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A reprodugido e difusdo dos Relatérios de
Consultores, no Smbito restrito das Diretorias das
Unidades do Sistema Nacional de Pesquisa Agrope-
cudria, vinculado 4& EMBRAPA, tem comoc objetivo
principal o de divulgar as atividades desenvolvidas
pelos consultores e as opinides e recomendagies
geradas sobre os problemas de interesse para a
pesquisa agropecudria. '

As atividades de consultoria sio realiza-
das no 8mbito do Projeto de Desenvolvimento da -
Pesquisa Agrtopecudria e Difusdo de Tecnologia na
Regido Centro-Sul do Brasil - PROCENSUL II, finan—
ciado parcialmente pelo Banco Interamericano de
Desenvolvimento - BID e a EMERAPA conforme os con-
tratos de Empréstimo 139/IC-BR e 760/SF-ER,. assina-

dos em 14 de marlo de 1985 entre o Governo Brasi-
leiro e o BID. . ’

As opinides dos consultores sdo inteira-
mente pessoais e ndo refletem, necessariamente, o
ponto de vista do I1ICA ou da EMERAPA.

) A coordenagdo dos Contratos [ICA/EMBRAPA
- agradeceria receber comentdrios sobre estes rela-

-térios.
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ACTIVITIES UMDERTAKEN BY THE CONSULTANT AND RESULTS

6.1 RESEARCH DONE UMNDER OIRECT RESPONSIBILITY OF THE CONSULTANT

-
L

Research activities developed

Results Achieved

la. Undertake preliminary
empirical analyses of
currently available files
to assess current state
of human capital stocks

and flows at EMBRAPA.

1b. A

general aesctiptive analysis of the data

focusing on EMBRAPA's senior research staff

was completed.

A preliminary analysis of

trends in human capital acquisition and
formation at EMBRAPA was also completed.-
The results of these analyses wére presented
at a seminar for EMBRAPA researchers on

August 17, and are summarized in the attached

paper.

6.2 SUPPORT TO RESEARCH UNDERTAKEN BY OTHER ENBRAPA RESEARCHERS

Research activities developed

Results achieved

»

Worked with staff from
EMBRAPA's Human Resources
Department to identify
data sourceg and research
strategies that would be
most useful in supporting
both the Human Capital
research undertaken under
this contract and the
ongoing in-house research
on personnel issues,

1b.

Ristorical personnel records as well as
files containing information on post-
graduate education activities of EMERAPA
employees were examined. Variables of
potentidl use for research purposes were
identified, and arrangements were made
for the preparation of extracts from the
files. Preliminary plans for collaboration
on several aspects of the human capital
project were also developed in teh course
of several meetings between EMBRAPA
human resources staff, myself, and Dr.
Vosti.



6.3 TAAINING ACTIVITIES DEVELOPED BY THE CONSULTANT

Type of Nusber of beneficiaries
Date Training subject msatter
event® Fros ENBRAPA|Fros other
institutions
Aug. 17 Buman Capital Research -~ Seminar 30 5

(with Dr. Vosti)

® Short courses, sesinarsy, conferences, otc.
! o

6.5 ACTIVITIES IN SUPPORT OF RESEARCH STRAEGY AND PLANN:NG

Research program to nhich subject satter is
Research subject satter

concerred
la. Clarification of EMBRAPA's 1b. ~Extensive discunsions were held with
perceptions and concerns beth maragement and research personnel
with respect to human capital tc determine tha: human capital issues
issues and problexs, . of greatest importance to the intended

usere of the results of the human capital
componerts of this research effort. This
activity was cor.sidered essential both
to insure that t.he research effort is
. fccused on prob.ems of interést to the'

e e e o organizzstion anc. to bring institutional
krowledge of thuse problems to.bear on
tte research dehign.

Tte results of :hese discussions are
simmarized in tie attached paper. ..



6.7 PUBLICATIONS AND REPORTS UNDERTAKEN WMITH THE CONSULTAT'S PARTICIPATION

Author(s)® ) Title of publication or Report and other

bibliografic identification

.

Roy Nord and Stephen A, Vosti, "Quantity, Quality, and Productivity of Buman

Capital at EMBRAPA: An Analytical Approach and Some Preliminary Results”,
IFPRI Mimeo. ’

ld

* Personal, fnsfitutioual. etc.

7. OTHER NATIONAL SYSTEM CEMTERS, APART FRON DUTY STATION CEN‘(R; ASSISiED 8Y THE
CONSULTANT A

Research center Area of assistance provided by the consultant

Visited the CPAC (Cerrados Research Center) to discuss human cipital issues,

and develop a better understanding of the day-to-day processes involved in
doing research at EMBRPAPA, / ‘



8. CCONSULTAWT'S SUGGESTIONS AND TECHNICAL OR INSTITUTIONAL RECOMMENDATIONS FOR THE

INPRCYVEMENT OF THE RESEARCH SERVICE

1 encountered some minor problems in ottaiaing the proper visa prior
to departure from Washington, but Horacio Stagno was.moet helpful and efficient
in obtaining the necessary upgrade after my arrival in lrasilia.

