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SUMMARY

Span of Management: Theory and Practice
Abu Bakr. Buera.

The span of management (som) is one of the classical organiza-
tional principles which the carly management theorists advocated as
early as the beginning of this century. For example. Henri Fayol, the
father of contemporary management theory wrote about SOM in
1918: «Whatever his rank. a man has only to command a very small
number of direct subordinates. usually less than six, except that a
foreman. who is dealing with quitc a simpe operation, is in direct
command of 20 or 30 men.»

Among others who explored the SOM concept further are V.A.
Graicunas (France) and L.F. Urwick (Britain).

Although those classical theorists were advocating a predeter-
mined number of subordinates beyond which SOM should not go. it is
more realistic to visualize the concept in a situational context. In
other words, unless we know the variables (the most important ones,
at least) of a given situation one cannot, and should not. judge a
manager’s SOM.

Some of the situational variables include: whether the works of
the subordinates interlock or not; nature of the tasks to be performed;
extent of subordinate competence; managerial philosophy of the
superiors; geographic location of the administrative units; effective-
ness of the organization design; nature of the decisions frequently
made; desired shape of the organization;dynamics of the informal
organization; ...et cetera.

Some empirical studies were briefly discussed, including one on
Libya.

Assistant professor. chairman of the business adminstration department, Ph.D from the
university of columbia missouri.
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established neither marketing nor sales departments within their organiza-
tions. Four firms had sales departments and only one firm established a
marketing department.

In view of these findings, it was concluded that few firms in the libyan
food manufacturing industry, would rate the marketing function as impor-
tant enough to warrant specialists, and fewer think that marketing activities
are important to the firm’s overall operations compared with production.
Marketing, therefore, meant to most managers concerned, a mere function
of selling.

It follows that the manufacturers on hand could be described as produc-
tion oriented. Managers concerned, would only think in terms of <how much
could be produced», rather than «how much could be sold»; thus, consu-
mers’ changing wants and needs received little attention. This was also
reflected on the non-diversification of product lines in most of the firms
under study.

Given that the organisational structures of most firms lack functional
specialisation, the use of individual marketing techniques. such as marketing
research. sales promotion, generating new product by the management of
firms as key factors to the success of their marketing and production opera-
tions.

With regard to the relative importance of major facets of marketing
strategies. top management executives concerned, viewed production ef-
forts as a most important facet, and distribution efforts, sales efforts and
marketing research efforts were rated second. third and fourth in their
relative importance successively. )



THE STATUS OF MARKETING AS A MA-
NAGERIAL
FUNCTION IN THE LIBYAN FOOD
MANUFACTURING INDUSTRY

B.I.A. HUDANAH *

Many authoritics in the field of marketing develompent believe that the
status given to the marketing management, and the chicf marketing executi-
ve. reflects the marketing philosophy of the top management in a given
business enterprise.

This paper is an attempt to determine the way marketing is dealt with.
and the relative importance of major marketing facets to the overall marke-
ting strategics in the libyan food manufacturing industry.

To this end. twenty one food manufacturing firms in the private sector
were investigated. Personal interviews. supported by detailed questionnai-
re, were used as methods for data collection.

All firms investigated were grouped in three different categorics accor-
ding to their stages of marketing organizations. In other words. firms were
classificd as follows:

LEVEL ONE : firms without any markcting organisations and markce-
ting activitics handled by non-specialists at different levels of the firm
organisation;

LEVEL TWO : firms with sales departments where the marketing
activitics are practiced:

LEVEL THREE : firms with full markcting departments. where the
sales department is only a division within the marketing department.

The three-level-approach to classifying firms in terms of their marke-
ting organisations, proved to be adequate. in the sense that it showed the
cxtent to which marketing is recognised as a specialised managerial function
in its own right.

Among the findings of this rescarch. fifteen firms were found to have
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ment that both Nixon. and Brezhnev «wanted to link to their mutual
policy of detente in order to give it more solidarity.» Congress atta-
ched the high price of «linking the granting of most-favored nation
status to a «domestic» condition (the easing of Jewish emigration
from the Soviet Union)». if the Agreement was to be passed.38
Congressional leaders who favored the policy of attaching this condi-
tion were mostly strong supporters of Israel or were unable to appre-
ciate the explosive nature of their demand on Russia, whose popula-
tion is composed of many national and ethnic groups, in addition to
the difficult position Russia would be placed in vis-a vis the Arabs. It
seems that these congressional leaders failed to understand «that the
Soviet Union «never» pays a political price for economic conces-
sions.»39

Therefore. within the framework of the «detente» policy
between the two super powers, the Arabs discovered that by coopera-
ting among themselves as well as by assistance from sources other
than the two powers, they might be able to achieve their goals of
cooperation, especially in the light of their new economic power. The
note of congratulations offered for the first time to the Soviet Union
by Saudi Arabia in 1973 on the anniversary of the Russian revolution
should not be regarded as a switch in camps on the part of Saudi
Arabia. but as a warning that the U. S. should not take her position
and influence in the area for granted, even among the Arab conserva-
tives. In the event of an «Arab oil squeeze,» which would have severe
economic repercussions not only on the United States, but on Wes-
tern Europe as well, Henry Kissinger’s remark concerning the possi-
bility of military intervention in the area did not further American
interest in that part of the world. This is true even if the ided was
merely «hypothetical» in nature.

Therefore the impact of the policy of detente between the two
super powers did indeed aid in furthering more coopc ration betwec
the «conservative» and «progressive» Arab groups.
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be at their lowest point since the creation of the Russians to be more
Willing to cooperate with the United States in alleviating differences
and to view President Nixon’s remark in 1968, «after a period of
confrontation we are entering an era of negotiation.» on a more
solemn level * As pointed out by Senator Pell. «No sane person would
now contend that the world—or his own messianic cause—could be
enhanced through nuclear confluct.»35

Furthermore, there was the Chinese nightmare as concerns the
Russians, a circumstance which prompted Breznev to work toward a
policy of «accommodation and rapprochment with the United States.

