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For the desoribed situation, however, the validity
of the theory appears, to remain sound. Several
guidelines for the design of such information
projects which emerged from the research are

presented.

spproves c// 447/&« &J@ (G 75—

Major advisorfﬁ Date
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187 words -
Abstract

THE ECONOMICS OF FORESTRY INFORMATION:

CASE STUDIES IN CENTRAL AMERICA

'The étudy reported is an analysis of the deslgn
vbfgngturgl resource information'projects. A seriles
*6fiéﬁeoretica1 models were developed which attempt
to identify and relate the major factors considered
in the design of such projects. The factors include:
(1) state of current knowledge about relevant
variables, (2) impact of errors in estimating ;elevant
variables, and (3) costs of reducing the errors on
the ;elevant variables. Theoretical methods of
relating these factors and of both determining optimum
vbudgets for information gathering‘and of internally
allocating such budgets are presented. A computer
program was developed which computes optimum budgets
and allocations for very simple situations.

A series of case studies carried out in Central

America tested the validity and practical use of
the fheofétical models. Six information projects were
rahalyzed through iterative interviews. A variety of
obstacles were identified which preclude the
’practical application of the theoretical models.
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PREFACE

The production of information consumes scarce re=-
sources. By definition, therefore, it is an economic
process and should be subject to economic rationale in
its management. Within the broad world in which we
live, there is an infinite variety of subjects about
which we could produce information. Given the appar-
ently insatiable human thirst for knowledge, each of
these subjects could be investigated virtually to
infinity. But how do--and should-- we make decisions
about what to investigate and in what depth? That
question, in itself, is worthy of investigating.

This paper will treat some limited aépects of
that questioh. Since the author is a forester and the
research reported herein was conducted largely in Latin

- America, the specific treatment will be limited to
-i-



those areas. It is hoped, however, that what is said
will be relevant to a wide range of natural resource
management in less developed countries (LDC's) and, in
some respects, to all information projects.

The research reported in this paper was sponsored
in part by a grant to the Uni.ursity of Minnesota
Economic Development Center from the U.S. Agency for
International Development. The conclusions reached,
however, are solely those of the writer and do not

necessarily reflect the position of U.S. AID.



Chapter I
INTRODUCTION

Since information generation is an economic acti-
vity, then the management and evaluation of those pro-
Jects which generate information should take cognizance
of avallable economic guidelines. The primary focus
of this study will be on those projects which have, as
their major purpose, the generation of information.
Projects are here defined to be identifiable collect-
ions of activities carried on by an identifiable per-
son or group of persons and subject to some identifi-
able control. Those projects which have other purpos-
es, but which incidentally produce significant amounts
of information, are also of interest but are not the
‘mgjor focus. The interest is also limited to goal-
oriented, management information and does not consider,

directly, the more open-ended, pure research projects.
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The en@ity of interest, therefore, mey range from
a major resource inventory project to a single indi-
vidual's activities within a directly productive enter-
prise. The distinguishing characteristic is that iden-
tifiable decisions have been made which determine what
kind and how much information will be produced.

The author's ultimate objective is to make what
small contribution to economic development as he may
be capable of. It is assumed that increased (or more
rational) utilization of natural resources will pro-
vide significant, long-run improvements for that vast
majority of the human race which lives in the less-
developed world. The current debate regarding the
appropriateness of an objective of long-run economic
growth will not be treated,

Whether forest resources, in particular, can make
a significant contribution to economic development or
not is subject to some debate. Westoby (1962), in a
classic article, as well as others (Sartorius and
Henle, 1968; Herfindahl, 1969) provide a wide range of
reasons why forest resources are especially useful in
the attack on underdevelopment. In numerous specific
examples, however, the promised contribution of the
forestry sector has fallen short of expectations. For
the purposes of this study, no more is assumed than

that an increased and more rational utilization of the
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B »;forest resources in any LDC will provide poaitive ben-

efits. No more Justification should be needed.

| Within the general context of resource develop-
ment. and more specifically in forest resource develop-
ment, questions may arise concerning the need for

study of the design and management of information pro-
Jects., It is asserted that a large portion of the
vital resoﬁrces which are devoted to information pro-
Jects in LDC's is essentially wasted., The bookshelves
of agencies and companies throughout the less-developed
world are filled with dust-covered reports which are
ndt. and cannot be, used to guide resource development.
The meager tax revenues available, the sharply limited
foreign exchange, and critically scarce technicians

are often devoted to information projects which, in

the final analysis, yieid no change.

Numerous examples can be clited in which majore--
and very costly--information generation projects have
been completed and of which very little use has been
made. For example, a multi-million dollar forest
inventory has been completed for large sections of the
Amazon Valley and has not proved too valuable from an
economic development standpoint. Indeed, the major
expert on the project has suggested that no further
work of this type be carried out (Heinsdijk, 1965).

Similar examples of smaller and more mundane pro jects
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are even more plentiful. Even in those projects which
do produce valid and useful information, substantial
questions can be raised concerning the efficiency with
‘which the informatioh was produced.

In the future, it is probable that there will be
an increasing demand for increasingly precise resourc-~
es information. As McKelvey (1972) so cogently points
out, resource policy controversies'which loom in the
future will induce demands for accurate information,
whether that information would be helpful in resolving
the policy questions or not.

The purpose of this research project is to ascer-
tain what principles of design and management of in-
formation projects are useful in avoiding some of the
pitfalls noted above and which might provide more ef-
ficient use of the inputs expended in the generation
of information. The following questions were to be
explored:

(1) 1Is it possible to build meaningful theoreti-
cal models which would predict optimum designs for
information projects such as those described above?

(2) Are the basic assumptions which go into such
models valid in real-life projects? If not, what
assumptions are valid?

(3) What methods are used in real-life informa-

tion projects to determine overall funding levels and
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~ how'. are the funds internallyqallocated?

(u) How do these actual methods compare with the'
~theoretica1 models? _ | | -

If general principles for the design of such in-
.jfdrmation projects exist and can be diacovered. they

, should ‘have certain implicationa for information poli-
cy for LDO 8. An attempt will' be made to spell out
'any which seem evident from the research. -

' _The method of presentation will consist of a re-
port of the research carried out and what the author
believes its implications are for the design of infor-
mation programs. The theoretical models which were
initially developed are first presented followed by
the description of a hypothetical game which was
developed. The methodology for field studies and their
results are then shown. A discussion of the overall
results and the conclusions drawn therefrom complete
the dissertation.

The first conclusion, and the one in which the
writer has the greatest confidence, is that this is a
subject of enormous proportions which/has tentacles
runhing into every aspect of natural resource manage-
ment. He began the study with some aegree of nalvete -
and a large faith in the ultimate rationality of man.

Some measure of both have been lost,



Chapter II
SOIME THEORETICAL MODELS

The purpose of this chapter is to lay out the de=-
sign theory which was initially developed for this
study.

These theoretical models purporﬁ to given an econ-
omically optimum method for determining the amount that
dédisionmakers should invest in information projects
and how this total amount should be divided between
ﬁulfiple variables being investigated. The models
which are presented here have now been sub jected to
field tgsting. ana certain éspeots of them are now
viewed An a somewhat diiferent light.

An introductory note is appropriate here. Some
;of7the models appear very mathematical. It would be

Sfutile as well as false for the writer to claim any



a?ﬂ?7+£
i&if%ﬁaéiéy’in“séafiefieeibf*aAfxémafics. Nonethe-.r
‘1ess, the language ‘of -those fields provides a very

Lconcise method of transmitting ideas.*fThat 1anguage

ﬂhas been used. not in any attempt to eontribute mean-
fingfully to those fields. but for efficiency reasons
ionly. It is hoped that this use does not do too much
'violence to the sensibilities of those fields.

In order to understand the decisionmaking involv-
ed in the designvand management of information pro-
“Jjects, it is necessary to understand the decision
scheme of the more fundamental program of which the
information project is a part. That iﬁplies. of
course, that~information is never produced for its own
sake but only to supply the needs of more basic re-
source allocation decisions. That assumption will be
discussed in somebdepth below. At the moment, however
it will be necessary to describe this overall decision
scheme and extract from it that snall but significant
part which will be of interest.

After the part of interest has been defined, the
detailed'theoretieal models will be presented., These
models, which proyide an,econonic rationale for fund-
ing of information projects‘and for the internal allo-
cation of these.funds. will be detalled in the same'
manner in which they were developed. That is. the

ihfirst ones presented will rely on a series of assump-g
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tidﬁsfﬂﬁighfrédﬁqevthe complexity to manageable terms.
Theﬁifhééefaésumﬁtions will be progressively relaxed
until the final models, hopefully, correspond to the

real world,

The Overall Decision Scheme

One can envision a decisionmaker who has certain
objectives. certain policies and a certain perception
of how well these pblicies achieve his objectives. If
he perceives a éignificant divergence between the re-
sults of his current policy and his objectives, or
perhaps someone external to the organization perceives
a divergence between what he thinks the objectives of
the organization are and what current results are, then
some proposals for changes in the policies are elicit-
ed, We will assume for the moment that these proposals
arrive directly from Heaven or from some economics
professor. Now the decisionmaker must appraise the
proposals and decide which one to choose (or to opt
for the status quo). Then he will implement and moni-
tor the policy selected. The appraisal portion of
the framework is our subject of interest. For those
who find it useful, including the author, the sequence
.18 shown diagrammatically in Figure 1 with the apprais-
‘al portion expanded.

jinﬁthe appraisal process the decisionmaker will,
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implicitly: or explicitly, build a model to predict the

"d§§§bméldf*éach proposal., Théfmddglé§WIil include the
nbﬁé@éﬁry inputs, the transformation functions and the
predicted outputé. Using this model and his current
state of knowledge, he will predict the outcome of the
several proposals and, if it is possible, a choice will
be made. If so, no further investigation is needed.,
The decision is made, implemented and monitored. Of
course, it would be unfashionable to leave out a feed-
back cycle in such a diagram.

Alternatively, the decisionmaker may not have suf-
ficient confidence in his predicted outcomes to make
a choice. If such is the case, we presume that he
will devote some resources at his disposal in the pro-
cess of lnvestigation. He will methodically lay out
the predictive models, fund an investigative process,
allocate that budget wisely in information generation,
and with his new state of knowledge, go through the
appralsal process again. This continues until a de-
cision is made. How he "...funds an investigative
process, and allocates the budget wisely..." are the
subjects of interest.

The reader will notice how slyly we have avoided
the question of how the decisionmaker chooses between
thq;gevéral alternative proposals. That is a subject

’wéfihy ofﬁa great deal of study (see,,for example, Vankl.
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?As. 1967) but is not the subJect of the present’ en-
’quiry. Some fairly standard assumptions will be ‘made

and no further diacussion will be provided.
"The Productive Process Mddel

If a deciéion such as those outlined above is
~needed--say a plant location decision by a private firm
or a decision concerning a major concession by a pub-
lic agency--the decisionmaker must, implicitly or ex-
plicitly, have a model of the productive process about
which the decision is being made. This model, hope-
fully of an explicit nature, would relate the various
productive inputs to the objectives of the organiza-
tions. The magnitude of these various productive
inputs and outputs are uncertain to the decisionmaker
and are therefore the subjects of the investigation
procedure.

A simplified example is perhaps useful. Let us
agsume that a private firm is engaged in the sawmilling
business and is contemplating locating a sawmill in
Town X. Its objectives are maximum profitability and
it lmows that this proflitability depends on the quan-
tities and prices of its outputs and the quantities
“and costs of the various inputs over the several years
of the investment. Let us further assume that there is

a fairly well established technology for any sawmill
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appropriate for Town X and the inputs and outputs are
fairly well known. Tﬁerefore, the decisionmaker's
model might be something like:

y ___c.)1 L +Q R-Qy R +0Q B+ o R)
BE (1+r)
+°1 A+ K-, R+Q B +q By
(1+r)2
+ol PR+ QPR -(Q;R +q P, + Q R) (1)
(1+ r)n
Where:

Ypp ™ Bost estimate (maximum liklihood) of present
value of net returns in current dollars.
n = Years of life of the investment.,
r = Discount rate.
Qi = Quantities of the various inputs and outputs.
Pi = Prices paid and received for the various
inputs and outputs,

It can be argued, of course, that it is not nec-

* Selection of an appropriate interest rate is prob-
lematic and can have a heavy impact on design proce~
dures (see, for example, Herfindahl, 1969, p. 98 ff.).
Interest rates are so pervasive and have been treated
in such depth elsewhere (e.g. Arrow, 1966) that they
will not be discussed further here.
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_essary to postulate s'pssfit-maximizing’firm. Such
'models should bs aqually applicable to public agencles
‘which seek to maximiﬁe nst social welfare. The opera-
ftional usefulness of that is quite another question.
however, and will be discussed below.

It is asserted that any decisions that are made
concerning the 1nvestigation process (which are prelim=-
inary to a decision about the investment) must have
such a model elaborated if the investigation process
is to be managed well, As will be seen below, these
models of the productive process are essential to the

information program models.

The Information Models

X L e e

Now we have come to our major area of interest--
the analysis of the information generating activities
which will provide a basis for the decisions previous-
ly discussed. Two major aspects must be treated in
analyzing information activities such as these. First,
for any given information budget, it must be allocated
between the several variables to be studied in order
to obtain the maximum value of information possible.
Secondly, given this optimum internal allocation for
several different sizes of total budget, the appropri-
ate budget size must be gelected.

1t should be noted at the outset that these mod-



-1l4=

els involve application of standard marginal analysis
to the design of rational information programs., Giv-
en some state of knowledge at a moment in time, they
indicate that X amount of money should be spent on .
information gathering and it should be internally ai-
located according to these rules. The models are
based on g priori estimates of information production
functions. Whether they are successful in actually
predicting what one will learn during the information
gathering process is quite another problem and is not
the subject of this study., All they do is provide a
formal means of incorperating our current knowledge
into a rational plan for gathering more knowledge.

The first of the information models will attempt
to provide a rationale for determining the size of
budget for information gathering. We must begin with
our productive process model which was (ignoring for
the moment the discounting needed and eliminating the

sign change by using negative prices for costs):

Yﬁ=%%+%%+%%+%%m%% (2)

Where:
YBE = The best estimate of profitability

Qi = Quantities of inputs and outputs

P, = Average prices received (positive) and costs

paid (negative) for inputs and outputs



‘Now:let'us defines

' YME= YBE- {tl -a” VIY) } (3)

Wheras
Yye Mln;mum expected profitability (or lower confi-
| dence 1limit at 1~ o)
t = Standard normal deviate for 1-d level
V(Y)= variance of current best estimate of profita-
bility

The quantity YME is central to the model and re-
quires some explanation. If we are given the product-
ive process model and we have some estimate of the
variables therein plus some ideas about variability of
these estimates, then we can, through some standard
aggregation techniques*. develop a probability distri-
bution for the expected value of profitability or
E(YBE). Such a probability distribution might look
like that in Figure 2.