Overall, I found my visit very productive, and am griteful for the
assistance of IICA's staff in Brasilia in making it so.



9. AGREEKENTS OR COMMITTMENTS ESTABLISHED WITH EMBRAPA RESEARCHERS IN-SERVICE OF

THE FUTURE DEVELOPMENT OF RESEARCH IN THE CONSULTANT'S FIELD OF SPECIALIZATION

3
As noted earlier, the foundations for continued colaboration with

EMBRAPA staff in the human resources area were laid. I look forward
both to the completion of the research outlined in the attached paper, and |
to continued development of the collaborative efforts begun during this

visit. : .

10. CONSULTANTIS COHMENTS ON CIRCURSTANCES WHICH AFFECTED THE CONSULTANCY MORK

As noted earlier, I believe my time in Erasilia was well spent. I am
most grateful to the many individuals at EMBRAPA who provided assistance

and cooperation as well as hospitality during my stay. I hope to continue
the fruitful partnership developed during this: visit.

B g
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QUANTITY, QUALITY ﬁND PRODUCTIVITY OF HUMAN CAPITAL
AT EMBRAPA: ;Aﬂ ANALYTICAL APPROACH AND SO&E
PRELIMINARY RESULTS -
Roy Nord
Steve Vosti
September 25, 1g88
INTRODUCTION '

This paper describes a study intended to investigate some
important aspects of the formation, change, and development of humanA
capital within an applied agricultural research organization. The
project will be undertaken as a collaborative effort between
researchers from the International Food Policy Research Institute and
f;;m Embresa érasileira de Pesquisa Agropecudria (EMBRAPA). The study
has two primary purposes: first, to provide information that can be
used by EMBRAPA managers to improve their planning and management of
human resources within the organization; and second, to develop and
test the utility of some new approaches to analysis of human cabital
policies within applied resea}ch organizations in general. The
research will focus on two important aspeéts of human capital
ﬁanagement: a) changes in the quantity and quality of human capital
- stocks over time, and b) factors that affect the productivity of
human capital =-- that is, the effectiveness with which human capital
potential is transformed into useful research products.

The study has three general objectives. First, within the
constraints of currently available data, to analyze the current
status and historical trends of human capital stocks at EMBRAPA, and

" to explore th; deterﬁinants of productivity of human capitii within



EMBRAPA. Secand, to iJdentify areas where additional data or new
measures of inputs and outputs are needed to complete the analysis,
and devise methods to obtain that data. Finally, we hope to use the
analysis to develop recommendations for numan rescurce policy, and
managerial and resource a]!ocatipn chaiges needed to ensure the

continued effectiveness of EMBRAPA as a research organization.

ORGANIZATION

The paper is organized as follovs:

The fifst'section provides a coiceptual overview of the role
of human capital in the production of applied research. Section 2
surmarizes the concerns of EMBRAPA nanage~s about human capital
issues. The third section presents sone preliminary results from an
analysis of the current status of EMBAPA's human capital stocks.
Section 4 describes a set preliminary strategies for analysis of
unit-level productivity, the measuremunt o‘l histo~ical trends 1n.
human capital stocks, the estimation uof a nodels of organizational
mobility, and projection of changes over time in bo:h human capital
stocks and productivity. The fifth section ou:lines a pair of
potential research effprts aimed at meisuring the .egree Fo which
obsoiescence and/or decay in human capital has occurred over time.
The data for this analysis 1is of questionable use“ulness at this
point, and therefore this component .of the ana ysis 1is merely
speculative. Section 6 outlines an approach for identifying the gaps
in currently available data, as well as some i{ssues regarding the -

measurement of inputs and outputs 1in the product:ion process for
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applied agricultural research, and develops some suggestions for
addressing these deficiencies. The final section summarizes some of
the issues relating to the development: of policy recommendations on

the basis of the analyses.

1. THE ROLE OF HUMAN CAPITAL IN APPLIED RESEARCH ORGANIZATIONS

The activity of applied research can be thought of as a
production process in which human capital, computers, laboratory
equipment, and other inputs are applied to agricultural problems to )
produce: a) knowledge about the problem, b) an understandang of how
to solve it, and ¢) a technological solution. Figure 1 illustrates
the process. (See figure 1). For our purposes, the "transformation®.
stage in this process, which produces knowledge about the problem and
a theoretical understanding of how to solve it, may be described as

“pure research". The second stage focuses on the application of the

" theoretical knowledge to devise practical technologies.

