G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

;-:éa, 4 i e
D 6 g@ = Z‘:.:—.—_:
- Distr.
LINITED
[U/WG. 11473
United Nations Industrial Development Organization 16 November 1571
g CRICINAL: ENGLISH
uS— sl

Expert Group weeting ~n Industral
Pro ject Implemantaticn

bgborer-iigepia, . November - 4 Decembor 1971

v“ aAg, A“,',‘.

INFORMATION SYSTEM FOR IND by
PLANNING AND CONTHCL

by

Roy E. Lave Jr.,
Department of Influstrial Engincering
Stanford ‘lniversity
Stanford, California
U.S. A,

}-,/ The vicwe il “pinicne cxpress:d in this paper are those of the author and d- not
1 wecrssariyy refloct ths opawe of tne Secrztariat of UNTDN,  This document has
v oernorepr iccl without formal «dicing.




USRS RS SISISEIEEE LA et s S Ll At 4 AL SOU—

Ve regret that soms of the pages in the microfiche

copy of this report may not be up to the proper
legidility standards, even though the best possible
copy was used for preparing the master fiche.




[ASLR 0 COuTa"™

1.0 Introduction
2.0 systems Analysis P’roject Information lystems Design
3.0 Conceptual ‘'ramework

3.1 CGoals, Decisions, and (rganizational Structure

3.2

3.1.1 Coals or Urganizational Structure

3.1.2 Tecisions

Components of the Information 'ystem
3.2,1 leporting Systems

3.2.2 Proocessing

3.2.3 Storage

4.0 Alternative Views of the information System

4.1

4.2

4.3
4.4

Appendix A

''he Organizational View - Users and their Goals
4.1.1 Level (1) - ilational Planning

4.1.2 Level (2) - Industrial Planning

4.1.3 Level (3)
4.1.4 Level (4)
4.1.5 wuevei (5)
4.1,6 Level (6) - Proje.t Operations
4.1.7 Type of Inlormation Used
4,1.8 Information "low and !tendards

Implementation /pectators

“ntrepreneur

]

(leneral ..anagement

The Time “tage View

4.2,1 Introduction

Data fank

Lessons of "xperience Indicating Needs

A Guide to Assessing an Information System




-3 -

LITT OF ILLUTTIATIONS

4.1 fample Alternative “ntity ..omes 25
4.2 Classes of Information Heeds R4
4.3 Project Time “tages 38 |
4.4 iser Information iieeds by 'ime Ttage 40 1
4.5 Information Cupplied by Users by Time Stage 41 ]
4.6 Causes of Delays and Cost Increases 45
A-1l Assesament of .anagement Communications 49
A-2 General Assessment of Information system 50
A-3 Assessment of the ieporting system 51
Ligures
2.1 Relations of the 'unciions of Cystems Analysis 10
3.l Goals, sjunotions, Organisational "tructure 16
3.2 Organigational Tnformation /Vow 19
4.1 Informetdon Flow in the Project "nvironment
During Implementation . 24
4.2 Schematio of Upward ™low of information in the
Projeot ™vironment 35
4.3 Information "low in the Project "nviromment
During Analysis ‘ 42
4.4 Location of Nata Banks in the Project ™nvironment 43
A-l Frequency Distributions I[llustra’ing Degrees ef
Tpread and kewness 52




1,0 IneiCDUCTION

Terms of eference, .cope and Cnntents of .ieport

'he material in this report describes a conceptual view of an iaformation
system for project planning and control. The method of analysis used to develop
this framework is an example of what has come to be called "systems analysis".
Although naming the approach adds nothing tc the analysis, the name ''systems
analysis" connotes a generality of methodology which has many eapplications, and
a general logic that helps show why the particular approach used here was selected
for a study of project information systems, herefore, as a basis for the

analysis, the discipline of systems analysis is described in ‘Section 2.C.

In this study a project is considered to be a mobilization oi resources over
a determinable life for the creation or production of a specific end-product, -

“pecifically, prejectzs are characterized by:

1. An identifiable end item which we henceforth refer to as the manufacturing

facility ar mest industrial projects require such a facility.

2. the fact that successful implementation depending on cpganizations and

agencies outside the project manager's authority.
3, Large risks due to technological and market uncertainties.
4. A well defined end or completion point.

Cince this study focuses on industrial projects, the end result will be an
enhancement of tiie production capacity or of the productivity of the implementing
organization, the end item will most often be a physical thing such as a
building, new machinery, etc., but we do not exclude projects which upgrade the

gkills of tne employees.

It is the difticulties implied by characteristics (2) and (3) above that
a well designed information system tries to cure. [or example, since there
are several organizations concerned with and affecting the progress of a project,
communication amor; these organizations is essential for meeting a projeot
schedule,  ioreover, while uncertainties are inherently a part of projecte, a
good information system can provide the basis of a rapid response to implement

contingency plans.



he detailed conceptual viewpoint for the information systvem design is

described in Cection 3.0; however, the essential elements can be summarized
here,

An information system ic taken to be the specification of the following
components: ~

The initial input source of data.

b. A data processing capability - defined as rearranging or poorganizing

/
data to aid decision making.}-’ At aome, point processing becomes

’
analysis as, say, wher formal models-g tn reflect reality are uaod.}-

A data or information transmission prescription including the source
within the organization and the destination for each type of
information. (e call this the reporting system, but iis design is
one and the same as the prescription of the organized structure.)

d. A data or informetion storage and retrieval capability.

Both planning and control of Projiots are combined within the soope of the
study as they must be designed together in order to assure compatibility.
Together they define the function called implementation, This desoription
also integrates the functions of implementation and analysis because the
combination is necessary for et'fective and efficient design.

It becomes convenient, in order to aaalydo and design the informstion system,
to consider time stages of the project: The project defined as starting with
the product or process idea that eventually definss the end product and it ends
with a post-audit of the project's operations. The time stage viowpoir;t ie
introduced in Jection 4,2

The starting point of any design is tho definition of the goals of the users
of the end item, In the translation of goals to design, it is convenient to
focus on the decisions the user must make. This is complicated by the fact

po

_];/ Often this processing is defined as translating dats into information although
the distinction is meaningful only in the context of & particular use to whioh
the information will be put.

2° A model is any form of abstractien of reality. A child's airplane is a
model, as is a budget or the game of chess. A model is a useful substitute
for reality when experimentation on the real system it impossitle,

_}’ The processing of information with analytical models is not always included
in the definition cf an information system., Jecause of its total dependence
on information availability, we include it in the definition of the information

system, although the scope of the study did not allow examination of these models.




that each project exists in a complex environment of rrganizations (called

the project environment) having different goals and their own systems, procedures
and infcrmation systems, "herefore, it is necessary to define the total

environment of the prcject in order to:-

1. assure that the project system is compatible with other systems with
which it musi interact;

2. tmke advantage of information generated by any source at the project

level without the necessiiy of regenerating it or laboriously searching
for it;

3. generate all information at the project level that will be needed at
other levels,

The scepe of this study, then, includes consideration of all organizations
and levels that are concerned with a prcject. Jaturally, in different countries

the names and structure of these organizations will vary. fhese viewpoints are
developed in Tection 4.1.

One by-product goal of this study is to provide a basis for project managers
to assess the adequacy of their information systems. A method for doing this,
complete with a questionnaire design, is given in Appendix A,

Tn several instances in this report, precedence networks or critioal path
metheds are used for illustration purposes. Therefore, a knowledge of
orecedence networks is helpful in understanding the presentation.

2,0 TYSTTIS ANALYSIS PROJTCT INVOHGATION SYNTTR DRSIGH

Turing the last decade interest in applying science to decision making has
spawned several rew disciplines -~ one of them is called systems analys.s.