*Foggo?g such aggregation technique see Cochran (1963,
P .
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Probability
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Y, E(Y,
ProfitabilityME ( ,BE)
Pigure 2

Now let us go back to the basic decision model.
If this decision is one which will have a large im-
pact on the overall performance of the organization
and one in which the decisionmaker has a great deal of
uncertainty, then the decisionmaker will not be total-
ly concerned about the best estimate of profitability.
He will, instead, be more concerned about some lower
1imit which he is confident (say at the 68% level)
the profitability will equal or exceed.* This lower
limit is our YME’ the minimum expected profitability
at the 1- o level, If the decisionmaker is a risk-
taker, then his choice of o may be very large. If

#Galbraith (1969), lends support to the contention
that loss risk aversion is an important consideration
for most businesses. Also see Herfindahl (1969,

pp. 113 ££f.) with regard to public agencies.
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he demands little risk, his choice of o will be
small. Those readers familiar with decision theory
will find this concept analogous tb'Mardh and'Simon's
Satisficing Principle (March and Simon, 1958).

The function of information gathering can be
viewed as a procedure to adjust YME to a higher value
or to reduce the risk associated with the original
estimate. Indeed, it is perhaps legitimate to say
that the value of the information gained is equal to

ol times the change in this lower limit.

This is a provisional position which we need not
dwell on here. The writer has been unable to find any
treatment of the subject in the literature. It seems
intuitively clear, however, that, if the decision in
question is truly to be made on the basis of such a
minimum expected value, then there is only an ol
chance that a change in YME will ultimately prove to
be the fact in profitability. Thus, valuations being
made now, without the knowledge of what profitability
will actually be, must be done in light of that prob-
ability. It is only necessary to recognize that the
decisionmaker will theoretically consider both the
risk that he is willing to bear and the inherent
qualities of the information available.

The selection of the appropriate risk aversion

level is problematic. In addition to the personal,



paychological aspects, the facts surrounding the sit-
uation are pertinent. As implied above, the symmetry
of the risk would be of particular interest with heav-
ier emphasis usually being placed on adverse or down=-
side risk. The cushion that the individual or organi-
zation has above some minimum subsistence level would
also influence the aversion to risk. If the project
is very large in comparison to the total array of
factors which influence his welfare, the decisionmaker
would undoubtedly tolerate less risk than if the pro-
Ject 1s very small. Other factors (e.g. flexibility
for change in the project) have additional impacts.

Risk aversion is a rather complex behavioral
phenomenon which is not our object of study here.

Some fairly standard assumptions will be made in order
to facilitate focus on our main area of interest, and
no further discussion will be provided.

It should be noted that we are presuming a change
in YME due solely to a tightening of the distribution
about Yy, (see 0'Regan and Arvantis, 1966). No change
in the mean is assumed to occur when additional infor-
mation is gathered. 1In actuality the mean may move
with additional information, but this cannot be known
a priori. We can, as will be shown below, predict a
tightening of the distribution, however.

Thus, we assert that the predicted marginal value



‘of ‘product (MVP) of information activities is a funo-
‘tion of the change in Y,. which, in'turn, is a func- '
tion of the change in the sampling error of Y. . Thus: -

MVP = . Avye | @
Mye= Yy {aVVIVT | (s

In our productive pfoggggzmadel. which had fixed .

inputs and outputs:

e = QR + QB+ QR +QPR...qP (2)

It can be shown that:*

ViYge) =0y VIR) + Q3 V(B )...q% V(P), (6)

if the variables are independently distributed., If
they are not independent, covariance terms must be in-
troduced, but the basic technique for accumulating
varlances remains the same.

Our interest is, of course, in the change in the
sampling error or the square root of the variance of
Y.. It can be shown that if:

A=Vl viR) + & ViR)...q viR) (7)

¥ See cocﬁran'(19§3.;ﬁ§;‘§bgff;)'
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AINERVNE {d aviR) + GAVR) ..+ GavR)) ()
Therefore:-

WPt oY (v_(v))'.’%‘ ‘(QfAV(Pi);-F GEAVIR) ...+ of,AV(é,,)) (9)

‘We now have a single, in%egrated function which
ppedictévthg Qaldé of“information to be gathered. As
‘Qiilhbe sﬁoﬁn below, this is almost certainly a de-
crghsiné function as more and more information is
gathered. According to claséical marginal analysis, it
is rational to continue to expend resources until the
marginal value reaches the marginal cost. That point
should determine the size of the total budget.

This equation requires that: (1) one have an es-
timate of the Qi‘s or relative impacts, (2) that one
have an. estimate of the variance of Ypge Which, as
ghown above, is an aggregation of the errors about the
individual factors, and (3) that we know what the ex-
penditure of each additional unit of resources will
procure in terms of changes in the variances of the
several P's. It says nothing about how to allocate
the marginal dollar between work on the several

V(Pi)'r This is the subject of the next model.

‘% See Hart (1963, pp. 92 ff.)



If we take as fixed:ﬁsomr?budget total. T' such
;that the aum or the budget items devoted to the indi- §
;vidual faotors (Ci) is equal to CT' then our immediatei
‘problem will be to. allocate cr among the ci's in a
,manner which will gain the largest possible reduction
in V(YBE). In other words. the more money we spend on
investigation of a given factor, the lower will be its
variance and'its'contribution tokovefall variance, but
the more money we spend on that faotor. the less we
can spend on another. What we nead is an allocation
rule which will provide fhe maximum reduction in
© V(Ygg) subject to the comstraint thats

 8@1%¢} (10)
... Let. us. assume for a moment that all of our inves-
ftigations are matters of sampling.‘ This is obviously
;not very realistic. and the assumptlon will be dropped
?shortly after it has served some . expository purposes.<
~ We know that:

V(Pi)—o'i | S . (")
N



~ and that:
n=5i (12)

Where:
ﬂiz'ﬂ’population variance of the ith variable
n; = number of samples taken on the ith variable
C{ = budget devoted to the ith variable
ki = cost per sample of the ith variable
Thus:

VIR) =0} (13)
i

and:
V) = 02 ol k +05 Bk, +... (14)
a6

Now we know from classical statistics (e.g.,
0ocﬁran. 1963) that optimum allocation in such a sit~
uation requires that Cp be distributed according to

the rule:
¢;= |49 VK c, (15)
201 Oh/‘-(r

This provides a unique solution to the allocation
problem, which is, in theory, optimum. The assumption
above, stating that all investigution is a matter of
Vsampling. relegates the unique and optimum allocation

»§Ojfhe arena of pure theory unless we can somehow re-
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;1ax the assumption.

Equation # (13) ‘tells us that the sampling vari-
1ance of P is a function of the population variance.i .
fthe cost per sample. and the eub-budget devoted to it.
fIf we could estimate V(Pi) in terms of Ci only. and
Jcould. in turn, integrate these expressions into the
optimum allocation scheme, we could make some approach
toward an operational system.

It is asserted that, in making these allocations,
astute decisionmakers do, in fact, attempt to estimate,
in a probability sense, their level of error about
each factor and how much each additional dollar spent
investigating will reduce these errors. For certair
types.of information projects, published estimates ,
could be used (e.g. Husch, 1971, and Julian, et al.,
1969) . This procedure might be illustrated as in Fig-

ure 3.

Cumulative
Error

Reduction Total error

with zero

budget /

L ———
Cumulative Investigative Budget
Figure 3
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The curve in Figure 3 will probably be asymptotic

to complete certainty and might take some form such

asg:s
b
=e 0™ X
y=e (16)

where y is the total reduction in error and x is the
cumulative budget.
The form of the curve is relatively inconsequen-

tial so long as A V(P;) can be expressed in terms of

Csie
i
Now let us go back to our equation where:
A= B{vnf 72 {& avie) + 2 avig) +...+ & aviry} (8)
If:
0L
AVIR) = f(c)=e © (i
then:
1
AV(YBE)z\/ Vz{V(YBE)} % {of f(c,) + QZ f(cz)+...o§ f(Cn)} (18)
-} b
= l’?-{V"’ese:’} % {°f ¢ -7} 4} 2-g Ts +...03 e°"'ti} (19)

With regard to the estimation of the Qi's. we

‘have other problems. If the ultimate production func-
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tion (i.e., the basio productive process the inputs of
f;ﬁiéﬁYWeyare investigating--ﬁdt,théiinformation pro-
}dﬁétion'function) is not quantified, the relative
weights cannot bé assigned. Should this prove to be.
an’obatacle. there are techniques available for esti-
mating these relative values directly. (See the rel-
evance matrix technique, for example, in Summers,
1969) .

Now, while the mathematics from Equation (19)
became very complex, there is a unique combination of
C,°s (where X Cy = Cp) which will maximize A V(Ygg).
That combination is the optimum allocation.

Now, if we take a series of Cp's and, using this
optimum allocation rule, calculate the maximum reduc=-
tion which can be had for each of several budget
sizes, then the graph of the overall error would fol=-
low the same form as Figure 3 and would have the addi-
tional characteristic that any given error reduction
on the curve would be as far to the left as possible.
That ie, since the reduction in errors about individ-
ual factors are generally sigmoid and asymptotic to
certainty (or some fixed level of uncertainty), then
the aggregation into the overall error, constantly
holding an optimum combinafion. would also be sigmoid
and asymptotic to certainty.

Thus, the results of the direct cost estimates
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could ba plugged back into Equation (9) to obtain es-
timated MVP for the information project.

If we define YMA to be the minimum acceptable out-
come a8 discussed above, the budgeting rationale can:
be summarized as follows:

Ifs Then:

(1) Ypgp > Yy

e < Tma Budget too small
MVP > 1

(2) Ypg > Yy

YME < YMA Budget too large
MVP < 1
(3) YBE > YMA No budget necessary)
Yue :? v positive decision
(%) YBE < YMA No budget necessary;
YME < YMA negative decision

Thus we have both a defensible budgeting rationale
and a defensible means of internally allocating the
budget to the several information activities. While
this is probably not the only way to look at the bud-
fgetihg and allocation procedures, it is hypothesized
that any system which provides microeconomic rationale
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- for these activities must include the basic design
ﬁparameters used here.

It ahould be noted here that the models depend
on & number of assumptions which must be met in order
‘for the system to provide workable guidelines. These
‘include:

(1) That decisions about information generation
are made in an identifiable manner (i.e. they can be
geparated for study if desired) but are made in the
context of the more ultimate program for which they
supply information. Therefore, the same kind of pro-
fit or benefit/cost analysis will apply, at least
conceptually, to the information part of the overall
program as to any other part.

(2) There is some single measure of success (per-
haps proxy) with regard to the overall organization
objectives. To achieve higher levels of success is
more desirable than to have a lower level.

(3) The perceived need for decisions is exogen-
eous, That is, the perceived need for a decision
occurs and an information generating undertaking is
planned as part of the response. During the course of
information generation, new needs for decisions may
arise, and demands for new information may result, but
the original plan is the item of interest.

(4) The appropriate ¢! level is known and consist-
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ent. That is, the risk aversion for the decisionmaker
who will“use the information is known to the designer
of the information package.

(5) The ultimate decision(s) for which the infor=-
mation is being produced will be made on the basgis of
some maximum liklihood indicator, such as YpE and/or
on the basis of a lower limit, such as Yyp+ The inter-
mediate decisions regarding the information activities
will be made on the basis of Yyge

(6) The state of knowledge is never zero about
anything. The decisionmaker always has some idea
about each variable that he perceives to be important
in terms of the ultimate organizational decisions., If
the one who designs the information rackage is not the
sam¢ as the one who makes the ultimate decisions for
which the information is produced, then a transfer of
these "states of knowledge" takes place.

These assumptions and the actual procedures for
operation provided the subject for the field study,
which is reported in Chapter 1V. Computerization of
the model and sensitivity analyses are reported in
Chapter III.



Chapter II1I
A HYPOTHETICAL CASE AND ITS RESULTS

After the theoretical models described in Chapter
II were completed it was desired to test them. Field
studies were designed and carried out. As a part of
this testing a "decision game" was developed and ap-
plied. The game and its results will be reported in
this chapter. This will not duplicate precisely the
gsequence in which the research was carried out but it
is believed that it will provide a more easily under-
standable report for the reader.

The purpose of this decision game was threefold:
(1) to work through a specific example of the general
model outlined in Chapter II, (2) to see if thoughtful
but intuitive solutions to the budgeting and alloca-



-30=-

tion decisions could approximate the mathematically
"optimum" solution, and (3) to test the model for sen=
sitivity (i.e. to see what effects on budgeting and
allocations small changes in the design parameters
might have).

As will be detailed below, a prototype of this
game was first developed in Central America, and ex-
ploratory applications were made. Since the reactions
were rather negative, it was temporarily abandoned
while the case studies were completed. After return
~to the U.S., the game was redesigned (i.e. translated
into English, converted to U.S. dollars, and.some other
ad justments made). A computer program was written
which would perform the mathematics, and a mathematic-
ally optimum solution was obtained. Using the program,
sensitivity analyses were made. Then applications to
decisionmakers were again attempted. Methods used for
these activities are described below, and the results

are detailed.

Development of the Exercise

A hypothetical situation was described which
clearly fit the basic model envisioned. It was set
in terms of a profit-maximizing private enterprise in

order to avoid the trade-off problem between the mul-
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,t;pigjbbjecyives‘of a public~organizat10n. A straight-
'féfwardyinvéstmeht decision was to be made, but an in-
termediate decision was needed regarding the types and
amounts of information to be generated. Complete
knowledge was given to the participants regarding the
selection of variables and the current subjective
errors on them, as well as their relative impacts and
costs of investigation. Only three variables were
involved. The decisionmaker was asked to state how
much he would spend on information gathering and how
he would divide this amount between the relevant var-
iables. A copy of the game is included in Appendix
III.

JAathematics and Computer Program

The model on which the decision game is based

can be described as follows:

YSA+WF+ W, B+ Wy Fy ... (20)

Where:

Y = Overall profitability (which can be capitalized
into present value with an interest rate "R")

A = A fixed quantity which encompasses all the fac-
tors affecting profitability and about which

the decisionmaker has relative certainty
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wi = Individual weights derived from relative impacts
of that factor on profitability

Fi = Faotors determining profitability about which the
descisionmaker does not have relative certainty
Therefore, assuming for the moment that the err-

ors on the individual factors are independently dis-

tributed:

VIY)=WE VIF) + WEV(R) + WAV(F,) ... (21)

Where:
V(YY) = Uncertainty about the overall profitability
(or present value) expressed as the variance
of ¥
V(Fi) = Uncertainty about the true value of the de-
terminants of profitability expressed as the
variance of Fi
We assume that the future size of the uncertainty
is related to the amount of money we spend on investi-
gation of the individual factors. for convenience,*

we assume that:

V(Fi)=aﬁ?i +P (22)

* Other shapes of this information production function
could be assumed, but would require redoing the math-
ematics which follow.
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“Wheres -

jai.gndgbig?[AQPrpprigtg'ooefficiehtevderived from>bes£
f£it curves

Cy | = The amount of the budget devoted to inves-
tigation of the ith factor

Pi = Estimated level of residual error which
cannot be reduced by additional investi-
gation |

Since we know that the sum of .the budgets we
spend on the investigation of the several factors must

equal the total budget, then:

£C;=Cy (10)

By substitution of the information production
functions into the overall variance function, taking
the partial derivatives of that function with respect
'to the several individual budgets, setting these par-
tial derivatives equal to zero and solving simultan-
eously, it is possible to mathematically minimize V(Y)
for any given tctal budget.