Note thatAwhile the analogy to a conventional production
Process is useful in concéptualizing the transformations necessary to
produce practicé]ly applicébl; solutions to agricultural problems,.
there are numerous 1mporta;t differences between the process of
producing applied research and more traditional manufacturing
procésses. First, and perhaps most 1important for our purposes, is
the fact that relative to other '1nputs, human capital plays a much
more important role in the production of applied research. Second,

as fllustrated in Figure 1, both stages of the process of
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‘transformation produce raw materials in the form of new problems to
be solved. The brimary role of the “pure” research produced in the
first stage is'as an intermediate output to be used as an input into
the process of producing technologies. However, the research
produced at this stage has two other functions as well. First, in
some cases, the understanding of thé problem produced at this stage
may lead directly to a practical solution, as 1is the case when a
. problem {s identified as a member of a c]éss of - problems for which
technélogica] solutions already exist. Second, in other cases, the
result of the "pure" research is simply a deeper understanding oé the
problem thch generates both new problems to be solved and new
-opportunities for advancement. »

The arrow leading from new technologies to new problems is
intended to indicate the circularity of the process in another sense,
that in which new technologies may either themselves breed new
problems or uncover existingA probiems which limit the effectiveness
of the new technology.

A third important difference between applied research and
other production processes is that the transformation process is non-
Tinear, or sporadié, i.e., the time periods intervening between
discovery of problems and the creation of new technologies are highly
variable.

Finally, and this }s most important with respect to applied
research in the public sector, output prices are poorly defined or

often non-existent. This creates difficulities with respect to
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measuring either the efficiency wilh which input; are iransformed
into outputs, or the efficiency o allocation of inputs among
alternative activities.

It is also important to note a critical difference between
organizations whose primary output is _pure res:2arch, and those
focused on the production of applied research.. For pure research
organizations, the §econd stage illus:rated in Figire 1 1is of less
importance than the first, and the primary nroduct deing produced'is
new knowledge, or expansion of the f*on:fers of knowledge. Within
abplied .resgarch organizations, the most highly valued research -
output 1is that which involves the <“raasformation of existing
knowledge into practical solutions. This means that many of the
conventional notions about measuring rasearch quality in terms of its
contributions to the current state-of-tre-art may be inappropriéte.
It also means that while it is very important for arplied researchers
to be aware of new developments within their discipline, i.e., for
them to be current in the literature, it is less inportant that they

play an active role as producers of that literature.

1.1 Efficiency Measurement

We shall be concernéq in this project with measuring several
aspects of the efficiency with which humar. capita’ 1{s acquired and
utilized withiﬁ‘ an applied research organization. These processes,
while interdependent, can be analyzed segarately. -In particular,‘we
shall first be concerned with the question of the nost efficient way

to obtain human capita]zinputs. That is to say, wi:h the question of



purchase versus production of human capital, and with the issues of
maintaining and improving existin§ stocks of human capital. Second,
we shall be concerned with the question of .efficient allocation of
human capital resources both among research tasks, and across
organizational units. Thiéd, we shall focus some attention on the
question of measuring the efficiency with which human capital
potential (as measured, for instance, by education and experience) is
converted jnto the intermediate research products illustrated in
Figure 2. Finally, we will explore the efficiency with which those
research products are transformed into technologies. Note that one
aspect of the process which we shall not examine in this research is
the "marketing" aspect of the problem, i.e., the question of adoption

of the newly developed agficultural technologies by farmers.

1.2 Factors Affecting Efficiency
There are‘a variety of potential constraints and determinants
of the several aspects of efficiency discussed in the preceding
baragraph. These.include. perhaps most importantly, constraints on
-the efficiency of the transformation process imposed by external
conditions. For example, budgetary constraints which may limit
opportunities for compensation, acquisition, and training of human
capital, and economic conditions such as unemployment and opportunity
wages which affect the retention of existing supplies of human
capital and the competition for those supplies in the labor market.
‘fbe second ihportant factor affecting the observable aspects of

productivity is the difficulity of the problems upon which research is



focused. This 1is an unobservable, but critical component in the
determination of the quantities of new technclogies praduced and the
time lags which separate new innovations. A third critically
important factor is the “quality" of Ftuman capital -- that is, the
extent to which the researchers within the organizition are current
in their disciplines and committed to the ﬁroduction of usable
research. A fourth factor which we shall examine: is the role of
management in the transformation process. This inclidas not only the
management of incentives, monitoring and evaluatior, and allocation
decisions, but also the role of m&négement in stiucturing the way
problems are selected and defined.

A final important factor, clcsely related 1o management, is
organizétional structure. This factor can affect both the efficiency
with which human potential is transformed into usable output, and the
efficiency with which intermediate outputs are transformed into

usable technologies.

2. PERCEPTIONS OF THE PROBLEM

This research was undertaken 1in respons¢ to a perception
amcng EMBRAPA's management of three basic human capital problems: a
decline in the productivity of human capital; the assolute loss of
human capital through exit from the organization i1to either the
private sector or other public sector organizationi; and finally, a

perception of a potential future problem in that EM3RAPA's current

preparation to meet anticipated future needs for humén capital may be
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inadequate. Through extensive discussions with personnel from
EMBRAPA'$ Department of ﬁuman Resources and Planning, among others,
we clarified both the perceptions of these three problems and the

hypotheses regarding the sources of the problems.

