would also be affected.
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Evidently, these considerations effect also the value of
investment in trainirg by computer speeialists. It is not obvious
that technical'change benefits those investing in it, and leaves
_ unaffeeted investors in older vintages. In fact, the presentvalue of
training:in old vintages falls as the new vintage is adopted by more
.and more-firms. . This does not necessarily imply that cost-effective
improvements must be stopped. All it can be inferred here is that
the interpretation of the innovation process as a free and costless one
locks inadequate to discuss innovation and training processes in new

skills in the Spanish commercial computing sector.

Conclusion
| This chapter has shown that:

1) training in the most sophisticated skills in ccmmercial computing
consists of problemesolving;

2) skills can be ottained following different sequences of job choices;

3) training becomes easier as the range of variables is narrowed down
and the functional relationships are better specified and constraints
made explicit; |

Aj there are no generally accepted job designs,nor do job incumbents

have ; fairl& standard profile; and .

5) ~the market for computer specialists is a very ccmpetitive market due
to ease of entry, lack of widely accepted recruitment standards,
mobility and high elasticity of substitution.

_I complement the discussion of training in commercial computing
. with a study of the Spanish market computer specialists. Whereas this
chapter has used Sbenish references in support of the general argument,

Chapter 4 takes the Spanish case as the cnetral issue to be analysed.



Chapter 4

COLMERCIAL COMPUTING IN SPAIN

Manpéwer imbalances and training in commercial computing cannot
Be studied in&ependently_from computers. In previous chapters I have
shown that.the éllocation of manpoﬁer is constrained by the choice of
techﬁique agd, consequently, the analysis of the supply and demand for
computer manpoﬁer -~ the central issue in this chapter -- should be done
in the confext of the scope for choice of technigque and the availability
of other inputs. This is wny I devote this chepter to commercial
computing in Spain, and not only tc the Spanish labour market for computer
professionals.

I begin with an outline of the Spanish economy. A special
reference is made to regional differences among the arezs selected for
this research. Having set the frzmework the market for commercial computers
is analysed next. With this background information, and after having
brieflysdiscussed the Spznish labour merket, tﬁe market for computer
specialists and the supply of formal training are investigated. In
other words,.I show tnat: (1) major chaﬁges have taken place;and

(2) 1ittle is kﬁown about them -~ statistical data cannot be easily

interpreted and are of dubious value for forecesting purposes.

4.2 The Spanish Economy

During the last fifteen years the Spznish economy has undergone

profound chznges. Spain was a predominanly agrarian country with a

policy of industriel autarchy and interventionism established at the end



'of the Civil War (1939)1; During the late 1950's and‘éarly-l960's many
government controls on resource allocetion were grzdually eliminated or
relaxed; market forces an@ international trade were given aﬁ increasingly
large role in resource allocation.

The stabilization plan of 1959 has become the.cohventional
starting point of the new economic orﬁentation, as.well'as of the ensuing
rapid economic growth. In income per hezd terms, Spéin vent from ptas.38,504
in 1960 to ptas. 118,189 in 1974. During the same period, the Spanish
National Income grew in millions of pesetas from 1,166,767 to 4,148,323,
Data is in 1974 pesetas; (1 US ¢ = 58lp£é.)

Becsuse regional differences were, and remain, very importent,
four economically different areas were selected fqr this research:
Andalusia (the city of Seville), the Basque Country (the prdvinces of
Bizkaia and Guipuzkoa), Catalonia (the_province of Bércelona) and Cestilla
la Nueva (Madrid). Table 4.1 provide§?statistica1 information on several
major differences among these areas: population, migration, area,
sectoral distribution of output and lagour.

These areas were chosen because”of:(l) the expected relevance of
differences in the economic structure;'KZ) their unequal share of the
Spanish market for computers;and (3) the financial and time constraints of

the research.

Autarchy interventionism in production and protection of the domestic
merket were already important before the Civil War (1936-1939). "A League
of Nations study published in 1927 cited Spain as the country with the
highest average tariff barrier in Europe."  James D.Theberge, "Spanish
Industrial Development Policy in the Twentieth Century" Chapter 2 of
Spain in the 1970's. Economics, Social Structure, Foreisn Policy ed.
W.T.Salisbury and J.D.Theberge, (New York: Praeger Publishers, 1976), p.36.

For a critical analysis of the Spanish econcmy up to the early sixties:
The International Bank for Reconstruction and Development, The Economic
Development of Spain, (Baltimore: John Hopkins Press, 1963). The evolution
of economic policies in Spain up to the late sixties is analysed by,

Charles W.Anderson, The Political Economy of Modern Spain. Policy-Making
in an Authoritarian System (Madison: The University_of‘Wisconsin Press, .
1970). For an up to date analysis: W.T.Salisbury and J.D.Theberge, op.cit.




. Andalusia is mostly agrarian, with a low income per capita (relative
to the Sﬁahish averégé), a net outflow of migrants and a smalllshare of the
Spanish computer market.l The Basque Country is essentialt¥y industrial,
with an impo;tant banking sector, a2 high income per head, a net ihflow of
migrants and.thé thiid'largest computer market in Spain. Catalonia is
very much-alike to the BasqgelCoﬁntry; bgt.léfger_in area and pobulation
@anufacﬁuring is far more important than hea;y indﬁsﬁry,'and it has the
second largest computer market.2 Finélly, Madrid has the largest share

of the computer market, and the labour market for computer specialists seems

to be highly influenced by the practices of the central administration.

4.3 Computers in Spain

Electronic computers were first used for commercial applications
in Spain_in.l962.5 It is estimated that 2,577 coﬁputers had been
f installed by Januafy 1, 1976. This section tries to interpret the
. statistical infermation on computers installed.
Tavle 4.2 shows the numbers of computers installed every year
) sincé 1962. ‘The rate of giowfh was aboveljoﬁ ﬁuring the sixties and above
20% since 197d except for 1972 and 1975. Though és these figures do refer
to é physical asset tﬁat has changed profoundly over time, it is difficult
to accept that a time series from, say, 1965 to 1975 ;efers to a homogeneous

‘category. The "first generation" computers of the early 1960's are

essentially different from computers-of the 1970's

1 The contrast between Andalusia and the rest of Spain is well documented
in John Naylon. Andalusia (Oxford: Oxford University Press, 1975)

2 An analysis of the Basque and Catalan countries in the context of the
Spanish state is offered by Stsnley G.Payne, "Regional Nationalism: The
Basques and Catalans", Chapter & of Spain in the 197Q's.

5 In the early 1960's commercial computing in Spain was affected by import
controls, and later by tariff barriers. Sellers of computers and
conventional equipment (U.R.) were often unable to supply potential buyers

during the 1950's and early 1960's.
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Computers are not only more efficient, thd range of applications
they can process has greatly widened and many new capabilities cannot be
readily compared with earlier ones. Computer systems, as shown in Chapter 3,
have manj variables and thé performance parameters and functional relation-
ships change over time to aﬁ extent that newer vintages become different
"machihes", . A monoprogramming, batch-processing, computer is essentially
diffefent from a computer that offers time-sharing facilities, processes
on-line, in batch, or both. The technical evolution in this case is crucial
from an econcmic viewpoint, since computers have gained so much in versatility
and cost-effectiveness that they have become efficient substitutes to other
processing systems in a very wide range of situations (applications).

It is like saying that the latest computer vintages are "several machines
in one": they can perform what a computer did in the early sixties, as well
as several other types of tasks.

That is why historical trends are likely to be misleading. The
evolution undergone by computers is reflected in the relative prices of
inputs and'outputs in computing, and consequently compzrison over time is
.unreligble, esvecially emong distant years. Price changes over time and
their impact on demand and supply cannot be accurstely rredicted since
technical improvéments interzct with market conditions. Kore specifically,
there is no such thing as a price of "a computer" (or:an application);
computer systems consist of a set of devicés that can be combined in
variable proportions and, in recent yesrs, they do not necessarily come

|
from a single computer manufacturer.

The arbitrariness in using the same label for economically (and

technologically) different vintages is usually compounded with the decision
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to exclude computer systems that are relatively small, in terms of
performance capabilities, and purchase (or rental) price -- the so-called
minicomputers, and micro—computers.l

Morecver, the current characteristics of computers, and their
share of the market are ﬁnlikely to remain as they are. It is a matter
of guessing to discuss the fufure characteristiés of computers and their'
impact on the market.2 Nonetheless, it is fairly probsble that major
changes in commercial computing will result from the changing role of
telecommunications in computing, microelectronics, 2nd the evolution of the

relative cost-effectiveness of centralized and decentralized computer

systems.5

1 An example of such practice is found in Paul Stoneman, Technological
Diffusion and the Computer Revolution. The UK Experience (Cambridge:
Cambridge University Press,1976)

2 It is difficult to teke past trends on computer installed as relisble for
projection when it is realized that "IBi holcs end has held since the mid- -
1950's, zbout 70;> of the world market for computers by number an value" Ibid.,
p.19. The same was true for Spain in 1973; IBM had 62.2% of the Spanish
Market in value terms-- minicomputers being excluded. J...FPérez de Acha
Garcia, "Frenazo Informético", Doblon, November 1975, pp.9-13.

IBli's market share must be related to the pricing policy znd to the
cost-structure:

- "IBW's 1971 manufacturing costs were of the order of 22% of gross
revenue. It is the difference between these costs and revenues which
gives IBlM its strength;. indeed, we have here what many specialists
think is the widest across-the-boerd margin tetween cost price and
selling price that exists in any company in the entire field of
manufacture". Rex Malik, And Tomorrow ... The World?. Inside JTEN,
(London: Millington, 1975), p.173.

> Mfany companies in the industry have come to accept that the ssddleback
[the relative stzgnation of the market for medium-sized computers, the
seat of the saddle, and the boom a2t both ends -- in large and specially °
small and mini machines] is part of the structural shift in the business.
Behind it, are the two facets of distributed processing: soaring demand
for smell stend-zlone systems of various types, and the combinztion in
tcommunications systems! of big 'host' computers with large numbers of
geographically dispersed small/mini intallations or even just intelligent
terminals." Christopher Lorenz "Contrasts in Riding on the 'szddlebeck',"

Financigl Times, Kerch 25, 1976, p-14.
"As the scale of integration of circuits increases and prices fall, the
manufacturers of say, communications equipment finds that his design becomes
more dependent on the design of the microcircuits which he {contd. over))




Another very impertant aspect of the evolution of the computer
market is the growth and diversification of suppliers of computer services
independent from computer manufacturers; among them, service bureaux, used-
computer brokers, computer-lessing companies, time-sharing vendors and
software firms. Chenges in the cost-effectiveness in the provision of
specific services and the widening of the market are among the reievant
variables in the explanation of the mergence of the range of specialized

suppliers of services. However, there is not an znalytically satisfactory

. theory of horizontal disintegration and, therefore, it is not possible to

tell the future evolution of the computer market. Once again, relative
prices and cost-effectiveness are the relevant, and uncertzin, msgnitudes
that will influence the future characteristics of the marke; for comnercial
computing.

Finally, the sectoral distribution of computers has changed over time,
presumebly due to differences in cost-structures and in thezgharecteristics
of the informaztion to be processed. Teble 4.3 offers evidéhce for tre.
period 1966-70.

This section indicates that data on computers installed is not
feliable for accurzte predictions, and the more so, the largér,the level
of aggregation. Besides, time series are less reliable the longer‘the
#eriod considered. Thié limitation can be summarized in the following way;
statistical data cannot be unambiguously interpreted because an understanding

of demand and supply of computers is lacking. That this is so, it is shown

in the next section.

((3 Contd.)) buys (normally) from the U.S. In many cases, the circuits

also account for more and more of the menufactured value of his product....
the microcircuit maker finds it much essier than before to 'integrate
vertically' into the manufecture of complete equipment. This is why U.S.
semiconductor companies have gone into complete calculators, watches and
computers" C.lorenz, "Thumbnail Computers", Financial Times, June 9,1976.p.19
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4.4 The Demand for New Computing equipment

The information accumulated from over one hundred installations
shows that some firms introduce new aquipment as scon as it is available
in the market; others never adopt a new piece of equipment before they
have seen the new device wp;king satisfactdfily in several user environments. .
Entrepreneurs are always awere of the'existgnce of different'oppoftﬁnity
costs among the feasible courses of action. Wha£ is by no means ciear
is how to estimzte these costs; and whether.or not all entrepreneurs
have the same demand function. This section shows that the first
question has not a_uﬁiéué answer because tfade—offs are not fully uncderstood.
As for the second quéstion, the evidence collected in this research shows
that entrepreneurs differ in their cost-structure (direct and indirect

costs) and in their risk asttitudes; in short, production and demand functions-

for computers differ among entrepreneurs.