A computer program in BASIC was written for the
College of Forestry's time-sharing terminal which would
carry out these mathematical operations for a speci=
fied series of total budgets. Copies of‘the program
are available from the author for those interested.

The program requires estimates of: (1) relative im=-
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pacts of the various factors, W;, (2) levels below
which uncertainty cannot be reduced, P,y and (3) the
coefricients’for the ;nformation production curves,
ai and bi‘ In addition, a series of possible total .
budgets (completely arbitrary) is introduced.

The output of the program (see an example in
Appendix III) is essentially twofold. First, it cal-
_ culates and prints the optimum allocations, as determ=-
ined by the above procedures, for the specified ser-
les of total budgets. Then it calculates and prints
the predicted errors on the individual factors and on
the overall outcome for the same series of total bud-
‘gets. '

It is interesting to note that the original pro-
gram written, often produced negative budgets for cer-
tain variables. It was first thought to be an error
in prograﬁming. and only slowly was it realized that
no constraint had been built into the program to pre-
vent the information production function from extend=-
ing to the left of the Y-axis. In effect, the compu-
ter was trying to get a refdnd on the current states
of knowledg; on éome of the variables. Unfortunately,
in the real world, that cannot be done. Therefore, a
constraint was introduced into the program to make all

budgets equal to or larger than zero.
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xp plication and '?‘Réeﬁi‘ts of-“the" :oam‘ y

After the modeling and oomputerization was oom-y5J
Qpleted. a concise description was written whioh would
ésupply the participant with the necessary and surfi- '
}oient information to determine the optimum balanoing
of effort between the variables and, with the risk
aversion appropriate to his own psyche, to determine
the total effort which he should devote to information
gathering. |

Phe first attempt to apply the game was with six
'graduate sfudentsQ Although they were generally quite
oanable; had a rather leisurely schedule, had good
backgrounds in'mathematica (and in some cases, compu-
ter modeling), and were eager to understand, they had
very little professional experience in actually making
decisions as to how much information to generate.

The second group of individuals to which the
questions were asked waa made up of six well-exper-
lerced professionals in the consulting firm with which
the author is currently associated. Although well-
schooled (and highly successful) in the practical as-
peote of making such decisions on a day-to-day basis,
.fhey were generally not well acquainted with the tech-
niques of computer modeling, information theory, or

even the standard theory of marginal analysis. Their
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attitude might be best described as forbearing. That
is, they found it intereéting but a rathef foolish
waste of time which they would tolerate to assist a
colleague.

The results of the exercise indicates that, in
the simple situation described, it is possible to in-
tuitively approximate the mathematically optimum solu-
tion. The consultants tended to be satisfied with a
lower level of certainty, and they internally allocat-
ed the effort somewhat more efficiently than did the
graduate students. As Table I indicates, however,
even the graduate students placed the heaviest and

highest emphasis on the correct variables.

TABLE 1

Comparison of average total effort in man-
days suggested by graduate students versus

consultants and internal allocation to

variables
Veriables Total
Timber Labor Markets
Arithmetic mean 5.9 2.8 8 9.5
(Consultants)
Computer allocation 6.7 2.8 0 9.5
Arithmatic mean 9.2 6.2 3.3 18,7

(Graduate students)

Computer allocation 12.0 647 0 - 187



-37-
Although the difference between the two groups as
“to the total effort to be expended is rather 1arge. it
tie not etatistioally eignificant. A etandard "t tast
71nd1cates an 18,5% chance that the difference is random
,only. Another possibility is that the graduate stu-
dents tended to have a higher risk aversion than the
consultants, There might also have been some techni-
cal differences in the methods of arriving at the so-
lution. No answer can be given with certainty.

At a more subjective level, all six of the con-
sultante had a great deal of difficulty in focusing on
the information decisions as opposed to the investment
decision. They also were consistent in demanding to
know the source of the functions presented to them.
These two aspects were far less evident among the

graduate students,

Sensitivity lesting

Using this computer program on the time-sharing
terminal, the basic design parameters for the hypo-
thetical case were systematically varied in order to
observe what effects errors in estinating these design
parameters would have on the budgeting and allocation
guidelines produced. While it is mathematically pos-
sible to predict the qualitative changes that will
take place with regard to ellecation. the magnitudes
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of the changes depends on the specific situation.

With regard to total budgets needed, we have &
more difficult problem. Whether allocations are op-
timum or not does not determine how much risk the
decisionmaker is willing to assume. As noted earlier,
risk aversion is‘not a subject under study here.
Therefore, the output of the model provides a series
of possible total budgets and their allocations. The
choice which the decisionmaker ultimately makes is an
expression of: (1) the technical characteristics of
the hypothetical situation described, and (2) of his
own personal aversion to risk and the decision cri-
teria used to express this risk aversion. They can=-
not be separated,

If we take as given the risk aversion and the
choice of decision criteria, then both the appropriate
size of total budget and the internal allocation are,
theoretically, completely dependent on the estimation
of the three design criteria. Sensitivity testing
with the computer model provided some interesting
insight into the design process.

Estimation of the relative impacts of the varia-
bles is fairly straightforward. If impacts are over=-
estimated for a given factor, the amount allocated to
that factor will be excessive. That overestimation

will also contribute to an excessively large estimate
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of needed totél budget. If the impacté;of all the
'items in an information package are overestiﬁated;\the-
internal allocation might approach optimum, but the
estimated total budget needed to reduce uncertainty to
an acceptable level might be so large as to require re-
5éction of the entire prdductiVQ project. Underesti-
mation of impacts will, of course, have just the oppo-
site effect.

Ironically, total estimated error sizes have no
effect on the allocation of budgets. The change in
error size is the relevant parameter. An overestimate
or underestimate of error size, however, will contrib-
ute (in the same manner as overestimated or underesti-
mated impacts) to the estimated total budget needed.

The information production function (or the esti-
mated change in error size per dollar spent) is the
most compiex of all the parameters. The form assumed

for the computer model wass

C
V(Fi”"iAii +P (22)

When this function is evaluated at C, =0 (or
when no budget has been devoted to error reduction and
we have the current state of knowledge), the quantity,
b101. becomes equal to one, and the uncertainty is the

sum of ay and Pi' When we let Ci equal a very large
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. c
number, the quantity, ai/bi i. approaches zero* and

V(Fi) L Pi’ The quantity, P;, 1s uncertainty which
cannot be removed, while ay is the "changeable" error.
The size of P; has no effect on allocation since the
change in estimated error size is the relevant criter-
ia, Underestimates or overestimates of P, do contrib-
ute to total uncertainty, and therefore, to estimated
total budget needs for information.*+

Therefore, the most critical elements in the in-
formation production function become ay and bl' which
are, respectively, the initial amount of changeable
error, and the rate at which the error can be reduced.
Both of these design parameters effect both allocation
and total budget needs. In the computer model, small
changes in either one had substantial effects on de-
sign. _

The practical implications of the computerized
model remain conjectural. A computer program was

written for the hypoihetical situation. That situation

* The quantity b will always be a positive number
larger than one.

## The values actually used for the three information
production functions were:

Yariable a_ - »
Timber 2050 450

1.21
Labor 0.17 1016 0,08
Price 2.70 1.15 5:30
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~was highly idealized, hoWever; and -serious doubt exist-
.,ﬁdféohéerning the likelihood of optimization of real-
:Qdfld'situations. Therefore, discussions were conduct-
f§d w1th several individuals knowledgeable in statis--
ti&a. computer programming, and operations research.
The consensus was as follows,

It would probably be possible to obtain truly
optimum solutions to slightly more complex problems
than that described. More variables could be handled
and non-linear impact functions could be incorporated
without ma jor programming difficulties.,

As the information production function becomes
more complex, mathmatically optimum solutions may be-
come inherently impossible. In these cases, simula-
tion techniques could perhaps be developed to approx-
imate the pptimum solution. It may be possible to
compute some guidelines or dominated strategies with
incomplete probability distributions (Fishburn, 1966).

If we introduce the realities of ill-defined
trade-offs between objectives, poorly known production
processes, joint costs of information productions, etcs
it becomes overpoweringly evident that hopes for com=-

puterizing real-world design processes can be effect-

ively dismissed.
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Chapter 1V
THE FIELD STUDY METHODOLOGY AND RESULTS

After the theoretical models presented in Chapter
II were completed, a plan was devised for field study
to test their validity and practicality. Essentially,
the interest centered around five questions:

(1) Are the basic assumptions which go into the
models, particularly regarding the decision scheme, a
valld and useful way of describing the actual situa-
tion with regard to natural resource information pro-
Jects in Central America?

(2) If they are not, what other assumptions might
be more realistic?

(3) With regard to the funding and allocation

procedures, are any analytical methods, such as those
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outlined, used, and if so, how are cost, impact, and
error estimates made, and hbWﬁ#ﬁé/ihéy integrated into
decisidn guidelines?

(4) If analytical procedures such as these are °
not used, why are they not used?

(5) If these are not used, what would be required
for, and what would be the results of, the introduction
of such methods?

To develop insight into the five questions posed
above, a two-part study was needed. The first phase
would explore Questions (1) and (2) regarding the
basic decidion scheme. Then, depending somewhat on the
results of the first phase, a second phase would be
needed to treat with greater specificity the las%

three questions.
The Case Studies

The study plan devised to satisfy these needs was
essentially a case study approach. The researcher was
to move to Central America and spend several months
doing in-depth analysis of several information pro-
Jects. These analytic exercises would treat the
framework in which design of the information systems
took place and how the specific elements of design
(e«g+ information generation costs, error estimation,

impacts of errors, etc.) were, and could be, handled.
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After the selection and preliminary work on the first
one or two of these case studies, an assessment of the
validity‘of the decision framework would be made and
appropriate adjustments in the second phase would be
worked out. Then, as time allowed, other case studies
would be added. Both phases of the case studies were
to depend rather heavily on interviews and study of
relevant documents.

The actual field studies followed the plan with
some relatively minor variations. Immediately upon
arrival in Central America, several possible informa-
fion projects were identified and exploratory discuss-
fons begun. Eventually, two case studies were se-
lected (both in Guatemala) and in-depth analysis begun.

After the first phase of the first two case
studies were completed, a reassessment of the basic
models was made. Detaliled results of this will be
presented below, but in quick summary, it seemed that
the basic models were generally good, although certain
aspects would require significant revision. It ap-
peared at that time that the major design parameters,
identified by the theoretical work, remained valid.

Therefore, these case studies were completed and
others, up to a total of six, were identified and car-
ried out. These six case studies involved about 25

decisionmakers. More detalled descriptions of each of
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‘the cage studies are~pr639nt§diih~A§§thik51,;but they
’iﬁclﬁdydt |
~A five-year land-use study in the altiplano of
Guatemala.

-A feasibility study for the establishment of
a forest reserve in Costa Rica.

-A continuing program for gathering forest pro-
ducts statistics for Guatemala.

-The information generating portion of the for-
estry sectoral plan for the Central American
Common iMarket.

~A cooperative mapping project between NASA and
the Guatemalan mapping agency.

-An ecological reconnaisance by a private con-
sultant of a hydroelectric project in N.W.
Columbia.

These case studies were selected so that at

least some of the basic assumptions would be fulfilled.
That is, they were all information gathering projects
aimed at generating data to assist in the achievement
of some social function. The decisionmakers involved
had to be willing to cooperate in such a study and

the writer had to be able to finish the analysis within
the time and monetary limits available., It is impossi-
ble to rigorously evaluate how representative these
projects and decisionmakers are. No claims to broad
representativeness are made. The writer knows of no
reason why they would not be a reasonable cross-section

of the kinds of projects described.
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The cholces of who to include in the interviews
were made in as comprehensive a manner as possible.
There was an attempt made to interview everyone who
appeared to have had a significant impact on the de-
sign of the project. They included individuals clas-
gified as funding sources and their advisors, as in-
formation producers and their advisors, as well as
information users and their advisors., On several
occasions extensive discussions were conducted with
individuals who were not directly involved in the de-
sign of the project but who were knowledgeable about
the designing process which had taken place.

Methodology for the individual case studies re-~
quired some flexibility to suit each situation., In
general, however, it followed the outline which is
presented below.

First the basic five questions above were broken
into their component parts and a more detailed list of
questions was produced. This list, containing some 35
questions, will provide the frame for presentation of
results below. In most cases these questiona were too
threatening to ask the respondents directly. That is,
many of the specific questions, if asked directly to
the respondents would have, (1) forced them into the
position of either openly revealing poor management

or bragging about his accomplishments--neither of which
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“they seemed to be willing to do--or, (2) been so broad
f;h’scope as to have required a godd_deél'df conceptual
organizing--which they did not seem te be willing to
do, |
| Therefore, a third 1list of questions was compiled
which could be, indirectly, used to infer answers to
the more basic ones. The final questionnaire, which
gave about 75 questions from which to choose, served as
one of the fundamental inputs for the formal, recursive
interviewing. A copy of the questionnaire is presented
;n Appendix II. The more basic questions are presented

below.

BASIC QUESTIONS TO BE TREATED

I. Are the basic assumptions which go into the
models, particularly regarding the decision
scheme, a valid and useful way of describing
the actual situation with regard to the
natural resource information projecfs in
Central America?

A. 1., Wwhat appears to be the real motiva-
tion for the information project?
2, Is it to supply knowledge for some
| resource ailocation decisions?
Bs Does there seem to be a serious attempt

to produce the maximum amount of informa-
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D,

E.

F.

‘tion for a‘flxed budget or to minimize

‘the needed budget to achieve some level

of information?

Is the appraisal being done in a context

of well-defined organizational goals, and

do the decisionmakers have a sensitive
means of determining how well these goals
are being achieved? |

What seems to be the source of the pro-

posed changes which necessitated the

information pro ject?

1. Does the question, "Am I confident
enough...?" really seem to occur,
and if so, is it answered in ac-
cordance with some consistent cri-
teria?.

2. Does this criteria seem to be an
"equal to, or better than" minimum?

1. Are the designers of the information
project the same ones who will uss
the information in decisionmaking?

2. If they are not, do they seem to
understand the ultimate organiza-

, tiqnalgobjectivee?

3+ Do.they seem to design the program

| ~with the idea of these objectives
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in mind?
b Do they agree with them?

If the basic assumptions do not seem to be

jfvalid and useful. what other assumptions [
:,might be more realistic?
A What ie the relation of the information

';iuser to the information produoer. and of

h;;both of ‘these to the funding-source?