2.1 Productivity Decline

Figure 2 illustrates two aspects of the perceived problem of
obsolescence ard decay in researcher quality. The problem of
obsolescence js {1lustrated by the two production frontiers indicated
as T; and Tl‘; and Tp, Tz’. These are meant to represent the
frontiers of a discipiine at two points in time. The axes defining
the space may be thought of as attributes describing the current
state of knowledge relevant to the discipline. For purposes of
clarity, the figure dfsplays these frontiers in two dimensions. In
practice, several dimensions would be required.

. The distribution of points in the interior of this figure
represents the distribution of researchers with respect to that
frontier. The problem of obsolescence 1{s caused by researchers':
remaining stable 1in this space as the frontier moves from T3, 117 to _
T2, Tg’. For example, the individual depicted 'in point 1/2 has
remained in the same position in both time periods.

The problem of decay is illustrated in Figure Zby the points
1* and 2*. Note that 1* was close to the frontier at time 1, but has

moved not on]j relatively but absolutely away from the frontier in

~ time 2. This transformation reflects an absolute 1loss of knowledge

as opposed to simple stationarity over time.
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FIGIRE 2

Attribute 1

At:ribute 2
FIGURE '3
Intermediate

Research
Outputs

Newv Agricultural
Te:hnologies
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The perception :thgt these two kinds of decline in research
productivity are occurring is based on two aspects of output change.
First, the belief that the quality of research =-- that .is, the degree
to which EMBRAPA research 1s making significant contributions to.
knowledge about agricultural problems -- has declined over tiﬁe; and
second, a perception that the quantity of research as represented by
publications and reports of various kinds has also declined. -
Finally, there is also a sense that new technologies are emerging at
a slower rate. While all of these perceptions are speculative at
this point, we will attempt to develop ways to explore the likeiihood
that the phenomena feared are occurring.

Note, however, that there may be some question as to whether the
kinds of productivity decline illustrated in Figure 2 is in fact
serious problems. Given that EMBRAPA 1is an applied re;earch
organization, the position of its researchers with respect to this
f}ontier is of central importance only to the extent that it causes
declines in the production of new technologies:

. A more critical aspect of productivity decline is illustrated
in Figure 3. This type of decline concerns stage 2 of the production
process illustrated in Figure 1, 1i.e., with the transformation of
intermediate research outputs into new technologies. The perception
is that the rate of production of new technologies has declined over
time. This may be because of obsolescence or decay of human capital,
increases in the average level of difficulty of the problems to be

" solved, declines 1in resources available to be applied to research,



- 12 -

inefficient management of research activities, or scme combination of
the a;ave.

The two frontiers in Figurt 3, again den>ted by Ty, Ti"and
T2, Tz’, are empirical production flontiers> with axes representing,
for example, different types of retearch produc;s given some fixed
level of inputs. The point; making up these frontiers represent
maximal observéd levels of output ‘n each time jeriod. The points .
indicated by the “X" and 0% behind the fronfier rpresent the output
levels of non-maximal units in time periods 1 and 2, respectively.

The distribution of output levels ‘n the tvo time periods has.
changed in three ways: the frontier for time pe-iod 2 has shifted
dswanrd; ‘the output mix for most units has siifted toward the Y
axis; and the variance of output levels has increased. Each of these
charges may be symptomatic of importint changes in the organization's
productivity. The inward shift of tte frontier miy represent either
a‘ deciine 1in productivity, or a shift. in th: underlying “true”
production function. The shift towerd the Y at(is may reflect a
" change in the relative value (from the point of v ew of researchers)
of, ‘in this case, intermediate outfuts vs. new technologies. The
increase in variance may be a result of tre cumulutive effect of bad

management, or the consequence of important. exogenuus constraints.

2.2 Loss of Human Capital
EMBRAPA managers believe ‘trat tte organization 1is losing
qualified researchers to the exterral lator markit at an increasing

rate. This is viewed-as a particu]arfy serious proublem because it is
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assumed that the reiearchers most 1ikely to leave the organization
are those most highly qualified and with the most transferable
skills. ¢
The serjousness of this problem depends on the vantage point
from which it is viewed. It may be efficient, from a social point of
view, for highly qualified researchers within EMBRAPA to exit either
,to a private firm or elsewhere in the oublic sector. However, from
an organizational point of view, this lhuman capital flight is
considered a loss, especia]ly' if it is not récoénized by those
evaluating EMBRAPA's social contributions as one legitimate outpyt of
EMBRAPA's research and training process.
The primary perceived cause of this problem is the severe
~budgetary constraints under which EMBRAPA is currently operating,
combined with the increasing competition for highly trained manpower

in the Brazilian’labor market.

2.3 Human Capital Replacement

The third problem, perceived as a potential, rather than an
immediate threat, 1is the question of "generating" new replacements
for EMBRAPA's current staff of trained researchers. There is a
several year lag, even for a previously trained.professional, between
{fnitial employment and reaching full productivity. Furthermore,
since much of EMBRAPA's research 1is carried out by teamg. it is
important that these teams be structured in ways which maintain

continuity as senior members of the team leave the organization.

EMBRAPA's current. population of researchers has a highly skewed
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distribution of ages concentrated heavily in the 40 to 50 age range.
Most of these researchers we;e hired initially by EMBRAPA in the
period 1975 through 1977, and will be reaching retirement age in the
next 10 to 15 years. Thus, there is considerable concern that ghe
organization pursue policies now to ensure that these senfok
researchers will be replaceable when they leave tﬁé organization.