The demand fé? new eouipment takes place when the oprortunity
co;t of retaining the one in current use exceeds the cost of buying a new
and more cost effective design.'lu A new computing device cannot be
adouately defined without a reference to the number of users -~-— the extent
of the mwarket. The ;oténtigl buyefs know that manufecturer's aséistanéé
(specialists trained in instzlling and repai?ing and. the availsbility of
spare verts) depends on the size éf the clientele - current users. This.
is not a minor consiéeration because users are aware of the fact that
computing devices cennot be efficiently installed by specialists who are

unfamiliar with the equipment. Each new design presents new problems

that have to be solved in the process of meking it run smoothly. The

1l Tn recent years a used-computer merket hes emerged in Spain. Specialists
working in installeztions that were using a combination of new and second-hand
computers were interviewed. ' The purchase of used equipment has advantages and
disadvantages, not necessarily different from those enccuntered in the purchase
of new devices. For example, 1in both markets technical assistance ("b&ck—up“)
is a relevent problem. How imvortant is this market nowadays, and how it will
evolve, is difficult to forecast. . In addition, current statistical :

information does not account for this segment of the market.
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installation of the first unit of a new device takes more resources,
manpower and computer time for testing thén subsequent ones.

Users behaviour differs because. their opportunity costs are not
:the same. A higher cost 6f installation is sometimes compensated by the
-'saving derived from introducing the more cost-effective method at an
earlier daté. " The risk.factor,is also important; it is not easy to
predict how long it will take to get the new equipment working normally,

. nor céﬁ it be relisbly predicted the rate of introduction of the new
equipment on the market, and hence the quality of the assistance from the
- manufacturer may remain at a low level for a long time.

A very well-known example is the introduction of the IBY "360"
series and the improvement of its operating system over timé. Those
installations that started with the "release-0", the first version of
the operating system, had meny more difficulties than installations sterting
with improved versions which besides, were installed by specialists already
femiliarized with the problems and solutions likely to be encountered.
Similarly with firms that are first users of a new manufacturer or
devicé. In return, first users are often given special conditions;
manufacturérs offer léwer priées or a more comprehensive assistance, such
.as assigning a specialist to the user installation on a full-time basis
until the new device works satisfactorily.l

There was not a single person aﬁong those interviewed that had
participated'in the process of selection of new equipment that was not

aware of trade-offs between early and delayed purchase of new equipment.

E To the extent that first users face risks, and given that manufacturers

draw some benefits, such as training for their specialists, price
discrimination is less than obvious when dealing with user innovators.
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Cost considerations, company prestige and employees perceived interests, —
‘such as the importsnce of being a2t the 'frontier of technology'-- were
relevant, though not always all these factors played a significant role.l
Trom the evidence gathered it is not possible to qualify the relative
importance of the variables affecting the choices on new equipment. -fhe'
observed inter-firm differences cannot be generalizéd'to the market as a’
wvhole. ' However, one observation was consistent throughouf: installations
that were highly efficient, sccording to the specialists interviewed, were
essentially concerned with cost-effectiveness, and becoming fir;t users
wes a last resort choice; where prestige and employees interests (narrowly
defined) prevailed, there was a more favourable attitude toward innovating
as soon as a new device, or a newer vintage, was available on the market.

To summarize, users differ in their attitudes toward innovation and
the evidence collected does not suggest a theory of degéhd for computérs.
Similar evidence, and conclusion is prodauced in the diséﬁssion of the supply

of new equipment.

4.5 The Supply of Few Equipment

The introduction of a new product, or the entry of a néy
manufacturer on the mafket requires an investment iﬁ'training_salesmen and
technicians. New computing equipment is never supplied without manufacturer's
assistance durihg the process of installation and testiﬁg. Yaaufacturers
provide information oﬂ the new equipment to their own specialists, but it is.
often very incomplete. A decisive proportion of the specific knowledge --

problems of implementation end solutions -- on the new equipment can only

1 The evidence collected in this research is consistent with the results
from a cese study of a British installation analysed in A.Pettigrew, The
Politics of Organization Decision-Making. Decision making on technical
choice is seldom based on efficiency alone. Cost-effectiveness is the
usual approach. The problem is that decision makers do not face the same
cost-structure (direct and foregone).
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be learned by actually being involved in the process of settiﬁg fhem up.

The differences émong manufacturers in the way they train their own
specialists, and the practices toward first users, specially.price reductions
and a more comprehensive assistancé ("backup") can be explained in terms of
the rate of growth of demand and tﬂe-amount of risk, or “insuiance ﬁrémium",
relevant to sellers and buyefs. |

| Computing equipment in general, and hew devices in partiéuiar,
cannot be easily evaiuéted; their perforiance depends, as shown in |
chapter 3, on the interacting devices and the wo?kléad. A major
installation usually has the means to estimate performance of new devices,
even if imperfectly. Their acceptance of a new device becomes an asset
for the salesman of that manufacturer who cites the big user acceptance
or shows the new installatibn as a guaranteeto prospecfive buyers. So;
tne manufacturer is often willing to foer-better deals to purchessers other
then first users.

Comguter séllers.often adjust prices according to.the bargaining
strength of the bu&ers; “ The evidence of this study shows that certain
new users with a predominan£ly cost-effective approach, gost—minimization
for an outﬁu;.with fixéd specifications, tend to get a better deal fhaﬁ

those primarily gpreoccupied with prestige and employees obsolescence of

i
-

training. .It was realized that the former tend to be very precise about
datelihes, penalty clauses and menufacturer assistance during the change-
over period. - The latter were considersbly vague about the condition of
the coﬁtract. These observations iﬂdicate that?(1l) a significant part

of the cost of téchnical innovation in Spain was, and still is, financed

by relatively inefficient-instellations;end (2) the inefficiency is greater,

the higher the rate of growth of the demand for computers. Whether the



returns in.terms of prestige and employers protection zgainst cbsolescence
compensate for the losses in efficiency cannot easily be estimated; since,
for instance, prestige is a consumption and somgtimes an investment. Clients
can be favourably impressed by the latest technology of a supplier, though |

. fhis is an empirical question, for clients may czre about cost-effectiveness
and not be very impressed by the relatiye.noyelty of Equipmen£ . So far,

I have shown in this chapter that:(1) both the Spanish economy and the mzrket
for computers have undergone profound changes during the recent past;and

(2) that heterogeneity in inputs and prices prevails-.a situstion that is

further complicated by the evolution of the labour market.

4.6 The Spanish Labcur larket

~ The Spanish labour market of the 1970's is essentially different

" from what it was during the 1950's. The interventionism of the years

following tre Civil War begzn to evolve in the late 1950's. The "Ley de

Convenios Colectivos" of 1958 was the first major stép towards & less

controlled labour market: collective bargsining repleced labour regulations

in the determination of wzges and otner espects of employment of manpower.l
Lébour 1égislation and the wdrking of the market were constraired

by politicai considerations. The authoritarian structure of.the éolitical

régime di& not favour labour bargaining since that was bound to leed to

unionization outside government coxntrol. Such a precedent would have been

a Trojan horse for the authoritarian political systenm. The substitute

that was devised consisted of a basically-buréaucratic trade union structure

(La Crgenizacion Sindical). Strikes were illegal, and so were

1 Labour bargaining is not totally free from government intervention. In
fact lebour agreements (Convenios) have to be approved by government before
they can become operative.

Information on the evolution of the Spanish labour market, and to a
snaller extent, on the educational system of Spain is offered by Morris A.
Horowitz, Manpower and Education in Franco's Spain (Hamden, Connecticut ;
Archon Books, 1974), This book offers conclusive evidence on the profound
‘changes undergone by the Spanish labour market. ;
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redundancies (except in certain very extreme cases); Jjob security was
what a paternalistic political regime offered to employees.
" In recent years actual bargaining practices seem to reflect more

-and more relative scarcities. Strikes are increasingly frequent;

and have becomg legal in 1976. . . Employers right to make
_people redundant seems less likely to be recognized in the near future;
organized labour is increasingly more strong and, it appears, that they
are against any relaxation on the current limitations to the employers
right to make employees redundant. This changing scene, especially

the changing role of unions and their bargaining power, reduces the

predictive value of past ststistical date on the labour merket.l Government

interference in the labour market isg still important and likely to remain

. 80,

An important instrument of governmentzl intervention is the
legislation on cininum wages, first introduced in Spain in 1963..é.The
effects of minimum wage laws on wage determination are more wide—rgnging
in Spain due to the existence of severzl, not one, minimum wages;-for
" there is an interoccupational structure of minimum wages, Table 4.4, that
divideé the labour force in twelve occupational grades, each one Qith a
minimum viage.

The repercussion of such structure on the heterogeneity of
occupational classifications is likely to be important, partly, bécause
of the limited scope for privaté bargaining. A FTixed structure of
minimum wages cannot be expected to reflect relative scarcities; the
adjustments required when scarcity prevails leads to occupetionsl upgrading
for certain tasks if the wage adjustment is larger than what either
government regulations, or the practices of the "internal mavket] permit.

1 The death of General Franco in November 1975 opened a period of political
uncertainty; it is a matter of guesswork to predict the outcome.
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The relevant considerstion here is the realization that a multiplicity

of variables influence the actual ‘composition of occupétional claséificetions.
Unfortunately there is no way, at present, to estimate the relative
importance of the variables involved. This situation affecting the

entire labour market is particularly-relevanf in commercial computing, -

due to the rapid growth of the demand for certain skills;

Table 4.4 exemplifies a characteristic of most Spanish laboui
statistics. Data is highly aggregated and taxonomical criteria are not
discussed. Besides, a careful observation of table 4.4 shows an
inconsistency: educational background is used to identify some, not all,
occupational groups.

It must be recalled that the analysis developed in Chapter 2
suggests that highly zggregzted data on manpower is of dubious usefulness,
since the level of agéregation chosen will influence the value of the
elasticities of substi%ution emong different lavour groups, thus reducing
the reliability of estima:es of shortages and adjustment lags.

So far, I have only considered two major troclems: (1) the degree
of government interference;and (2) ths analytical weaknesses of existing
occupational classificétions. _ The conclusion to be extracted poiﬁts to
the poor understsnding of the process of resource allocztion of labour.

A conclusion reinforced by migrations and the evolution of the sectoral
distribution of laboué, es shown. in Table 4.1 and Tzble 4.5.

From all these considerations it is reasonzble to state that the
Spanish economy, the labour merket, and the market for computers, have
undergone profound quantitative and quolitative changes during the last
twenty years -- changes that are hardly understood and a similar conclusion

is rezched anelysing the lsbour market for computer specialists.
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4.7 Manpower Shortages in Commercial Computing

Commercial computing adds the nonezistence of a widely accepted
occupatidnal classification to the thecretical weaknesses of the
concept of manpower shortage and the limited relevance of trends in
waées as a measure of labour imbalances; a situation further
~ complicated by the poor understanding of the recent evclution of the
Spanish economy, the computer market and the labour market. In other
- words, the demand and supply of computer specialists has not yet been
specified satisfactorily. The evidence collected in this research
indicates:the existence of considerable differences inter-firm,
sectorally and fegionally. In what follows, an analysis of perceived
differences is offered.

I mentioned in Chapter 1 that interviews are the empirical
cornerstone of this thesis. - Here I offer a breakdown of the
characteristics of the people interviewed. Of the 107 persons
interviewed, all, but two, were males.l The regional distribution was
as follows: Andsalusia (15), the Basque Country (14), Castilla la
Nueva (20) and Catalonia (58). On average, interviews lasted between
two and thrée hours, each person-béing interviewed only once.

Educational bacxgrounds were as follows: Seco:rdary and primary
éducation (19), higher education (70) and unreported (38). The latter
group is explained by the fact that it was not helpful to press for
information on that score, as I often perceived a certain reticence

on the part of the interviewee. Probably because higher education degrees

1 Males are in overwhelming majority because that reflects the actual
situation in Spanish commercial computing, although it should not be
inferred that female participation in tnis field is as low as two per
cent. Available evidence indicates that females are not evenly
distributed among the different tasks in commercial computing: they
predominate in those tasks that resemble traditional office work and
represent and increasingly lower proportions as the tasks become more
and more sophisticated.
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often confer a status image among many Spaniards--a belief confirmed
by many interviewees.
Those interviewed had ihe following employers: computer users
(49), service bureaux (22), manufacturers and distributors of equipment
(22) and had left computing (4)., As for work experience before
joining computing (45) and interviewees that had more than cne
-employer while working in.computing (34)

Inter-firm differences are many and important. Aggregate

averages cannot produce a valid estimate of optimal input proportions.
Cost-structures differ among firms, and so it happens with the
féchniques selected.1 More specifically, it has been found that job
redesign, hiring, training and promotion standards are usually policy
variables that decision-makers use in different proporticns, thereby
making the ccncepts of (aggregate) manvpower shortaée, and occupation,
almost empirically useless.