. and resolve a two-front situation by seeking a more relaxed
atmosphere in the West.»36 In addition, some observers maintain
that the Russian accommodation of detente came about in order to
avoid the cost of the nuclear arms race. plus a desire to reach an
understanding with Washington on the basis of «parity». Other ob-
servers ascribe economic factors as being the Soviet Union’s motive
for detente, e. g. the desire for « Western know-hows to alleviate the
«bogged-down» Soviet economy.37

Whatever the motives behind the detente. the fact remains that
by 1971, the Arab leaders found themselves alone with the rivalry
between the two powers diminished, and only through cooperation
among themselves could the Arabs hope to achieve their rights in
regard to thePalestine question and their lost territories. This i why
President Sadat was forced to make the decision of requesting the
Russian advisorsto leave Egypt. while at the same time attempting to
close the gap between the progressive camp and the conservatives,
thus encouraging elimination of Arab rivalry. This new Arab policy
demonstrated its effectiveness during and after the 1973 War by
finally permitting the Arabs to once again control their destinies.

The U. S. seemed to have accepted the idea that Russia also had
a stake in the area, and that she must include Russian interests in her
overall policy in the area, if peace was to be achicved and she was to
insure her economic interests. Although the most recent course of
events tends to place some shadows over detente. e. g. Kissinger’s
continuous manoeuvres in his efforts to reach a scttlement (thus
seemingly taking credit exclusively for the U. S.).and despite declara-
tions that any workable peace should also include Russian approval.
Secondly, there was the Congressional refusal of the Trade Agree-
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assistance in satisfying the ambitions of the leaders of the two Arab
camps. Before the lines between the two camps were drawn, there
was even a time when some of the Arab leaders, €. g. Nasser, were
able to manipulate the two powers against each other in order to
achieve their goals. However, this policy endured only a short time
before Nasser unequivocally embraced Russian support. This was an
unfortunate decision.X but one encouraged by various U. S. blun-
ders, beginning with the refusal of the U. S. to aid with the construc-
tion of the Aswan Dam, a refusal which paved the way for the way for
the Russians to openly challenge U. S. power in the area. Even after
the Aswan blunder, several opportunities presented themselves for
the U. S. to restore her image and to win over the progressive camp,
particularly in Egypt” On the other hand. the relations of the conser-
vatives with the U. S., despite the fact that she was maintaining her
influence over the conservative camp, cannot be referred to as cor-
dial. This was predominantly ascribable to the pro-Israel stand on the
part of the U. S.. As long as the race between the two super powers
continued, the Arab cold war remained active, and as far as who took
advantage of whom, this can be regarded on a reciprocal basis.

In the early 1970’s new developments began to take place. As
was pointed out previously, the Arab cold war coming to a close.
Moreover, the continuous U.S. support of Isracl, at a time when that
state’s military activities were being intensified, was indeed rather
unfortunate, as this provided the Russians with more prestige in the
area, allowing them to be regarded as supporters of the Arab cause
and as defenders of Arab territory. However, in the process of
assisting Egypt in her defence against Israeli aerial attacks, some
Russian pilots were killed. This made the situation critical, since the
possibility of Russia being pulled into a war in the arca could not be
ruled out, and a possible confrontation with the U. S. aligned with
Israel could evolve into a world war with obvious catastrophic results
for all concerned. This motivated an initiative on the part of the U. S.
to ease the situation. The Roger proposal for a cease fire preiod in
1970 between Egypt and Israel was introduced with the hopes that
the parties could work toward achieving a peace settlement. Initially,
Israel was not interested in the proposal but was forced to accept it
under U. S. pressure, causing relations between the two countries to
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in their efforts at Arab solidarity and military coordination vis-a vis
the Israeli position following the war and the demoralizing defeat of
the Arab armies. This blurring of the Arab cold war between the
progressive and the conservatives was made possible through the
subsidies extended by Saudi Arabia, Kuwait and Libya to both Egypt
and Jordan. These subsidies, in spite of being an expression of solida-
rity for the Arab cause, were also regarded as blackmail and protec-
tion money from the venom of the cold war, especially in the case
of Egypt.

The continuous extension of Western support, primarily from
the U.S., to the conservative group, caused the conservatives to be
more sensitive to the accusations of the progressives. To counter
these attacks Saudi Arabia adopted a more vigilant policy, and this is
reflected in its decisions1) to resist further increases of its subsidy to
Egypt, and 2) to revive the Islamic solidarity Slogan as a measure to
counter the increasing Pan-Arab militancy of the progressives. (33)
Due to circumstances and chance, this policy appeared to be effective
as Egypt became more involved with internal problems, directly or
indirectly connected with the Israeli occupation of its lands. Further-
more, the fire that took place in the Al-Aqsa Mosque in Jerusalem
underscored Saudi Arabia’s appeal for Islamic solidarity, as demons-
trated by the Rabat meeting held in September 1969, Tt compelled
those who opposed the Islamic alignment, including Egypt, to attend.
A second Islamic conference was held in March1970,and despite the
boycott on the part of Iraq and Syria, two states of the progressive
group, the conference was attended by twenty-two Muslim states. In
an effort to insure his leadership King Faisal secured a decision from
the conference to establish a permanent secretariat in J eddah, despite
Egypt’s objection which was overwhelmingly outvoted. (34)

Finally, the Arab cold war came to an end with the death of
President Nasser. It is indisputable that he provided the progressive
group with leadership that has not been equaled to date.

With this very brief and simplified description of inter-Arab
politics during the late fifties and the sixties, we now turn to the role
played by the two super powers. The Arab leaders of both camps
found the two super powers at their disposal and in contest with each
other as concerns their efforts to further their influence and to secure
their intersts. The super powers were more than willing to provide
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198 =234  -36

Possible: = =-—15%
234 234
95 -70 25
actual: — 2 = +1369%
70 70 36%

In examining Table 1, one can discern the rate of change in
ratification of new treaties (as percentages of possible ratification).
As shown in Tables 2 and 3, T1=1945-1960, T2 = 1961-June 1967,
and T3 = July 1967-October 1973. In support of proposition 1,
these three tables manifest a greater increase in Arab integration
since the June 1967 War than was the case prior to 1967.

Proposition 2—The policy of detente between the United States and
the Soviet Union has indirectly acted a catalyst toward more interde-
pendence between the «conservative» and «progressive» Arab
groups.