Unfortunately, confusion nas Leen caused as the name has been used to describe
st least three activities:-

a. the analysis of the flow of in{ormatior in an organization and of the
prccedures and data processing impiementing that flow;
b. the ongineering analysis of physical stability; and

c. the analysis employed for strategic decision making within an
organization,




Although these definitions are different, they have an essential commonality

since they all focus implicitly or explicitly on the information needs and
processing to perform a given function, this commonality suggests the comple-~
mentarity of information systems and systems analysis, iwore specifically,
there are twr relationshipc between information systems and systems analysis.
On the one hand, information systems design is an integral part of systems
analysis applied to any design problem, as it is in this paper.. This mection
(Section 2.0) reviews both of these relationships while the remainder of the
paper discusses, in greater detail, how systems analysis can be applied to the
design of information systems.

To initiate the discussion of systems analyeis and information systems design,
it is useful to distinguish between the following three levels of decisions in
an organization:- '

/
Strategic Planni Dacisionsai'detarmining organization goals, allocating
g1 ng

resources to these goals,‘and defining policies for using the resources.

/
hanagement Control Ueciaionazg’ establishing prooodn:as to agsure the effective
utilization of resources to accomplish the goals, acocording to the polioies.

Operational (programmed or administrative) Control Decisions: "repetitive and

routine to the extent that a definite procedure has been worked out for handling

/
thera so they don't have to be treated de novo each time they ooour";'or, in
other words, application of the procedures established by management control
decisions.

Tach level prescribes the objectives of, and resources for, the next lower
level of decision. Therefore, although "systems analysis" refers primarily
to the analysis that supports strategic plaaniﬁg decisions, the analysis
must be concerned with all levels of decisions since they are highly dependent.

1/,2/ Robert i, Anthony, Planning and Control szstmg A Premework for Analysis,
doston, Harvard University, Graduate s chool o ineses Administration
1965, pp. 15-18,

3/ Herbert A. “imon, The New Science of ianagement Decision, Hew York, Harper
and fow Publishers, Tﬁo., 1553, PP. 5-0.




Proper interaction between the decision levels is the function of the information
system., “tated in other terms, the information system satisfies the information

needs of each decision level by transferring information between the levels.

trategic decisions are those one-of-a~kind decisions which commit capital §

resources, hince projects are aiso one-of-a~kind operations, there is a

natural relationship between systems analysis and project decisions. i'or example,
the decisions concarning what project to undertake, where to locate it, how

large to construct it arc all strategic decisions.

"xamplec of a management control decision concerned with projects are those
which define the type and form of project control systems to be used. Therefore,
the selecticn of a precedence network for control purposes is a management §
control decision as are the decisions concerning how often reporting shall be
done and how delays on the critical path shall be treated,

Operational oontrol decisions are those concerned with gathering and

reporting the informalion required to use the precedence network format.

Another way of describing systems analysis as used in this document is
from an operational view, that is, what does one do to perform systems analysis.
I"rom this viewpoint, sy tems analysis conaists of two tasks:- :

1. A searc: to identify the significant variables and their interaction
in decision preblems, considering neither aso narrow a scope &s to
exclude critical relationships nor so0 broad a scope as to render the
problem unmanageably complex,

2. A systematic search for alternative designs and an explicit compare.cive
evaluation of these designs.

Because of the limited soope of this study, the foous is on the definition of the
vériables and the scope (task 1) leav ng the more detailed design for subsequent
work .




In the design of an information system, Lhe scope includes such conaiderations

as which users to include and which of their functions are to be supported. 1f

the needs of an important user are omitted, tha rystem may not be useful and
%ma,y not be accepted. On the other hand, if the needs of all persons who may
%have a need for project information are considered, the design problem may become
%very complex and the operational cost of the system may be higher than can be
justified. The design also includes -/hioh parameters describing the quality

and quantity of information should be included,

The two previously described tasks of systems analysis can be further brokes
down into a number of functions as shown in igure 2.1. The flow chart may
seem to imply that the functions must be performed sequentially, hat is not
- the ~ase and the functions are typically performed by shifting back and forth
among them. Iilere we describe nino functions, although this is only one of
many compatible and possible v. aws of systems analysis,

Goal Dafinition

The first function is to define goals, whioch are often qualitstive statements
containing internal conflicts. For example, to state that the soal of project
implementation is to '"complete the project at minimum c. st snd as rapidly as
possible”" does not provide the information needed to decide how to uss additional
resources (end higher costs) to reduce elapsed time and vice-versa.

Tach goal usually implies a number of sub-goals which, in turm, may be
'f‘urthsr broken dovm. To be useful, this proocess of analysis must seventually
lead to statements which can be used to guide operational decisions and to me ssure

the project's effectiveness. (The decomposition of goals is described in
§ Tection 3,1),

: In information systems demign for development projects, goal definition is
fespecially important since the project may have sooial objectives which are
Qequally as important as the financial ones.
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.coping the "tudy

'logether with the procese of goal specification, it is necessary to determine
what are and what are not accepted ueans of accomplishing goals and then classify
these means into related areas for & ' ssic purposes, .pecifying thecse areas
of concern (called decision areas) i3 called ecoping the decision. In short, the
scope defines what is considered aad what i3 not considered for the purpose of
analysis., In ithe desigr ol an information system for project planning and
control, specification of wiiose goals defines much of the scope of the prcblem.
sor example, thc management of tha project has very different information needs
from the investors.

In a different oontext, the design of a transport system to support industry
in a region of a country, say WJortheast Drasgil, would vary depending om vhether
the scape included manufacturing for export or not.

Objectives of the Systiem

Given a knowledge of the goals and the reslm of operations, the next task
in systems analysis is to specify the basis for allcosting resources and
for measuring the effectiveness of alternative allocations. For example, the
goal of an industrial project may Le io increanse anployment., This must be
translated to numerical terms which can be measured to determine the success of
the project. This may not be just the jobs provided in the plant since the project

may both induce smployment and eliminate jobs in other industries.

Qather than general stati.ments ool 86 "incresse euployment”, etc., &

specific statement of goals, called objectives is needed., Objectives are
often quantitative. ‘"he milestone dates and costs in & PERT network are
objectives.

The Conceptusl !'ramework

In order to comprehend a system of the complexity of information needs in
projects, we need to describe a framework for thinking and communicating Mﬁ
it. We call such an abstraction a conceptual framework. The conceptual
framework is ususily an abstraction which allows us to divide the problem into
a number of smaller parts amenable to analyeis in such & way that when the

parts are reassembled, we have a valid analysis of the total systems. The




develomaoni of the conceptunl fraueror: i« cle-ely related to scoping tne nroblem

becouse limitation: o1 our ability to conc:ptualize ithe problent way alffect the
gcoge thet can be incluced 1a our analysi-, n o:iastn~tion of the organizational
atructure and tne infomation flow are wo promisin cenCeptualizations for
prcject information system decign. A precadence network, as in [T, is

another. A commonly used macro-zconomic ccnceptuzl modes, ic the Leontief

input ‘output model,

Analysis ..odels

Having abatracted the so-called real world with the conceptual framework,
we can now prescribe the means of analyris which guide decicions on how best to

meet the goals. We call the ..eans o! anulysis analysis models, although they

may ac well be called computational or decision models. ''he analysis model

is a more highly structured or detailed conceptual model, They must be
compatible and their difference :s one of degree rather than of kind. 'The
primary content of analysis models are rules prescribing manipulation and
computation of data. The co putaticnal procedures for finding the critical

path in a precedence network is an gnalysis model for project planning. A cost
accounting system with definitions of cost rtandards and variances is an analysis
model for project control. “ometimes analysis models are optimization models,
One such useful model is the Timplax method for solving linear programming
problems,

iieagurement i.odels

"™e success of any analysis ultimately depends on the quality of the data
or information used. Therelore, the systems anaiysis methodology must include

the means of obtaining valid data; we call these methods measurement models,

These models are a main component of the information system which defines the
flow of data from the operating system to the analysis model (from the real

to the abstract). The analysis model and the measurement model are often
integrated, although they may be separate, ilany of the most useful measurement
models are taken from the discipline called statistice. fampling procedures,

estimation or prediction and regression analysis are commonly used measurement
techniques,
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Comparison of the Conceptual i‘ramework, the ..nalysis and the ..easurement
i.odels

——— s

Three models which are inciuded in systems analysis have been described.

fhe following summary defines their differences:-

Conceptual i.odelg - define the general structure of the model used in

analysis; e.g., a8 a network model.