Occupational heterogeneity in commercial computing is not a
disturbance element but the very result of an on-going process of
-adjustment_to a rapidly growing demand for certain sxills.

True, the evidéncé shows that ea}nings of_highly specialized
computer specialists have risen faster than the average increase in earnings
of labour.2 What is disputed here is not this evidence but the empirical
1 Unpublished studies on inter-firm differences in the structure, and
utilization, of computer installations support the existence of great
disparities. Some evidence for the 1960's is analysed in: Asociacioh

para el Progreso de la Direccion Encuesta sobre la Utilizaciof de
Ordenadores en Espana®, (Madrid, 1972).

No reliable information on earnings of computer specialists has been
published. However, consultation of private estimates based on samples
of the market does confirm this opinion widely held among computer
specialists. The evidence shows that trends are often irregular. A
very interesting observation is that the relative worsening of earnings
of computer programmers during the last four or five years coincides with
the gradual simplification of programming.
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value of trends in earnings of computer specialists as a measure of
shortages and lags in the adjustment process. So long as entrepreneurs use

in varying proportions wages together with other variables, in response

to a growing demand for computer specialists, it is not_logically correct

to assume that the evolution of wages gives a precise, an unambiéuous,
estimate of manpover imbalances. Such a multiple variable adjustment is,
after all, what makes jobs so heterogeneous in commercial computing, thué
precluding the obtention of homogeneous (aggregate) occupational classifiqa—
tions.

that hes been said at the firm level must be combined with sectoral
differences. In this context too, cost-structures and in pzrticuler, fhe
charzcteristics of the output (information) demanded vary from one sector
to another. Such differences tend to be reilected in the préctices or

'technicue' prevailing in the‘&nternal marset;i_és well as in the
charecteristics of inputs) hum=zn and physica17_uséa.

At the regional level, the differences in éhe composition of the
labour suprly strongly influence the characteristics of the manpower used.
The evidence ga2thered is not systematic but, it is highly suggestive. The
composition of (1oca1) educetionzal output wes reflécted in the relaﬁive
vreponderance of job incumbent with given degrees. For ingtance,
Barcelona hgé a large output of graduates in business, economiés and
engineering fields and these greduates predominaté among highly specialized
computer specialists in Cztalonia. Madrid also shows a similer patpe:n,
although engincering and sciences are probably the-most importaﬁt.
Guipuzkoa hes few of the above graduates in computing relative to the

nunher of scientists. In this last case the openings for business

1 Recent privately circulated studies show inter-sectoral differences in
ways similar to published data for 1970. Spain. Presidencia del Qobierno,
Le Informatica en Espana (Madrid: B.O0.E., 1973. )
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graduates in commerciel compﬁting, a8 situation pertly due to the low
attractiveness of commercial computing which, in turn, is probably a
result of the low standards of commercial computing in Andalusia: the
computer is_predomipantly a prestige item, an information system which has
taken over routine work and it is not frequently approaéhed with a view
of efficiency.

Generally speaking, the veriety of éollege backgrounds féund
among computer specialigts, and the regional differences, confirms that
the connections between occupations and type of college education is very
loose. All it can be said is that college degrees are wanted in commercial
computing to the extgnt thatlthey'train labour in problem solving. In any
case the question of formal training in_commercial computing must be discussed
in greater detail.- But before dealing with formal training in commercial
.computing I analyse the Spanish educztional system.

X

4.8 The Spanish EZducstional System

The Spanish educational system has altered decisively during the
last two decades. Until the fifties primary educetion, and to a lesser
extent:illiteracy, vere the doﬁiﬁant feetures of Spanish educatien. |
Secondary and %ertiary levels were elitists and attended by a minprity
of the populetion df séhooling sge. The structure of the educational
systeﬁ wes riéid; at all levels there were several educational paths,
sonetimes without an option to transfer from one to another (in much the
same wéy as the eleven-plus in the United Kingdonm). Higher education
consisted of a number of specialities with practically no écope for

specialization in a combinetion of courses taught in different "facultades"

or "escuelas tecnicas'.
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The educatiOﬁal philosophy and the structure of the system had their
'legal origin in the (ducation act of 1843 (Ley lMoyano). Many changes and
extensions followed that law in the ccurse of the years, but it was not
until 1970 that a comprehensive legislation was introduced (La Ley General
de Educacion).1 This was a response to:(1l) the expansion of the enrolments,
specially at the secondary and tertiary levels; (2) the demand for more
flexibility in the cducationsl system! and (3) the changes in the role of
formzl educationlas perceived by individuals and the government.

The'expansion in the number of students in secondary and tertiary
educstion must have affected the labour msrket more than mzrginaily. The
relative weight of such changé cannot be fully ascertained from the zvailable
evidence. The increase in the demand for educetion does not seem to be
due only to investment motives. “~This interpretstion is based on the fzct
thzt educstional enrolments begzn to grow during the 1950's, whereas the
rapid economic growth, and tne expansion of the demand for mancower stisrted
in the 1960's. Furtnermore, it is not obvious why enrolments lesding to
certain degreess grew more t:zn others, nor cen the inter-university
differences be explained, except by noticing that universities differ
in the variety of deérees they offer; an important considerztion in a
| cotntry where students tend to enrol in the nearest university, or else
go to lMsdrid. ’
Section after section, in this chapter, the same cohciusions &re

resched: (1) changes have been very important, they ere not marginal ones,

1 The “hite Faper that preceded the 1970 legislation offers a very cleer
and wide-ranging exposition of the Spanish educational system and its
evolution (speclally) durlng the 1960's. Spain Ministerioc de Bducacion
Clenc1a, La “ducacion en Espana. Bases para una Politica Fducativa,
[Madrid: B.0.E. 1969)
Inadequate financing and opposition to the proposed educational reform
have influenced the sctusl reform of the educational system.
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firms have different 'production functions!' and do not fece the same prices
for (heterogeneous) inputs) (2) the analysis of changes are difficult partly
as a result of the limited information availasble, and partly, because of
theoretical limitstions] and (3) past trends, when projected into the
future, are often only relevant for periods of one or two years.

Despite the very limited reliability of the-existing ﬁackground._
information, it is useful as a framework for the analysis of formal training

in commercial computing in Spain.

4.9 Formel Training in Commercial Comouting in Spain

I have not included the analysis of formel treining in commercial
cormpgting in Chapter 3 because of the singularity of the Spanish case.

Computing beczme a differentiated field in.centres of formai
educztion in many countries during the sixties. A veriety of degrees were
greduelly developed with different emphesis on progremmieg, languages,
numerical theory, business and scientific e;plicetions; ;hysics, engineering
design etc. Courses, specially on programming, were guprplied by employers,
firms specislizing in formal training in commercial computing, and
institutions of formal education (already supplying courees on other
subjects)..

The degree of.adequacy of courses to tesks performed on comﬁuting
jobs could not beeprecisely determined, since technicalichange, and interfirm
differences, prevented the design of courses closely relzted to the problems
actually solved on the job. In fact, that wes a reflecfion_of something
already discussed in Chapter 2: courses appeared when it was technically
fezsible, and economically efficient, to develop sets of formalized problems

and solutions which resembled more or less closely the activities performed

at work. The accent was, and remains, on problem solving.
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This is the cese of countfies such as the United Kingdom and the
United States. Spain did also stert formel treining in the 1960's.
Suppliers d formal training were either computer manufacturers or
computer-user firms. According to the evidence collected, the quality
of formel training greatly varied from one supplier to another. This
situation fostered the demand for government intervention: the state ought
to offer formal training in computing. -

Some universities began to teach on some zspect of computing
around the mid 1960's as part of old-established degrees such as
msthematics in the Universidad (Cémplutense) de Madrid . Legislation on
degrees in computing did not meterialize until 1969.  Unfortunately, the
degrees on computing established in 1969 by the Spanish liinistry of
Educrtion and Science were defined according to a guestionable clessification
of occupntions in commercial computing: a classificztion thet was not
generslly ué?d by employers and employees.

In fact the decision was alsc cuestionable on the grounds that
tesks in commercial computing were in state of rzpid evolution. For even
if the chosen occupztional structure had bgcome adocted by the markef, the
life of sucﬁiclassificetion would hzve been very short es technical change
profoundly zltered the content of tasks; prozremming, cited in Chapter 3,
is & case in point. In.other words, & legislstion zimed at clarifying the
signal valué of formzl training became a source of confusion.

-The 1969 legislation wes opposed by institutions of higher educztions
as well as by computer specielists. ~ The result has been new legislation
modifying the structure of degrees, 2s well as their status within the

educetional system. 4s the new regulations have not yet been fully
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developed it is not possible to compare them with the superseded ones.
However one thing is clear, the new degrees are not intended to reflect

an occupational classificezstion.

4.10 Conclusion

Commgrcial computing, and the market for computer specialists,
in Spain are going through meny non-marginal changes -- a process that
sterted in the early sixties, when computers for commercizal purposes were
first used in Spain. An unambiguous specification of the functional
relationships involved cannot be produced; the major problem is the
lack of a theory of choice of technology and technical innovation
under uncertainty. Emnpirical evidence shows that investors in this field
differ in their attitudes, and in the 2ctual choices of technigue and
training,

The limitations of the emzirical enalysis are compliczted in the
Spanish czse:(a) by the profound changes occurred in the economy and tre
labour msrket;ana (b) by regional differences. Chapter 5 deals with
the computer merket in Catalonia becausel(l) it is the second largest
computer merket in Spainj (2) the Catalen market for highly educated
" panpower hes been researched to a degree not matched for other regions
.or'for Spain as a whole! and (3) regional differences ere importeht in the

understanding of computing and the market for computers specialists in

perticular.
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Chapter 5

COMMERCTIAL, COMPUTING IN GATALONIA

5.1 Introduction

Strong inter-regional differences suggest that a study of a
regional market is warranted. The size of the computer market and_the
information on the labour market are the decisive reasons behind the -
choice of the Catalan market. The structure of this chapter is
similar to that of Chapter 4 since, regardless of the size of the market,
training and manpower imbalances in computing can only be efficiently
analyzed as part of the study of choice of technique (and inputs).

In this chapter I deal with the Catalan econcmy, the market for
computers and computer services, the labour market for highly educated
people and training and manpower shortages. Next, I discuss types of
formal training and certification, and finally, the main findings from
the other markets are investigated. .é

The chapter shows the interaction between infor;ation acguisition
(training and otherwise) and the transparency and competitiveness of
marxets in computing. Economic units acquiring information in a |
heterogeneous. and rapidly changing environment are awafé of the .
limitations of aggreggte data and the relative efficiency of’i#formation

based on a small number of well-known cases.
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5.2 The Catalan Econony . .

Catalonia has a very singular economic structure. | Secondary
and tertiéry sectors produced 94.3% of the gross value added in 1970.
Raw materials and minerals have been practically non-existent; a
constraint that partly expléips the felative preponderance of light
industry.. Economic growth and the evolution of the composition of the
industrial output have been dominant features during tne last fifteen
years. Chemicalé, metallurgy and food processing are among the most
important, and rapidly growing, sectors. Traditional industries, such
as textiles, are becoming relatively less important.l Table 5.1 offers
a summarized comparison between Catalonia and Spain.

The phoice of Catalonia as a unit of analysis should not obscure
the existing interprovincial differences. Barcelona proviace, and
particularly B.rcelona city and its metropolitan area, produce a véry
large proportién of the Catalan industrial output —- a situation more
tnan a century old.  The province of Tarragona has developed around the
provincial capital a very dynamic chemical industry, which is likely to
be strongly affected by the oil discovered off the coast of Tarragonaz.
Tne tertiary séctor, épecially pourisﬁ, is very important in the three
coastal provinces: Barcelona, Gerona (Costa Brava) and Tarragona.

Lerida province is predominantly agrarian. .

1 Narcis Serra, Antoni Flos and Lluis Artal, "Sobre L'Estructura
Industrial Catalana," Banca Catalana 31 (December 1973).