In order to more fully appreciate the impact of this variable on
the Arab states, one should examine briefly the forces at work during
the Arab «Cold War». In regard to inter-Arab politics during the
decade following the 1956 Suez crisis, the phenomenon of the Arab
cold war can be described as «essentially psychological in nature; the
weapons used were political, propagandistic and economic, with a
liberal addition of undercover measures.» (31) During the period
from 1957-1970 the Arab cold war twice became a hot one. the first
time in 1958 during the Lebanon crisis, and the second time during
the Yemen contflict, following the overthrow of the monarchy in
1962. The so-called revolutionary or progressive camp (Algeria,
Iraq. Syria, U.A.R., Yemen) was by no means united during this
period. Instead these states were divided among themselves a mojor
part of the time, despite the fact that Egypt played the principal role.
Rivalry between Egypt, Iraq and Syria was not uncommon. and at
times it was as great as that directed against the conservative group
(Jordan, Kuwait, Libya| until 19693, Morocco, Saudi Arabia). Leba-
non. Tunisia and Sudar (until 1969) were loosely uncommitted to
either of the groups and were therefore considered a «third
force».(32)

The results of the 1967 War brought the Arab countries together
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from one period to the next.

Proposition Ib— The greater adherence on the part of the states since

the June War to each treaty reflects a higher degree of integration
within the group.

The significance of this proposition is the principle that transac-
tional exchange tends to increase with intergovernmental coopera-
tion, usually existing in the form of treaties, agreements, protocols,
ete.. Of those integration writers who tend to subscribe to this view,
Deutsch, among others regards the principle analogous to a traffic
light (treaties, etc.) and the flow of traffic (transactional exchange).
(30) Others writers with similar viewpoints are Etzioni, Russett and
Hass, with his concept of «spillover».

Table 1

Ratifications of New Treaties by Time Period

Time Period No. of NO. of No. of No. of Percent Average
Arab New possible Actual of actual member
States Treaties Ratific Ratific- Ratific- of states
ations ations ationsper treaty
1945-1960 11 22 242 102 2% 4.6
1961-June 1967 13 18 234 70 30% 3.9
July 1967-Oct. 1973 18 11 198 95 48% 8.6

Source: League of Arab States, «List of Treaties and Agreements, 1945-1974. (Cairo: The Legal Department,
General Secretariat , League of Arab States)

Table 2

Rate of Change in Ratifications of New Treaties

30—42 -12 280/ 48—30 +18
= = - = — ¢
4?2 42 : .30 30 +60%
Table 3

Rate of Change in Possible Ratifications
and in Actual Ratifications

From 1961- June 1967 to July 1967- October 1973
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5. Configurative Approach

The significance of the configurative approach for the study of
integration consists of its taking into account a «vue d’ensemble’ for
the internal and external forces. One of the leading advocates of this
approach is Amitai Etzioni., whose work, Political Unificaiton: A
Comparative Study of Leaders and Forces, is considered a contempo-
rary classic in the field. Another contributor to this approach is Karl
Kaiser whose study on regional organizations focused on the «inte-
raction between regional subsystems and the super-powers. » (26) J.
Nye also subscribes to this approach and finds it quite useful in his
comparative study of the inte gration movements in East Africa, Cen-
tral America and Western Europe. Nye, like other scholars of inte-
gration, rejected the neofunctionalist approach, whose orientation is
directed to postindustrial European conditions. He was dissatisfied
with the concept of a welfare and politics continuum and rejected the
insistence that actor politicization was in essence more or less mecha-
nical. Nye introduced the concept of «cultivated spillover»:(27)

In contrast to pure spillover in which the main force comes from
a common perception of the degree to which problems are intrinsi-
cally intertwined in a modern economy, problems are deliberately
linked together into package deals not on the basis of technological
necessity, but on the basis of political ideological Pro jects and politi-
cal possibilities. (28)
Other scholars such as Louis J. Cantori, Steven L. Spiegel and Robert
A. Berstein continued attempts to develop this approach. (29)

The importance of the configurative approach to the present
study, which limits itsclf to an investigantion of integration in the
Arab World, is its nature of providing for both the internal and
external forces at work in integration, its attempt to supersede the
Europe-centric orientation and limitations, and its attempt to find
suitable frameworks for examining integration in non-western deve-
loping nations.

The Propositions to be Examined

Propositon la—Increase in the number of treaties and agreements
among the members of the Arab League during each of the two
periods would tend to reflect the greater cohesiveness of the group
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groups» which will in time result in the establishment of security
communities. (20) Thus, the suggestion of communications theory is
that where «an intensive pattern of communication between national
units» does exist, the result wil be a stronger sense of community
among these units, provided, of course, that benefits are equitably
distributed. Although it cannot be proven, at least as yet. that this wil]
be the case, the suspicion persists that transactions do affect espec-
tations and consequently actor behavior. Perhaps the perceptions of
the actors in regard to present and future rewards are of principal
‘importance, and if so, subjectivity of this type would cause data
Imterpretation to be rather problematic, «unless it is reinterpreted in
terms of actor perceptions.» (21)

Communications theory employs the basic principles of cyberne-
tics in regard to the relations between national units and people. By
scrutinizing the flow of social transactions among the various units,
it is hoped that objective measurements can be secured and that
judgments concerning the status of integration can be made. Utilized
are such indicators as «mail flows, telephone traffic, trade figures and
student exchanges.»(22) If high levels of trade and communication
are accompained by mutual rewards, this «pattern of objective inte-
rests...leads groups to identify with each other.»)¢?) WHGs there is a
low level of rewards, the opposite phenomenon takes place; and even
hostilities and conflicts connot be discounted. (24)

Critics of this approach have pointed out that as yetitis not quite
clear what this approach attempts to explain. For example, some
point out that so far it has predominantly limited itself to Western
Europe and is thus limited in application, while other critics question
«whether an intensive pattern of transactionss must necessarily result
in closer integration or whether the pattern is actually a result of the
establishment of political community, which would reject the conten-
tion that the two «do not necessarily increase or decline together.»
(25) Thus, critics maintain that this approach concentrates on eco-
nomic and social conditions while not taking into account the inevita-
ble political aspects of bargaining. Eventually, however, some
concessions were made to the political aspects which do play a role in
integration theory.



41

replacing the nation state without the use of force, have limited the
degree of their aspirations somewhat by working more within the
framework of specific regions instead of on the global scope as a
whole. Their ambition is first to establish a networkof peaceful re-
gions. eventually resulting in a system of international peace and
cooperation encopassing the entire world at some time in the future
. (16) Neofunctionalists presupposc that sovereign states will act in
their own self-interest. The proposition here is that economic and
political issues should be regarded as a continuum; and Ernst Haas,
the founder of this school of thought, suggests that «superiority of
step-by step economic decisions over crucial political choices is assu-
med as permanent....»(17)

The neofunctionalist approach has been criticized for its «ne-
glect of exogenous factors as contributing variables to regional inte-
gration,» as well as for its emphasis, slanted predominantly toward
European integration, while disregarding such processes in develo-
ping areas or the Communist regions.