3.1 CURRENT STATUS OF HUMAN CAPITAL STOCKS

The results presented in this section were obtained from an
analysis of the active file of EMBRAPA's research ind senior
technical staff. (N.B. A1l of the analysis - presented here focus on
these two .groups. Data available for non-technical employees is.
scanty, and furthermore, the perceived human caﬁital problems focus
' on college-level trained manpower within the organization).

The analysis we present here should be viewed as extremely
preliminary. The active file used in this work has not been recently
updated, and some of the information it contains is of questionable
reliability. Our objective was merely to obtain ; sketch of the
current status of human capital within the organization to.use as a
starting point for design of the compiete analysis.

Charts 1A thru 1C provide a description off the distribution
of advanced degrees among EMBRAPA researchers by years of experience,
age, and occupational categories, respecsively. , Chart 1A amply
cemonstrates th; skewed distribution of experiééce within EMBRAPA
researchers. Approximately 7Q_percent of EMBRAPAfs:current employees -

are in the 10-15 years of experience bracket.
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CHART 18

DISTRIBUTION OF ADVANCED DEGREES AMONG
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Chart 1B shows the. roughly symmetric distribution of the
current age structure within EMBRAPA with a substantial proportion of
the entire research staff falling in the range of 35 to 50. (Note
that more than 60 percent of EMBRAPA's research staff with Ph.D.
degrees are in the age range 45 and older).

Chart 1C shows the current distribution of EMBRAPA's research
staff across occupational categories. Note the distribution within
each occupational category of advanced degrees. ihe vast majority of
EMBRAPA's current staff are agricultural engineers. However, as the
diversity of EMBRAPA's mission expands and the nature of the problems
it must address changes, it is expected that a shift will occur in
the direction of the other sciences and this figure will become less
skewed in the future. One of the questions we wish to explore is the
extent tc which such a trend is evident in the recent years.

Chart 2 illustrates the distribution of .advanced degrees
among all researchers in comparison with those who have served in an
administrative capacity for at least some period of their careers.
The current approach for obtaining administrators anq research
leaders at EMBRAPA is through the use of temporary commissions under
which a senior researcher is selected to serve in an administrative
capacity. Other issues of interest are whether: (a) tﬁis approach is
efficient in terms of its use of resgarch talents; and (b), whether

it is effective in producing competent administrators. We are
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interested in examining the hi§torica? trends to determine: (a) wh;t
proport?on of an average career for a researcher with an advanced
degree is spent in serving an administrative capacity, and

(b), whether there is. a pattern of increasing focus among these
researchers on administrative responsibilities. '

One issue of considerable interest, having to do with the
replacement ratés for human capital, is the trends over time in the
training of human capital after employment by EMBRAPA (the production
of human capital) as compared with the “purcnase” of human capital
-~ that is, the hiring of individuals who already hold advanced
degrees.' While the current files are not entirely appropriate for
th{s sort of analysis, we did attempt to assess the trends in-these
two policies by examining the proportion of employees by year of
employment who received training at EMBRAPA compared with those who
held an advance degree when hired. The results of these analysis are
shown in Figures 4 and 5, and Table 1. Figure 4 shows the mean

proportion in each of the two categories in each year since EMBRAPA's

‘founding. Table 1 displays the coefficients estimated using a

logistic regression where the dependent variable was either the
probability of having an advanced degree when hired, or. the
probability of having earned an advarced cegree while employed by
EMBRAPA.

' These “pseudo time series" results SuggesF some interesting
trends. Note that the cubic term for “month joinea" i; significant
as a predictor of receiving an advarnce de¢ree at EMBRAPA, while the

“month squared" term js sfgnificant in the equation 1. Note also
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tﬁat equation 2 explaiﬁs considerably more of the variance in its
_ dependent variable than does equation 1. A The conclusion we draw
(very'tentatively) ifs that the rate of new 'training at EMBRAPA is
declining at an increasing rate over time, while the rate of new
employment with advance degrees 1is increasing at a decreasing.rate.
If these trends are borne out by the analysis of the historical data,
the implication is that, {f the demand for highly trained personnel
remains constant, the current rate of replacement at EMBRAPA will be
insufficient to meet future needs. Figure 5 graphically displays the
predicfions generated by the logistic regression results, and shows

the difference in trend lines rather dramatically.
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FIGURE 4
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FIGURE §
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TABLE 1
LOGIT RESULTS

VARIABLE . EQUATION 1 EQUATION 2
- Adv. Deg. When Hired Adv. Deg. at EMBRAPA
Intercept -4 57** 2.51**
(39.4) - (31.4)
Month Joined . 0.03** -0.03**
) (10.3) (16.3)
Month Joined Squared =3.68** = =eee-
(2.54)
Month Joined Cubed  ===-- -5,55%*
(13.5)
R™2 0.304 0.684
N 3050 3050