- R2cent o0il discoveries off the coast of the province of Tarragona
seem to indicate that a sizeable proportion of the Spanish market could
be met with the oil likely to be found under the sea in a wide area,
between the Ballaeric Islands and Catalonia. Avui, June 3, 1976, p.1l.
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The economic stfycture of Catalonia is, therefore, dominated by
the secondary and tertiary sectors. In addition Table 5.1 shows that
Barcelona and its metropolitan area have the largest concentration of
(industrial) production and population, a feature important in the
understanding of the labour market.'. However, before dealing with :

manpower issues, I analyse the market for commercial computers in

_Catalonia.

5.3 ~ The Market for Computer, Minicomputers and Computer Services

On December 31, 1970 there were 177 computers installed in
Catalonia. The subsequént evolution is not known, nor is if likely that
-the Catalan share of the Spanish market has remained unchanged during the
lést five years.1 The reason being that small and medium size firms
predominate in Citalonia and they are the ones that can opt for a
minicomputer instead of choosing a small computer. According to
unpublished data, the minicomputer market is censiderable.

The_Catalan market is also developing a computer-used market,

Iag well as a market fof'computer time (sellers being mostly installations with
underutilized computers). Service bureaux, offeriﬁg a full or a limited
range-of computer services, have existed since the'éarlyxsixfies and they
“have consolidated £heir éosition in the market, despite the strong

competition among them from sellers of computers and minicomputers.

1 fhe figure of 177 computers has been obtained by dividing the number
of computer specialists in Catalonia, 2722, by 15.37, the average number
of specialists per computer. Catalonia had the 23.5% of computer
specialist in Spain, according to the 1970 census on manpover in
commercial computing. This information is published in La Informatica
en Espana. : :
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On the evidence collected during this researcﬁ, competitiVeness-
in the Catalan market for computers is only_comparable to that of the
Basque Country in spite of the f;ct that the iafter is a smaller and
less diversified-ma\_rket.l This observation is all the more importaﬁt
when it is realizea that a similar conclusion emergea for the céﬁputer
LT

Such coincidence in the degree of competitiveness in both
computer and manpower markets is not surprising when it is fealized thét_.
decision-makers that aim at a cost-effective choice of an information-
processing system evaluate the interacting specifications of inputs and.
outputs (technique). This amounts to saying that decision-makers
analyse the markets of inputs in cost-effective or 'competitive' terms.

The competitiveness found in commercial computing is also a
distinctive charactzeristic of the Catalan markétlfbr highiy gduéated
people, as it is shown in the following section. _é;his competitiveness,
however, is not taxing place in a market for homogeneous inputs (physical
and human) that share the same prices, but it occurs among heterogeneous

inputs facing multiple prices.

5.4 The Labour Market for Highly Educated Pecule

This secﬁion is based on studies of the C.talan labour market by

2

: , . ”
J.Crespan Echeyoyen et al., J.Jane Sola,,3 J.A.Marcos Alonso, ©

1 " Given the rapid and continuous change in relative cost-effectiveness
among alternative choices as to the processing of information, projection
of past trends are unlikely to prove accurate. Moreover, all consulted

. firms that forecast the evolution (expansion?) of the computer

installation are fully awvare of the need for yearly revisions because of
uncertainty which materialized in unpredicted development, and events that
oceur in a way different from what was assumed in the forecasting exercise. .

2 Javier Crespah, Echegoyen, Jesu§ A.Marcos Alonso and Tomas Mc1t§ Garcia
. E1 Mercado de Trabajo del Porsonal Telnico y Altamente Cualificado a Traves
de la Prensa (Barcelona® Colegio Oficial de Ingenieros Industriales de
Cataluna, Gabinete de Estudios, 1974).

3 José Jané Sola, El Problema de los Salarios en Espana (Barcciona: Oikas-Tau,
. 1969»-"Lps S.larios en Catalufia. Estructura y Evolucion de los Anhos Sesenta.™
in le Economia de Catalufia Hoy (Barcelona: Banco de Bilbao,1974)

7 Jesus A.Morcos Alonso, Los Ingenieros entre el Pasado y el Futuro
(Barcelona: Laia. 1974),
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E.Pinilla de las Heras1 and A.Séez.2 The evidence produced by these works
indicates that the Catalan labour market has changed profoundly since the
1950's; that transparency ahd_competitiveness have become important and
Barcelona and its metropolitan area set the pattern for the Catalan labour
merket. |

The importancé of the net inflow of migrants seems tp be .
perticularly important among fhe unskilled and low-skilled leQels; For
the highly qualified manpower (with tertiary education) the mobility seems
to be mostly intersectoral and inter-firm; a characteristic that has
emerged in conjunction with khe general move toward a less controlled
labour market since the late-1950‘s?

The information on the labour merket has always been limited and
unreliable specielly in relation to earnings. Legislation on collective
bargaining and minimum wages add a degree of interference that is not always

detected and separated out from other considerations.4

. E.Finilla de las Heras, Immigracic i ¥obilitat Social a Catalunve, 3 vols.
(Barcelona; ICE3B, 1973 and 1975).

£ frmand Saez, Poblacién y Actividad Econdmica en Esvana, (ledrid: Siglo XXI
Editores 1973).

5 AK?fgz.ctividad Econdnica de los Catzlanes La Evolucion de le Poblacion

Activa de Cataluna. 19950-70", La Zconomia de Catzluna Hoy, pp. 23-97

The importence of the flow of highly educated migrznts into the tertiary
sector in contrast with the very swall influx into industry is open to
reservetions when the same research stresses that "the likely figures
for occupations in the tertiary sector ca:not be Enown with an error
inferior to 20%", Pinilla de las Heras, Immigracio i Mobilitet Socisl a

Cetalunys, 1: 14

4 Jané's research, cited in footnote 6, p.15, shows how little is known
about labour merkets in Cetalonia and Spain. There is evidence of a growing
gap between'wages and earnings, s well as between actual deels and the
corvenios collectivas" (government-azpproved: labour agreements). In short,
conclusions have to be tentative when dealing with specific segments of

the labour market, such os the market for highly specifilised computer

specialists.
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_ Despite these consFraints, and the rapid change of the industrial
structure of Catalonia, the labour market for highly educated people appears
to have gained transparéncy. Highly specialized jobs defined in terms of '
the problems to be sblved, have become more specific and so it has the
background education demanded by employers. The opposite tendency has
-deﬁeloﬁed among ‘managerial joEs, where different educaticnal backgrounds
are seen as Bettér substitﬁtes than was the case a few years ago}

- A very important trait of this market is the apparent senstivity
to market trends és reflected by employers changes in the compesition,
and educational background, of the job offers during the different phases
of economic cycles.

During a recession emplo&ers do not only demand better educational
backgrounds.for similar jobs, but that they also tend to zlter the
composition of the demand in favour of manpower with szles and marketing,
rélated background.2 This is economically rezsonaole since recession
periods usually amount to unused productive capucity, or slack demand.
This throws further doubts on mznpower foreczsting on the basis of the
comﬁosi£ion of manpower demanded:_predictions cen also go wrong because
firms éedeéign their production processes in accordence with the state of
the market. The redesign  affects the proportion between '"production"
end “saies" and consequently zffects the amount, and-characteristics,

"of the menpower demanded. N

1 J.Crespan Echegoyen, et al., El llercedo de Trebzjo del Personal Técnico,

This is particularly relevant to this research since it is centred around
the analysis of the substitutability between greduates in civil engineering
and other graduates -- and civil engineers constitute a sizeable proportion
of graduates that work in commercial computing. In fact it shows that
substitutability is perticularly importent for poorly specified jobs, such
as managerial zctivities. The study used the job adverts which apperred
in La Vanguardia Espanola, a Barcelona daily newspaper, something that makes
the conclusions very relevant for the computer labour market; since people
working in commercial computing consider the information contained in the
job adds published by that paper as a proxy for the state of the market.

2

Ibid., Chapter 4.
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Attempts to estimate manpower shortages are unlikely to produce
religble results when it is considered that employers are making adjﬁstments
of the labour force employed that do not necessarily reflect the félative
movements of earnings. Another aspect of the probiém is.the ignofanCe

as to the relztive opportunity cost of using different mixeé of adjustment

- variables, or to put it differently, firms face neither the same

L1]

’mirro-production function" nor the same relative prices.

For the purpose of the present investigation, the relevant
conclusions are: (1) the profound change of the market for highly qualified
specialists since the late 1950's;and (2) thé.coﬁpetitiveness of the
market., With this background inforrmation the next section desls with
trzining and manpower shortages in commercial computing in Catalonia

are gnzlysed.

5.5 Training and lManvower Shortrres in Commercisl Computing

The Catalan merket for computer specialists is very competitive.
Internal merkets zre importsnt, but entry is‘generally open to indivicuzls
with practically any background. Bven if some'intérnal markets‘spepify '
minimum educstional requirements for highly siecialized.tasks,_tertiary
education is usually a preferred backgrouhd recther tkan a pre—condifion_for
eligibility to the job. (This question of formsl éﬁucation as a background
for joE avplicents is dealt with, in grecter detail, in the next section.)

In?estors in treining, employers and emrloyees, are sware. of: (1)
the existence of multiple trade-offs;and (2) that .tney differ inter-firms.
Say, for instance, employees know thct firms do not coincide in the

characteristics of the training they offer. Itlwas mentiored in Chapter 3

that training options can be divided in terms of the supplier: computer
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sellers, serviée bureaux and computer users, They tend to differ in the
number, and variety, of assignments, Bromotion possibilities and access to
related (highly substitutable) jobs vary among"internsl markets? v

Even within.fairly similar firms of the same industry tréining
practices differ considérabl&. Interviews revezsled that decision-mekers
are.very aware of the non-existence.of accepted trainﬁﬁg procedures and
standerds of performance. The problem is a very basic one: the computer
system is essentially versatile, thé user mustlchoose the desired
configuration of en imperfectly understood system: a choice that is
L& ‘ge éffé} analyzing the type of information to be processed, znd the
constraints imposed by the internal merket. Firms are by no means all
alike, and the choice of an adequate or efficient design partly depends on
1noumbent spe01al1sts, since it is usually their JOb to estlmate the
reletive oprortunity costs of the alternatives avsllable

= Lhe cheracteristics of internal merkets are imrortant since they
cen influence the breference for determined types of manvower in terms of
educeéional_ and wofk background, thereby constraininv the actual choices
of computer systems, and the characteristics of JObS and tralning.

) The heuxlstlc approach followed by employers in the sp801flcat10ns
of the computer system, and the demand for manpower and training oifered, is
compbunded by the fact that employees when first enfé;ing cormercial
Compusing often know very little about the task, and what frecuently becomes
importent, they know littlé about their praferences for job content. The

most siriking example is the tendency to prefer either tasks that involve

social intercourse as a major festure, say, systems analysis ,or tasks
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that are essentially a "man-machinen interaction1 (software programuing
for iﬁstance).

Employers andxgmpIOjees do usually acguire information abait the
state of the computer specialists market. Interviews showed that the
two main sources of information were job offers published in La Vanguardia
Espancla =- the largest Barcelona daily newspaper —- and confidential.
information on_éarnings, turncver, promotion, and selection practices,
provided by colleagues.

The information exchanged among groups of people working in
cormercial computing strongly suggests that weges, and earnings, differ
considerably émong firms, although the disparities are narrower among
installations with fairly similar characteristics. The spread of earnings
for the same category of employment is partly explained by the heterogeneity
of manpower classifications in commercial computing: the same occupational
label ofiten refers to different task mixes.

Data on earnings based on samples of firms that are used as a
reference by the firms providing the data should be interpreted in much
the same way. The econcmic rationale for this situation resides in
the effect éf continuous technical change upon the efficiency cost-
effectiveness of developing standardized occupational classifications;
to put it differently, the hetercgeneity of lgbouéfinputs is not overcome
' because it would require the standardization of job descriptions, an

" inefficient policy when technical change is a dominant feature.

1 This polar distinction is not always seen in practice, but computer
specialists often approximate the problem in these terms. Another
example is the difference between being the head of the computer
department, a managerial job, and working on specialized fields such as
systems analysis. Interviews showed that managerial tasks deal with
single, non-programmed situations, whereas "typical® <tasks in commercial
computing work on regularities and in the specification of programmable
—- logical -- processes. Many interviewees were convinced that few
individuals feel at ease in both, usually either of them is preferred.
Similarly as such preferences are rarely known at the outset, a trial and
error process is frequently followed in the choice of specialization.
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The analysis of manpower shortages is likely to produce ambiguous
results, since the underlying heterogeneity of techniques and occupations
in computing, and the‘multiple adjﬁsﬁment variables used by'employers to
adapf to changes in technology and in the computer specialists market,
imply that earnings are now what the market equalizegiand, thérefore,
changes in earnings do not measure the extent of the Ushortage®. (Of
‘course, if this is the situation, it is nothuite ellan ety dher
analytical meaning of a manpower shortage).