¥

dnalysis liodels - define the computational procedures used in the

analysis, e.g., the means of computing the critical path.
neasuresment :..odels - define the means of obtaining data for the
analysis models, e.g., how often progress information will be
asgesged.
i “Pu"tir;“ the wodels
‘ Given this structure for obtaining and analyeing data, we must then be able
to test the modeliedewnvironment of informatisn systems to see if it is an
acourate reoresentation of the real world. This might be done over a period
;z of time by comparing actual outcomes to projected outcomes, Lefore experience
z with the models is available, we can test them on historical data or rely upon

the judgement and intuition of the operating personnel to see if projected
results are logical and whether or not all factors have been included in s
logical way.

Alternative Generation

After defining acceptable models, they are used to evaluate alternative
information systems. Alternatives are defined in termms of alternative levels
of system parameters. In 'igure 2.1 we see the interaction of the decision-
maker and the model. e observes the results of analysis and postulates new
alternatives to be tested. ‘The ability to generate imaginative alternatives’
and evaluate them is one distinguishing feature of effective analysis, Before
the t2rmalization of systems analysis and computefized modelling, planning was
often performed by describing one feasible plan, rather than searching among
a large number of plans for one which best meet the goals.




Implementing the Decision

The last step in systeins analysis is to implement the decision resulting
from analysis. There are a number of models which aid implementation., PIL7T
is one such model that is commonly used. In tue long run, implementation
will affect goals and other elements in the problem structuring since projects
teach participants what is feasible and effective as new programmes are
installed. lience, T“igure 2.1 shows the feedback of implementation by dotted

lines, llastening this feedback can be plamned through experimentation,

"xample of the Application of the “teps

This brief description of svstems analysis has been included to set the
stage for the subsequent invest.gation of project information systems., Before
this is done, an iLypothetical application of the steps to indusirial project
selection in developing countries is given, This example is totally
hypothetical and may or may not apply to any real situation,

T IALPLT ANALYSIS

Gecals Selection of a set of industrial projects to increase
employment in the .ortheast region of brazil,

Soope Viewpoint: iortheast Srazilians, excluding immigration.
Time iigrizon: 10 years from initiation,

Objective unction haximize the numbers of persons employed in various
vocations.

Conceptual Kramework A linecr objective function and linear constraints om

the training budget, the demand for persons in the

various vocations from a manpower input’output desoriptior

Analysis iiodel Any method of solving a linear programming problem.
hHeagsurement iiodel rample existin: industries to de.ermine costs and

manpower requirements.
Testing Compare the results of the model simulating 10 y'om
in the past to actual data.




3.0 O AL AT

3.1 Goals, "ecisions and Oreamnizaticaal trustuire

'the raison A'Bire of srerating entities is called -oals. Goals are

the ultimate guide to salection »f r'unctions aund opera...g philosophy of

the organizaticn “he mccl clemental mirror »f the goals is the decisions

that are nade at all  evel:s throughout the organization. ‘‘ocusing cn decisions
provides a means of exmnining the organizatiecn and of prescribing an information
system since all decisiors recuire information.  (herefore, thin study will

examine the goals and decisions to te made by aach organizational entity in the

project environment,

The relationship of goals and decisions can Le seen more clearly by

conceiving of a project as consisting of four components:
ng

l. a goals structure,
2. & met of functionr,
3. an organization structure, and

4. decisions,

These componants are reiated ir the following way: organizational units
perform funotions which achieve goals. The process of selecting functions and
selecting how they will te performed is cailed decision-making.

3.1.1 Goals or Urganization [tructure

The relationship of the first three of these components is shqm
schematically in “igure 3.1. ine prinary goala imply a number of sub-
goalg which, in turn, imply & number of objectives whose achievement can
be measured.  Although we will often speak of heeting goals and sub-goals,"
we use the expression as a short way of aaying'meeting goals and sub-goals
a@ measured by ohjecti.aa”.

One function may serve more than one sub-goal snd one sub-goal may be
served by geveral functions. T“ach function may be the responsibility of
one or more admiristrative units, and each unit may perform portions of
more than one function. These relations are indicated by dotted lines.
.-igher levels in the administrative organization have increacingly higher

levels of concern in the goals structure. he inp executives are concerned
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with achieving the overall goals while each admninistrative unit strives

to achieve a sub-get of the otjectives,

information flow within an organization can be looked at in two ways:
it can be viewed as a flow betwean organizational levels, as ghown in
‘igure 3.2, or it can be viewed ac information flow bLetween the functions
of the organization. ‘/he functional view is independent of the organization
structure. ‘Len an organizational {low has been prescribed, 1t necessarily

also prescribes the assigrmant of functions to organizational units.
3.1.2 Vecigions

Tecisions execute functions to meet the organizational goals. Decisions
are made on the basis of information, hence the quality of the information
system has a direct effect on goal achievement.

‘hen prescribed decisions are effectively made and implemented, an
organization runs well. ‘'/hen an organization is not operating well, there
are several plausible reasons which can be grouped intc three categories:

a. the decisions are not clearly identified (usually because the
organizational goals have not been clearly defined and the goal-
achieving decisions have not been allocated to decision-makers
throughout the organization);

b. there is not sufficient data and information being provided to
the decision-maker;

¢. the decision-maker lacks the computational ocapacity or the
analysis know-how, or both (henceforth called processing or
analysis) to utilize the data in making effective decisions;

d. other,

Naturally, other will include a multitude of factors renging from political
to personalities. For the purposes of this study, which foouses on data and
data processing, it serves to combine these factors in one group. Though
the foous of this study is on decisions in categories (b) and (o), me

amount of attention to them will be successful if the difficulty is because
of (a) or (4).




The location of the decision-making function is shown in the following

schematic:
et o w .. N 'T,;’;’;;; C,
ta Prozgsmg ; ation Decisien . Tecision for Pt r of ance \
---Rata., T | dafammation . jaxer 7 Tmplementation | . ,
' Analysis P | Functien

came e o e

This conceptualization also indicates a commonly accepted difference between
dats and information; the latter being data processed to a form useable for
s particular dociaion.}—" The processing varies in degress of complexity
from a very simple manipulation or reorganization which is typéally called
data processing, to more advanced computation and optimization performed
scoording to a specification called a model. The diatinction between the
application of modelling and data processing is one of degree, but it is &
very commonly used distinction.

A focue on the decisions of those primarily concerned with the success or
failure of the project will not reveal all the information that project
leaders must collect, process and store. Other information demands are
imposed by other organizations and external eantities by the authority they
have over the project, either real or de facto. Illowever, since these other
levels may require this information for their decisfon-making purposes,
examining the decisions in the entire projeot environment will revesl all
information demands on the project information system. T'rom t'.e project
point of view, these other demands are for "legal" reasons as opposed to
"decision-making" reasons. Under the legal classification is included
informavion for wcrounting to higher authorities, e.g., the government
concerning responsibility granted by them. Information establishing legal

T™is distinction no doubt, stems from the common definitions which attribute
o information a factor of intelligence as in lebsier's definitions:

"Data-- factual material used as a basis especially for discussion or decision”,
"Information-- the communication or reception of knowledge or intelligence".
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3.2 CunPOHTITY O TH™ L4 O @ATION SYST.

thres siates that describe the components of an information system:

claime is aiso in thir grouping. These two ressons, though not mutually

exclusive, include all motivations for data collection and processing.

in cummary, this= stud; ie concerned with the quality, quantity,

collection, ctoryre and transmittal of information in order to support

“decisions concerning the analysis, selection and implementation of project:
Goals, organizational structure, functions, and decisions are considered on

because they are escential to the design of an information system,

At any time that information or data is observed, 1t will be in one of

a. It will be flowing from one organizational unit to another (the
prescription of the flows iz called the reporting system);

B, It will be in the process of being manipulated and altered in a
number of waye (#.g., averaged, normalized, etc.);

. it will be stored {om punched cards, tapes or on documents in files,
drawers, etc. ;.