Finally, the critics of neofunctionalism point to its basic assump-
tion of the existence of a continuum «between the economic and
political sectors of nation-states...» which would eventually allow
functional integration to spill over from the welfare sphere into the
political sphere, thus permitting the creation of a new regional body.
Although this approach might suit the European setting, its applica -
tion outside that arca is not yet clear. (18)

4. Communication Theory

The fundamental distinction between neofunctionalists and
communications theorists is one of emphasis and results from a
difference in concentration: the neofunctionalists stress institutiona-
lization as the prime indicator of integration while the communica-
tions theorists point to the importance of capabilities («facilities for
attention. communication and mutual identification»). (19)

The underlying assumption of cummunication theorists such as
Karl Deutsch, Bruce Russett and Philip Jacob is that «an intensive
flow of social transactions will establish the mutual relevance of
political actors and will create a pattern of interaction between
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is noted that too little attention is granted to economic and social
factors, and that the importance of a common historical background
is overemphasized. (11)

2. Functionalism

Where the focus of federalism is on the legal-political nature of
the relations among states, the emphasis of functionalism is more on
social, economic and welfare aspects. Traditional functionalism as-
sumes that the political and economic operations of a state function
separately, and can therefore achieve internationalization without
actually upsetting national power and sovereignty. (1 2) David Mitra-
ny, the foremost advocate of functionalism, regards it as a process
which would eventually supersede «political divisions with a sprea-
ding web of international activities and agencies, in which and
through which, the interests and life of all the nations would be
gradually integrated. (1 3)

The basic concept of the advocates of functionalism, then, seems,
to be that by appealing to the non-political but nevertheless primary
needs of people, one can slowly, and in a step-by-step manner, bring
about cooperation. based on a foundation that is practical andnon-
-controversial in nature, unti] ultimately this cooperation has become
global in scope. (14)

Briefly, the difficulty with functionalism consists of the assump-
tion that by means of socio-economic internationalization one can
achieve peace while disre garding, at least for some time: the political-
sphere. Furthermore, there is still little evidence to support the
assumption of functionalists that people will turn to international
agencies once their effectiveness has been demonstrated, and in this
manner coerce their governments to relinquish powers to universal
agencies. (15)

3. Neofunctionalism

In turning'to the neofunctionalist approach, one should be aware
that here the most important concept is that of the successful transfer
of «authority-legitimacy» since the effectiveness of integration is
Judged by this criterion. The neofunctionalists, whose aims are essen-
tially in agreement with those of the functionalists, that is to say
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term should be regarded as a «process», since the study of integration
is not limited to describing a certain point in time. but functions as a
dynamic process, in particular when one deals with the activities of
interdependence of a society or societies.

Various approaches to integration can be grouped into the fol-
lowing categories: 1. Federalism 2. Functionalism 3. Neofunctiona-
lism 4, Communication theory, and 5. Configurative approach.

1. Federalism

The concept of federalism has been described as consisting of
«principles, doctrines, institutions and processes dealing with the
problems of concentration, diffusion and sharing of power in political
systems.» (8) In the global perspective  of the «integration-
-disintegration continuum», federalism is located midway between
the confederate and unitary approaches.

An exponent of federalism regards the establishment of com-
mon institutions on the military, police and legal levels by people who
live in individual states, but who share acommon cultural or linguistic
background, or geographic proximity (or a combination of such fac-
tors) as the best approach to achieving unificaiton of such popula-
tions. Even when a group of states retain their autonomy, if they are
also united in a common order, a proponent of federalism would
regard this in terms of a federal arrangement. At the basis of the
federal approach is a belief that the formation of such common
institutions, will result in the eventual establishment of common
attitudes and a common identity. The prime example of a successful
federation consists of the original thirteen colonies of the U.S.. Cana-
da, Australia and West Germany are considered to be further illustra-
tions. (9) Once actually put into practice, the result of this model
would consist of an autonomous government representing the com-
bined individual units on the one hand. with each of these units
having its own autonomous authority in certain areas.

Critics of this approach point out that the adoption and actual
implementation of federalism. with individual units relinquishing
some of their power and adhering to a higher authority, has its inherent
drawbacks. since it could, and probably would, quiteradically alter the
political contour of those states volved. (10) In addition, it
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Some Approaches to Integration Research

The concept of regional integration as a means of achieving
international cooperation has been of increasing interest to many
scholars in the field of international relations, as well as to govern-
ment officials throughout the world. The study of the phenomenon of
integration is of an interdisciplinary nature, but has been dominated
by American political science scholars specializing in the study of
regional integration analysis. The two pioneers in this field are Karl
Deutsch and Ernst Haas, whose original works «have been criticized,
amplified and refined by both epigones and young turks from other
schools, as well as by ‘the founding fathers’ themselvesy. (1)

The result is that at the present there are several approaches , models
and methodologies entertained by the different students of the field,
reflecting the vitality and the interest on the part of scholars in the
discipline, leading one to conclude that despite the intensive scientific
cross-fertilization and the continuous efforts in search of the «depen-
dent and -or independent variabless. the study of regional integra-
tion, after two decades stil] offers a challenge to investigators. (2)

Before briefly reviewing the various approaches to regional
integration, it might be useful at this point to arrive at some common
orientations for terms that will be used or implied in this study. The
term integration will refer to cooperative but not coercive unification
efforts. (3) One may consider Phillip E. Jacob’s suggestion, which in
the opinion of the writer is applicable to the «Arab World», in that it
«gererally implies a relationship of community among people within
the same political entity. That is, they are held together by mutual ties
of one kind or another which give the group a feeling of identity and
selfawareness». (4) Political integration implies «I. at least some
rudimentary institutional structure, 2. interdependence in policy
formation, and 3. a sense of mutual identity and obligation». (5)
Economic inte gration on the other hand,refers to the «abolition of
discrimination between economic units belonging to different natio-
nal states. »(6)

There is a certain amount of semantic confusion concerning the
use of the term integration to demote a «process», as was formerly
advocated by Haas, who later conceded to Etzioni’s view that the
term implies a «condition».(7) It is the belief of this writer that the
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An Examination of Arab States Integration
between 1967-1973

Gala Fakhr el Din.