The relativity of occupational labels and the importance of the
actual tasks performed on the job — the main issues analyzed in this
section — are important in the understgnding of several issues on

formal education.

5.6 Formal Training and Certification

This section will not discuss f;rmal training in commercial
computing in Catalonia since it would coincide with what i$ said in
Chapter 4. Instead, the discussion will centre around the educational
background of incumbent computer specialists and the attitudes towards
~ the 1969 legislation on the validation 6f work experience. :

Among highly specialized computer specialists in Catalonia two
types.of tertiary education predominate: (1) thosé‘with a business or
: ééonomics degree {perito mercantil, profesorﬁ mercantil, intendente
mercantil and economista)jand (2) those with engineering degrees

(perito industrial and ingenierc industrial). These trends have been

influenced by demand considerations, such as the belief tkat business data



110.

should be analyzed by people with business background, and by supply
considerations, as in the case of the "ingénieros industriales™ during
the late 1960's and early 1970's. “

The demand for problem solvingk and the novelty of commercial
computing 1ﬁlthe 1960's influenced the propensity to recruif people with
tertiary education, partly due to the'belief'that there is a correlation
between thinking ability and education. To the extént that the ability -
to understand the workings of physical equipment (electronic, electromechanic
and magnetic) was demanded, engineers appeared to possess the most
" substitutable knowl;dge. Besides, in Spain there is a tendency to
associate engineers-with iogical thinking and also with problem solving
using mathematical tools.l- Mathematicians and physicists can also be
included in this group, though they represent a small part of the marxet.

Business and economics looked also highly appropriate for
commercial caomputing because the information processed is business
information and it is reasonable to assure that those who are familiar
with this information, and the processes and trade-offs involved, have a
comparative advantage when such procresses are to be mechanized.

From what hag been said so far it might be inferred that in the
1ong.£un educational backgrounds will tend to polarize. Business
specialists moving towardw the tasks that deal withfbusiness information,
say, systems analysis and manpower with engineering degrees moving toward

the M"specialist-computer" interface, for instance, software programming.

1 Civil engineers in Catalonia do seem to conceive their "profession®
in a very broad sense; views are neither uniform nor constant over time.

" The sociological study of the profession indicates that this opinion
partly reflects the existing flexibility in many jobs and that substitut-
ability between educational backgrounds is particularly strong at the
managerial level and in those areas where the decisive skills are problem
solving of poorly spascified assignments or decision-making under considerable
uncertainty. Such an attitude seems to be consistent with the existence
of graduates in engineering and on business side by side in commercial
computing. Tnis observation is incisively discussed in Marcos Alonso,
Los Ingenieros entre el Pasado y el Futuro
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This may or may not become the outcome in the future, but so far, the trend
among computer users is far from clear. The exélanation of this
heterogeneity has to be found in the characteristics of the"internal
market"and the relative power of job incumbents that control the

computer department.l The ﬁnderlying theme is always the same: Computer
- systems are yersatile, firms differ in their cost-structures and so do thé
cost estimates of decision-makers, thus leading to heterogeneous inputs.:

The second issue to be dealt with in this section, refers to
the disrepute of the validation of experience for the degrees crzatsd by
the 1969 legislation. Access to these degrees was only open to those
-with a certain level of education and a minimum number of years of
working experience in commercial computing -- both prerequisites related
to the length of the course leading to the degree on computsrs. The
candidates had to entsr an examination set up by a cormittee of
university grofessors.

Computer specialists reacted in different ways: some took the
exams, some did not; many objectad to them on matters of principle, or on
“the grounds'that.the exams consisted of assignments that could hardly
'producé a meaningfui estimate of the capabilities of experienced specialists.

It is the later wealmess £hat proved fatal to the validation
policy. Employers and emplcyees who went fhrough the exams noticed that the
_ concession of those qualifications was generally arbitrary from a market -
point of view: the examination results wecre not indicative of adeguacy
of the successful examinees to the computing tasks that were supposed to

coincide with each degree defined by the 1969 legislation. Nor did tne

1 I must recall that the influence of job incumbents in resourse allocation
chotces under uncertainty is well documented by Pettigrey,The Politics of
Organizational Decision-Making
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certificates offer evidence of formal training, since the purpose of

the exam was to validate experience in terms of educational quelificetions.
That such a policy failed is shown by the fact that employers do not ask
for them. The reason has already been given: such."cducatienal“
certificates are not efficient aslproxies for the producﬁive value of

the candidate: the signaling value of the certificate is nil.

In short, this section supports the conclusioe that decision-
makers in commercial computing are aware of the relevante of the content
of formal education (certificates) as a proxy for problem solving, and that
certificates fail to win market acceptaeee'when they are based on .
unreliable assessments. Before concluding this chapter, I shew that there
are grounds for inferring that commercial computing in Cstalonia is'far

from a representative sample of comrercial computing in Spain

G Regional differences

The analysis of the Catalan market cénnot be followed by similar
studies of other regional markets due 1o limitatienszin background
information. However, taking the Catalan case as a reference, the
evidence gathered in Bizkaia, Gipuzkoa, ﬁadrid and Seville1 confirms:

(1) the interdependence between deﬁeeg for output, supply of inputs and
' o p
choice of technique (and training);a?Z)_regional differences.

It is shown in Chapter 4 that costs are often related to the
extent of the market --size and characteristics of the demand for
commercial computing . Such an explanation must be complemented by the

characteristics of regional labour marketa and of internal markets, in

particular.
17

Census data for December 31, 1970 indicates the following regional
distribution of manpower in comaercial computing: (Spain 100%), Catalonia
and Balearic Islands, 23.5%; Andalusia and Canary Islands, 3.4%; Basque
Country and Navarre 12.2%; and Madrid 46.7%. La Informdtica en Espana.
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Thus, the Seville market exemplifies inefficiency to an extent
only observed in central governnment installations; two Mmarkets" that are
not very competitive ih terms of both labour and output.™ This, hc#ever,
does not gxclude the fact that extremely efficient instllations were
found in Seville and in central government. The characteristics
(competitiveness) ofhinternal markets’ acéoﬁnis for these devia£ions.
Similar correspondence between the degree Qf efficienéy in cbmputer
installations and"internal markets’ was encountered elsewhere in Spain.

In otﬁer words, choice df technique and inputs cannot readily

" be related to the extent of the market for commercial computing.
The demand for commerciél computing is usually a derived demand: a
decision variable in the set of activities undertaken byhinternal marketsq

Nonetheless, the extent of the market and labour mobility affect
the actual cost of choosing a given technology. = Sellers assistance
("back-up") is usually less efficient in Seville than in Madrid. As for
labour, the Seviile market is relatively small; enterprising specialists
tend to migrate to the biﬁ markets (Madrid, Barcelona, etc.); and
attracting'experienged sbeciélists from tnere is a challenging task.

Tne interregional mobility can ﬁe summarized in the following
way: (1) Madrid attracts specialists from all over Spain} (2) large cities
receive an inflow of qﬁalified people from the regi;n, or province,

(3) movements in the opposite direction are rare;and (L) the Catalan and
Basque markets do not normally consider the supply of specialists from
other regions as part of the relevant supply. |

Discussing manpower shortages after what has been said may seem

inappropriate. However, it is done because among employers and employees



114.

in commercial computing it is often heard that “good"speéﬁﬂists are in
short supply, both in slowly growing markets (Seville) and in rapidly
growing ones (gipuzkoa). The answer has already been given: firms.
neither share the same technique nor use policy variables in the same
proportions, and in additiqn, wages are not uniform even within a regional
marketf It should also be ﬁoticed that firms are certainly aware of

" the impiications of rapid changes in waze differentials among emplg ees;

- this often being a major factor in the complaints on manpower shortages.

For internal markets cannot always make major jumps in wage relativities
and, at the same time, decision-makers know that in commercial computing,
changes in relative scarcities can be counteracted by modifications in the
design of the production process, and in the specification of outputs.

An implication of what has been discussed is the unreliability
of interregional comparisons. Decision-makers, in commercial computing,
are aware of the role of relative prices and the constraints imposed by

“internal markets"and output specifications. That is why a comparison
between, say, Seville and Madrid is likely to te misleading. For it is
not a matter of size as defined by, for irnstance, income per capita or
gross regional product; the qualitative aspects of inputs, their supply
and demand, the characteristics of'internal_markets'are decisive and they
differ from region to region. v

Seville is very traditional and so are the majority of‘internal
marketglthéref Seniority and "loyalty" to the firm, and to the bmss,
are usually more important than competitiveness and motifation for self-
improvement. Specialists whose approach to career developuent is based on
personal achievement tend to migrate to the north (Basque Country,

Catlcnia and Kadrid). Andalucia has an economic and social structure
that differs profoundly from what is seen in the other areas studied in

this research.
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What Seville shcws is, to a much lesser extent,'seen in Madrid
as a result of the practices of central government. Specialists interviewed
in Madrid usually stated the view that the computer specialist market in
Madrid was far less competitive than the Barcelona one. - This was an
impression that was not confined to computer speéialists, but also to
highly qualified manpower. Madrid does not have ; market for job offers

in the way Barcelona has through the newspaper La Vanguardia Espanolas:

personal connections play a much larger role in Madrid than in Barcelona.
The Basque Country, on the other hand, offers a combination of
low intraregicnal, and even intra-provincial, mobility ahd a predominatly
competitive approach to commercial computing. Therefore, it is not the
size of the market for commercial c;mputing that makes this industry
competitive in the Basque Country. The importance of efficiency and
achievement in most“internal markets'is a major factor in the competitive
approach to computing. Basque coméuter specialists are conscious of the
need for a process design (selectiog-of input spegifications) that
minimizes costs for a given output ééecificationa )
| The relevance of internal markets and their influence on the
workings of computer installations was confirmed in almost all interviews.
Choice of technique, manpower policies,and éraining are not the result of
choosing the optimal combination of inputs in a perfectly ccmpetitive
environment. Not all firms face the Samelrange of choices of technique. -
Policies as to what, and how, information (teéhnique and training) is to be
bought vary from firm to firm. . 1In éommercial computing, firms cannot

be assumed to face the same book of blue-prints because the current knowledge

they possess and the prevailing practices, and policies, in their internal

market pre-determine the range of choices of technique, and training in

particular.
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In short, regional studies are warranted, though the same
cannot be said about inter-regional comparisons. Markets for inputs
and output vary from region to region, and so do internal market practices

— the policy, ‘and input, mixes used by decision-makers.

5.8  Conclusions

The analysis of the Catalan computer market does not differ
substantially from the discussion of the Spanish market, except for the
specificity of some conclusions, such as the realization of the competitive
character'of_the Caztalan market. Regional differences are influenced by
the characteristics of inputs as well as by internal markets.

The fundarental conclusions are that decision—makers viewz(1)
the computer s}stem'as a set of imperfectly understood interacting
devices (humanéﬂﬁi physical) subject to an ﬁncertain tecnnological
evolution;(E)lthat the specifications of technique, ihputs and outputs
are interdependent; and (3) that firms differ in the technique and price

set they face.
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Chapter 6

SUNMMARY AND CORCLUSIONS

6.1 Training es a Constraint in Staffing a New Technology

This dissertation studies how firmé'staff a new and changing
industry, in a rapidly deveioping economy ., Staffing.new technologies
cannot be dealt with independently from choice of technique under uncertainty,
since choice of technigue is constrained by tféining. ) Additionally,
the analysis of training in new skills turns out to be_a particulaf case
of information-acquisition under uncertzinty.

The theoretical framework is based on the_link_betweeh skills and
training provided by the problem-solving nature of work. Treining is
considered as a constraint of choice of techrnique. ~ An explanation of
the emergence of formal training and training specializatioﬁ is offered. -
Skill-acquisition is not consicered as a black box: what is learnt; and
how efficiently trainees learn is ecoiomically significant because of:

(i) the economic value of the f&ges of problems that trsinees have learnt
to solve; and (ii) the signalingivelue of problem-solving capabilities
es reflected in the training performences and the content of training.