:[BpffAre ‘there other organizational object-

viivea apparent in addition to those given

by discussion and documents?

-c.“Wﬁat other elements should be included

in a more realistic decision scheme?.

'With regard to the funding and allocation

procedures, are any analytical methods, such
as those outlined, used, and if so, how are
cost, impact, and error estimates made, and

how are they integrated into decision guide-

‘;lines? |
;JA%:fi. what are the important design para-

| meters that are currently being used?
fé;- Are each of the specific parameters
-'i, used in the theorétical models in-
~ cluded among them? |
3+ What others are included?

Be 1, How are these estimated?
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Are there quantitative procedures?

C. How are they put together to provide

guidelines?

If analytical procedures are not used, why

are they not used?

A 1,
2,
Bs 1.
2.

Does the funding-source demand jus-
tification for the resources invest-
ed in information?

Are there other pressures to force
the information designer to carry out
a rigorous design procedure?

What kind of personnesl are making

the design decisions?

What is their level of education/
experience, pay, and prestige?

Cs Are there positive rewards for not

using an analytical approach?

If these are not used, what would be required

for, and what would be the results of, the

introduction of such methods?

A 1,

2,

Does the decision scheme necessari-
ly have to be like the one origin-
ally presented in order to use guch
analytical methods?

Could this analytical design ap-
proach be applied to a less 1aqai'
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D.

E.

2.

1,

24

3

L,

1.

2.

1,

2.
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:scheme in this aituation? ’
’Are the goals well defined and can

‘"prices" be attached to each?

What changes in the normative system
would be required here to introduce
it into practice?

Are personnel aware of a wide range
of technologies in order to concep-
tualize the productive system?

Is there agreement about which one
is appropriate?

Is 1t necessary that there be?

If they understood only one in this
case, would 1t be good enough?

Do the information system designers
seem to be aware of what current
knowledge level the user has?

Is there a large difference between
the knowledge level of the producer
and the user?

Is it necessary to define the cur-

rent state of knowledge in these

‘quantitative ways?

How can the change in the state of
knowledge be indicated in other than
this quantitative way?
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F. &+ Do the impacts flow completely from
the “"prices"?

2. Can they be estimated in some other
way? |

Gs 1. How closely must we estimate costs
of error, changes, and impacts?

2. How sensitive is the allocation and
funding rationale to errors in the
estimate of impacts and errors?

Other questions for the interviewing (in addi-
tion to the questionnaire, which was based on the above
questions and is presented in Appendix II) were derived
from documentation study. This documentation, mostly
in Spanish, ranged from internal, informal correspond-
ence to formal, published reports. These documents,
of course.'provided direct information and insight
into the questions, as well as providing a basis for
the interviewing.

In an attempt to provide additional insight into
the current practice, the "decision game" described
in Chapter III was invented. An attempt was made to
have several of the information project designers
"play" the game. This approach, however, did not
appear to be very fruitful at that stage and threatened
to alienate them from the more productive interviews

so it was temporarily abandoned. The full development
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and application.of the game had to await return to
the U.S.

 Results of thescgse’S%udhéé

These case studies were exploratory, largely sub-
Jective, somewhat impressionistic and often non-inde-
pendent. From the standpoint of rigorous scientific
research, the results are reflective of these charac=-
teristics. Nonetheless there is some amount of con-
sistency. Where consistencies (or divergencies)
emerged in a meaningful way they will be reported.

The pattern of the report will follow the out-

- line of questions shown above with a summary of re-

sults at the end of each of the five major questions.

I. Are the basic assumptions which go into the
models, particularly regarding the decision
écheme. a_valid and useful way of describing
the actual situation with regard to the
natural resource information projects in
Central America?

A. 1. What appears to be the real motiva-
tion for the information project?
2. Is it to sdpplx knowledge for some

resource allocation decisions?

llost of the decisionmakers studied were public

employees in one form or other. Determining how they
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might "maximize net social welfare" was not possible
in any definitive way. All of the agancies, however,
had certain social functions to perform. The fact
that the organizations came into being and continue
to exist implies that these functions are desirable and
the organization's pursuit of them is their method of
"maximizing net social welfare". The efficiency with
which they carry out their social function can there-
fore be seen as some measure of their “"profitability"”.
Clearly, that measure is not as definitive as would
be the case with the private firm particularly with
regard to the question of tradeoffs between multiple
social functions. It nonetheless served as a surro-
gate for most of the decisionmakers studied.

Por the six case studies reported, there were a
total of approximately 25 decisionmakers who had major
impacts on'the design of the information program. Ine-
depth interviews were carried out with all but one of
these. The results were somewhat subjective but rath-
er revealing. First, it became evident that the de~
cisionmaking structure was much more pluralistic than
originally envisioned. 1In all of the examples studied
the social function required resource allocation deci~-
glons and the information package was outwardly de-
signed to supply input for these decisions. However,
the forces which shaped the final information package
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wére. in almost all of the cases, highly diverse. The
organization which supplied the funds had motivations
X, Y, and A, in that order. Another organization, or
another level in the same organization, supplied the -
broad outline and identified major variables based on
motivations Y, W, and X, in that order. Another indi-
vidual drew up the final specifications and suggested
techniques based on motivations Y and V, while the per-
son who actually gathered the information and compiled
it for the user was motivated by U, Y and Z., The user
needed the information for activities motivated by W,
Y and T.

While there is enough overlap in the basic mo-
tivations of the several decisionmakers to assure suf-
ficient cooperation to produce the information, that
common set is not necessarily the ostensible social
functions thch are to be achieved., In addition to
the ostensible social functions to be achieved and the
"constrained" self-interest, basic motivation seemed
heavily oriented toward organizational maintenance and
growth (both appropriate and inappropriate) and occa-
sionally by some rather "unconstrained" self-interest.

The originrl theoretical model postulated that
the decisionmaker, in all cases, 1s motivated by a de=-
sire to maximize the social objective he was pursuing,

namely better resource management, and that all of his



56

decisions regarding what information to generate will
be based on that motivation. Such was obviously not
exclusively the case in the examples studied. It is

far more complex than that.

B. Does_there seem to be a serious attempt
to _produce the maximum amount of infor-

mation for a fixed budget or to minimize

the needed budgzet to achieve some level

of information?

In each of the e¢xamples there was some evidence
of a slincere attempt by the people involved to have a
"good" information package. In all cases except one,
that meant some attempt to get the maximum amount of
information for a fixed budget. In the one exception,
the effort seemed to have been to produce some fixed
level of information for "whatever it costs". The
expenditureé were not being kept down very well, but
the results demanded were being rigorously defined.
In that case, the range of possible costs in relation
to the subject being considered was small as to be
thought almost inconsequential even though some U.S.
$30,000 was being expended.

C. 1s _the design being done in a context of
well defined organizational goals, and do

the decisionmakers have a sensitive means

of determining how well these goals are
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being achieved?

The theoretical models assumed that organization-
al goals had been well-defined and that tradeoffs be-
tween multiple goals were well understood. Such was
not the case in the examples studied. None of the
decisionmakers had achieved that condition (with the
exception discussed below). The political realities
of the organizations studied precluded definitive
statements about organizational goals or explicit ex-
pressions of tradeoffs between multiple goals.

The only exceptions to this ambiguity that were
evidont concerned goals which were other than fulfill-
ing the social function. In the majority of the cases
studied, these other goals were the most clearly
identified and they consistently dealt with organiza-
tional growth, In a large minority of cases, however,
no goals were clearly identified and tradeoffs were

unknown.

D. What seems to be the source of the pro-

posed changes which necessitated the
information project?

A8 indicated above, the information projects
8tudied were not initiated solely in response to the
need for information regarding some newly proposed
program. Fundamentally, however, all the examples

ocould be traced to four sources:
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« Changes in physical environment, par-
ticularly changes in land~use patterns.

+» Changes in social and economic charac-
teristics, particularly population
growth,

« Changes in technology, especially with
regard to the techniques used for
information production.,

+ Changes in organizational relations
which permit organization growth and
which (if we are generous) results
from the first three.

While, in the analysis of individual information
packages, it is useful to have an understanding of the
question, generalizations in this regard have no mean-
ing other than to define a type of information package

to be analyzed.

E. 1. Does the guestion, "Am_I confident
enough to make a decision about...?"
really seem to_occur, and if so, is
it answered in accordance with some

consistent criteria?

2, Does this criteria seem to be an

"equal to or better than" minimum?

llost of the decisionmakers did not ask the "Am I

confident enough..." question in the same sense as in-
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idioated in Figure 1. In two of the cases. 1t was ex-
fplioitly statedat the onset that "we cannot proceed |
‘with the ultimate project until X level of 1nformaticn
has been attained”. In the other cases, a fixed budget
for information was assigned and the entire amount was
spent. The actual information output may have exceeded
or fallen short of the desired level, but this had
little effect on the program., Thus a continuous,
sensitive feedback system was not present. At best,
it is a one-step system with an arbitrarily detefmined
cutoff.,

Since the basic gquestion regarding confidence of
decisionmaking was not identified, the criteria for
answering it could not be ascertained.

Fe 1. Are the designers of the information
project the same ones who will use

the information in decisionmaking?
In each of the case studies, the individual or

organization which had the greatest influence on the
content of the information package was not the ultimate
user. The user, in some cases, did have a substantial
influence on the planning of the information package.
In one other case the most important user was essen-

tially not consulted.

2, [If they are not, do they seem to
underatand the ultimate organjiza=~
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tional objectives?

In terms of overall organizational objectives of
the user, the most influentlal designer usually did
not have a thorough understanding and were, in some
cases, even antagonistic toward them. O0f the 25 de-
cisionmakers studied about one-fourth of them had
little or no contact with the user.

In terms of achieving the social function of the
user organization, there were some examples in which
the information producer (the most influential factor
on designing the package) acted in accordance with the
myth that only the social objective nmattered and there-
by created a great deal of frustration on the part of
the user, In at least two of the cases, it was evident
that the producer of the information had a much firmer
command of what was needed to accomplish the ostensi-
ble objecti&es of the user than did the user himself.
Ir other cases, it was evident that working-level
objectives had not been thought out on the part of
anyone involved. Thus, the design of the information
package could not have been done in those terms.

3+ Do _they seem to design the pro

with the idea of these ob jectives
in mind?

4. Do they agree with them?

We are here discussing those who have a substane
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tial influence on the ,de_sliygn”f'off.t‘h_e;‘;.uj,p;qmguon. package
butGWho are not the majdr»user,f>;ﬁf§§ﬁéf§£¥gy99e cas-
‘éﬁ, the designer'seemed to have débbd;éémhéﬁé of the
’éoéial objectives of the user.'waénin'full agreement;
ahd Attempted to design thevpackage accordingly.

In other cases, the designer seemed to perceive
the appropriate social function to be something other
than that which the user perceived, and this difference
had a substantial influence on the design.

‘Po summarize the results of all parts of Question
I for all the examples studied, it must be stated that
the decision scheme originally envisioned is somewhat
too simplistic. In these examples, decisionmaking was
done on a much more pluralistic basis, motivation (and
therefore, objectives) were much more complex, often
il1-defined, but certainly not limited to achievement
of the sociél functions. It was particularly reveal~
ing that the question, as asked in Figure 1, "Am I
confident enough to make a decision about...?", did
not occur. This indicates that, in terms of overall
budget, there is little feedback involved and the cut=-
off does not particularly coincide with some overall

level of accuracy or knowledge.

II. Jf the basic assumptions do not ssem to be

yalid and useful, what other assumptions
might be more realistic?
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A, What is_the relation of the information

user to the information producer, and

both of these to the funding-source?

"As noted above, the individuals and organizations
which had an influence on the design of the informa-
‘tibn5packages studied were usually somewhat more com-

plex than only these three. With some minor excep<

. tions, the relationship bgtween the various roles was

marked by a uniform lack of coordination.

| In some of the cases, the several decisionmakers
were simply not in good communication and had little
interest in cooperation, and there was no mechanism to
facilitate communication or coerce cooperation. In
spite of this lack of coordination, each of the units
applied some of their enefgies to gchieving some soci-
al function. There was, as evidenced by the existence
of the information program, enough commonality to pro=-
vide the necessary inputs.

B, Are there other organizational object-

ives apparent in addition tc those g;&en

by discussion and documents?

While the organizational objectives were vir-
tuglly never limited to the stated social functions,
'the other objectives were usually discussed in a fairly
free manner. In fact, this researcher found the can-

dor with which the decisionmakers discussed these other
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objectives profoundly disturbing at times. The open~
ﬁéés with which many were willing to discuss their ob-
’Jéctives of leadership aggrandizement, apparently un-
justified organizational growth, personal enrichment,.
iétq;, indicated a significantly different set of
“aﬁcéptable" activities.

On two occasions, there were apparently 8ub rosa
objectives which the decisionmakeré.refused to discuss
and which did not appear worth the risk of alienation
t0 pursue.

| It should be emphasized that in every one of the
case studies at least a substantial. portion of the var-
lous decisionmaker's objectives did have to do with
achleving the social function. That is our area of
interest and the other objectives, open or sub rosa,

will not be treated.

d. What other elements should be included
in a more realistic decision scheme?

A more comrlete mudel would include multiple and
largely independent decisionmakers rather than the
monolithic structure assumed. It would include multi-
Ple objectives and some methods of making tradeoffs
between them and would treat changes in technology in
more depth than do those models in Chapter II.

To summarize the results of all parts of Question

I1 for the examples studied, we must differentiate ba-



~6ly=

ﬂ#ﬁééﬁikgéompletely descriptive model which attempts to -
?bébetaily realistic and more prescriptive model which
strays from total reality but reduces complexities to

a manageable level. The latter type was of interest -
hére. and the basic models presented appeared to be

a workable approach.

III. With regard to the funding and allocation
procedures, are any analytical methods such

as_those outlined used and, if so, how are

cost, impacts, and error estimates made,

and how are they integrated into decision

guidelines?

A. 1. What are the important design para-
meters that are currently being used?

2, Are each of the specific parameters

used in the theoretical models in-

cluded among them?
3. What others are included?

Since all three parts of IIIA are interrelated
the results will be presented together.

Pirst, it is clear that the 25 decisionmakers
studied did not consistently design their information
activities in this analytical fashion. The major theo-
retical parameters were occasionally considered by
virtually all of the decisionmakers but never in a con-

fsbipus. formal manner. Completeness and acouracy of .
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 current knowledge about some variable being investi-
gated was occasionally mentioned by an 1nterviewee. but
none indicatod a rigorous assessment. The 1mpaot of
errors in current knowledge was also occasionally men-
tioned but less so than errors themselves. The only
one of the major theoretical parameters which was con-
sistently evident in the minds of the decisionmakers
appeared to be that of coats., However, costs were sel-
dom mentioned in relation to reduction cf error but,
instead, only as it related to the budgeting of the
organization. There appeared to be little awareness

on the part of the decisionmakers of any analog of

the o ~level,

There was one design parametgr which was con-
sistently used by the decisionmakers which was not
included in the theoretical models. This concerned
utilization of existing organizational capability.,

That is, utilization of trained personnel, of equipment
and of specialized techniques was given prime consid-
eration in the design of most pro jects,

Bs 1. How are these estimated?