3.2.1 jepcrting yatems

The reporting svstem ia dependent on the structure of the organisation
since the flows are to support functions (and decisions) which are assigned
in the organization, 'n addition, the reporting system includes the
following parameters whichk define .he quality and quantity of infommation:-

1. Quantity: Creadth--covcrage of aspects required; depth--level of
detail,

2. Timeliness. The time interval between reports; the lag between the
end of collection and the availability to the decision-
maker, usually the processing and distribution time.

3. Content: The technical level relative to the training of the user|

the presentation--clarity, concizeness and ease of
comprehansion.

4. Availability: "ase of obtaining both periodic reportas and informatic
for ad hoc needs.




5. Quality -- absence of errors of all kinds.
These clagsifications are not necessarily mutually exclusive as means of
enhancing usefulness. Por example, quaintity may act to compensate for
quality.

3.2.2 Processing

Processing ranges from simpla rearranging to use in optimization models
which search for sub-sete of data with unique characteristics such as the
rate of return of the cash flow mssociated with a project. Among the
funoctions included in processing of project information are:-

Rearranging

Summarizing

Computation of 3tatistios
Tetimation

Optimization

As stated earlier, higher levels of sophistication in the processing are
called modelling or analysis. This usually means that the data is procecsed
in & way that simulatos some process in the real world and allows for
projection or prediction of the effectis of decisions or actions. liodels
useful in the project framework are critical path methods such as PERT;
probability or decision trees which map out the various oontingent paths
that the project may take; various scheduling methods that describe the
most effective way of allocating resources in “ime. The soope of this
study does not allow more than the mention of these models though they
comprige a very utonswc body of literature olassified under the names of
industrial enginoering,b’ oporations resea.rch,a’/ programme management,
production planning and control .~

1/  Grant, Tugene L., and Ireson, W. Grant, Principles of : ineering Tconomy,
The Nonald Press Company, lew York, 1964, 4tn Tdition, hevisa Printing.

2/ Vagner, Harvey fi., Prinoi¥les of Operations liesearch, Prantice I1all, Inc.,
Tnglewood Cliffs, .Jew Jersey, 1969.

_3_/ Steiner, George A., and iyan, William G., Industrial Project Lianagement,
The hacmillan Company, iJew York, 1968.

4’ Buffa, Tlwood 5., liodern Production iianagement, 3rd Idition, John Wiley and
Sone, Inc., 1969.




J.2.3 Ctorage

The design and location of storage depots (frequently called "data banks")
requires a trade-of{ tetween the cost of access and the cost of storage.
Specifically, the location of data banks depends upon sever al parameters,
such as proprietary nature of the data, who must access it most frequently,
tho trade-off between storaga cost and communication costs, the frequency
of updating the information, etc. Another decision concerning storage
is the degree of centralization and duplication required of the files.

These decisions are a question of economic trade-offs including the personnel

time required during the searc.ing procesas,

It is common to distinguish between data or irformation storage and
document storage. e difference is that the requestor can specify the
precise date desired in the former while, in the latter, he must specify
or select and receive documents or document tities., An example of the
doocunent system is traditional libraries. ilard copy document stiorage is
relatively inexpensive, tut retrieval of specific information is not
easily done unless one knows the exaci document conteining the desired
information, Computar storage allows rapid response to non-specific requests
such as a keyword query system in which tha request is stated in subject
"keywords"., Ior example one might requsat all documents described by the
words: INDUSTRY, OitAZIL, CEMIWT.




gau ALTERNATIVT VIEWS OF THD INFORMAT ION SYTTIH

{4 1 The Organizational View - 'sers 2ud Treir Goals

A project can be thought of as exisiirg 1t the vovtom of a six-level hier-

jarchy of functions. e c1ll this hier. chy the prcject environment. These levels

fare usually not alli 1in one organization, although it 1o conceivable they may be

iconeolidated in centrally vlanned zconomies.

The nominal organization during what we call the implementation stage is
ishosm in Pigure 4.1 where each box represanta a function that exists in some form
in every project environment. Many deviations from the gtructure ag shown are
possible, including combination °f fun~5ions btoth at the same level and at

1sd jacent levels. Functions may have 1 variety of namcs as shown in Table 4.1,
The functioas and levels are described in the following sectionms.

4.1.1 Level (1) - Natiomal Planning

Thig function ie usually performed b’ A gFovernmental body and is donina~
ted by the political philosophy of the ruling group. The poal of this level
is presumable improvement of the productivity of tie economy consistent
with the philosophy. The philosophy will prescribe such matters as tine
norizon and owmership. Thir level prescribes the relative importance of
industry relative to other sactors of the economy. This importance will be
translated intc measures of industrial ssctor performance, usually growth
meacures in sggregate terms. The fuiction of planning at this level requires
information about the structure .f the sconomy (embodied in econometric

models) and its level (aggregate macro-ecOnOMic AEAsures).

1.1.2 Level (2) - lnduatrial Planning

The industrial planning level takes the polici.s of the national
planning group and translates them into a strategy for industrialisation
This group will generally be concerned with the relative enphasis on sub-
sectors, although chis may also be provided by the national plan. Its
responsibilities usually extend to include the arescription of at least
large industrial projects while smill ones may be left to the discretion of
an implemerntation agency wrich receives a certain discretionary budget for
that purpose. This level 's achievoments will be measured by the number of

studies identifying potential industrial procuctivity generated.
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Table 4.1 "ample Alternative Tntity .iames

ATIONAL PLANWING TNTITY
inistry of Planning

NDUSTRIAL PLAWYING TUITITY
uinistry of Industry

itagional Development Corporation

MBT VINACITR
Central Bank
Commercial Bank
industrial Bank
International Development Bank
Inter-American Development Bank -

International Bank for leconstruction and Development
International Development Institution

*

QUITY +'INANCITR

International, :lot-for-profit Financing Institution (e.g., International
o‘inmf. Corporstion, an equity invesiment affiliate of the World Bank)

International "quity Institution (e.g., ADELA, & private equity corporation
investirg in Latin America)

National '?imncihg Institution (Jational Tisnciera - Mexioco)
Jtockholders '

TTRTPITIYUR
Board of Nirectors




The information needed for this function is that describing the structure

and content of the industrial sector.

This level may also be responsible for promoting domestic industrial
investments to foreign capital investors. This promoticn may be done

either through a foreign relations entity or directly.

4.1.3 Level (3) - Implementation Spectators

The third contains all entities having functions related to project
implementation but not directly responsible for the control of implementation.
e call this group spectators because like sporting event spectators they
do not call the plays directly but rather express their interest and exert
their influe e in indirect ways much as spectators do by cheering or

applauding.

The entities of this level vary considerably in goals including such
dissimilar organizations as banks ard loocal governments. For reasons of
this variety, the level will be sub-divided for discussion purposes.