With the theoretical and_policy issues in context I deal with
training and staffing in Spanish commercial computing. .This'case study.
of new technology is analyzed with an emphasis on possible policy implications.
 Finally, I conclude with suggestions for further researéh on the concepts of

skill and training as used by economists.
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6.2 Training Problem-Solving and Choice of Technigque

The analysis of training in new and highly sophisticated skills has to
include technology as a decision variable, siqfe trainiﬂg choices in a new
technology are influenced by choices of technique. = However, the relation;
ship bétween training and technique is by no means a simple cne. From an
economic standpoint a technique does not consists of a_set.of ﬁnambiguously
'specified scalara. The conjecfured.exéhaﬂge—value of a technical
specification,'which includes Jjob designs and training policies, is
influegced by the interactions among expectations on relative scercities,
choicéé under uncertainty, and cqstly information. ind it is to these
_ interdépendencies, and their evolution, that I devote the following
paragraphs.

A new technology consists of costly information about a production
_ process (iniuts and outputs specifications)that is subject to uncertainty.
Treiring, on tﬁe other hand, can be considered as costly information
acouired b& employees. Defining treining in terms of information, and more
precisely as problem-solving significantly incresses the analyticel
-usefulness oﬁ the training concept. Training endows trainees with

abilities to solve sets of problems encountered in production, Caeteris

varibus, the economic value of training devends on: (1) the similerity or

dissimilarity between different solving abilities for production problems,

that is, the level of generality of the trazining content; and (2) the -

- relative scercity of types of training.

The popular notion that trained individuals are more productive than

untrained ones can be explained in terms of problem-solving. Production

. consists of a set of tasks which zre yroblems to be solved. They can be

solved either by human capital .in conjunction with physical capital, or by
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human capital aslone. The first alternative relates to taks that can be
partially or fully automated, that is, to tasks that can be unambiguously
specigied. Whenever a tssk or a group of tasks;cannot be spelt out in a
logically precise way, labour musf be brought in for the simple reason
_that labour is the only input that can solve ill-defined problems.

This being the case, are all production problems alikef Or, is
it possible to identify different sets of problems?. . In other words, whst
- explains the emergence of formal (off—the-job) training, and why does
specialization in formal training take place?

Production problems are not all alike. Variables relevant to-
certain problems are not significant in others. For example, the
understanding of physical properties of z2lloys is not relevant to
woodworkers. In addition, production problems cannot all be solved
following the same procedure. Thus, as shown in chapter 2, logicai methods
zre zdequate for problems with trzde-offs that can be well specifieé_and
predicted, but problem-solving under uncertainty, say, entrepreneuiial
decision-making, is not solvable by pure logical thinking.

Technologies like academic disciplines share some things and
differ iﬂ others; thereby meking any calssificztion somewhat arbitréry as 2
(1) boundaries are not-independept from the classification criteria choseng
(2) boundaries are.often blu:red.and prone to change.as new problems may
belong to more than one of the existing areas of study or 'technoldgies';
(3) the typificction of problems into academic disciplines and treining
syllabi is the result of the interplay of technologicel, political énd
economic forces; and (4) strictly speaking, it cannot be stated which is

the most efficient classificetion of production-problems for training
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purposes: due to novelty what is deemed efficient today may not atpezr
so tomorrow.

Since an effiéiént taxonomy of skills cannot be established, I
concentrate on how specialization in problem-solving develops and how
formal trzining emerges. I conjecture éhat a typology of new problems
mey be developed over time if the new problems recur often enough, as
in such situations it may be efficient to'producé a setlof standardiﬁed
solutions.

Given a new set of problems the emergence and evolution of formal
trsining, either off-plant or'in—plant—off—the—jbb, is going to bve
influenced by: (1) the demgnd for and supply of fraining for that set of
problems; (2) political forces, say, pressure groups attempting to
influence 1egislation on education degrees; (3) existing formal training
specizlties; and (4) the uncertain evolution of the rzte and content of
technical change. ,;

This combination of influences rgsults in job design, training,

. hiring and promotion standards being considered as interdependent policy
variables, since in an interacting system where uncertzinty is a major
consideration, fixing or sﬁécifying unambiguously fhe above policy

variables is bound to be inefficient. In other words, trzining is a

veriable that cannot be specified independently from the chcice of a job

design or techniague. -

These interdependencies are far from simple in new technologies
sincet (i) decision-makers are not choosing among unambiguously specified
technological alternatives in new technologies; (ii) information is

costly and inevitably incomplete as the problems resulting from nevelty cannot
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be fully known a priori; (iii) individuals conjecture the exchange-values
of tgchnical configurations for an also conject;red state of the world;

.and (iv) decision as to what, and how, to learn about a new technology

: infl#enée the actual understending of technology,.the conjectural
éxchénge-vslues assigned to the set of techniques tﬁe decision maker
becomes acquainted ﬁith, and théreby-the eventual choice of technique.

In short, it can be cbncluded'that in new technologies: (1)

S En [aEel no besks of blue-prints; (2) uncertainty, imperfect information
and heterogeneity 6f'inputs and outputs cannot be dealt with by means of
thé concept of the micro-production function; and (3) training end
employment specificstions are not independent from choice of technigue.
As I show in the following section this conclusion summerizes the
inévitable ambiguity of the concebt of manpower shortagé in new

technologies.

6.3 Trzining and l’ancovier Shortzees in I'ew Tecrnologies

The belief in shortages of highly quelified specialists is
.commonplace'in.new technbloéies. ' In.tﬁis section I analyse the
conventional solutions to ménﬁower shortages. According to neoclassical
laboui theory, menpower imbalances zre overcome in the short run by prige
changes, iy lowefing hiring standards, or by both. &n the long run,
investment in training is the solution. . "In a rapidly growing indusfry
welicqualified §pebia1ists are bound to be scarce and labour turnover high.

.This is probably why .;}?anpower sholrtage, as perceived by the
employefs interviewed in this research, has two drawbacks: (i) it produces

a severe distortion in pey differentisls; and (ii) it causes inefficiencies
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in production. Government intefvention in the form of manpower plénning
is often considered as more effective than market forces in overcoming
manpower shortzges. But, in the light of this research, is manpoxer
planning preferable to competition? The ensuing discussion is presented
in terms'of the manpower requirements approach used in the Meditefranean

- Regional Projectl as this is a ktrong' version of manvover planning due to
the fixed coefficient assumption.

The implicif assumption behind educational planning is the
existence of rigidities in the lzbour market for educzted people that cause
imbalances between the demand for and the supply of educated peo;:le_.2
Thether to satisfy the demand fo? educsted pecvle or the demand for
education by private individuals is a dividing issue among specialists.3

In so fer as the issue is a manpower shortzge, I must deal with
both the démand for trained people and the demznd for training.:_ Existing
methods usuzlly concentrzte on either the educationzl system, thé input-
output method for instance4, or the labour merket, as in the case of the
manpower requirements approzch used in Spain in the framework of the OECD
Meditgrranean Regional Project.

I begin by studying the labour market in order to find out the size

~and compositionlof the alleged manrower shortage. T discuss a'strong!'
version of manpowar planning because the case for coﬁhetition becomes
"glausible, when factor substitusion is allowed for the model, to say-the
least; since flexibility amounfs to saying that firms caﬁ differ, heter-
Iogeneity is possible and consequently disaggregested decisioh—making is
called for rather than centralized planning.

1 Phe Mediterranean Regional Project. Country Reports Spain (OECD Genéve:
1965).
e Basir Ahamad and Mark Blaug, eds., The Practice of lanpower Forecesting
(Amsterdam. Elsevier Scientific Co. 1973)

5 R.P.G.Layard, "Economic Theories of Educational Planning", Essavs in
Honour of Lord Robbinsg M.K.Peston and B.A. Corry eds., (London: Weidenfeld

and Nicolson, 1972), p.118.

4 Samuel Bowles, Planning Educational Systems for Economic Growth (Cambrldge.
Barverd University Press, 1969) p.84.
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The manpower requirements approach éssumes that factor
substitution is not possible, and that training can be designed tolmeet
employers demand. In a competitive market this implies an unambiguous
correspondence between training content and job design; otherwise the
shortage would not exist, as job opehings would have been filled by
individuals posseesing other skills. Such an assumption relies on the
possibility of producing an unambiguous specification of the technology,
task contents, and ultimately job designs. Approximations would not do,
as the market already produces specialists capable of solving highly
sophisticated problems;  and, after all, that would imply factor substitution
which would contradict the assumption of fi#ed proportions.

Empirical evidence on commercial computing does not support the
assumptions behind the manpower requirements approach. New techniques are
imperfectly understood, they are not fully specified and they undergo
continuous changes dueato market forces. Tne manpower requirements approach
is inadequate for new fechnologies rainly because inputs and outputs are
heterogeneous, multi-dimensional, their specifications are variables not
- parameters, and factor substitution is possible. The difficulties go
beyond the accuracy of;forecasts and the specificaticn of tasis. 'ggp

designs and the tasks involved are not specified once and for all, they

interact with market forces: they are policy varisbles. As a result,

aggregate occupations-and outputs are heterogeneous categories that cannot
be used for forecasting. They are the outcomes of factor substitution
undertaken by decision;makers who differ in the inputs they use, the
perception and response to -uncertain change, and attitudes and expenditure

on information.
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Therefore, the criticism against manpower planning in new

technologies is ultimately based upon the empirical fect that job design,

trsining, hiring, promotion and outvut.design are policy variables, In

" other words, the criticism is against the reliability of technological

. forecastingl

If manpower planning cannot. produce an adequate supply of highly
qualified specialists in a new and'rapidly growing technology, should the
‘ emphasis be put on market forces, that is, on stimulating competition?

In a new technology, market signals are ambiguous and costly to interpret

and therefore decision-making is best left to employers and employees,

They alone can conjecture the relative zttractiveness of options knovm

to them.

The rezlizztion of the analytical ambiugity of both, manpower
shortages a2nd then belief that they result in sub-optimality in production
is a by-product of this discussion. These implications follow from the
built-in flexibility of new technologies. Strictly speaking, there is
no such thing as a technically optimal specificztion in a new technology,
since the level of speéification is influenced by: (a) financial resources
allocated to specifyiﬁg a tecﬁnology; and (b) the conjectural nature of
choice of technique under uncertainty.

Yet, if there is no such thing as technologigél optimality, if
input and output specifications are decision variables, if ménﬁowe;
shortages are ambiguous scalar measures, if the rate énd direction of
technologicsl change are uncertain, znd if decision-makers differ in their

perceptions of uncertainty and risk, how much reliance can be put on manpower

7 I do not enter into the debate as to how reliable technological forecasting
-can become since the issues are many, complex, and extend well beycnd the
scope of this thesis as can be found in Erich Jantsch, Techno i

Forecasting in Perspective (Paris! OECD, 1967). This study puts forward the
view that tzschnological forecasting is becoming increasingly complex, though
gradually more accurate., -
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planners? Are they going to overcome the prevailing uhcertainfy and
heterogeneity? This is logically impogsible. Predicting the future -
using information which is essentially ambiguous is unlikély to “impréve"
the workings of the market. For, it is precisely what a market for a new
technology lacks, what is also lacking in manpower plénning, fhat is, |
insight into the future. Market information in new téchﬁologies'is

5o unreliable because current information is believed to be of little help
in knowing the future. But, is it not current information plus

' conjectures which the planners use as raw material to produce the
"information" that the market cannot supply?

In short, the continuous evoluticn of new technologies and the
heterogeneous responses from decision-makers should not be interfered
with by manpower planning, as there is no way to define either the
extent of the "shortage!" or its economic meaning in an ﬁnaﬁbigucﬁs manner.

But, once the market produces reasonably unambiguoué information
and formal training emerges, what happens to educational planning? = The .
improvement of marzet information usually coincides with a‘prcceSS of
input standardization and in so far as this amounts to fixipg some
production coefficients, manpower planning for highly quali}ied people in
new technologies seems to gain strength. However, this inferenée uoul@
only be sound if fixity were to affect labour. But:;n thpter 3 I show
that fixed coefficienfs develop in physical capital as manpower ‘is
relatively inefficient in performing routine tasks, that is, tasks pefformed

using abilities in fixed proportions. The consequenées of the development
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of formal training on manpower planning are further discussed in
conjunction with the signaling value of education since both refer to the

connection between what is learnt off-the-job and what is done on-the-job.

6.4 The Signaling Value of Training:

In.the foregoing section I show that manpower planning in new .
technologies is not warranted because the demand for manpower cannot be
summarized in unambiguous scalar measures. Decision-makers act
differently upon physical-inputs specifications, training, promotion,
output configurétibns, and the level of production in order to take
advantage of the flexibility and heterogenéity of technology and labour.

Tnis interactive behaviour is not incompatible with the emergence
and specialization of formal training. Technology does not dictate how
forralization Qill take place: politics, demané and supply for new problem
solving, the ex%sting division of formalized nowledge, and the
characteristics‘pf suppliers of other types of training are also elemental
in shaping: (lf typologies of new problems; (2) the development of new
formal-training specialities and certificates; and (3) the institutionalization
of training. - .