2. Are_there guantitative rocedures?
When specific design parameters, such as those
identified by the theoretical models, were used, they
were assessed only in a very intuitive, qualitative

fashion and, with some minor exceptions, were never
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| quantifiéd.

The only exceptions were a few examples ‘of quan=-
titative cost estimates. In some of the cases, for
Bome of the individual activities, cost estimates were
made for various levels of pfecision. In all of those
cases, however, %he estimates were viewed as some type
of exploration of various techniques and ‘sequences of
techniques rather than quantification of the relation
of budgets versus knowledge levels.

C. How are they put together to provide
guidelings?

Since most of the parameters needed for decisions

were not quantified, the integration of the various
influences on design was totally intuitive. There
were no examples of quantitative estimates of aggre-
gate errors or of allocation formulas,

To summarize the results of Question III, it is
safe to say that rigorous analytical design procedures
did not exist in any of the examples studied, wWhy they
did not exist will be discussed under Question Iv, be-
low. In spite of the lack of a quantitative approach,
it 1s evident that many of the designers did have some
inkling of the various theoretical design parameters
needed and were influenced by them. .lethcds for (and
results of) encouraging increased attention to the

parameters will be discussed under Question V.



IV. If analvtical procedures are not used,
why are they not used?
A. 1. Does the funding-source demand

ustification for the resources

invested in information?

| In none of the cases studied was detailed ex ante
justification demanded. Some of the information pro-

vducers received support for the information generation

activities as a separate activity. 1In these cases,

the funding-source wanted to know what the funds were

going to be expended for but did not request an ana-

lytical assessment of the type proposed.

Uthers of the producers used funds which were
originally given for other purposes to generate the
information. That 1s not to imply any fraudulent ac-
tivity since information generation may be quite an
appropriate part of any program. Rather, it only
points out that the funding-source may not even be
aware that the information activities were taking
place, or did not consider them worthy of separate
identification.

In most (but probably not all) of the cases,
those in charge of the expenditure could look forward
to some typé of evaluation after the work was completed.
That is, some ex post justification was, or would be,

required. In only one of these would it be fair to



say that the demands would be rigorous. In all others,
elther the evaluation was fairly weak, or it was non-
existent.

2. Are there other pressures to force
the information designer to_carry

out a rigorous design procedurs?

Other than the weak budgetary procedures treated
above, there are few pressures for rigorous design pro-
cedures, One of these few, however, is fairly strong.
It is perhaps best termed professional pride. 1In
every case studied, most of the individuals who influ-
enced design of the packages identified as "profession-
als" and brought with them to the decisionmaking some
desire (and occasionally some ability) to use a thought-
ful approach to such a problem. This internal pressure
often appeared to be the only major source of guidance.

In addition, three or four of the decisionmakers
(out of a total of more than 20) demonstrated a strong
sense of social purpose unrelated to organizational
growth or to high professioral standards. An attempt
to analyze this phenomenon would require & behavioral
study, which is quite beyond the present interest.
Suffice it to say that this strong sense c¢f social
purpose seemed to have a significant impact on the wey
these individuals attempted to influence design deci-
sions vis-a-vis the organization and their own posi-
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:Tﬁhafgqtber;pressuresappeg:stq;gxiat“put“arq;;
much’ too subtle to treat in an ‘exploratory study such |
| - B. 1. What kind of personnel are making

~ the design decisions?
2. What is their level of education/

experience and pay-prestige?
All of the individuals who had substantial in-

fluence on the design of these information packages
were at least moderately well educated and experienced.
A number of U.S. and European Ph.D.'s were represented,
as well as Ingenieros and Licenciados. Professional
experience emphasized technical and engineering skills
rather than soclo-economic, although some of the indi-
viduals demonstrated well-developed command of socio-
economic variables.

Likewise, all the individuals were compensated
to at least a moderately high level, some holding ex-
tremely high paying and prestigious positions.

C. Are_ there positive rewards for not
using an analytical approach?

In terms of progress towards a completely real-

~istic set of objectives, there were positive rewards
for not using an analytical approach if the analytical
approach 1s set only in terms of the mythical object-
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ives. This appears to be a valid statement regarding
all of the examples studied.

If we adopt the myth as proposed, there still re-
mains the positive reward of a quick and easy intui-
tive design versus a demanding and costly analytical
design. Whether a well-balanced design can be had by
8 quick and cheap intuitive approach is, of course,
subject to some debate.

To summarize the results of all parts of Ques-
tion IV for those examples studied, we can state that,
although the personnel involved were generally well
educated, well experienced, and well paid, they did
not use a very rigorous approach to design. There are
perhaps three major reasons. First is that there was
no particular demand for it. Second, there are posi-
tive rewards for not using such a design, especially
with regards to objectives other than the social func-
tion. Thirdly, the decisionmakers themselves appar-
ently felt that the time and effort required would not
be repaid by the impact that it might have on the in-

formdtion package.

V. If these are not used, what would be required

for, and what would be the results of, the
introduction of such methods?

A« 1., Does the decision scheme necessarily
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;hhv o be like the one originall
presented in order to use analytical
methods?

2. Could this analytical design approach

be applied to_a less ideal scheme in
this situation?

Aside from being somewhat simplistic, perhaps the
most fundamental characteristics of the decision scheme
are that it is rationalistic, monolithic, and analyti-
cal.

In all the examples studied, there seemed to be
gome nonrational elements in the design. While there
are some fairly deep semantic difficulties regarding
the rational versus nonrational, it is plain that the
theoretical models in Chapter II are not, and cannot be
made to be, compatible with nonrational decisioning.

To that exient it is inapplicable.

The fact that it is monolithic, whereas the true
decision schemes appear more pluralistic, will not ne-
gate the value of the approach. If each of the multi-
ple decisionmakers had used the approach, then each
would have benefited from whatever value it might have
to offer. The final balancing of influences which
determinses the design might remain the same.

By analytical, we mean the dissection of prob-

lems intc smaller, more manageable units for more care-
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ful consideration. Whether the analysis is quantita-
tive or qualitative, and how the units are re-assembled
into the whole again, is not the interest at this
point. The question reduces to, "Could an analytioal\
approach be applied to the real world of the cases
studied?". This researcher holds the admittedly sub-
Jective opinion that it would have been possible and
useful in every one of the cases studied to have thought
through some scheme such as this.

B. 1. Are_the goals well defined, and can

"prices" be attached to each?

2. What changes in the normative system

would be required to introduce it

into practice?
This is perhaps the most difficult problem to

resolve in the entire model. In none of the examples
was it possible to arrive at an aggregate measure of
outcome. All of the organizations have multiple ob-
Jectives but could not state explicit tradsoffs be-
tween them. Therefore, if Outcome #1 couprises 10,000
units of X, 8,000 units of Y, and 16 units of S, while
Outcome #2 comprises 8,000 units of X, 13,000 units of
Y, and 2 units of S, there is inherently no way to
determine which is more desirable.

The design of information systems, of course, is
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not the only management actiﬁity thét §uft¢ra from
this lack. The more ultimate resource allocation deai-
sions themselves cannot approach optimality unless ex-
plicit tradeoffs are available. _In private enterprise,
these tradeoffs are, according to classical economics,
automatically achieved by the use of discounted dollar
flows. It is not the purpose of this study to adopt
the techniques of private enterprise to public organi-
zations such as those studied. Since the basic infor-
mation models were worked out on that basis, however,
some solution will be required if quantitative appli-
cations are to be applied. Otherwise, there is no way
to know what it will *"cost" to be wrong about certain
variables,

Operationally, information packages are designed
and the more ultimate resource allocation decisions are
made. Apﬁarently the tradeoffs needed are arbitrarily
determined on an ad hoc basis, are virtually always in
a state of flux, and are almost never explicitly re-
vealed. (For an interesting example of this with re-
gard to the U.S. Forest Service, see: Keaton, 1972).

If quantitative solutions to the information
models are desired, there ére perhaps two possible ap=-
proaches. On¢ ls to assume several possible values (or
perhaps two extremes) and work through the models with

each. The several possible designs should provide some
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useful guidelines. The other approach is to assume a
single normative set of tradeoffs and accept the out-
'put as normative, In the most fundamental esense, that
is what is implied under current practice. |
Quantitative solutions to the models are not
necessarily the only values which come frcm the models,
however, Other possibilities will be discussed below,

Ce 1., Are personnel aware of & wide range

of technologies in order to concep=-

tualize the productive system?

In some of the examples, the individuals who had
the greatest impact on the design did have a fair com-
mand of the productive process and, thus, had a fairly
clear picture of the information needs and appropriate
techniques.

In others, there was evidence of some confusion
about the process by which the organizatipn intended
to pursue its objectives. Indeed, it appeared that one
of the major purposes of the information activities was
a search for new processes for achieving the decision-
makers' goals,

Others of the decisionmakers indicated a funda-
mental lack of comprehension of "producing" anything.
Initially, this researcher thought that this was simply
a reflection of language difficulties, both between

Spanish and Engligh and between an economist and more
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normal humans. Careful, but persistent, questioning,
however, revealed that a few of the individuals (who
did have a significant impact on the design of the
information package) fundamentally did not percéive
any connection between the activities proposed or the
posaible resource allocations which might be made and
the ostensible social functions. If, for example, the
organization's social functions are to provide water-
shed protection, recreational opportunities, and raw
material supply for local industry, and the proposal
under consideration relates to substantial changes in
land ownership and land-use, then some understanding of
the relation between land-uge and watershed protection,
etc. are required in order to understand informacion
needs. There were a few instances in which the author
cculd not detect any such understanding.

This, of course, reflects much more than a de~
bate about appropriate processes and would require an
in-depth study of organizational behavior, which is

not our purpose here.

2, ls there agreement about which
process is appropriate?

3o I8 it necessary that thers be?

In none of the examples studied was there com=-
) Plete agreement about the appropriate production pro=

cess. This disagreement results from both fundamental
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disagraement about objectives and disagreement about
gpppppriate processes for achieving common obJjectives.
How this translates into different perceived informa-

tion needs is evident from the basic model.

4, 1f they understood only one process,

would it be good enough?
In some of the cases, the decisionmakers did have

gﬁ understanding of the basic productive processes, and
~this provided a firm foundation Jn which to bulld his
input to the final design. If ﬁhe.other decisionmak-
ers had systematically worked out an understanding of
the productive processes, ;heir ability to identify

the needed information, and an appropriate means of
deriving that information, it would certainly not

have suffered.

D. 1. Do the information systems designers
' seem to_be aware of what current

knowledge level the user has?

2. Is there a large difference between

the knowledge level of the producer

and the user?

In some of the examples, the individuals who
vproduced the informaticn understood quite well what
level of knowledge the major user had. In some of
these cases, the producer alrsady had. or coqld easily

produce, some of the information needed so the project
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-was partially the transfer rather than pure production
- of information. ‘,

In other cases, the producer made assumptions
about what states of knowledge were ourréntly available
(existing data and reports, as well as subjective
understanding that might be available) which apparently
were not valid. The design errors in this respect,
however, were generally not large, although in one
instance, the author was able to point out the exist-
ence of a highly relevant report which the information
program designers were unaware of. Probably the great-
est errors in this regard are the frequent assumptions

that if no data exists, then no knowledge exists.

E. 1. ]s it necessary %o define the current

state of knowledge in this quantita-
tive way?
There are a number of ways to express a "state

of knowledge". The most definitive is through the use
of an explicit probability distribution, such as Figure
2 (po 16)s Such a distributicn could be based on ehr
pivical (sampl&pg) evidence, on subjective éstimncaai
or on some comﬁih&%iﬁﬁ«;ﬁ,tgyfygbyfﬁéﬂantitétiGO'nolhe‘
tions to ﬁhe md&éis'feéairg this "uype-of statement,
None were madg;:f
Subataﬁiiéllyﬁlesd3defin1t173‘tﬁut,stili highly

useful) would ¢ dome kind of startedént with “most
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likely value" and "upper and lower" limits. Often it
‘would have been possible to develop subjective proba-
bility distributions from such statements.. No such
estimates existed with regard to the projects studied
as far as is known.

Least definitive is an estimate with only an
attached statement of "high confidence" or "low confi-
dehce". These were often apparent in the nature of

the information.

Of all the variables which had been identified as
relevant to the productive process of the various exame-

ple, none could ve described as a variable about which

nothing was known. Something was known about every
identified variable, and in most of the cases, some
kind of confidence statement could be made about every
item of the set., It appears that no item will be per-
ceived as felevant until some level of knowledge ex-
ists about it.

As noted above, if quantitative solutions to the
model are desired, it will be necessary to identify a
complete set of distributions, even if totally sub-
Jective.

2, oW can t change the state of

knowledge be jindicated in other
than this quantitative way?

Changes in states of knowledge per dollar spent
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on information generation is, df course, the essence
of information economics. Statisticians have long pre-
dicted various sampling errors by number of samples to
be taken. With estimates of cost per sample, these
can be converted directly into the necessary cost func-
tions, such as are illustrated in Figure 3 (p. 23).
‘Por items which are investigated through methods other
than sampling (by far the majority in the cases stude
ied), these cost functions become somewhat more specu-
lative but not incapable of estimation. Again, if
quantitative solutions are desired, estimated func-

tions will be required.

Fo 1. Do _the impacts flow from the factor
proportions?

2. Can they be estimated in some other
, way?
In the simplistic model which was originally de-

veloped, a fixed technology was assumed, and the factor
proportions became weights which indicated the rela=-
tive impacts of the variables to be investigated.

In the examples studied, the productive process
was not so clearly or simply defined, and in most cas=
. 88, a search for appropriate coefficients was an inte-
gral part of the information program. The impacts
would have to be estimated in a more subjective manner.

Ge 1., How closel ust we estimate the



cost of information generation fung-

tions and the relative impacts?
2. How sensitive is the funding and

allocation rationale to errors in
estimation of the design parameters?

Generally, funding and allocation decisions were

made in these cases without refined estimates of the
relative impacts of variables or of the various infor=
mation levels which could be attained with different
expenditures. Thus, little can be deduced from the
case studies themselves in regard to how closely the
design parameters must be estimated, The results of
the computer simulation, presented earlier, offered
some insight in this regard.