The aim of this paper is to examine the degree of integration
among the Arab states by testing the propostion that beginning with
the 1967 Arab-Israeli war, there can be traced a tendency toward a
more cohesive relationship among the Arab states, and this is reflec-
ted in their position during the October 1973 war with Israel.

In testing this proposition and determining its validity. the pe-
riod from 1961 when the union between Egypt and Syria dissolved
will be considered as the low pointin Arab relations. From that nadir,
we shall attempt to ascertain the existance, or not, of a trend of
increasing Arab integration continuing through the October 1973 War.

In measuring this hypothesized trend. two independent variables
will be examined in assessing the degree of integration among the
Arab League member states:

1. Treaties and agreements among Arab states.
2. The policy of détente between the U.S. and USSR  and its
impact on relations among the Arab states.

It is hoped that the information from the two variables above will
serve to allow systematic evaluation of the proposition that the more
unified war effort of October 1973. juxtaposed with 1967, can be
partially accounted for by increased Arab interdependence during
the period leading up to the 1973 war.

Before proceeding with the statement and evaluation of the two
propositions regarding Arab integration. it might be helpful to iden-
tify the general pe rspective with regard to the question of integration.
The perspective of the present study is more complementary to that
of the configurative approach, than to several other possible orienta-

_tions. In the hope that this study identifics several prominent approa-
ches to the understanding of integration, concluding with the configu-
rative approach thatis most closely identified with the present study.
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production functions.

Lave has attempted to rescue the K-M original rule by arguing
that the «stock» measure of capital is valid because Kurz and Manne
were concerned with estimating an «optimal efficiency locus» rather

“than an«efficiency in prac_;‘tice»locus.»20Thus if we assume continuo-
nus utilization of equipment at the technically optimal rate, a

sure will in this case be €quivalent to the «services measure as
suggested by Furuboth, except for expectations for the future.

Lave’s argument is acceptable as an «ideal» rationalization. But
perhaps it is too «ideals. Even in the case of full utilization of
equipment, machines may differ in safety, reliability of operation,
case of maintenance, et cetera. This difference renders the K-M
censoring rule not entirely satisfactory. F urthermore, the assumption

v,

The debate that surrounds the K-M study reflects the impor-
tance of its contribution and the cagerness of economists to base their

still in its infancy, but the prospect of its usefulness is considerable in
approximating «the» production function. The probability is that the
debate will continue.

20— Lave, OP. Cit., P. 875,
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(2) The derived engineering production function is based on a set of
input prices, thus if any price changes a new set of efficient
processes will tend to appear.

E. Furubotn emphasizes the distinction between current costs
and capital costs, and asserts that the K-M study is deficient mainly
because it fails to make such a distinction. 18 According to the K-M
censoring rule, a machine costing one dollar more than another, but
lasting five times as Jong, would be labeled «inefficient» (provided
that both machines give the same output per labor hour). Evidently,
this is not true, for entrepreneurs are normally conserned with opti-
mization over time which means that they take into account the
durability and adaptability of capital input in making their decisions
and efficiency evaluations. Thus the criterion of one-period produc-
tivity and current Costs in determining the «efficiency» ofan input of
capital is obviously defective

Instead, Furubotn suggests that the present value of the input
should be used as a qualification for the purchasing price in the
censoring rule which according to him should now read as the follo-
wing: «If, in the performance of a given task, one type of capital good
has a higher supply price per unit and not a higher present value than
a second type of capital good, the first good is «inefficient» and must
be rejected as a valid production alternative » 19

The «amended» censoring rule is capable of solving some of the
problems raised by the previous one. However, the introduction of
the present value may also add some new problems. Thus, for instan-
ce, it is the entrepreneur who evaluates the present value of any
machine tool. In doing that he has to rely on his own expectations of
the future and hisown view of the economic environment in which the
input will perform. If entrepreneurs have different expectations and
therefore do not act alike, it is possible to imagine different present
values being attached to the same machine tool performing an inden-
tical task under the same conditions. This, of course, might result in
characterizing the same process as «efficient» by one entrepreneur
and as «inefficient» by another, and this in turn will give us many

e

18— E. Furubotn, «Engineering Data and the Production function,» American Economic
Review, June 1965, P. 514.

19— Furubotn, OP. Cit., P. &¢.
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One of the important empirical studies done in the field is the
study by kurz and Manne 1 4 (hereafter K-M study). Kurz and Manne
were concernerd with the general problem of capital-labor substitu-
tion in the metal-machining industry. They measured output by the
number of operations that could be performed on a particular ma-
chine during a work day. Capital was measured by the purchase price
of each type of the 115 different machines they included in the
data.15 They established a «censoring» rule to select only efficient
machines. The rule was this: «If, in the perfomance of the task, one
machine tool had a higher investment cost and not a higher output
than a second machine tool, the first was said to be «inefficient» and
was deleted from... analysis.» 1 6 Dummy variables, to stand for diffe-
rent output tasks such as shape, tolerance, and lot size, were also
used. There were, for instance, five different categories for the size of
the piece being machined. This can be shown in the form of an
equation such as:

LOG Y=b()+b,sl+b255+-b3 S3+b4s4+b585+-.-bk10gk
where: Y is the number of pieces produced per day;

K is the purchases price of a particular machine; and
Si 1s the five different size categories,

Thus one observation might consist of n units of size i(sj =L, Si=ofor
all i %j) which were turned out by a machine costing x dollars. The
fitting of the equation has been shown to give good statistical results
and meaningful coefficients.]7

The K-M study has been subject. however, to two main points of
Criticism:
() The censoring rule used by Kurz and Manne is misleading be-

cause the «prices» it uses are investment outlays rather than
charges per unit of productive service.

14— M. Kurz and A. Manne, «Engineering Estimates of Capital-Labor Substitution in Metal
Machining » American Economic Review, September 1963,

15— The data K-M used was based on the findings of Markowitz and Rowe in «Rand, Santa
Monica. 19S5,

16— Kurz and Manne. OP. Cit., PP. 664ff.

17— Lave. OP. Cit., P. 873.
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bridge the gap between the «classroom» production function and
production relationships in the real world. The data, provided by the
engineer, might be different from what the economist would ideally
like to obtain. This is so because engineering is essentially different
from economics.