** Implies to ratio significant at the 5% level
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4. HUMAN CAPITAL ANALYSES: PRELIMINARY STRATEGIES

4.1 Unit Level Productivity Analysis

The first stag‘ of the substantive analysis to be undertaken-
is a unit-level 'analysis of both intermmediate and final output
productivity. This study will rely on the data dsed by Quirino,
Hage, and Andrade (1985) in their analysis of human capital at
EMBRAPA. Quirino, et. al., focuse. on the relationship between
indicators of the quantity, quality, and diversity of human cabita],
and selected sets of output measures. While our objective will‘be
somewhat éimilar, both the approach and the focus 6f our research
will be different. Quirino, et. al., found a strong relationship
between the diversity of human capital (as measured by the number of
occupations within each unit) and the output of new technologies.
They found a very slight relationship between the quality of human
capital (as -measured by education) and these final outputs. This
research also showed strong links between the education of the ‘
researchers and the quantity of publications produced, and between
education and a subjective measure of research quality. The 1985
study used path analysis and linear regression techniques to analyze
these relationships. In order to apply these methods, it was
necessary to aggregate some of the output measures to a level that
might obscure some aspects of the relationships of interest.

Our approach is to use these data to obtain an estimate of
the frontier production functions for both intermmediate and final-

outpugs, as well as estimates of the relationships between
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intermediate and final output. We shall use a multiple-
input/multiple-output specification, and avoid the imposition of the
distributional assumptions required to apply parametric techniques.
The approach we intend to apply for this analysis is Data Envelopment
Analysis. This approach, based on seminal work in 1957 by Farrell on
measurement of technical efficiency (and developed further by
Charnes, Cobper and Rhodes 1978) is, we bgTieve. ideally suited for
the analysis of unit-level productivity.

F}gure 6 provides an illustration of‘the method of DEA in two
dimensions, that is, in a case where one output is produced using two
inputs. The curve L,L' represents the piece-wise 1linear production
frontier. The distribution of points behind the frontier are
inefficient, in the sense that they used moée of at least one inbut
to produce the same level of output as the research units on the
frontier. Relative efficiency can be readily heasured by comparing
the Euclidean distance between each point and its respective
frontier, and expressing it as a ratio of the distance to the origin.
For example, the relative efficiency of point A is OA/0B. This
measure obviously takes on values between 0 and 1 for points within
the frontier, and is by definition equal to 1 for those firms which
define the production frontier.

In addition, each 1inear facet of the production frontier
defines a "technology cone" (cone LOC, or instance) which groups

firms using similar input combinations to generaté output.
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FIGURE 6
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4.2 Historical Trends
The second stage of the analysis will focus on the

description of trends over the past seven years in some critical
human capital indicators within EMBRAPA. The ,onective ;f this:
analysis is to determine the extent to which some of the perceived
problems are 1n~ fact evident. Our approach here will be
straightforward graphical description using .a corbined data set
produced by the Human Resources Department at EMBRAPA. These data
sets inﬁ]ude: a) an active file of EMBRAPA employees, b) a’
historicai.file containing the records of those individuals who have
: left. the, ofganization, and c¢) a third file containing information
about training of senior personnel while employed by EMBRAPA. These
data are currently being prepared by ORH and are expected to be
available in Tate 1988. The specific characteristics we will focus
on in this section are: the changes in the age distribution of
EMBRAPA; the patterns of exit from the organization; the changes in
distribution of gender over time; the changes in-distribution of
senior technical personnel relative to research staff; changes in the
distribution of advanced degrees; ard firally, changes in the
proportion o% employees receiving degrees while on EMBRAPA payrolls.
The primgry purpose of this exercise is to explore aspects of human
capital at EMBRAPA, clarify issues that should be aeressed with more
sophisticated techniques, and identify any hiddea or‘uhsuspected

issues which should be addressed further.
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4.3 Models of Organization Mobility
The next stage of the analysis to be carried out is a series
of models of the transitions undertaken by employees at EMBRAPA which
focus én patterns of hromotioqs, training, and retention. The data
to be used here will be the same as that used to describe the
historical trends, that is, the merged file of the active,
historical. and post graduate files being prepared by DRH. Our
objective in this stage of analysis is two-fold:. first, to develop
- (within the constraints of the data) explanatory model of these three
phenomena; and second, to obtain more reliable estimates of
transition probabilities for the suceeding stage of projecting future
consequences of current trends. fhe purpose of the explanatory
components is to obtain information that can be used to make policy .
recommendations if it proves desirable to alter some of the patterns
existing in the historical data.
’ The methodologies to be employed here are a family qf
techniques classified under 4the heading of survival models (or
duration models). These techniques provide an opportunity for

analysis of events occuring over time, and also allow for correction

of the problems of front and rear censoring, which will necessarily o

be embedded in these data.