Summarization of the results of Question V is
difficult. . In terms of what actually occurred in the
ocases studied, it is clear that major changes in deci-
sionmaking would be required to implement a quantita-
tive system such as was originally envisioned. The
overall decision scheme was so ill-defined as to pre-
clude such an analysis. Objectives were obscure; tech-
nologies of achieving the ultimate goals were not un-
derstood; there were problems in quantifying existing
states of knowledge and of transferring that knowledge;
predictions of what one would learn with various ex-

penditures were not made; impacts of remaining ignor-
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‘ance were not quantifisd. changéé,that‘might'be re-
:quired in decisionmaking to facilitate introduction,
changes in the model itself and changes in the outcome
of information-generating projects that would result,
requires some speculation and will be reserved for

the discussion chapter which follows.
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Chapter V

DISCUSSION OF RESULTS

Since the writer's initial objective was to sug-
gest, at least conceptually, an analytical scheme for
the design and evaluation of information programs, and
since the first approximation, as might be expected,
was not totally successful, it seems appropriate to
discuss the obstac’es which have become apparent. Tho
thesis will then conclude with a description of the
guidelines which do appear valid and useful.

The first obstacle to the introduction of such an
analytical design scheme concerns the reversal of the
resource decision process. This wag not initially
treated by the questionnaire but became implicitly ev=~

ident in the discussions with the decisionmakers. It
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‘was fundamental to the theoretical models that the in-
formation is gathered and the resource allocation de-
cisions were made on that basis, whereas in reality,
the decisions were made and then information was gath?
ered to support these decisions, The information models
are essentially att;mpts to get the highest level of
precision and the best balance of information for the
budget expended. Some of the decisionmakers studied
indicated that precise, well-balanced information
packages were not what was wanted but rather more con-
venient data was sought.

This often results from the objectives other than
the social functions being pursued coupled with the
necessity to publicly Justify his activities on the
basis of the social function. It may, however, result
from nothing more than a poor decisionmaking procedurs.
If the study of the models does no more than point out
these foibles, the effort will have been justified.,

A second obstacle is that, under existing condi-
tions, informatlon decisions are not made solely on
the basis of achieving the organization's ostensible
goals. A variety of other goals are likely to be pur-
sued, often at the expense of the social function.
These other goals included both personal and organiza-
tional goals. Ilost of the decisionmakers studied were

public officlals, but this researcher must agree with
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Anthony Downs (1967) when he stated: "Every official
is significantly motivated by his own self-interest
even when acting in a purely official capacity" (p.262).

One of the organizational goals wnich appeared
to have high priority was the utilization of current
capacity. The decisionmakers apparently believed it
important that organizations and individuals maintain
an image of usefulness. If current skills and equip-
ment could be construed to produce information which
was useful, then that information was éseigned a high
priority. This, of course, is the natural tendency
of organizations to maintain themselves.

As might be expected, the second major organiza-
tional goal had to do with growth, both "appropriate"”
and "inappropriate”. The distinction between the two
is important and difficult. While the economist would
attempt to'analyze the value of further growth of the
organization versus the alternative uses of that capi-
tal such measures were not readily available to this
researcher nor to the decisionmakers being studied.
Two practical management guidelines might be consid-
ered, however. One concerns the organization's own
assessment of its motivation. If the organization
refuses to reveal its motivation for certain growth
and maintenance activities, or attempts to cover them

up, then it is, by self-definition, probably inappro-
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priate. The second approach concerns the openly ex-
pressed motivation of organizational growth. If the
organization desires to hire more people, purchase new
equipment, train personnel, etc., but cannot idéntify~
what it will use this increased capability for, then
that growth is suspect.,

- In underdeveloped countries such as those in
Central America, it is perhaps reasonable to expect a
great deal of effort being devoted to organizational
growth and development. And, in the context >f natural
resource information organizations, the growth is per=~
haps quite appropriate, even some of that which is
nebulous.,

Almost all of these diverse elements of motiva-
tion were evident in virtually all of the multiple
decisionmakers in all of the case studies,

A third obstacle relates to a lack of tradeoffs
between multiple goals. That i3, even if the design is
being done solely in light of the social functions,
these social functions are usually multiple, and ex-
plicit tradeoffs between them are not easily obtain-
able.

The theoretical models assumed that organiza~
tional goals had been well defined and that tradeoffs
between multiple goals were well understood. Numerous

references in the literature assume this to be the bage
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ia of information systems. Gremmer (1972) lists six
essential steps in designing an information system.
The first is: "Determine the overall goals of the or=-
ganization". The need for goal definition does not,
of course, emerge uniquely from attempts to design
information packages. Keaton (1972), for example,
criticizes a lack of priorities between multiple goals
for basic resource allocation decisions in the U.S.
Forest Service.

These authors (and the theoretical models) ap-
pear somewhat naive. The political realities of the
organizations studied precluded definitive statements
about organizational goals or explicit expressions of
tradeoffs between multiple goals. As one respondent
stated:s "The first rule of guerilla warfare is to
never give the enemy a target to shoot at".

Other authors are perhaps more realistic. Have=-
man (1969), for example, shows that the U.S. Congress
cannot, or vwill not, make specifically stated tradeoffs
between multiple objectives. Schultz (1974) outlines
similar problems in the Executive branch of our govern-
ment. Shubik (1967) questions the entire concept of
rationality and information in a representative govern-
ment. In the case studies there was certainly no evi-
dence to indicate that the political organizations of

Central America are any more unambiguous about goal
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definitions and tradeoffs,

A fourth obstacle concerns the habitual manner in
which some information activities are carried out.
Often there is never a conscious consideration of why
these activities are carried out, but they are simply
done as a matter of course. There was no analysis of
information needs, relative impacts of various errors
or the costs of reducing errors, with regard to some of
the activities,

A fifth obstacle is the requirement for a con-
sistent and explicit expression of risk aversion. Al-
though this was only lightly treated in the case stud-
ies, there certainly was no reason to discount Fried-
man's assertion that risk aversion is inconsistently
held in operational situations (Friedman, et al,,
1948), ‘

All five of these first obstacles are simply
characteristics of human beings and their organizations
and are far beyond the scope of the present study.

They are, in many ways, the underlying causes for.the
lnefficiencies of information projects cited in Chap-
ter I. To permit the focue to rest on these would ne-
gate any value which the study may have. Therefore, in
the best traditions of economics and systems analysie,
they will be ignored until the final conclusions are

drawn.
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Related to these first five obstacles is the
problem of an imperfect knowledge of the social pro-
duction function. This partially results from a lack
of understanding of an existing and known relation-
ship. To the extent that this is the reason for the
imperfect knowledge, it will be treated with the first
five. This imperfect knowledge can, however, be inher-
ent in the situation and, in fact, may be one of the
problems the information generating program is seeking
to alleviate. To the extent that this obtains, the
proposed scheme is of limited application.

A seventh obstacle is the pluralistic decision
scheme which is apparent in information programs of
larger magnitude, Although the theoretical models ag-
sumed a single decisionmaker, there is no reason why
the process could not be carried out by all of those
who have an input into the information program design.
Thus, the obstacle may be mecre apparent than real. In
fact, the proposed scheme could provide an excellent
means of structuring the input from various contribu-
tors, thereby facilitating decisionmaking about what
factoés to investigate and in what depth.

An eighth obstacle to the introduction of such a
scheme concerns the lack of a feedback mechanism. The
ideal information system would, of course, repeatedly

carry out the analytical scheme to determine if suffi-
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| olent confidence levels have been reached or if in- |
ternal re-allocations should be made. In fact, such
feedback seldom occurs. Even if funding andiallbca-
tions are completely devoid of feedback, the proposed
scheme should be useful in making the initial deci-
sions.

The resmaining obstacles concern the actual meth-
ods of expressing the design variables themselves and
the means of integrating them in such a way as to pro-
vide guidelines for decisions about information pro-
grams., It is clear that there is less of an obstacle
here than was originally foreseen. Decisionmakers in
the case studies did appear to recognize that the vari-
ables in the models were necessary and sufficient and,
on occasion, had some specific estimates of magnitudes.,
How they were integrated into decision guidelines re-
mains conjectural, but the computer studies lend cre-
dence to the assertion that intuitive solutions can be
reasonably close to the optimum,

Estimates of the current states of knowledge
about the identified veriables were jiot explicitly
made in the case studies, There seened to have been
both a propensity to overestimate and to underestimate
uncertainty on variables. That is, certain variables
were excluded from investigative activities because

published data were available even though large errors



«90-

1 wefé probably involved. In other instances, decision=-
makers insisted that no knowledge existed when, in
fact. sound estimates could be made immediately or with
very little effort. The upper and lower limits of

such estimates would be far less than the zero to in-
finity range which was asserted by the decisionmaker.
No special techniques would be required to make these
estimates of current states of Knowledge.

It appears that many of the decisionmakers recog-
nized that the relative importance of each of the var-
iables ultimately derives from th2 costs of being wrong
about that variable, Indeed, there was some evidence
that a variable would not be selected for study unless
uncertainty about that variable threatened the achieve-~
ment of success of the ultimate goal. Iilore explicit
expressiona of this relative weighting are problemat-
iec, however, It is probably unrealistic to foreses
explicitly stated social production functions (espec-
lally in view of the lack of tradeoffs in mﬁltiple
objectives). These weights can, however, be directly
estimated either with the cited relevance matrix tech-
nigue or by simple intuitive assignment. No special
skills would be required,

Perhaps the most difficult problem in estimating
the design parameters will be in regard to the costs

of reducing the errors. The predicted reduction in
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‘sampling error per dollar spént on sampling is one ap-
‘proach but is grossly inadequate in most real-world
‘Sifﬁéﬁibﬂﬁigjwhénftﬁé'additional'PrOblems of joint
‘costs, discontinuities, covariations, eto.‘are:imposed,
fitVHeoones'espeoially’diffioult. Nonetheless. there -
'was ‘a willingness on the part of the decisionmakers
~studied to- explore various information generatins
teohniques and sequences of techniques to estimate
[ﬁhat might be learned with them. Therefore, it ap-
,pears that introducing estimates of costs of informa-
tion generation into the design scheme (even if strict-
;ly intuitive) should not be overwhelmingly difficult.
‘ In addition to these obstacles to introduction
5discussed above it is appropriate here tu discuss the
attitudinal and philosophical implications of such
introduction and what ‘effects the introduction might
have on the organizations involved.

. First one might ask if the introduction of such
idesign methods implies a change in basic attitudes.
‘If uoh ohanges are implied. it is oonjectural as to
gwh ther they are a result of. or a requiremsnt for,. this
;introduction. The two questions of greatest interest
fare: (1) the relative importance to the decisionmakers
%of achieving "hard" results versus having agreeable |
;personal interaction, and (2) not unrelated to the

nfirst. his sensitivity to national or regional needs
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versus his organizational or personal needs. ‘While it
‘15 §bééib1e'to form some interesting hypothesis from
'fhe decisionmakers studied, the results of such ex-
‘plorafions‘would be dangercus and not a little arro-
gant.
| It ié sufficient to note that an understanding of
-such design approaches and attempts at maximizing the
results as defined by such achievement-oriented ap-
proaches were not a pervasive characteristic of the
decisionmakers. Whether it was less prevalent in de-
cieipnmakers in the resource agencies studied in Cen-
fralfﬂmerican than in comparable Anglo organizations,
cannot be assessed. The writer's professional exper=-
ience since completing this research would indicate
very little difference.

Next one might ask that, if, as a result of in-
troduction'of this approach, changes in basic atti-
tudes were brought about, what would be the effects
on overall program. If attitudinal or philosophical
changes are associated with a working-level under-
standing and acceptance of this analytical approach,
'then substantial internal effects might be predicted.
First is the direct effect on internal allocation of
‘effort. In some of the casesAstudied, there was evia; 
kdence of a desire to make decisions on the basis of the

effects on ultimate social functions, but there was
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5litt1e understanding of a mechanism to oonnect the two.
IThis analytioal approach provides one such mechaniem.
.This is a-direct effect and is not unique evidence of
aphilosophical or ‘attitudinal change._ It is possible,
‘however. ‘that if the decisionmakers developed the abil-
ity to at least oonceptually relate such mundane things
ae error size and cost estimates for information gener-
:ation with the ultimate social function. the achieve-
'ment of the ultimate‘social function will become a more
feasible and meaningful decision critoria. The personal
confidence, on the part of the decisionmaker, that he
understands the relationships might result in the basic
philosophical changes.

These results, if they occurred, would be intern-~
al to the project. One might also speculate about the
impacts external to the organization. That is, if such
analytical design procedures were introduced, what
would be the 1npact on the funding-source, on users and
on competitive organizations? |

| ‘1Extennal to the information producer, we might
vieuaIiZe’a parallel development on the part of the
1user and the funding-source. That is, they might have
;more confidence in what they are asking from the pro-
;duoer and less tendency to aocept the design which the
7produoer proposes.

If we assume that acceptance of such a design’
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- approach actually improves performance of ‘the producer
(or, more importantly, convinces the fundinékéburéé énd'
other control agents that parformance is improved), |
competitive organizatious, Both functional and alloca-
tional. should be put at a disadvantage.

In some of the cases studied, the producer essen-
tially did not have functional competitors. Others cf
the producing organizations did have functional compe-~
titors and, in one case, was & private consultant. In
all cases the producers were allocationally competitive
with other organizations. Thus, to the extent that the
funding-sources are goal-oriented, the improved perform-
ance onAthe part of any of the case study organizations
should impfove their position vis-a-vis their competi-:

tors.



Chapter VI
CONCLUSIONS

It is clear that one can effectively dismiss any
idea of building a qugniitative model which will opti-
mize thé1design of information projects in real-world
situatiOns. The obstacles discussed in the previous .
chapter preclude it. It is equally clear that one
‘should not dismiss the theoretical basis on which such
‘a model would rest. There was nothing found in this
«reSearch to cast doubt on the fundamental soundness of
‘such theore*ical bases. Understénding of that theory
‘can serve several useful functions.

| It will focus attention on the 1egitimacy of ef-
forts to design information- projects well.v It will
focus attention on designing information projects in

light of the: ultimate social obiectimms of the‘organi-



96~

zation. Focusing of the designer's attention on the le-
gitimacy of his efforts and focusing his efforts on the
ultimate objectives could not help but yield better
information projects. |

“ The stressful and wasteful methods whereby the
inputs from numerous decisionmakers are.integrated into
the final design of information projects could be fa-
cilitated by an understanding of the theoretical basis.
It would provide a method for structuring the plural-
istic inputs and for integrating them into the final
design of the project.

| By using the theoretical basis it would be possi-
ble to point out and use the following IF...THEN
guidelin-~s.

IF:s The basis decisions which the information is
designed to facilitate have already been made, THEN the
information project is really not necessary.

IF: A variable is less well known than another
variable of equal importance and difficulty of inves=-
tigation, THEN more effort should be put on that vari-
able than others.

IF: A variable has more impact on the achievement
of the social function of the organization than do
.oﬁhér variables equally well known and equally diffi-
!c@lfgto investigate, THEN more effort should;ﬁe;pﬁt}§n~~-

‘that variable than on others.
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: Iﬁi fA‘vériaﬁle is more difficult to investigate
* than dthérs:which are equally well known and equally
important, THEN less effort should be put on that var-
iable than on others.