The case for educational planning is further weakened when the
ambiguity of scalar measurements of manpower shortagés is coﬁpounded by the
non-existence ;f perfect match between formal training and employment, as

this precludes the translation of the demand for educated manpower into

an unambiguous demand for manpover defined by their formal training.
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How do employers cope with the loose equivalence between formal
training or certificates and occupations? As argued in Chapters 4 and 5,
employers in commercial computing when they consider hiring an - individual
they look into: (1) the content of formal training; and (2) how
proficient the candidate was in learning. The training syllabi provides
a rough guide to the types of problems tne prospective employee has
learnt to solve ahd suggests how familiar he is already with the types of
" production problems to be ‘encountered in the job. Proficiency in
learning is also relevant as all jobs involve a certain amount of learning
to solve problems specific to the firm. Thus, @mployers can gain an
insight into: (a) how costly this learning may be; and (b) the costs of
" possible job transfers and promotions in the future. These costs are
very relevant in new and rapidly evolving technologies, as the obsolescence
of know-how leads to a periodic involvement in learning new techniques,
staffing newly created jobs, etc., thus making the potential for learning
a relevant economic variable in the selection of employees in commercial
computing.

To put it differently, formal training has a signaling value for
employers due tb the prbblem—solving nature of educaticn and work and the
differences between training content and prodﬁction problems.

Polar versions of screening and human capitai theories seem 1o
dispute on a non-specified box, that is, both views take'training as a
black-box wrnich is either empty or full of productive knowledge. The
polarity, the opposition betwéen training as selection ér substantive

learning, can be disposed'of by the combined use of: (1) training as
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problem-solving; and (2) the empirical fact that trainees differ in their
learning performances. For this conjectured nature of training in a world
described by (2) will necessarily produce the elements for selection of
the best accordiné a criteria: the relative ability in soclving problems.’
But, is this all? Indeed, it is not. E
It can be stated that training inevi£ably.involves selection in so far
as some learn better than others. But to state that training is merely
selection is a valid proposition, cnly if it is shown that thé selection
" criteria exclude problem-solving. However, if training offers no
substantive knowledge or problem solving, how are pecple selected? How
can trainers find out the psychological traits of character that are
"required™ for a certification of the possession of the right blend of
personality to take up jobs that demand certain probep-solving abilities?
Thus, according to my specification of tréining: (a) the

screening hypothesis is at best incomplete, and ceré?inly misleading;
(b) training is more than a device for "selection", it deals with problem-
solving which is an econocmically relevant feature of production; ‘and
(c) whether those engaged in problem-solving learn,or merely exercise
innate abilities,cannot be answered conclusively, intso far as theré
is no way to define learning independently from innate abilities;
ultimately there is a taxonomical issue, and therefore it is a matterof conjecture

what constitutes acquired skills, innate abilitiés, and hoy they are
identified in-individuals.

There is a relevant extension to the above discussion.

Scarcity is what gives an exchange-value to the problem-solving nature
of training. What the psychological nature of problem-solving is, or

hew it is acquired, are related but altogheter different issues.
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They refer to: (i) the pSyChdlogical explanation of the origin and nature
of knowledge and abilities; and (ii) the relative cost of different ways
of learning to solve a given set of problems. The latter point cannot
be dealt with in general terms, it can only be discussed case by case and
in terms of the knowh; or existing, training methods. Furthermore, I
question the generality of the relationships between the economic value
of education and physical productivity and the use of inforimation in the
production process. On ﬁhe one hand the above specifications cannot
encompass decision-making under uncertainty, as the very decision is
neither physically contributihg to output nor does it take information
as the major input, if anythiﬁg un-knowledge or uncertainty is the
distinétive input. On the other hand, my definition of training as
problem solving is compatible with all these types of activities and
problems, and still gives due credit to the scarcity asvect of training.

}Thus, it can be conclided that: (1) the emergence of formal
trainin; does. not makg manpower planning more reliable,since it compounds
the ambiéuouS-character of manpower shortages;(2) training has a signaling
value?%?;) screening is an inevitablg part of training as problem-solving
when account is taken of the eﬁpirically observed differences in training
perforaances amﬁng.individuals, the loose comnection between jobs and
training, and the pfoblém—solving nature of uork; -

" So far I have shown mostly drawbacks and ambiguities on the
concepts of manpower shertage and educational planning. In the next

two sections, I outline results that are more constructive for

policy purposes.
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6.5 Training and Manpower Shortages in Spanish Commercial Computing

' Electronic data processing is a technology that has been growing
at a very high rate singe it was applied to computing comnercial information
in the 1950's. 1In addition, the technology has undergone a continuous
procees of change.that does not show signs of stabilizing yet. Concrete
references to teehnical aspects are omitted here, as they are not essential
to the e#bosition;

Commercial computing allows for a great deal of flexibility in the
specification of inputs and outputs, thereby making training options
dependent on choice of tachnique. Dzcision-makers have imperfect knowledge,
and ars avare of the pervasive role of uncertainty. Or to use a different
label, the concept of micro-production function is not valid in this context
because: (1) a bock.of blue-prints does not exist in comzercial computing;
(2) uncertainty and costly information are major constraints;and (3) inputs
and outputs are heterogeneously specified variables. Decision-makers
adjust to technical change and factor of output prices via preduction-
process redesign (whica can include job redesign, training redesign and
output redesign) and changes in hiring and prozotion policies.

| “As computing-instaliations vary in job dssigns, profiles of job
incumbents, and hiring_and promotion policies, it is not possible to specify
a ™"manpower shortage® in a meaningful way. Fo; even:if there is
conclusive evidence that the increasing demand for hiéhly qualified
specialists has not been met by a similar expension in the supply of
ntrained™ or experienced specialists, there is no basis for the specification

of the profile of the Madequately™ qualified specialists for the "optimally™
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designed jobs. Standard designs simply do not exist, except ﬁrobably
for skills that have gradually become formalized, lile, for instance,
conputer programming. Though, to mén& specialists computer érogramming
(as defined in Chapter 3) is no longer a "highly specialized" set of
skills. -

Empirical evidence shows that employers and employees are
influenced by the differences in problem-solving among jobs, and the
related transfer costs from one set of tasss to another. The transfer
cost can be approximated by comparing the contents of the
problem-solving involved with relative scarcities of the training
contents involved. That is, decision-makers in commercial computing
consider that training and work experience has a signaling value in so
far as it can be taken as a proxy for employees' capabilities..

Another substantive finding is the sequential approach to
training investments in commercial compufing. Trainees, in almost all

cases, find that their views about thneir cavabilities and tastss on training

and work in commercial computing change as they become engaged in actual

training and work. In other words, the evaluation of the economic worth

.of a career in commercial computing underéoes qualitative changes as the
newcomer becomes acquainted with actual computing tasks. The ignorance,
and unéertainty, is such that traits of charactep, like preference for a
chéllenging unknown tend to play a major.role in job and training choices
in commercial computing.
While the degree of ignorance as to what computing consists of

decrcases among new entrants as the industry becomes more established;‘
newcomers still go through chanyes in tastes and revise self-assessments

on their capabilities. The evidence I collected strongly suggests a very

imperfect knowledge of work preferences and capabilities among prospective
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computer trainees, particularly among teenagers and people in their early
twenties. The importance of this phenomenon in Spain, is presumably
strengthened by: (1) the non-existence of widely accepted training
certificates restricting the ease of entry into coimercial computing? and
. (2) the non-existence of an M"institutionalized profile® of what commercial
computing consists of.

Finally, I found that the characteristics of "internal markets™
are as influential as mar:et forces in the choice of technijue, staffing
and training in new installations. Market forces are dealt with
separately in the next section, since their significance is likely to

extend beyond commereial computing.

6.6  Policy Conclusions

Whether Spanish markets for highiy qualified manpower work
efficiently cannot be ascertained with the available evidence.  Rigorously
speaking, the question is an irrelevant one, since, as shown in Section 2.2,
discussing efficiency is baside the point when uncertainty and
imperfect information prevail.

As for shortages of highly qualified specialists little else can be

~added to what has already been.said. I have reasoned why the concept is
analytically ambiguous, unsound and empirically useless. To reiterate,
thé ongoing adjustment processes to changes in technology and relative
scarcities alter the meaning and measurements of labour imbalances, as
the ease of substitutioﬁ is also affected by changes outside the boundaries

of the labour market. That is, the degree of factor substitution is not
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a technologically given parameter but a decision Qariable vhich is ; 3
specified according to perceived opportunity costs.’

Moreover, I have éhown in Ghapfers 4 and 5 that: (1) Spain has
undergone profound changes in the economy and the labour market since the
late 1950's; (2) regional differences are-;ery important ; and (3) tﬁe
available information cannot always be unambiguously interpreted -
statistical data, in particular, being of low quality.

The inadequacy of planning the supply of highly qualified
specialists for new technologies, or those new in Spain, does not imply
that the Spanish economy is severely handicapped ;nd that economic growth
is adversely affected. The:alleged disadvantages resuiting from the
inappropriateness of manpower planning as a policy to overcome a price-
rising adjustment to a continuously expanding demand for given skills
rests on a misconception. -.This follows from a simplistic application of
neo-classical price theory té_an environment that is highly sensitive to
persistent widening wage differentials for certain groups of employees,
due to * a rapid, and sustained, growth of the derand for a given type of
skidl. -

"In a neo—classical-ffémework, market adjustments take place in
a world of certainty, full informaticn and refer to_homogeneous (unambiguously
defined) inputs and outputs that are produced following a technology
common to all producers. in the long run, homogeneity is relaxed and
decision—makers.can add changes in technique, design of inputs and outputs,
hiring, and promotion policies to the price-quantity adjustments available

in the short run.
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: HoweQer; in markets for new technologies, decision-makers-do not
just M"relax® the homogenéiﬁy assunmption. The& assume that uncertainty,
not risk, and costly information are also crucial constraints and
" thereby: (1) there is no such thing as "the optimal® combination of

‘resources; (2) the decision-making process fust. be piece-meal and
- tentativejand (3) the specifiCatioq of inputs and outputé is not a
techﬁiqal datum but the resuit of.the-interactions among technological
. "pqtential";.research outlays, and the constraiﬂts imposed by-the_
strﬁcture agd functioning of "internal markets™.

- That is why the growth in Spanish commercial computing has

ultimately devended not rerely on factor endowments, but also on relative

costs and tre technological flexibility of commercial computing. And,

surgly, this is a majorlfinding since it disposes of tne beiief thét
developing countries are decisively constrained by the non-availability

of highly qualified computer specialists in their attempts to enter
commerciél computing. A country does not necessarily require specialists
~who can address themselves to new problems. For it must be recalled that

" commercial -.computing is versatile and specifications can be adapted to

suit felativé scarciﬁies and traiﬁing.on'the job. This conclusion,
-naturaliy enough, does not pretend tc minimize the difficulties in

aaopting commercial coiputing, it merely clarifies one of the issues involved.

This coﬁclusiqn clearly differs from the Mediterranean Ragional

Project recommendations for Spain and Horowitz' Manpower and Education in

Franco Spain. According to the former:
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"Spain should embark upon a major programme of educational
developzent in line with its plans for economic growth which

provide for the doubling of the gross national product between
1961 and 1975...

"Such a rate of growth naturally implies major changes in the
qualification structure of the labour force. If industry,
agriculture and transport are to be modernised and put on a
competitive footing with those of other countries, they must
not only adopt new techniques, but above all find the qualified
manoower to operate these technigues and put_them to the best
possible use" (the underlining is my own)".

Is it not surprising to find the inconeistency between this

. statement of the problem and policies to adopt, and the choice of fixed
input coefficients based on the proportions prevailing on currently

used technologies and project them beyond a decade? To argue that Spain
in the early 1960's was about to adopt technologies already well established
in other countries does not solve the inconsistency. I have shown that
technique, staffing,and training are not standard packageg.én new
technologies, that is, in technologies that are new to tho§§ who use

thea. - Choices still have to be made under uncertainty, imperfect
information is still costlx;and the country's relative scarcities together
witn the political pressures from existing economic groups influence
&ecision—makers to an extent that cannot be reliably predicted; each
decision-maker must make his own conjectures about the future state of
economic affairs and tne future of the industry he belongs to. Furthermore,
" there is no reason to assume that these sets of 1nteract1ng forces

coincide with those of any other country at any point in tiqe. If

anything, the existing evidence, and economic analysis, suggest the

contrary.