Debt Financier

Essentially, the lender is interested in a "payback" measure, where
payback, in the language of engineering economice, is the time it takes a
project to repay the capital investment. The lender is interested in the
time to repay the loan and, in fact, the loan contract will specify such a
payback schedule. Much of an unecheduled nature can happen at the project
level and not threaten the ability to payback, therefore the degree of
irterest of the lenders in the project is dependent on the status of the
implementing organization relative to the project. The following are the
possible cases:

a. 'The implementing organization does not have its own oapital
to undertake the project, but could probably repay the loan
from profits from other operations (we call this case an

expansion project);

b, The project is so large that it dominates the implementing
organization, i.e., the project's failure would threaten
the organization's viability (which wecalla risk project);




The project is the basis of a new implementing organization
which will produce and sell whatever the factory produces

(a case called an innovative project).

In caee a., the lender may have 1i1ttle interest in the project's progress
er se, and may “ish only to track the general financial condition of the

implenenting organization through their periodic financial statements.

In the risk and innovative project cases, the lender may be interested
in the time and cost schedule and in any major events or discoveries that
threaten the viability of theo factory's operation. He is interested in
time lags only if thay portend inability to meet the first repayment date.
He is more directly interested in the cost schedule if therc is not sufficient
financing to allow for overruns. In the case of a discovery or occurences
which threaten the viability of the project, he wishes to know immediately
in order to take action to preserve the value of the assets in the project.

In summary, the lender requires a small sub-set of the information that

must flow in the project environment, hence, his needs can be essily met and

do not impose new requircments.

Fggitx Financier

The division of projects into expansion, risk and innovative is relevant
as well to the equity investor. His suthority to exercise direct correotive
action may be constrained to action through the Board of Directors. Often,
investors will contract to assure representation on the Board even if their
equity share dégn‘not assure them an elected representation. Other common
contractual terms allow them to achieve representation or take control of the

Board if certain milestones are not met.

Generally, the investor is interested in profitability. Typically,
we do not think of an industrial project as being profitable only since
it represents the capital investment cost while the return is earned by the
operation of the factory. However, if the investment is greater than antici-
pated, the return on investment of the operating factory will be lower than
anticipated. In some cases, the project itself will be profitable in: a
direci sense as when it is undertaken on a fixed price contract to create

an end item. In either avent, the time and cost progress of




the project both affect the profitability of the factory's operations.

Unless the investors have contractual rights to affect the progress
of the project, it is not effective to provide more information than is
legally requ‘ired by the investment contract or by public law with regard
to stockholders.

Project Implementation Agency

In a planned economy, the project implementation agency may have
direct ultimate authority for the project and will act as the entrepreneur.
They will perhaps allocate authority to a Board of Directors.

The more general case is if the governmental implementation agency has
no direct authority. In this case, their concern is that the project
succeed for the economic benefite it will bring. To this end, tlrey may have
gome prescribed resources they can bring to bear t0 encourage Success.
Typically, these resources will be ones that we have already inocluded in
our system (Fig. 4.1); i.e., teohnicel assistance or financing.

Another function the implementation agency may perform is to assist
in the identification and cultivation of a foreign market for the item
produced and in the solicitation of foreign investment for the production
phase. This may be done through an organization which is espeoially
chartered for liaison in foreign matters such as an industrial promotion
organization or a commercial scction of a Foreign Relations Ministry.

To perform most of their goalis, the implementation agenuy probabdly wiahe
to know general progress of the project and to receive exception reports
when there are significant problems.

Technical Assistance

The technical assistance agenoy has no interest in the project until it
is requested to provide assistance, at which time its interest is very
specific depending on the halp requested. Such a request may come to the
technical assistance agency directly from the project management or through
the project implementation agency.




#Much of the technical assistance requested will be for very specific
§ tochnica. problems, but it may alsc be 1o' rencral management trouble

% shootins. In the latter, the person providing technical assistancc puts
himself in the project manager's position and receives that information.

In the case of technical assistancc on particular details, the technical

assistant stands in the place of whatever technicinn has responsibility for

that function. Therefore, the technical assistancc function creates no
1 new information needs.

Naturally technical assistznce may be offered o other entities in the
4 project environment but for purposes of simplification ‘hese interactions
can be ignored in this study.

Local Civil Authority

The local civil authority (such as city or town governmental agencies)
is legally responsible for sesing that the project oconforms to the appro-
priate regulations of the legal political jurisdiction. This includes
3 matters such as conformance toc zoning ragulations, payment of taxes, etc.

I The local authority typically i+ inierested in the success of the project s0
that it creates new jobs, generates taxes and purchasing power which helps
the local economy.

Except to check conformance to law and custom, the local authority has
no other legal "right to !mow". The inforwation provided to the local
authority, then, will be primarily that required by law. Logal information
will usually include the original eomateuction plans, subsequent modifica~
tions, manpower levels, and the value of oompletod work. Thare seeme to be
no reason for the project entrepreneur to provide more of a progress report
except for very highly summariszed stitus reports and other storios that have
public relations value.

Local Population

Communication to the local population through the usual uews vehicles
has several motivations. First, the local citizenry, presumably, have
approval authority through their representatives in the local civil
@ authority. It 1s important, thon, that they be well informed on the
B orojoct so that no misunderstandings arise concernikg the project which




could lend to withdrawal of local approval. While it might be argued that
idealistically the local authority has responsibility for conveying this
information, they typically do » poor job and should not be relied upon.
Moreover, the concern of the populace will supercede the legal conmstraints
on the project. Anything that pollutes or disrupts the environment will be
of concern to the populacc. However, there arc always benefits to compensate g
for these intangible costs. Both sides should be presented to the populace

in an objective fashion. Typically, th~ project entrepreneur presents a one- é
sided story concerning the project stressing benefits and not problems such
as congestion or pollution. This balance is a matter of subjective taste

and as such will not be considerad further here.

Secondly, the project may wish to draw from the local labour supply
both in the projcct phase and during production. Therefore, oommunioating
this fact and the characteristics of the project is important.

4.1.4 Level §4) - Intrepreneur

The entreproncur is the nome given io whatever person or organigation
performs the function of bringing together all of the factors required
to create a project. The entrepreneur is the risk-taker, the creative
elemen ., and thc one who rcaps the Lion's share of sucoess - or failure.

Most often, the entrcpreneur holds an equity share of the project.

Any of the functions shown in our idealized project environment oan
be oombined with the entreprencurship function, or the entrepreneur may be
a totally different entity. In any event, he will, most likely, have
ultimate control of, and responsibility for, the project.

In a corporate structure, this level ie most likely exercised through
a Board of Directors on which the entreprencur is dominant or is strongly
represented. Naturally, others may be represented on the Board from other
levels. In fact, the Board may be the centre for communications among the

various levels of thc environment.

The entreprencur is ultimately concerned with the profitability of
the project - a concern he shares with the equity investors. However,

his concern for profitability is more direct and he cexercises control to

asgure profitability. Therefore, during the project stage, he is interested




in time and ccst progress and major impediments or unexpected occurences
which drastically alter plans. He will not exercise direct action to catch
up to schedule, but will exercise control through the project manager.

Since his contrcl is not exercised on a day-to-day basis, the entre-
prencur wishes to know only the deviaticns from project status or deviations
from other estimates ocncerning all aspects of project plans. He will use
this information tc decide to apply more resources to obtain problem
sclutions. One possible resource is to call for technical assistance. The
ultimate action the entrepreneur oan take, short of terminating the entire
project, is to replace his project management.

4.1.5 Level (3) Nanagement

Genersl Management. Although this study is not directly ooncerned
with general management of the crganisation whioh will have on-going
responsibility for the finished factory, we briefly comsider it Because it
most prodably interacts with projeot management.

During the time cof project implementation, tiie general manager may
have responsidility for specification of systems and procedures, s manage-
ment information and control system and other aspects of the oomtimuing
organisation. These responsibilities may also inolude recruiting and
training of employees, negotiating with government bodies and unicns, and
advanced marketing.

Some of these functions may interact with the projest, such as treining
whioh must be dome on imstalled equipment. MNoreover, changes may be oontem~
plated during the project which will affect the continuing organisation and
its management system. Therefore, the general manager needs to Yo kept
informed on general progress of the project and of design changes.