While these are insultingly seif-evident, they
are often not used in the design of information pro-
grams. If this dissertation is successful in promoting
their use. in some small way; the efforts of this writer
will be justified.



APPENDIX I
Descriptions of Six Case Studies
July, 1972



The Centro Tecnico de Evaluacion Forestai
(CETEFOR), a semi-autonomous agency of the Guatemalan
national government, is now beginning a project in the
altiplano in the northwestern part of the country. It
will constitute the major part of the work of CETEFOR
for the next five years. It is a fairly large project
with a budget of about $300,000 pér year.

The project will be limited to a geographic area
consisting of the departments of San ilarcos, Quezal-
tenango, Huehuetenango, Quiche, Solola y ‘Totonicapan.
Originally envisioned to encompass a wide range of
physical and socio-economic variables, it is now lim-
ited to only the land-based variable for the planned
development of the area.

Since, CETEFOR is not an operational organization
(L.es1 it does not execute public works of any kind
but 1imits its activities to information production),
1t will gather the basic data and formulate plans for
resource conservation and development. The execution
of the plans willlbe left to Division Forestal of the
Direccion General de Recursos Naturales Renovables.

The altiplano region of Guatemala is heavily
populated, very mountainous and largely unsuited to

agriculture. The population, mostly decendents of the
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rayans, are very poor; highly traditionalistic and
strongly tied to the land. Dus to rapid population
growth and inflexible agricultural practices, the gen-
eral landscape is being heavily abused, and the people
are getting progressively poorer.

One of the major themes of the current 5-year
plan (Rosenthal, 1970) is a search for methods to re-
verse this trend. Particular emphasis is given to the
altiplano, and "one of the most important fields for
economic development in the nation is the completion of
studies dealing with natural resources".*

In an attempt to implement elements of the 5-year
plan, Planificacion Economica issued ilemorandum 4-71
(Ramirez, 1971) which requested that the government
give priority to a three-point program for the alti-
plano which was to include community development, rural
public heaith. and natural resource conservation and
development. Althcugh generally considered to be poor-
ly conceived, it was declared a priority item, and funds
were allocated for its implementation.

The political negotiations which determined which
agency got what amount of money were not studied, but
CETEFOR received $270,000 for the first year and were
given charge of the natural resource conservation and

development aspects.

% lly translation from Vol. 1, p. 19.
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In theory, they were toGtaqudvqrall»guidénce
frcm'Meﬁdréndum 4-=71 and de?elop a détailed’plan,for an
action program. In practice, they have been left much
to their own devices. Some major reorganization is also
planned, so it is presently unclear as to who will im=-
plement the plan.

Currently. the planned information activities to
provide input for building the action plan include:

(1) Aerial photography of the entire

QYA eseevescsvcoesosvesarerrsnsdoses P70II

(2) Current land use map and land

potential mAD sesececssorrcrsncccsnce $209M
(3) Porestry studies and demonstration
on 5 pilot areas seesessscacesesscose $80M

Other activities are projected up to 10 years,
But the outline is very skeletal. Currently they feel
the need only to gather information. |

The personnel who design the activities and who
will administer them are generally well educated with
specialization in civil engineering, geography, fores-
try, and aerial photography.

Although CETEFOB'S central social functior has to
do with natural resource information, it is apparent
that the majority of their resources are currently
being devoted to organizational growth and development.

There appeared to be very little real corruption, how-
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ever, and in the context of the current socio-economic
situation in Guatemala, such empire building is perhaps
appropriate,

Individuals interviewed in studying this project
included: 1Ing. Billeb._CETEFOR; Ing. Carlos Castillo,
CETEFOR; Bro. Felix Fournier, Centro de Desarrollo
Integral; Dr. Edgar Clark, FAQ; Lic. Ramirez, SIECA;
Ing. Mario Castillo, CETEFOR; Mr. Bill Binford, USAID;
Ing. Gundersen, CONAPLAN; Ing. Luna, Direccion General

de Recursos Naturales Renovables.
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**Descfi"tion‘ofﬂfaiaméhgaVFngSt-Régggve‘Faasibilit Study

In lafé'19?1.~the Diredcion.General Forestal in
the Ministerio de’Agricultﬁré‘y Gana@éria de Costa Rica
conducted an ad hoc study to déterﬁiné the feasibility
of establishing a forest reserve in the Talamanaca
Mlountains., The étudy was conducted by the Departmento
de Investigaciones Forestales, one of four departments
in the Direccion. It was designed and managed by the.
Chief of Forestry Investigations.

The major purpose of the study, in addition to
spelling out what was proposed, was to describe the
physizal and cultural character of the area and to esti-
mate the cost of establishment.

In the process of the study, the following re-
scurces were used; |

- 30 days of professional forester's time -
- 60 days of a technician's time
- 30 days of a topographer's time
- A complete set of aerial photography
which was supplied without cost to the
Direccion by the Ministerio de Trans-
portes
No field work was done.
The output of the. study was a. formal report and

a proposed decree as well as more general orzanizationa1 
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familiarity with the area. Promotional activities
which followed the study indicated that the latter was
very important.

: The user, to which the report was addressed, was
the Ministef, who would, in turn, use it to get the
Presidentuor the Congress to establish the reserve.
Their overall objective in this regard could be re-
garded as general conservation or, more specifically,
to ameliorate the flooding that seems to originate in
the Talamanca ilountains, to avoid loss of on-site pro-
ductivity from inappropriate land-use, to conserve
recreational opportunities, and to promote tourism.

To the extent that the overall objectives of the
Direccion General Forestal coincide with the objectives
of the liinister and Congress, those listed above are
also the ultimatg objectives of the information pro-
ducer. It'is apparent, however, that a more fundamental
objective of the information producer was to increase
their power and influence at the expense of another
government agency--the colonization institute which
currently had authority over the land. Thus, the ob-
jectives of the information producer and the informa-
tion user do not totally agree." ,

After all the interviewing and documentation study
was complefed'and summarized for this case study, the

researcher still felt some vague uneasiness that some
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‘significant’ motivation for the feasibility study had not
:been treated. After some intense questioning. the de-,
isigner and manager of the feasibility study revealed
%that MAG had run out of money at the end of 1971. so
fthere were no funds to allow any transportation or
Eother expenses. Everyone was restricted to the office
'din the capital. While allocation of available manpower.
etc. continued on some maximizing basis, the possibili-
ties for productive use was constrained, not by total
manpower or budget, but by manpower that had the capa-
, bility to generate information without going on the
ground. Thus, in some respects, it could be viewed as
a ﬁmake-WOrk" project until more gasoline could be
bought. N
ndividuals interviewed in studying this project
included: ;Ing. Madriz. Direccion General Forestalj
Dr. Joe Tosi, Tropical Science Center; Ing. Rodrigo

Gonzales 1., Depto. de Investigaciones Forestales.
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The Division Forestal of the. Direccion General de
Recursos Naturales Renovables in the Guatemala govern-,
ment has a regular continuing program which gathers |
nation-wide forestry statistics. The program was de-
signed and is operated by a single forestry technician
with the assistance of one or two clerical personnel.

The program, which has now been in operation two
years, has, as its major information output, an annual
report (see, Anon., 1971) which currently treats only
the physical output of the local forest industries.

The total funding for the program consists of
only the salary items plus a modicum of supplies and
office overhead plus some travel expenses. The internal
allocation of these resources expended between the sev-
eral possible information items is left up .to the indi-
vidual in charge. That individual also determined the
techniques used for generation and compilation, as well
as format of output.

Since the interest is currently limited to physic=-
al output of industry, the techniques in the project are
fairly simple. A monthly questinnnalire is sent to all
registered sawmills, the single plywood mill, the par-
ticle-board plant, impregnation plants, and other minor

industrial wood users. An attempt is made to collect
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}fuelwood drain statistics by a roadside counting method.ﬁ’

/Th :returns are compiled and published in a 25-page
1annua1 report which estimates receipts of roundwood.
the throughput of the ‘manufacturing facilities. and the
foreign and domestic sales volumes.

Generally, the techniques used and the output pro-
duced are very poor. Gross errors are evident in the
‘compilation procedures, poor response rates occur with
the monthly questionnaire, and the partial coverage is
not clearly indicated. Choice of variables is not well
thought out, and the ultimate output is, for almost
any conceivable use, virtually worthless.

This researcher, as part of the necessary effort
to gain rapport with the project personnel, and at
their request, did a critique of the techniques used to
produce and present the information currently of inter-
est. He supplied numerous corrections and suggestions
which, if followed, should improve the efficiency with
which the information is produced and the value of tre
output. The choice of what to produce, hcwever, was not
disturbed, since that was one of the major objects of
study.

A professional forester from within the Division
Forestal is currently away on a "beca", learning statis-
tles in order to upgrade the program. ,/,V

Individuals interviewed in studying this project
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included: Agro. Hector Vasquez C., Direccion General
de Recursos Naturales Renovables; lir. Thomas icKenzie,
IICA; Ing. Luna, Direccion General de Recursos Natur-

ales Rendvables.



109~ -
Description of the Forestry Chapter of PACA
The General Secretariat of the Central American
dCommon Market (SIECA) has a FAO (Food and Agricultural
‘Organization of the United Nations) advisory group
‘»attached to it, which euppliee technical expertiee for
_the planning and integration activities carried on by
the Common ilarket. This advisory group (called GAFICA
for its Spanish acronym, Grupo Assessor de la FAQ para
la Integacion de Centro America) has spent a major por-
“tion of its effort for the last two and a half years
preparing a Plan Perspectivo para el Desarrollo y la
Integracion de la Agricultura en Centro America (PACA).
Part of this perspective plan was to deal with forestry
in all five countries of the Common Market.

Although the planning exsrcise encompassed more
than straight information generation, a majority of the
total resources expended were devoted to either the '
generation of new information or the compilation of old
information. Thus, a substantial amount of identifi-
able decisionmaking took place with regard to the in=~
formation generation activities for the faorestry chap-
ter. An attempt was made to analyze it. “

At the time the analysis took place, GAFICA hai
rejected a completed forestry chapter which had been

submitted by a consultant, and they were: in eearch of
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another consultant to re-do it.

The consultant, whose general terms of reference
were "to analyze future prospects for forestry develop-
ment in Central America and prepare a draft forestry
chapter (or chapters) of PACA...", was a FAO forester
assigned to an advisory group in Santiago de Chile. He
spent several months working on this chapter but was not
successful in supplying the desired output. His lack of
success, however, apparently was due to what he did with
the information rather than what information he gathered.
GAFICA is a strong advocate of sectoral planning. Al-
though the consultant gathered much of the information
needed for sectoral planning, he did not develop it into
a comprehensive sectoral plan which was satisfactory to
GAFICA.

‘In this case, the funding-source and the producer
were both FAO, although the consultant was paid from
his own group in Santiago rather than from GAFICA. The
user was conceived of to be both SIECA and, in the mem-
ber countries, the professional planners at the .linistry
level.,

The techniques which the consultant used were
largely ad hoc procedures. Previous studiss (iicKenzie,
1971; Plath, 1965; Gregersen, 1969) supplied much of
the basic data, although he spent considerable time
travelling within the five countries, gathering addi-
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;q;gngigindustrial'prpdgctibn data;'abrWell as compiling
 £§§3;ﬁétioﬁ1oh'fofésf:y sector plans in the individual
éountries. After compiling the information into 11
appendices, totaling 157 pages, he developed a'perspec-
tive plan for the forestry sector. The perspective
plan was the focus of the discontent. The consultant,
it was felt, did not adapt the basic objectives of PACA,
which were very broad and comprehensive sccial develoﬁ-
ment (i.e.: income distribution, labor absorption, for-
eign exchange, etc., as well as GVA). Instead, he add-
ressed the problem of investment feasibility almost to
the exclusion of the others. Thus, GAFICA felt that the
report could not be integrated into PACA in its form
at that time.

It is interesting to note that the discontent
which GAFICA had with the consultant's output was
focused almﬁst solely on what he did with the information
that he presented rather than the information itself.

In fact, their critique of his work concludes that
"esea clear definition of objectives and a strategy for
forestry development in Central America would permit the
re-writing of the text, utilizing conveniently the

excellent technical material found in the annexes,"*

* jly translation from: Comentarios sobre el informe
relativo al sector forestal. GAFICA, November 1971,

8 PP
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In terms of an analysis of the information gensra-
tion, this leads to four possibilities:

(1) The information needs (both in total and in
terms of internal balancing), for the investment feasi-
bility study which was done, happen to colincide with
those of a broader perspective development study which
was desired.

(2) GAFICA did not have a refined understanding
of the information needed for such a perspective plan
(or at least did not express it in their critique).

(3) The consultant did not gather information that
was ideally suited for the investment type study which
he did, but instead gathered information which was
appropriate for the perspective planning which, in final
analysis, he did not carry out.

() The information needs for sectoral planning do
not play a determining role in its success.

All of the above undoubtedly hold some validity
in this case. There is much in common between the two
gsets of information needs. GAFICA did not do a refined
analysis of the information presented, only an analysis
of what was done with the information. Conversely, the
consultant, who was not totally conversant with, nor an
advocate for, sectoral planning, recognized that, in
order to "play the game", he would have to treat some

of the broader social aspects and, in the informatior
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generation phase, gathered appropriate information.
Some of this kind of information does appear in ‘the
appendices but is not used in the body of the report.

The fourth possibility is of partioular note, One
of GAFICA's avowed objectives is methodologioal devel-
opment for sectoral planning. This methodology is in
such a state of flux that concise definition of infor-
mation needs and "fine tuning" of information systems
for satisfying these information needs is impossible.

Individuals interviewed in studying this projezt
included: Dr. Van As, GAFICA; Dr. Valensuela, GAFICA;
Hr. Thomas iicKenzie, IICA; Dr. Sebald Manger C., GAFICA.
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Désqrigtion of the Guatemala-NASA Project

The Institﬁto Geografico Nacional de Guatemala
(IGN) has a project with the ERTS program in NASA,
which has two purposes. They are: "(1) Assess the
utility of ERTS imagery for up-dating resource and Zand-
use data in addressing complex problemé of soll erosion,
agricultural deficit, deforestation, and floods.

(2) Demonstrate utility of ERTS imagery for extrapola-
tion of geologic mapping beyond areas mapped in detail,
and for tectonic structure delineation." (Secretaria
General del Consejo Nacional de Planificacion Economica,
et al., 1971).

While the national planning body is the official
representative, the principal investigator (and initia-
tor) is a young hydrologist in the geographic institute
(IGN). IGN is a highly-regarded, nationwide, semi-
autonomous institute whose major activity is information
production, largely in the form of maps. It has no on=-
the-ground, public-works programs.

The geographical areas to be treated are two large
areas in Guatemala plus the adjacent offshorg areas.

The subjects to be treated are only limited by the pur-
poses quoted above and, as careful study will reveal,
cover virtually any conceivable natural resource.