= 0.E.C.D. op.cit. pp.14-15
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The relevance of my criticism is by no-méans diluted by the fact
that my thesis is about a very specific set of skills and thé Mediterranean
Regicnal Project was about the entire Spanish labour market. . For,if the
analysis éf a small set of s«ills is beset with uncertainties and
ambiguities, aggregating a 1afger set of skills that have these traits-
is bound to increase the heterogeneity and ambiguity of the resulting
aggregated scalars for the more broadiy defined occupational aﬁd educétional
groups.

If in the early 1960's the Me&iterranean Rzgional Project was
inconsistent, in the early 1970's horowitz did not show signs of having
realized the impossibility of matching manpower "needs™" and educational
output on the basis of (1) an estimation of the_“needs“ of an economy,
conjectured or purposely plénned, to grow at a certain rate; and (2)
subsequently designing the Mappropriate® training syllabi.l_ It_is‘not
just that H:rowitz never Bothers to state the assumpticns underlying his
planning strateéy, or tlie ways to overcome tle unre:iability of infermation
on the Spanish 1;bour market, or what he means by manjpower shortazes. For
if in Chapters 3 and 4 he convincingly demonstrates that the Spanish
labcur market was very'distorted_by government.interventionism and.iabour
legislation, what is oné to make of his femarks about iranpower shortages
and the alleged market failure in overcoming them and the need for manpower

] 2
planning.

1 4 long ago as 1964 this issue was settled by H.S.Parnes, "Relation of
Occupation to Efucational Qualification", Planning Education for Economic
and Social Development. H.S. Parnes ed., (Paris: OECD, 1984)

2

Horowitz, op. cit. pp. 131 and 132. -
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Furthermore, it is indeed unfortunate that Horowitz' book does not
once address itéelf to the problemjof how training content and occupations
are to be satisfactorily metched, to one another in qualitative and
quantitative terms.  Nor does he bring to the surface the implications of
the underlying factor substitution that made possible the very rapid economic
growth of the Spanish economy during the 1960's. . 1In my view, the evidence
iand analysis contained in Horowitz' book does hot necessarily support the
" view that “"proper" menpower planning would do better than market forces.

On what the books show, a cese for a more competitive market could also

have been made. Thus, while I 2dmit that due to Horowitz lack of

analytical rigour, either main conclusion seems feasible a priori, I go

- a step further and state that Horowitz makes two points that I fully

subscribe to in my thesis: (1) very little is known asbout the workings

of the Spsnish labour market; and (2) labour ststistics are very unreliable.
Thouzh I must zlso acd that these two conclusions are more

constructively presented in Jané Sola's E1 Problema de los Salaries

en Espana. Thus, while Horowitz discussion of manpower planning in Sgain
jdoés not improfé the understanding of what havpens in the Spanish lebour
market and the prectical usefulness of manpower planning 2s a policy
instrument, those concerned with the interactions between the educetional
sector and the labour market can infer from Jané Solé‘slbook that the link
between education and occup;tions cannot be specified on the basis of
existing informstion on the labour merket.  This state of affairs

st1ll prevails according to the contributions cited in Chepters 4 and 5.



AN

138.

As a final, but important consideration, I must stress the very
limited understanding of how Spanish regional markets for highly quallfled
people work. Nonetheless, research done on the Catalan labour market
confirms: (1) that factor endowments, as much as relative prices and
technological flexibility, were and remain elemental in the grouth of
Catalan commercial computlngaF%g) the elus1veness of the concept of manpower
shortage as employers use job and output design, hiring, training, and
promotion as policy variables when confronted with economic.changes'
relevant to their activities. Evidence gathered for other regions does

coincide with that on the Catalan market.

6.7 Further Research on the Concept of Skills

I cannot conclude this thesis without putting the major findings
of this thesis into perspective. On the credit é?de of thq balance sheet
I can single out the analytical efficiency of trai?ing defined: (1) as a
constraint in choice of technique; and (2) as problem-solving. . This
specification has allowed me to deal with the emefgence'of fermal training,
the specialization in training, the signaling value of training, manpower
shortages, and more generally the connections betwéen training and working
aétivities.

The economics of training can no longer be cogfiqed to general and
specific training defined on the basis of inter—firm mobility. Nor can
econonists feel.at ease with ad hoc dichotomies like manual and non-manual

skills. ~ And, certainly, I do not feel comfortable with the poorly specified
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concept of "ighly qualified® manpéwer. For in the case of Spanish
commercial computing the definition could not Ee based upon educa£ional
qualifications. 1In féct, the content of these tasks, together. with the
acute scarcity of specialists capable of so ving them,‘seems to offer a
worrzing approxiﬁation to the concept of highly qualified'manpower;'théugh,
i mustladd that these dimensions are subject to continuous and profound -
changes. In short, furfher.résearch is needed bn:(l) the content;
mobility, and scarcity of types of problem-solving or-skills; (2) the
relationship between skill-acquisition and innate abilities; and (3)
psychological attitudes tc risk and uncertainty.

I conjecture thét econonists might advance in the understanding
of some of tnese issues if the analysis of economic behaviour that assumes

the application of reason to circumstances was extended into the inquiry

of (1) how dozs he know what those circumsiances are;l and (2) how does

h="iearn under uncertainty and costly information?  Thus, problem-solving,
tn;t is, life consists of non-repstitive learning which amounts to trial-
aﬁé—error processes or it is a repetitive task, a kind of "iearning-by-
doi:'.g"'?2 " In either case tne screening hypothééis does badly; strictly
sp;aking, the screening h&pothesis in its more extreme version has to

- assume tha£ knowledge is not acquired but innate. - In any case, it is more
efficient to talk in terms of the signaling role of éfaining, since wnat
the training_institution does is to select manpower on the basis of their
relative pefformanceslin solving problems, even when these partly consist

of behaving according to certain specifications, as in the case of some.

boarding schools.

1 shackle, op.cit. Preface

Popﬁer, Unended Quest, pp. 44-45.
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On the policy sice, I must state that despite the ambiguity of
measured manpower shortages and the difficulties inherent in‘manpower
. Planning, I do nq} support the view that the government should not have a d
policy on commercial computing and on manpowef in computing in particular;
A goﬁernmeﬁt_policy on this field is warranted by: (1) thke fact that one
supplier; IBM, controls over sixty per cent of the Spanish market; (2)
ceﬁtral_ggverﬁment is a large demander of computers and a government
proéurement pqlicy, as th; one currently in force, may help in reducing
the oligopolistic character of the EOmputer market; (3) computers affect
the_exchange—value of property rights on meny assets, huran and physical,
and this results in pressure groups attempting to influence legislation; and
(4) a new economic good cannot exist without a minimal legal framework,
and current legislaticn does not always encompass all the legal issues
that are raised by a new technology, say, the effect of computers on
privécy.

In short, from this research it cannot te concluded that a

government policy will improve the workings of the market necessarily.

‘However, the analysis shows thats (i) a government policy cannot be avcided,

even if only by default; and (ii) because c¢f uncertainty and imperfect

information government policies in commercial computing and on the market

for computer specialists are inevitably tentative. .



Basic Statistics

Labour PForce
Sectoral Employment
> (1974) :
Km Population |Population [ligration
(1970 Density2 Frimary|Secondary| Tertiary [1941~70
Cenaua) per Km per 1,000
inhabitants
SPAIN 504, 750| 34,032, 801 67 23.0 37.1 39.9
Andalucia 87,268 5,97L%,277 68
Seville 14,001| 1,327,190 98 19.7 32,3 47.6 1 (-) 120
Castilla la Nueva 72,3%63 5,164,026 71 _
Madrid 7,995 3,792,561 501 | 2.5 | 38.5 | 59.4 |(+) 838
Catalonia 31,930 5,122,567 160 10.7 51.3 38.0
| | . (1972]] [1971] (1971] .
Barcelona - 7,733| 3,929,194 | - 540 3.5 5T.3: | 39.1: | (+) 374 -
Vascongadas & Navarra| 17,662| 2,343,503'| . 133 o
Gi puzkoa 1,997\ - 631,003 327 11.2 57=0 31.5 (4) 374
Vizkaia 2,217} 1,043,310 494 5.7 53.2 | 4L.1 | (+) 517
Tabllle 4.1

Source: Anuario del Instituto Nacional de Estadistica,.l975-

9T



Table 4.2

Computers installed in Spain

1962 s.uue. 21

1970 cee.. 748
1974 ....1,651
1975 ....1,998

Data refers to Jenuary lst of year cited

Source: Doblon, November 1975,'p.10
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Table 4.3

Sectoral Growth in Computers

Source: La Informatica en Espana

Sectores 1962 11963 1964 1965 1966|1967} 1968 1969}1970
(Fabril) N
" Manufacturing 14.513.5/22.5} 29.5| 32.9|37.1| 38.8{41.9/39.6
(Badcario) :
Banking | 23.7121.6[25.0] 22.4|25.4]29.4} 30.5|38.8]30.4
@oﬁstruccién

Energia y Servicios)
Construction, Energy
and Services 28.6[32.4]25.0{18.6|15.1{10.8| 9.3 8.5{ 9.3

(Administracion
Central) )
" Central Government 9.5] 5.4| 6.3| 9.3 8.1] 7.4| 6.6} 5.2] 5.6

~ (Administracidn
Local) _ '
Local Governments, 2.7] 1.2} 1.5( 1.1} 2.4 1.7§ 1.8 2

(Ensenanza e
Investiga¢ion)

‘Education and . ;
Research 23.7 [16.2[11.2]10.1| 9.3] 5.5| 5.8} 5.2 4

(Servicios
Informaticos)

Computer Service
Firms _ 8.2| 8.8| 8.6} 8.1 7.4| 7.318.5( 9.1




Table 4.4

Spanish Minimum Wage Scales, 1967 -

144,

_Occupatiéqal“

Minimum Wages .

T Grade Monthly Rate | - Daily Rate
Group Level : 2 2
: .~ . | Pesetas Dollars’| Pesetas Dollars
Professionals lgrade 1 | 5,670 81.00 189 2.70
(Titulados) grade 2 | 4,770 68.00 159 2.27
lanagers (Jefes) grade 3| 3,960 67.00 132 1.88
(Admlnlstratlvos grade 4 | 3,420 49.00 114 1.63
" Foremen
Y capataces) grade 5 | 3,150 45.00 105 1.50
(Subalternos |grade 6 | 2,610 37.00 87 1.24
Assistant Foremen .
¥y auxiliares)grade 7 | 2,520 36.00 84 1.20
Skilled (Oficiales) |grade 8 ' . 96  1.37
Semi-Skilled
(Especialistas)grade 9 -90 - 1l.28 -
Unskilled*(Peones) |grade 10 © 84 1.20
Apprentices, 3rd .
& 4th year. o
(Aprendices) grade 11 56 0.80
Apprentices, 1lst N
& 2nd year
: grade 12 35 0.50

(Aprendices)

l.-_ The minimum wage for the unskilled worker is the one normally
quoted as the minimum vage.

2. Dollar figures were calculated by convertlng the pesetas et the

official exchange rate of 70 pesetas to the dollar.

Source: Sociedad de Investigactiones Economlcas, Nodelo EFonémetriCO-
de Politice Iaboral (1954 1971). Tomo 1, 1967, D. 195,

[M A Horow1tz, Uanpower and Educsztion in Franco Spaln, Hamden, Connectlcut

Anchor Books, 1974, P. 29. |



Primary

Secondary

Tertiary

Unspecified

Table 4.5

Labour Force. Sectoral Employment

1974

'1959 1960
48.9 39.§ 23.0
24,5 28.1 37.1
25.0-- |- 27.5 39.9
1.6 - 4.6
‘Source: Deta for 1950 and 1960 comes

from the Population Census.
1974 data comes from tne

145.

Encuesta de Poblacion Activa



Table 5.1

Catalonia and Spain

146.

-Catalonia Spain % Catal-|_, Barcelona
: onia Spain
Spain

Population (1970) LB 5,122,567 33,825;918 15.26° 3,929,194
Income per.capita;(197l) pté - 93,657 70,761 _ - '
‘Employment (1970)(%) | . 100 100| 16.68 12.55

Primery L 10.90 28.4 |

-Secondary 49.82 35.4

Tertiary 39,12 36.2
Gross Value.Adaed (1971)5 100 | 20.09 15.85

Sources: N.Serra et al.,
Industrial Catalanz",

Bance Catzlanz

"Sobre 1l'Estrmuctura

31,

(December 1973); “Catalunya en Xifres",

ed.

Banca Cataluna.
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