4.4 Projections
The fourth and final stage of the central part of the
analysis will focus on the projection of curgsnt trends into the

future. Our objectives here are again two: first, to describe the
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expected state “of the organization at points in the near future; and
second, to develop some basis for policy recommendations.
The approach to be taken will employ discrete-time Markov

models. These models make use of matrices which map the

" probabilities of individual job changes over time. For example, a

matrix A is the matrix of transition problbilities' from states in
time “t* to states fn time “t+1%. The: columns of the matrix

represents states in "t+1* and the rows states "in time “t". The

entry in cell .Aiju is the probability that an individual 1in the

state represented by row *i" in time period "t" will be. in the state
represented by column “j* in time period “t+i". The central
specifiiation problem in these models is that of defining the states.

For our purposes, we expect that the states will be defined in terms

of a set age groups, educational levels, and occupational grades.

Thus, an entry in column 3, row 1 might be the probability that an
individual with five years of service, a masters degree, and a grade
of researcher II in year 1, will receive a PhD and be promoted to
researcher IIl in year 2. Given a (kxk) matrix of transition
probabilities, a (kx1) vector, by, of initial stocks, plus a (1xk)
vector, r, describing recruiting policies, the status of the
organization in time perfod 2 will be simply by = (b1+r)TA.
Similarly, the state of the organization “n time period 3 (assuming a
constant récruiting policy) is simply bytr multiplied again by the
same transition matrix. )

We shall be 1{nterested in determining what changes  in

transition probabilities and in recruiting policies are needed in
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order to insure a workable distribution of characteristics within the
organization in the future. We will also use the results of the
Markov model in combinatfon with the unit-level productivity analysis
to attempt to extrapolate. changes {in productivity that can be

expected to occur as a result of changes in human capital stocks.

5. OBSOLESCENCE AND DECAY

The fiﬁal stage of analysis is at this point hypothetical.

-.Nhi1e the question of obselescence and decay in human capital over.
time is an issue of considerable 1interest, the data currently .
available do not provide the time series information necessary to
estimate the models of this phenomenon. There is a data set beinql
constructed by Jairo Borges-Andrade consisting of 350 observations on
individuals who were employed with EMBRAPA as researchers in 1983.

In addition, there have been a series of studies conducted which
éxamine the adoption of new technologies produced by EMBRAPK, and it
is possible that these data may be used to provide some time series
information on output of technologir.. Although the Borges-Andrade
data set is a cross seétion, it might provide an opportunity to»
examine changes over the course of dindividuals' careers using
vintage as a surrogate for time, that is, the years of experience of
the jndividual as a substitute for a true time series on a single
individual. Clearly, this'approach leaves a great deal to be desired
in terms of statistical consistency, but it may be possible to
extract some hint of patterns of obsolescence .and decay of human

capital. The approach we adopt will depend to a great extent on the
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nature of the data; which is yet unknown.; Two possibilities include
the use of DEA and a time series, that is, estimating a series of
frontiers at different points {in time to determine whether the
frontiers are moving, and {f so {n _ what directfcn. The second
possibility is the use of either a multiple equation: regression, or
similar techniques, for examining the relationship between human
capital indicators and {individual-level outputs anq their changes

over time.

6. MEASUREMENT ISSUES

As was clear in the previous discussions, there are number of
gaps in the data needed to measure changes in 1ndiv}dual~ and unit-
Tevel productivity over time. Furthermore, there are number of
deficiencies in the measures of outputs As well as inputs even in the
cross-secfiona! data. Thus, one component of the analysis Qill be to
élarify these deficiencies and suggest ways to address them. The
specific measurement problems most likely to need attention are the
measures of quality of research output (e.g., publications and
reports), and measures of the differences in and the value of
_techpologies produced. While it may not be necessary to {identify a
value function for the technologies, it would be usefu: to be able to

differentiate more~precisely than is currently possible.
Additional inf;rmation is also needed on the organizational
structures of the various research units. At this point, it appears

that while there are substantial variaticns in the majagement styles
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and organizational structures across uniis. littie is known a;out the
true (as opposed to fo;ma1ly stated) str@ctures that aré in place.

A It would be useful to have {information on the patterns of
employment among employees who left EMBRAPA. Borges-Andrade is
pursuing this in his proposed follow up on the 350 inqividuals in his
sample, but {1t appears that the resulting sample size will be
insufficient to do meaningful statisfica] analysis.

. One of the main objectives of this analysis will be to more
precisely %dentify the existing limits on &ata and measurement, and
to suggest ways of systematically obtaining this information in the :
future. This component may also involve the development of s;me‘
instruments for obtaining such data. One fdea under consideration is-
" the development of an exit survey to be given to employees leaving
the organization. Another is to develop.a brief questionnaire to be
administered to researchers on a periodic basis to obtain information
ibout recent publications, and - if possible, to devise a method of .
detérmining the extent to which the researchers are current on a

litergture.

7. POLICY RECOMMENDATIONS

The development - of policy recommendations to address the
organizational measurement proSlems fdehtified 1n the analysis will
fo an even greater extent than the analysis itself necessitate close
collaboration with EMBRAPA managers and researchers. It s
anticipated that the policy recommendations may include not only'

recommended changes in internal practices and policies, but also some
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suggestions as to the potential gains to be achieved by relaxing some
>of the current budget constrainis. For this purpose, 2 cost-benefif
analysis of some of the possible alternative features may be
required. Thus, we may wish to explore the potential for developing
rough estimates of the cést of training, renting, and purchasing

human capital. This would require data on the cost of training

(which we do not presently have), and also some data on the costs of -

consultants. - We do hav§ the information sufficient to generate an

estimate of the cost of hiring a employee at each educational level.