Project Mgnagegent. The project manager is the lowest level with
overall responsibdility for all aspects of the project. Im the information

system he is the switohing point between all tut the most technical
engineering detail of the projeot and other levels of the environseat
needing to know more generally how the project is progressing. He ie
respongible for bringing together on a timely basis all the various entitites
supplying services to the project.




Pinancial and general accounting control is alsc the responsibility §

of the projcct manwer. He is the level responsible for assuring a corres-f
pondence between thc¢ actual physi~al-financial status and the information 1
reporting on the status.

Specifically, the project manager must;

Schedulc the use of all resourccs (men, capital, material,
machinery);

dosign changes
factor price changes

progress
delays
other contingencies

Predict forthcoming problems

4.1.6 lavel (6) Project Operations

All levels below the project manager have a need for specifio and
detailed information rather than comprehensive information. Noreover,
they all derive their authority from the pﬂiwt manager and typically
receive a sub-sct of his information.

Predict and adjust the schedule based om: %

They are, moreover, the source point for much of the data that feeds
into the information system. The validation of the data is the responsibil
of project managoment.

The components of the infom ition mystem at the sube-project management|
level are: '

Acoounting System
Project Task Scheduling and Control
Cost Control

Cost Accounting
Materials Pricing

Inventory Ordering and Control
Hanpower and Resource Sohodulin(
Quality Control




4.1.7 Type of Information Used.

Combining all the needs of each user allows the oreation of a seot of
olasses cf infcrmation used in the project environment. Such a system is
ghown in Table 4.2. The policy scction contains the plans oreated by three
levels of government bodies - national, regional and sectoral. The seoond
general class contains data describing the world cconomic situation and the
total economy of the country. This includes such things as production,
consumption, import, resource prices, etc. The third set is local economio
data that dotermines the specific operating invironment of the prospective
projeot. The fourth set is that generated by and desoribing ths project
itself. The final sot is operational data generated by the project when
and if it becomes a producing entity. |

4.1.8 Information Flow and Standards

Generally, the information becomes more condensed and less detailed
as it moves up in the project environment. A schematic rendering of upward
flow is showm in Pigure 4.2. Time and cost information is shown as haviag
four components - summarised, reported by resources, reportod by tasks,
and the standards of performance. As information moves from the project,
representing the lowest level of the organization structurse, t0 the ocentral
planning agency, the highest level, the flow lines become narrower,
indicating summarization. At somec points, classes of information are trun-
cated indicating that the informetion has no value to higher levels. This
is the case of engineering design details which do not go up to the project
management, and time and cost information which goes beyond the finanocing
level only as summaries.

To some extent, thc type of information that moves is a funotion of
the project type; however, ther are general classes. The time progress
and financial data are general while the engineering and other problems and
exceptions are peculisr to individual projects. To be useful, the informa~
tion must be conveyed with standards of performance, either indusiry
standards or internmal project objectives used as standards. The relation-
ship of standards and the information systems deserves additional disoussion.
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‘‘able 4.2. Classes of Information lleeds

POLICY INU'ORWATION

National Plan
degional Plan
Industrial Cector Plan

. O"™NTRAL DATA

Production

Imports

Consumption

T eory

Resource Availability

Jsctor Prices

Alternative Technology Coefficients
Lahour Productivity '
Industry Standards

LOCAL DATA

larket Data
Regulations, Codes
Factor Prices
Resource Availability
Labour Availability
Profitability

PROJ™CT DATA

 nilestones
Conts
Technical Nata

OPFRATIONAL ANAGTS™NT DATA

Produoction
lesource Level
Income and Coste
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The bagis of any evaluative system is a gset of stanuards against
which n w inf rmatiorn progress can be compared. In fact, any information
system is uscful only when such standards cxist, but they often exist in
she minds of the rcceiver; hencey, do not noed to be transm tted. In the
casc of project information systems, thcy tvpically do neced to be trans-

mitted since a project by its inherent naturc is & non-standard activity.

The standards applicable to project planning and control fall into
two classes. First arc standarde depived from industry-wide experience,
as for example, construction times and nsosts for component pa ts, and
op rating profits 2a a percentage of sales. The other class are those
standards internally gencrated which may, in turn, be based on industry
standards. They might also be called planning targets. The primsary
examplc of these is the PCRT milestone which is the best cstimate of

performance based on expericnce.

The next question is how shall progress be compared to the standards.
Although there may exisi n aumber of ways to conceptualize cost and time
standards, the two ways that have been uscd successfully are the Gantt
Chart and precedence network mcthods guch as PTRT. The Gantt Chart is,
in essence, a one dimensional graph which plots tasks as a functiom of
time. The PIRT Chart sacrifices the plot against the time dimension to
show the precedence relationship of tasks. To some extent, the time
dimensions can still b included though it may result in clumey appe-ring
gravhs. As the heart of an information system for project control, we
suggest a combination of the two ideas, i.c., a PERT Chart omn vhich progress |
towards goals is shown as bars on the links. Assume that each link is
graduated by percentages and the bar shows the accomplishment in per-
centage teems. The nodes would contain both a cost number for the link as
woll as a date of completion. Suncrimposing both cost percentage and time
percentagc on the same graph would show the relationship between the two.




4.2 The Time Stage View

4.2.1 Introduction

Many writings on project anclysis and control have defined time

stages of a project.l For our use in information system design, each

different stage should require unique information, for if it does not, no
stage distinction need be made.

Given this criteria, the stages considered here arc as showmn in
Table 4.3 together with the essential decision to be made.

Ve are now in a position to aialyse information needs from the oom-
bined viewpoint of users and their goals according to ths time stages.
These needs are cxpressed in tabular form in Table 4.4. Por completensss,
we also include in the same format (Table 4.5) the information generated
and fed into the information enviromment by each user at each time period.
These tables should be self-explanatory.

We previocusly described organisation levels in the project envircanent
(Pigure 4.1). This was dome primarily from the isplementation poimt of
view. Prom Table 4.4 it can be seer that there is a great differemce ia
needs between the analysis stage and the implementation and operations stages.
This can further be seen by reconstruction of thc flow lines of Pigure 4.1
for the analysis stage which is done in Pigure 4.). Flow lines here
primarily represent the gathering of information by the Board of Directors
who will decide whether or mot to undertake the project.

1/ The UN panual on Dcomomic Development Projects, (p.7) liste the following stages:

a. Selection

b. Preliminary Projects to Justify Purther Investaemts
c. Preliminary Projects to Determine Preferences

4. Alloocation Between Projects

e. Preparation of Final Projects

f. Install New Productive Units

g. Produotion

The US Air Foroe uses the followving definitiom;

s. Conceptual Phase
b. Definition Phase
c. Aoguisition Phase
d. Operational Phase
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Table 4.3 F20J7CT TInT STAGTE

ATAGT
AR

Tdentification and “election
- Opportunity Definition
« Pre-Teagibility Studies

- Teasibility Studies (may be one
or more)

Implementation

- Tmplemertation Programme

= Survey Hesources

« Engineering Design

-~ Obtain and Analy:: sids

- Construction and Installation

- Organization and nanagement
Systems Design

Operations
~ Cperatiun
- Post-Audit

DTCISION QBQUINTD

“elact list of candidates
Fick best candidates

Select project or projects for
implementation

SGeleoct plan, schedule, eto.
elect resource source
Seleot design

Select contractor

Control |
Seiect design |

Control
Better design of future projects
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4.3 Data Bank

There are a number of possidle data banks required in the project eaviron-
ment. These are shown in Figure 4.4 which is similer to Pigure 4.1 except
that the data banks are incl ded and the lines of communication and authority
are excluded. The solid lines that remain define which organisational entity
is guardian of the data bank. Where there are more than lines, responsibility
is vested in either of the two entities. The dotted flow lines indicate that
data from some banks is included in summery form in other banks.