(1) The engineer is usually concerned with determining what input
may be combined (and how) to produce a given level of output.
He normally takes the prices of inputs as parameters. When the
number of possible input combinations is too large to evaluate
cach individual combination, only a few price combinations are
selected to determine, on the other hand, may like to maintain a
degree of rational physical combinations are considered.10,11

(2) Engineers are often concerned with the technical relationships in
production and not with the efficiency of labor. Thus in indus-
tries where labor is important and variable, a production func-
tion based on engineering data may not be satisfactory from the
economist’s point of view. In different cases such as the estima-
ted production function for chemical industries, the results are

more sastisfactory.12,13

for reasons such as these, the engineering production function is
usually regarded at best as an approximation to the production func-
tion used in economic theory.

The form of the engineering production function is different
from that of the production function used in economic theory only in
that it contains engineering variables such as speed, size, continuity of
operation, et cetera, rather than physical variables such as labor and
raw materials. The same applies to the engineering cost function. The
technique of maxmizing output subject to a given cost is, therefore,
essentially the same.

10— H. B. Chenery, «Engineering Production function,» Quarterly Journal of Economics,
November 1949, P. 509.

11— L. B. Lave, «Engineering Production function and Capitallabor Substitution in Metal
Machining: Comment,» American Economic Review, September 1966, P. 874.

12— Chenery, OP. Cit., P. 510.

13— A. A. Walters. «Production and Cost Functions: An Economic Survey,» Econometrica,
Vol. 31, January-April. 1963, P. 12.
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sustem being determined by the number of forms in which capital is
available. Assume we have a homogeneous labor (expressed in
man-hours) denoted by Lli(i=I,2...., n) and employed to work with n
different forms of capital to produce commodity i. In this case the
system will be:

91 = lf(kl,Ll )

9i2=2f(k,, L)

9in ="f(k,, , 1)) '
Thus qj, stands for the quantity of commodity that is produced

(perperiod) with a productive technique involving K in form n (and
in collaboration with input Lj).

The importance of such a system , as compared to the traditional
production function, lies in the fact that it is now possible to see
clearly the possibility of substitution among different sets of inputs.
We appreciate this expecially if we remember that the emphasis has
been traditionally placed on the substitution among different types of
inputs within a given set.9

Given this set of techiniques, the firm will decide on the particu-
lar techinique or combination of techniques to be employed. Next it
will have to decide its scale of operations by determining the magni-

tude of its input-mix. Associated with any selected technique and
magnitude of production is a cost function. The rest of the problem is

rather simple. The firm will solve for the minimum cost subject to its
desired level and quality of output. Then it is possible for the firm to
derive its cost curves and, given the conditions of the market, it can
also derive the information needed for its operations.

Recognition of the forms of capital in the production function is
essential in the attempts made to estimate this function by using
«engineering variables» instead of «physical variables», as we shall
presently see in the following section.

111,
Role of Engineering Data:

In recent years, there have been several attempts to estimate the
production function from engineering data. One principal aim was to

9— Furubotn, «The Orthodox Production Function...» P. 136.
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which capital enters the processes of production. However, the tradi-
tional production function, Q =F (K.L) cannot meet this require-
ment which is dictated by practical experience as well as by existing
theory.5.6

Its seems reasonable to postulate the firm as having a given stock
of capital which comes in a variety of forms. The firm may have to
choose the most efficient form of capital to work with the labor factor
in any given process. The «most efficient form of capital» should,
however, be qualified by some  economic considerations such as the
cost factor. The firm should minimize its outlay for any given level of
output. So, in practice, the firm will not be employing the (technolo-
gically) most efficient types of capital regardless of cost, but rather the
optimal forms of capital taking cost into consideration.

It is not strictly true. then. to define the production function only
as a techonnological phenomenon empty of any economic content.”
Yet this is what usually is done in the literature because capital is
assumed homogeneous and highly conformable, and hence the orga-
nizational problem is minimal. Such a practice could be tolorated
only in the few instances (as in some agricultural activities) where the
organization of inputs is not very important.8 The implication of
introducing some economic content into the production function are
that the isoquant map should be viewed as reflecting the true options
open to the firm. This is not possible. of course. in the traditional
production function where in fact there is no choice open to the firm,
for the production process is wholly imposed by the existing techno-

logy.
To introduct the form of capital explicitly into the production

function means that one single equation will no longer be sufficient.
Rather we need a system of equations, the number of equations in the

5_ E. Furubotn. «The Orthodox Production function and the Adaptability of Capital.»
Western Economic Journal, Vol. 3, (Summer, 1965), P. 130.

6— Kutish. OP. Cit., PP. 144-46.

7— Asa matter of fact. it is cven difficult to construct a production function without including
some economic magnitudes. As pointed out by M. Brown, «Engincers may articulate the
relations between inputs and outputs in physical dimensions, yet they may have pre-
_sclected the set of technical alternatives on the basis of related factor costs. And in so
doing. economic magnitudes creep into the production relation...» Brown. OP. Cit., P. 10.

8— Kutish, OP. Cit., PP. 148-49.
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of diminishing marginal returns, the Cost curves are smooth and
U-shaped. The decreasing and constant returns to scale are retained
but the case for increasing returns to scale is discarded, insofar as
they are due to indivisibilitics, 2

The nco-classical production function has been subject to a great
deal of criticim. In particular. the criticism is directed against its
assumptions which are regarded as highly abstract, restrictive. and
thus unrealistic. 3 It is said, for example, that engineers do not work
withim a production function framework and that businessmen do
not consider production function as such within the set of constraints
upon their decisions. The mceasurability question is alson raised and
the allegation is made that a «truce» production function may not exist
and hence such a function is no more than a «...fiction fabricated by
marginalist economists.»4

Several attempts are mad to bridge the gap between reality and
the neo-classical (also known as the orthodox or «classroom») pro-
duction function. An attempt is made to draw attention to only two
such attempts, namely the question of capital-adaptability (Section 1)
and the question of «deriving» the production function from purely
engineering data (Section II).

II.
The Question of Capital-Adaptability:

It is customary to assume that each firm has a sct of objectives
which it aims to achicve . In doing that. the firm is assumed to employ
the best of known techniques. But the best known technique is liable
to change even in the short-run when the stock of capital is assumed
constant. Hencee the isoquant curve cannot be a locus of optimum
point unless the firm is free to change its i.out-mix in a qualitative
manner in the short-run

This means that we should give explicit recognition to the form in

2— Also incompatible with perfect competition.