The immediate activities envisioned include the
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compilation of a cover-type map for the areas covered.-
i"verification” of existing geologic maps, and studv of
:offshore currents._

| The ERTS-A satellite, which was scheduled for
:1aunch in mid-1972. was to provide the core input of
the project. Various types of imagery were to be
supplied by NASA to IGN which willkprovide'all inter-
pretation. ancillary imagery, and preparation of informa-
tion output,

Planificacion Economica, whose operational ob-
jectives are to compile and execute the five-year devel-
opment plans (e.g. Rosenthal. 1970), is conceived of as
the principle user of the information.

The characteristics of the information output are
not well defined at.this time. Since this project is
somewhat exploratory, the output will depend on the
capability'of the systen.

Funding of the project is from two sources. NASA
will provide the imagery without cost to IGN. The costs
of the space imagery interpretation, ancillary informa-
tion generation, and output preparation will be borne -
by the Government of Guatemala. Although Planificacion
Economica has agreed to the extra funding necessary
(and has already increased IGN's authorization a small
amount), it is doubtful that they recognize the total
budget that will be required.
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The project, therefore, is somewhat exploratory
but is not a reconnaissance. They do pot know what
information they will get for each internal dollar
spent, nor do they have a firm command of what the
information needs are. The project is largely aimed at
answering those questions.

Individuals interviewed in studying this project
included: Ing. Gundersen, CONAPLAN; Dr. Luis Garcia.
IGN; Ing. ilarco Antonio Curley, Direccion General de

Recursos Naturales Renovables.,
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Déédription-O;;the"Gﬁata éTEcolo‘1calﬁaéccﬁnaisgﬁcef

This case study concerned an information projectg"
:done by a private consultant for a semi-public power o
fcompany in the spring of 1972. The consultant is lo-
-cated in Costa Rica. but the project was carried out
in the area of operation of the power company.in NW
Colombia. It was done on rather short notice and con-
sumed only about 45 man-days. |

The consultant rcceived a fixed fee plus his
travel and miscellaneous expenses. The pcwer company
also expended a good deal of middle-level manpower pro-
viding logistic support for the consultant as well as
executive time in discussion with him.

Although the power company was the contractor, the
World Bank (IBRD) apparently wcs the major initiating
force, The power company was negotiating for a loan
to expand hydroelectric facilities in the area, and, as
a condition for granting the loan, IBRD required the
report written by the consultant. IBRD paid the portion
.0of the total expenses which required foreign exchange,
and received the first copy of the consultant's report,
?The subject of the report, however, dealt with manage-
ment practices of the power company.  Thus, it is diffi-
cult to define who was the user and who was the funding-

: BOUI‘CB .
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The information package was called an ecologlcal

3reconnaissance. It dealt largely with the land re-'iff'

rsources‘in the area of a new and fairly large reservoir
and_the.impagtuo: the rgsevoir on the land-use patterns
and the”feCipfbcal impact of the‘changing land-use on
the regervoir;and the attendent facilities. Specific-
ally. it was to treat the biotic community, scenic and
aesthetic qualitieé. the agricultural and forestry
impacts, some community relocation problems, and other
ecological impacts which were apparent.

It appears that the major motivation for dewvelop-
ing the information package was to avoid catastrophic
losses to the power project directly and adverse poli-
tical reaction which might occur if the power project
resulted in undesirable social impacts.

‘Given the sharply limited resources available to
produce the'information. it is evident that no more
than the search for possible catastrophic losses could
be expected. No such possibilities were identified
as extremely ominous, although the consultant pointed
out a number of avenues for improved management, both
in term3>of‘organization and practices.

The techniques'used to produce the information
were ‘largely limited to three: (1) a ten-day field ex-
‘cursion to the area for discussion and direct obsérva-

tion, (2) The study of a wide variety of existing docu-
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7mente relating. to the project and. (3) a significant
‘meaeure of pereonal experience. both'inﬂthat specific |
geographic area and in similar (climatically. topograph-f
ically. and culturally) areae.ff
} hile the total budget. in terms of time and
tmoney. was arbitrarily fixed at the oneet. and general
'”terms of reference" placed some broad limite of the
'eubjeote to be treated. the consultant was fairly free
as to hie internal allocation of effort. How he made
}that was the major subject of study during interviews
in Coeta Rica. Upon return to the U.,S., an- effort was
made to ascertain from the IBRD the overall funding
rationale.

| Individuals contacted while studying this project
,includeds Dr. Joe Tosi, Tropical Science Center (a
iprivate consulting group) s Mr. E. Friedman. World Bank;
Ing. Alvaro villegas, Empressas Publicas de Medellin.
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APPENDIX II
Questionnaire Used in Field Studies
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‘QUESTIONNAIRE RELATIVE TO THE DESIGN
| _OF_INFORMATION PROGRAMS

General

- Is this information program designed for your own
control purposes? If so, can we talk about a compre-
hensive "package"?

- If it is not for your control purposes, who is the
client? Are there other users besides the client?
Who will ultimately pay the bill?

- I8 the user simultaneously getting information from
other sources which will be collated with this to make
decisions?

- Can the decisions be fairly characterized as resource
allocation decisions? Better term?

- Who decided the content of the pProgram? Were there
advisors?

- Are there non-budgetary constraints on the type of
- information which can be gathered? Statutory? Politi-
cal? Technical? Other?

- Is the program seen as producing information for short-
run ad hoc decisions or for longer run management deci-
sions? "If both, could the program have been justified

on the basis of only one? What is the relative balance?

= During tﬁe design stage, and ir. terms of total re-
sources devoted to the information program, how would
you divide the activities between:

Activity Percent of total resources

(a) Collection of old data and
conversion to common bagis-

b; Generation of new data-

¢) Manipulation and analysis-

d) Formulation of policy

proposals-

(e) Presentation of findings-

100%

- For activities (a) and (b) above, is the reduction of
uncertainty the only motivation? If not, what other?
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- How do you estimate the amount of uncertainty the
user can tolerate? The producer? Third parties?
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Objectives of the Information User and the
E Information Producer R

if‘théfusér is unique and cleanly identified:

* é~What is the nature of the user's "productive
- process"? What are his inputs, outputs, and
technology? E

-~ During the useful life of the information pro-
duced, are significant changes seen in this
productive process?

~If there are a number of users:

- Who are the users and what are their relative
importance?

- What factors are common between their product-
ive processes? Are the relative weights within
their productive processes equal?

If the user is only vaguely known or does not present-
ly exist, but is hoped to exist iZn the future:

- What is the process of deducing his information
needs?

If the user is unknown or does not presently exist:

- What is the motivation for the program of
information generation?

If the producer and the user are not the same:

= Who else is producing information for the user?
How do you assess the appropriateness of this ac-
tivity? 1Is there overlap or missing information?

- Do you feel that you understand the productive
process of the user well enough to design an in-
formation package appropriate to it?

- If the user had designed his own program, do
you think it would have been different from the
one you designed (or would have designed)?

- Do the objectives of the information producer
include things other than immediate satisfaction
of an information need? (e.g. personnel training
and organization building, promotion of future
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business, obtaining inside information for third
purpose, etc.)
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‘Chgicefof Variables
Ai;gbwqdid ydu choose the variables to be stud-
ied? ‘

- How are the variables related to the product-
ive process? Are they directly estimated inputs?
Outputs? Proxy variables for inputs or outputs?
Estimates of production coefficients?

= At the time of project design, did your percep-
tion include factors which were an important part
of the productive process, were not well known,
and were not part of the information program?
Does the design include factors that are not re-
lated directly to the productive process?

If the project is complete or near complete:

- During the project, did you discover new var-
lables which seem important? Would you now chcose
new variables or different methods of learning
about them?

- During the project, did you discover that some
of the variables thought to be important and not
well known, were, in fact, sufficiently well
known or were unimportant?
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Estimate of State of Knowledge oy Current Error

- How did you assess the usefulness of the old
information which was available? Please check
(or rank) which of the following are relevant
criteria:

-iPurpose of the production of old informa-~
tion.

- Reputation of producer.

- Methods used by producer to acquire old
information.

- Method of presentation.

- Data and statistical analysis presented
in support of report.

- Direction from outside source to accept
or reject old information.

= Other?

- Was any of this old information used directly,
adapted, updated, or converted? How?

- If not, did it provide a valuable planning
input for design of new information generation?
In what way?

- It has been said that, on occasion, it is
cheaper or faster or easier or better to re-invent
old information than to retrieve it. Do you be-
lieve this to be valid? 1Is this project an exam-
ple? . How would you assess the relative costs?

If all work or all work on some variables is totally
news

- How do you assess the current point and error
estimates? Were these implicitly or explicitly
used in the design of the project?
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Impact o 'Rélatidn of Erroré to PrddudtivéVPfoéeSSA'

- Was this "relative impact" used in the design
of the project?

- At the time of design, and with those current’
point and error estimates, what was the relative
impact of errors in the several variables on the
outcome of the productive process?

- Can this relative impact be reduced to some
measurable form? If not, could they be ranked?

If the project is complete or near complete:

- During the course of the project, has your per-
ception of the relative impact of the several
Zari:bles changed significantly? 1If yes, was it
ue tos

«~ Changes in the current point or error
estimate.

- Changes in the perceived production process.
= Qther?
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Cost of Reducing Errors

- Given the point and error estimates at the time
of design, were cost estimates made for reducing
the errors by various amounts? If yes, are, they
available? If no, could they have been?

- For variables which are not well described by
point and error es*timates, how do you estimate
costs? Figures available?

- What was the costing procedure?

- The project was designed and then costed,
- A budget was set and then it was designed.
- Sequential approximations of costs and
design.

- Simultaneous integration of costs and
impacts.

- Qther?

- For the several variables: In what units were
the cost estimates made? Were there separate
estimates made for labor, equipment, etc.? How
was overhead costed?

- Are there pronounced economies of scale with
some of the variables? Are there agglomeration
economies? Important discontinuities?
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_Summarx

- Is there another theoretical way to provide a
rational design of these projects? .

- If an easy-to-use but highly analytical ‘method
were available for designing these projects,
would it be used?

- If the project is complete:

- To what extent is the output of this project
being used in decision-making?

If the project is not complete:

- How do you assess the liklihood that the infor-
mation and analysis produced by this project will
be used in decision-making?
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APPENDIX III
Decision Game
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INFORMATION GLNERATION
o DEGISION GAME

You have some capital to invest (say $100 000). 4
_truated friend approaches you with an offer to sell to
»you a sawmill which is operational and has some attached
timberland. It is currently being operated by three
brothers who are the owneréAand who do not pay them-
selves any wages.

You are familiar with the business and think that
the offered price of $85,000 is perhaps reaspnable. ~
After one day of on-the-ground investigation (cost of
your time: $100), you think that there are only three
factors about which there is sufficient risk to consid-
er spending money on further investigation béfore de-
clding to invest or not.

These three factors are:

(1) The volume of timber attached to the mill

and which will be included in the package
deal. |

(2) The cost per hour of the labor that will be

needed to operate the mill, ‘

(3) The price you will receive for tha'oufput ef

the mill,

After some thought, you estimate that the true

?glueb of the three factors.mishf ﬁéVe the following
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probabilities. of dqcurre_noe:_

Probability

/ T

¥ T
0 5000 10,000 15,000
Total Volume (MBM)

Probability

78 200 . 225 2.60
Cost‘(t per hour)

Probability

s 120 125 130 135 140
Price Received ( $/MBM)
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Given your experience in the business and reaecn-

;able estimates of the other fa.ctors (which you are rel-

‘atively certain about), you think that the profitabili.ty -

when capitalized into present value might vary over the :

following re.nges with the. three faotors:

100{

80 -

.S»x 1000
8

APV/AMBM = ¢ 50

‘Present Value

-3
o
i

' 5,000 10,000 15,000
Total Volume (MBM)

100 4 APV/A § .OI‘per hr.= - $250

($ x 1000)

_ Present Valye

175 200 228
' Cost(S Per hour)
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1004 APV/A $ per MBM = $ 400
@
38  90- \
T« 80
o
& 70-

ns 128 138
Price Received ($/MBM)

Since you also know something about the procedures
of cost estimating, timber cruising, and market studies,
you have some estimates of what it will cost to in-
crease your certainty about the three factors. These

"error reduction" functions are estimated as follows:

MBM of Timber
~ 25004
a
5
g:: 2,000-
v v
(¥}
£e
,gg 1,500+
ES
o O
& s 1000+
&
5004
0

0 200 400 600 800 1000 1200 1400 1600

Investigotive Budget
()
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~$/be for Labor
25-

20 -

Remaining error
(95% confidence limits)

T T v ) Li B
O 200 400 600 800 1000 1200 1400 1600
Investigative Budget

$/MBM for Price Recieved

Remaining error
(95% confidence limits)

O 200 400 600 600 000 1200 1400 1600
Investigative Budget
($)
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How many more days or fractions thereof (at $100/Hay)
would you spend investigating, and how would you divide

the time between the three factors?

Total days:

Days devoted to timber volume estimation:

Days devoted to labor cost estimation:

Days devoted to price estimation:
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PROGRAM * "@P13 - R

INFOKMATION GENEKATION DECISION GAME

OPTIMUM ALLOCATION OF THE FOLLOWING BUDGETS ARES

TeTAL ALLOCATED ALLOCATED ALLOCATED
BUDGET ) T0 F(1) T0 F(¢(2) T8 FC(J)
(DOLLARS)
ssssssas SEENBESS seasazEss YTITIIY
200 162649 37.3506 0
400 3104325 89.6754 0
600 447,629 152437} 0
800 577453 222.547 o
1000 701.707 298.293 0
1200 821.699 378.301 0
1400 936.358 461 . 642 0
1600 1052.36 547+ 637 (]
1600 1164.22 635+ 781 0
2000 1274.31 725+ 69 0
2200 1345.77 795.111 59.1166
2400 1404.2H4 857153 138.566

IF THF ALLOCATIONS SUGGESTED ABOVE AKE FOLLOWED» THE BEST
ESTIMATE OF THE NESULTS vILL HE3

TOTAL PKED ICTED PRED ICTED PKEDICTED PREDICTED
BUD GET OVERALL EkKROKk EKROK ERKONX EHROR
(DOLLAKS) AT 95 PEKCENT ©N FQ1) N F(2) oN F(3)
CONF. LEVEL

XEEEREESR ESEREEESS SERESREERS RESERERES BSREEBES

200 12148.8 201.263 24.0285 8.

400 10539.6 165.504 2247556 Be

600 9300.51 138.202 21,358 8e

800 8318.6 116776 19.947 8.

1000 7527.37 99.6386 185911 Be

1200 6884.41 85.7509 17,3307 8.

1400 6360.46 74.3983 16.1878 8.

1600 5933.9 65.0698 151715 He

1800 5587.78 57.3866 14.283 8.

2000 5308.27 51.0594 135175 8.

2200 5077.24 AT7.5313 13.0122 7.72493

2400 4872411 44,9489 12.617 7389686
v 0+477 SECS.

KUN OOﬂPLtT:.
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