COLLABORATORS
= Roy Nord -~ IFPRI
- Ste;hen Vo;ti = IFPRI

. = Lufz Irias - EMBRAPA/SEP » 3
- Tarcizio Quirfno' - EMBRAPA'(DRH)/ ISNAR '
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Programa II. Geracio ¢ Trans.fer@ncia de Tecnologia

0 Programa de Geragdo e TransferBncia de Tecnologia
& a resposta do 1ICA a dois aspectos fundamentais: (i) o
reconhecimento, por parte dos paises ¢ da comunidade
técnico-financeira internacional, da importdncia da tec-
nolocgia para o desenvolvimento produtivo dc setor agrope-
cudrio; (ii) a convicgdo generalizada de cue, para apro-
veitar plenamente o potencial da ci@ncia e da tecnologia,
¢ necessdria que existam infra-—estruturas institucionais
capazes de desenvolver as respostas tecnoligicas adequa-
das 4&s condigdes especificas de cada pais, bem como um
lineamento de politicas que prromova e possibilite gque
tais infra-estruturas sejam incorporadas aos processos
produtivos.

Nesse contexto, o Programa II visa a promover -
apoiar as agdes dos Estados memdros destinadas a aprimo-
rar a configuragao de .suas polisicas tecnoldégicas, forta-
lecer a organizagdo ¢ administragdoc de seus sistemas de
geragdo e transfer@ncia de tazcnologia "e facilitar a
transfer@ncia tecnolégica internacional. Desse modo serad
possivel fazer melhor aproveitamento de todos os recursos
disponiveis e uma contribuigdo mais eficiente e efetiva
para a -solugdo dos problemas tecnolégicos da producgéao
agropecudria, num 3mbito de igualdade na d.stribuigdo dos
beneficios e de conservagdo dos recursos naturais.



INSTITUTO INTERAMERICANO DE COOPERAGAO PARA A AGRICULTURA

0 Instituto Interamericano de Cooperagdc para a Agricultura
(IICA) é o organismo especializado em agricultura do Sistema Intera-
mericano. Suas origens datam de 7 outubro de 1942, quando o Cunse-—
lho Diretor da Unido Pan-Americana aprovou a criagdo do Instituto
Interamericano de Ci8ncias Agricolas.

Fundado como wuma instituigdo de pesquisa agronémica e de
ensino, de pés—graduagdo para os trépicos, o 1ICA, respondendo . as
mudangas e novas necessidades do Hemisfério, converteu-se - progres—
sivamente em um organismo de cooperagao técnica e fortalecimento
institucicnal no campo da agropecudria. Essas transformagdes foram
reconhecidas oficialmente com a ratificagao, em 8 de dezembro de
1980, de uma nova convengdo, que estabeleceu como fins do IICA
estimular, promover e apoiar os lagos de cooperagdo entre seus 31
Estados membros para a obtengio do desenvolvimento agricola e do
bem—-estar rural.

Com um mandato amplo e flexivel e com uma estrutura que per—
mite & participagdo direta dos Estados membros na Junta Inter-
americana de Agricultura e em seu Comit® Executivo, o IICA conta com
ampla presenga geogrdfica em todos os paises membros para responder
a suas necessidades de cooperagédo técnica.

As contribuigées dos Estados membros ¢ as relagdes que o IICA
mantém com 12 Paises Observadores, e com vadrios organismos interna-
cionais, lhe permitem canalizar importantes recursas humanos e
financeiros em prol do desenvolvimento agricola do Hemisfério.

0 Plano de Médioc Prazo 1987-1991, documento normativo que
assinala as prioridades do Instituto, enfatiza agdes voltadas para a
reativagcdo do setor agropecudrio como elemento central do crescimen—
to econamico. Em vista dissoc, o Instituto atribui especial impor-
t3ncia ac apoio e promogdo de agies tendentes & modernizagdo. tecno-
légica do campo e ao fortalecimento dos processos de integragéao
regional e sub-regional.

Para alcangar tais objetivos o IICA concentra suas atividades
em cinco dreas fundamentais, a saber: Andlise ¢ Planejamento da
Politica Agraria; Geragéo e Transferé&ncia de Tecnologia; Organizagéo
e Administragdo para o Desenvolvimento Rural; Comercializagdao e
Agroindustria, e Saide Animal e Sanidade Vegetal.

Essas 4dreas de agdo expressam, simultaneamente, as neces-—
sxdades e prioridades determinadas pelos prépios Estados membros e o
dmbitc de trabalho em que o IICA concentra seus esforgos e sua
capacidade técnica, tanto sob o ponto de vista de seus recursos
humanos e financeiros, como de sua relagdac com outros organismos
internacionais.
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