3— K. E. Boulding. «Implications for General Economics of More Realistic Theorices of the
Firm.» American Economic Review, May. 1952,

4— M. Brown. On the Theory and Measurement of Technological Change, Cambridge. 1966.
P 11,
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THE PRODUCTION FUNCTION: ORTHO-
DOXY VERSUS REALITY

¥*
Taher El Jehaimi
1.
1. Objective:

The main objective of this paperisto point out that the orthodox
production function which we faithfully teach to our students in the
classroom is not, after all, a very faithful discription to real production
relationships. This paper will also point the direction towards which
future controversy over the production function might take.

2. The Problem:

The production function in the neoclassical literature is usually
written in the form:

Q=F(K.L)
to represent a technical input-output relationship in which each
combination of capital (K) and labor (L) there corresponds a unique
output Q. The function is defined to portray the most efficient or
output-maximizing techiques available to the firm. It is subject, ho-
wever, to three basic restrictions:

1. Q is continuous and twice differentiable
2. Fg< O, Fgkg >0
3. Fl <0, Fll> O

Some assumption are also made. Thus, the variable input (let it
be L) is assumed to be perfectly divisible (but not necessarily highly
conformable). The fixed input (K) is assumed to be highly conforma-
ble (but not necessarily perfectly divisible).1 In effect the number of
processes or the number of ways of combining inputs in order to
transform them into outputs is infinite, hence the isoquants are
smooth and convex in the relevant range.Also, and because of the law

% Taher El Jehaimi holds a Ph. D. in Economics from the University of C.oloyado, U.S A
Currently the Chairman of the Economics Departments, Dr. El Jeh_aim.i is with the Faculty
of Economics and Commerce at Gharyounis University, Benghazi, Libya.

l— L.John Kutsih. «a Theory of Production in the Short Run.» Journal of Political Economy,
Vol. 61 (Februaru 1953), PP. 148-49.
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On the other hand, Bayes’ estimator does not appear to
commend itself for finite samples, not only because it has a
complicated form but also because the choice of a prior distri-
bution introduces an element of arbitrariness. For large samples,
however, Bayes’ estimator is the best asymptotically normal
estimator.
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However, if the prior distribution Makes substantial contribu-
tion to the posterior density the classical and Bayesian confi-
dence intervals will be different. It may even happen that the
posterior desnsity is not unimodal and, consequently, not a
convenient inferential tool. For large samples, of course, the
posterior density is approximately proportional to the likelihood
function, irrespective of the assumed form of the prior distri-
bution.

For a comparative study of the classical and Bayesian estima-
tors it is necessary to view the Bayesian estimator as an opera-
ting statistic with a probability distribution; otherwise there is
no basis for comparison. So, assuming that averaging over the
sample space is allowed, what can we say about the properties
of Bayes’ estimators under inequality constraints? For finite
samples and general loss function we can say very little. For a
quaratic loss function we can say very little. For a quadratic
loss function, Bayes’ restricted estimator is optimal in one
respect — namely, that it (by definition) minimizes the average
loss. But at the same time, it is a complicated nonlinear func-
tion of sufficient statistics even when the sampled distribution
belongs to the most tractable exponential family and the prior
density is uniform.

The Bayes estimator has nice large sample properties. Under
quite general regularity conditions, it is best asymptotically
normal. This property has been discussed in detail in literature.
(See, for example, Jeffreys, 1961, and Lindley, 1963.) It may
be noted that it stems from the principle of precise measure-
ment. As the sample size increases, the likelihood function
tends to dominate the posterior density and the role of prior
distribution decreases. Therefore, Bayes’ estimators have asymp-
totically the same properties as the maximum likelihodd estima-
tors, irrespetive of the assumed form of the prior density.

To sum up, the classical estimator T; is intutively appealing
because it involves a simple and direct approache. It is, mo-
reover, optimal on the mean square €rror criterion — especially,
when it is based upon the minimum variance unbiased estima-
tor.



DIRASAT IN ECONOMICS AND BUSINESS 22

potential sets of data; the inferential tool is the posterior
density which incorporates the prior and sample information.

That the posterior density can be used to construct confi-
dence intervals and tests of hypotheses is unquestionable. A S
-content confidence interval is a set Q such that

[ L©®IX)d8=5§
6eQ

In certain cases a unique most accurate confidence interval of a
given mass content can be constructed from the posterior distri-
bution. In Example 2.1,

Pp-0<K)=P&/nlu-uls<vnkfs)

2/yy
Vik/s (1+t /v)2
=S

implies that k = str/v/n, where y = { 1-(4-S) R} /2 so that S confj -
dence interval forp is (X — Sty/\/n, X + Sty/\/n.).

But it is pertinent to point out that if the Bayesian estima-
tor is no more than a summary of available data and does not
Sérve as an inferential tool, its computation is hardly justified.
One may as well use the mode of the posterior distribution as
an estimate.

In the foregoing example, the mode of the posterior distribu-
tion coincided with the sample mean. This correspondence is
due to the fact the prior density chosen to represent the
constraint is flat in the interval (a, b) so that the mode of the
posterior density coincides with the mode of the likelihood
function. Indeed for any other prior density which is reasonable
flat in the interval, approximately the same monde will be
obtained. (See De Groot, 1971.) In all such situations the
Bayesian and classical confidence intervals will be the same.
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a  (vs?+n(i)*] -n/2 <u<b
Integrating p out, we obtain

p (X))o (vs? yn-D)_o-1/28 /2, 1/2) R,
2

where

B(v/2, 1/2) =7 (¥/2) /T (n/2)
R=H [V (b-p)/s]— HVn (a-p)s]

H(.) being the distribution function of t-distribution with v
degrees of freedom. It follows that the posterior density of p is

L x)= [RBe/2 121! [0s) 92-1 Al [vs2+n ()22

and Bayes’ estimator corresponding to a quadratic loss function
is given by

b
u =JuL(ul>_<)du
a

_% 4 v @) RBC, Dyt ey 02
2 2 2

rTpArER gy

where S2 denotes the sample variance and

It would appear from (10) and (11) that Bayes’ estimator
under inequality restrictions is a complicated function of the set
of sufficient statistics and that its finite sample properties
cannot generally be exhibited in closed froms. According to
some Bayesians, this is of no consequence because, they argue,
Bayes’ estimator just summarizes the current data and should
not be viewed as a representative of the true value of © for all
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chosen to represent the prior constraint. Given a sample of
observations X= (X L X9 X ) we have

L(X Ip)=2m) ™ 2exp —é— {vs24nu-p)
where
v=nl,vsl=y (X2-X)2,ﬁ= X.
It is easily seen that
bX)=2m)y=(D/2K (exp — vs 2/2)/n(b—a)
where
K =¢{\/ﬁ(b-ﬁ)}—¢{\/n_(a-ﬁ)}

and the posterior density is
Lm1X)=vn/27 K= exp — n (- 1)2/2, a<x<b

If no less function is prescribed, Bayes’ estimator is the
mode |1 of posterior density, provided a < p < b. (This
coincides with the calssical estimator.) On the other hand, for a
quadratic loss function, the estimator is

P*=E®mIX)
=X+ (2nm)- 12 K- [eXp—g(a-?)texﬁIzl(b»‘()z] (10)

Suppose next that the variance O'2 of the distribution is also
unknown. Since we have no prior information about 02, we

can assume that it is independent of 11 and has improper
distribution.