The most gemeral kind of data, which applies to all oountries, would
inolude industrial standards for various categories of industry. Technology
co~efficients as well as ocost data fall in this category though obviously both
would be modified somewhat for & particular country. The data is most logiocally
kept by a development oriented international organisation such as UNIDO. In
fact, this activity has been undertaken by UNIDO in the form of their profiles
of sanufscturing establishments.

The next data bank oontains data concarning the total economy, what ve
heve called general data. The guardian of this data may be the national
planning entity.

The aggregate of all industrial development projects in the oountry is
the content of the next data bank, which is maintained by the industrial
planning entity. In additiom, this data bank may contain eoconomiod information
pertaining particulerly to the indust: ial sector depesding upon whether or not
Ahis information is included in the overall pational ecomomic data bdank.

Another kimd of dats bank is that available to the technical assistance
entity vhich containe the theory required for $echmical assistance. In faot,
so-called theory data daaks are required by many eatities throughout the project
environsent. Becsuse thecry is more or less applicable across internatiomal
boundaries, this data bask should also be maintained Wy an international

1/ Untted hations, Profiles of Mapufecturing Betablishmests, Voluses T end I

uwIDo, 1967.




AgLElaR cﬂp«uauoca, UD 1 Q2N E 0
-4 14044 suawhojdu]

svawAc) T

L1onY-350¢

uol jesed)

)

!

!

!

!

J
4

SNO 1 1V3d0

5

= -

o420 Q4o

N
jeuciien

i

ALviae
=41 3040
£ [P R
H mUOJ.\ ALaYy
ieC o8lcug S LS00/ 9wt} 54800 /0N! 3
SCLETLTLY
aealotes sapo3
-8C] fevrios ;2507
TSI W e TPR )
A1 ey @Ay
e s es
CLES 1B
| Ajri1qe
»tmw mﬂ\n\_ ‘*.»WO.\“
. e RaBUST
p_cr e.suss
cLe A1 i04
- S : » A= = » -
= = =z e 2> % : S 3 -
z Z - w o mm.l.l 9 39 £
= > x - -
z o3 - | £7| 37
S % 3 4= Amwmﬁ > * “m
3| Z z EE 3 B I Z
3 | z 3 3
ST mu..
tF»“ sl
- SHOLVYLIO3SS

ANV ONINNYIG
IVIHLSNONT

sBeyg Swjl AG SPESY UCIi@WUSHUi Jesn Ty 198l

40 | esaual

SpaeN
| 2UCLIEN

AONIOV ONINNY1G
WNOI LN

ufisen
Bui.seu1ty
$32.4N0S3Y A@ALNT

DUULE o
uOt$eILAUd | Tu|

HOPLYINTWT ol

ApiiiGiseas
ALi11QLsea4-a.

YO LU

St
Agrungante

.,
_,.
dog

|
{
|
{
!
{
i
i
{
|
!
{
H

SISATYNY




if.&@@ru-ﬁc‘u

|
|
.

NOFAYIN I 1T

S@APCSy

Eutua® o

WO L BAUBWS | T
SL T

T tj1eAyY ii\

" : Agt! 1529
: 1omuty | €e€2 18307 aasnosey | eigg tecon 11120 4

=H
i

e;ed ;
gl - SQA4-94
cmua L yonsg | @aRg 1807 { Qi0us) Ayt 11Qy 4~8dd

SISATYNY

$ 440061

uejd Yeid uo: 1ul 48]
Aagsnpul jOUOE BN Ay rung.cdds

.
|
|
!
!
{
{
!
I C
'
'

15150y

IvolniLdi
N0

NOY %Vl

~N W3 il

I3V Whkatxd

Wan

B

SUIC

1

JONY

SUGLIVEINGD

1

emGLvLiD3dS

AONIV ONINNYId
TV JULSAONG
AONIWV ONINNY D

TYNOILLVN

F




I NTERNAT 1ONAL NAT 1 ONAL FORE 1GN
DE VE LOPMENT SANMING g — = 7 — = — = MARKET &
ey ENT LT T INVESTORS
: .

¥

INDUSTRIAL FORE IGN
PLANN NG RELATIONS
ENTITY ENTITY
- ' ‘
LOCAL A
CIT17ENS “'* - \ IHTERNAT 1ONAL
| ‘ DEVELOPMENT
GRGANTZATIONS
N ] S —
LQUITY LOCAL | IHDUSTRIAL recnical )
FENANCING Civit ;.. PROJECT ASSISTANCE
ENTITY AUTHORITY EHF’LEMF.NTAT!ON ENTITY
! AGENCY

BOAD OF
DIRECTORS
(ENTREPRENEUR)

CUSTOMERS GENERAL
7 MANAGE R

‘ TRMN!% |

l {MPLOYEES l CONTRACTORS
&

SUPPL 1ERS

Figure 4.5 Intopmation flow ot imoad '
Environment iaring fretye i




INTERNATIONAL NATIONAC TR FORE LGN
NEVELOPMENT CLANN NG R MARKET & 7
HANT, ' ENTHTY O INVESTORS

L
- TR
LUMMARLE INDUSTRIAL FORE 1ON
PLANNI NG RELATIONS
ENTITY

INDUSTR AL .
LOCAL
5 TANDARDS CITI2EHS I ;V*:?A: :4 oL
Jt ¥ 18
RGAN L ZATTON )

LeBT 4 EQUITY INDUSTRIAL TECHNICAL

i | NANC ING F INANCING PROJECT ASS | STANCE
ENTATY ENTITY {MPLEMENTATION ENTITY

- AGENCY

| SR

aomd OF
DIRECTORS
(ENTREPRENEUR)

CUSTOMERS GENERAL
MANAGER
PROJECT

PLRSOMNcL FINANCES

‘ TRA INTNG
! EMPLOYEES l CMR:CTORS
SUPPL 1ERS

Figure 4.4 Ltocation of Data Bank. in the Fro et Crgironment,




_A(l_

organization, bul made available te all entitics. Such a data bank should also
contain a bibliographical datn bank containing references to appropriate publica-

tions.

The local data bank is nert containing the information pertaining to
particular industrial s:tes. Thin may be cither maintained by an implemntation

agengcy or by the local civil authorities.

The final data banc contains project information which is thc responsibility
of the entrepreneur or the project manager. It is useful in the project data
vank to include 2 record of all decieions made so that they may be ensily re-

trieved and communicated to the various interestcd parties in the project.

4.4 Lessons of Txpericnce Indicating Needs

It is often uscful in design to survey past experience in a search for
deficiencies in previous designs and to scek design changes that compensate for
these deficiencies. This procedure has been formalised nnd could bc used on
design of information systems for tha project emviroment.’ For this study,
however, it will guffice to point out some of the deficiencies that have been

recognised and formulate them in various clasnes.
The classification gyeton for troubles is shown in Table 4.6.

In a recently putlished survey of World Bank projecte, Hiuchma.rrg/ finds a
number of problems due to lack of information.

One is the Karnaphuli Pulp and Paper Mill in Pakistan which intended to make
pulp and paper from bamboo. Hewever, as soon 28 the mill became operational, the
bamboo bogan to flower and dic, rendering the mill's raw material unusatle. The
flowering occurs once in every H0-70 ycars ard the lack of this information
during the planning of this mill almost destroyed the projcct. Additionally,
the mill hzd trouble in processing that bamboo thia* wase not flowering because of
the high silicon content, which is duc both to the composition of the bamboo

#

1 Alg;andcr. Christopher, dotes on the Synthesis ol form, Harvard University,
19 AY L]

2/  Hirschmn, Alvert <., neyeiooment Projects (bserved, The Brcokings
Institution, 1957.
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Table 4.6 CAUSTS OF NTLAY" AJD COOT INC’."JT‘.A’BY".’}-I-J

PROCURING ™QUIPIWT

. Vendor capacity limitations (when vendor is selected for
coet reasons)

. Lack of foreign exchange

CHANG™ U ORIGT®AL PLAID

. Changes in equipment specifications
. Changes in capacity
. Inadequate pre-design studies

TAoRS IN PLANNING

. Bids outside limits

. Lack of synchronization

. Trrors in predicting squipment arrivel lead time
. Worker training

CONTRACTO: INW{PTRITNCE AND INFFFICIENCY

. Unrealistic schedules
. Trroneocus productivity estimates
. Lack of controls

FORMIMPABLF T(T"INAL CAUSTS

., International lending orgenisstions' processing time
. Customs delays

, lieeting contingent ierms of loans

. Climatic conditions

., Inflation or devaluation and subsequent negotistion

PROBABILISTIC TT™RWAL CAUTTSD

. Climatic conditions
. Otrikes
. Accidents
- Damaged shipmentis
- Lost shipments

PORTSTMABLY INT™ (NAL CAUSTD

. Diffusion of suthority
. Owner interference

1/ iisurice D. Kilbridge and :lobert B. -,tobaugh, Design of en Bapirical Study
bleme in Implementi (Countries,

of Pro )

menting Industrial Projects in Deve oping %%
The United Nations Industrial Development Orgsnization, UNIDO,
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and contamination during travel to the plant. Both of these can bc attributed

to lack cf investigation of the raw material.

In addition, hc talks about other uncertainties, which are, in fact, lacks
of inforrition. There are political uncertzinties, technological uncertainties,

uncertainties in demand, uncecrtainties in finance, etc.

1t is interesting to note that Hirschman develops an argument for lack of
information in the project analysis phasc. The eescnce of this view is
expressed in the following gquotes:
"Hence, the only wav in which we can bring our creative roesources
fully into play is by mis judeing the nature of the task, by

presenting it to oursclves as morc routine, simple, jndemanding
of genuine craativity than it will turn out to be."

"he idea that failurc to fully visualize prospective internal ocosts
can be growth-prouoting is, in a sense, an extension of the more
familiar and morc obvious thought that disregard of the costs of a
project or industry will inflict on third partics - that is, failure

to internalize external costs - can serve as stimulus to entarp:‘iu."ﬂ/

The idea is that if we knew the difticulties and costs of some projects they
would not be undertaken, but having decided to undertake them and having become
committed $0 them, we will extend extraordinary offort to make tham successful
and do so at nut positive benefit.

Although, no doubt, this view daescribes a real actual phenomenon, it is an
argument for a kind of irrationality that is daifficult to accept.

Jj QP- git-’ PP 13,
2/ Op. oit., pp. 15.




APPENDI A
A GUIDT TO ASS SSING AN INFORMATION SYSTHI

This Appendix contains n number of questions to be answered by any individual
at anly level of the prcject environment in order to assess the effectiveness of
the information system which cupports him.

There arc three sets of questions used. The first type, Table A-1,
assesses the general management system from an information point of view. These
questions deal with general managcerial issues, but they allow assessment of
management's communication systc.a, which is a part of the information system.
They can be answered yes or no because they deal with the existence or absence of
some piece of information.

The questions arc phrased so that a no answer is a sign of a defficiency.
A second set, Table A-2, is dnignod to ovaluate the general information system
and requires an estimate of troqneacy of happenings accordimg to the following
scale;

1. Almost alwaye; ocours 80 per cent of the time;
2. Often; more than 50 per cent of the time;

3, Ocoasionally; about 30 per cent of the time;

4. Infrequently; less than 15 per cent of the time;
S. Never: lass than 1 per cent of the time.

A third set of questions, Tablc A-3, deals with the adequacy of the reperting
system in support of functions that the respondent must perform. These are rated
asccording to the following characteristics;

1. Excellent; is mever a bottleneck to parformance of the function;
2. Good; is seldom a bottleneck or detriment to performance of the function;

3. Pair; is rather frequently tho bottleneck or detriment to performance
of the function;

4. Poor; is more often the impeding factor than any other single cause;

5, Bad; is more often the impeding factor than all other causes.

Respondents ar¢ allowed four additional answers which are not vsed in the
analysis described subsequently. They are;




A. Saturated: better or more than required, but good for general
information,

B. Superfluous, Dbetter or more than required and serves no purpose;
G

. Distracting, so much better or morc than required that it acts as
a detriment to actual parformance.

D. Upsctting; better or more than required and escrvcs to disturd moralc.

Analysis

Hesponses from users can be represcnted in the form of frequency distribu-
tions which show the relative frequency of the various answers to questions
asked on the questionnaire. One such frequency distribution will exist for
each question from Table A-2 and for cach combination of finction and reporting
syetem characteristic from Table A-3,

These distributions arc presented in the form of bar graphs (Figure A-1).
To interpret this data, two concepts must be kopt in mind. First, the characterie
stic of the shape of the distribution is more important than any particular olass
of answors. Second, one must account for biases a8 a rcsult of the phraiing of
the question or viewpoints of the response.

There are two characteristics of the shape of the distribution that provide
analysis information. Th  first is the spread, or the disparity of user opinionm,
and the second is the displacement of thc distribution from the central category
which, in statistical parlance, is called the skew.

The skew indicates, in some gense, the goodness of information. The Queations
are designed so that answers to the left of thc scale are most likely characteris-
tics of a good inform.tion system, whilc answers to the right are typical
weaknesses. Therefore, if one is willing to accept the numerical assignment to
each answer and take an average overall questions, a strong information gystem
would result in a pattern, as shown in Figure A-1(n).

The spread, however, is an indication of the uniformity of the goodness
among all users. For example, a large spread could be indicative that there

is a great diversity of opinion among users as to goodncss of a portion of the
irformation eyetem, as in Figure A-1(b).
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Table A-1. Asgessment of Managoment Communicutions

Please answer cach question cither yes or no, but feel free to comment
if a ycs or no does not convey all the information you wish to tranemit.

1. Do you know exactly how higher levels of management evaluate your work?
YeS NC

COMMENTS ;

2. Do you have a clear written statement of your funotions, responsidilities
and authoritiaes?

YES NO

COMMENTS:



8.
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Table A-2.  General Asscssment of Information System

How often do vor have trouble finding ~ document that
crogscd your degk previously?

How much time d~ you spand in completing reports on
progress?

How much time in anewering speeific requcosts for
information that ~xists within the organization?

Do you find that you are often involved in crash
programmcs to meet deadlines?

What percentage of jobs arc completed according to schedule?
What percentage of jobs ar¢ completed within budget?

How often do you find that you cannot schedule your work
because higher levels of management are imposing ad hoo
demands?

How often do you gcnerate requests to other organization
levels for information (excluding normal searchee such
as library scarches, etc.)?

How often do you find that there is more than one study
on the same topic going on independently within the
organization?
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xcelilont  Good Falr  Poor Bad

(a) Highly skewed, small spread

Excellent  Good alr r d

(b) Highly skewed, large spread

Figure 4-1(a)/(b).
Frequency bistributions Iliustrating Degrees of Spread and Skewness,
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The combination of skewness and spread yields some important information.
Por example, a strongly skewed and small spread of the typc indicated in
Figure A-1(a) indicates a very good and uniformly designed information charactori-
stic. On the other hand, a combination of the type shown in Figure A-1(b)
indicates that, in general, the component is gcad, but there arc some areas
where it is poor.

This entire analysis must be tempered by the fact that the questions are
generalised to apply to a wide variecty of functions and in individual cases may
not be appropriate. For example, question 7 of type B (Table A=2) deals with
the ability to schedule one's work, yot the responder may have a job whose nature
is responding to ad hoc work requests from supervisors (such as exeoutive
assistances, e'gc.). Moreover, obviously, cardinal numorical assignments to
answers implicitly assumes some comparability among answers to different
questions when, in fact, there is nons. ‘
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