That is,

g(u’oz)oco—lz\(bja) ,0<62<°°,a<].l<b.

Therefore, -
Lx, u)ocf (07) {nt2)

1
5 [exp- —, {vs?+n(u-n)’}1d o ?
20
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inequality constraint. This is not an easy task. As we are not
completely ignorant of the state of nature, an un-informative
prior density will not be a realistic representation. In this
regard, we may distinguish between two possible situations.
First, assume that the parameter of interest, 6, is the only
parameter of the sampled distribution. In this case, although ©
is known to satisfy the constraint a < 8 < b, our knowledge is
necessarily diffused. So there is a wide class of admissible

density functions to choose from, including the uniform density

g (8)= (1/(b—a),a< < b
0, otherwise 9)

which is, of course, an ‘easy way out’ of the problem.

The second situation is that, apart from 9, there are nuisance
parameters involved in the sampled distribution. For these para-
meters, we might quite realistically postulate an improper prior

distribution, while a proper prior is chosen for 6.

Once an appropriate prior density has been specified, Bayes’
estimation is formalized in two steps. Let L(X ,®) denote the
likelihood function. The first step is to find the posterior
density, given the sample X = (X1, X9, s X n)s which is

L8l £b)= L (X ! 9)g®)/pX);
where p(xX) =LL (X | 0)g(0) db.

The second step involved the maximization of the posterior
density or, where a loss function 1(X, 6) 1is given, the minimi-
zation of the posterior expected loss (risk)

Eg? (X, 0)= JL(GI%)Q(%,G)dG.
a

In either case, the resulting estimator depends crucially upon
the assumed form of the prior density, and serious difficulties
arise in the derivation of estimators as well as in their interpre-
tation. The following example illustrates these difficulties:
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Now taking expectations, we obtain after some simplifications,

ETy =8 (8—k) Gy (k) + (n 6) n(exp — n O)/t,! (7)
and
E(Th~6)2=n"1g_p-t 8Gp (k) + 8- k)* G, (k)

+
+n”!8(exp—n6) {(n6)"/(ty—1)! +no)n/t,! —(ne)int! /ta! 1. (8)
Using the limits derived above in (7) and (8), we have
lim E Ty = 6=1lim n (T — @),

and it follows that T;: is a symptotically unbiased, consistent
and asymptotically efficient.**

The estimation of under the two-sided inquality constraint of
the form a <6&b, is essentially similar. It can be easily verified
that the restricted estimator

* s T
T, = a, if X, < a,
Xp,ifa< X, <b,
b,if X, > b

is biased with bias equal to
(b-6) [1-G(b)} —(a-8)G n(@)+(exp— ne)(ne)tn/tng -(exp-n@)(ne)tn+r/(tn+r)

where t, = [na], th + 1 = [nb]; that it is asymptotically
unbiased and asymptotically efficient estimator of 6,

5. Bayes Estimators
The important problem in the Bayesian approach is to select
a prior density which provides a suitable representation of the

**  This result could have been stated as a éimple deduction from the theorem
Proved earlier. A direct derivation is given here for padagogical reasons.
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where t;, is the largest integer not exceeding nk.
Writing
u=ty+ vvip,

and using the standard procedures of mathematical analysis (cf.
Goursat, 1941), we obtain for large n

Gy (k) = {(ty tn) x/"t_n (exp— tp)/tp! (exp— v*/2) dv
Y

T

< 83V2Zma?,

-1/2 ~
~(2m) J (exp— v*/2) dv

where
q= (n® — tn) \/f;l

Therefore, for large n

Gy (k)< (8/33/2m)n™*" (ty/n) 32 (9 — ty/n)™>

Since (tn/n) tends to a finite limit not exceeding k which is
less than O,as n increasees indefinitely, it follows that

lim {n*? Gp (k) }<(8/3 NOEI) SAECES I (6)

n—oe

Moreover, for any positive integer p<tp, {(nO)P (exp-n0)/p! } 18
a term in the expression for G, (k), so that, by virtue of (6),

(ne)tn (exp —_ ne)/tn| < Gn(k) _ O(n_ a2 )7
(nB)thrl (exp — n9)/t,! < OnGy (k)=0 (n -1z,

and
(n6) ' (exp — n®)/(t — D! <OnGp ()=0 ("),

at most.
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T~
fxd Gng‘/):f \/ﬁ-ﬂ/ﬁ{u+ o y/vn}d g (y)

=u{l = (/N w/o)}- 2n1)¥5 g(exp-np*, o?)
and, similarly

0
J x*dGp(x) =(u*+n o2 M 1- $(v/n p/o) } (2 nwr )12 no (exp - n p%/2a?).

{o 0]

Therefore, we have

o 0
lim n [xdGn (x)=0=1lim nsz dG, (x),

A4S N > oo

Equation (5) now take the form

0 (6]
E(T{ —n)2 = (o ¥n) —J x? dGp (x) + 2prdGn (x),

-0 -oQ

and, by virtue of the foregoing limi}‘s, it follows immedi*ately
that the asymptotic variance of T, is O? /n. Hence T, is
asymptotically efficient.

(ii)) As a second illustration, consider the problem of estima-
ting the parameter 6 of the Poisson distribution under the

constraint 8 >k. We take
Tp = [k if X <k -
?n, if >_<n >k

where X,, denotes the sample mean. If the sample is random
nX; has Poisson’s distribution with mean n® and we have

Gy (k) = P (nX;, < nk)
=zt (noy (exp-n 0)/y!

=J fuln (exp — w/ty! }du,
nb
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which has some optimal properties and truncate it. If a mini-
mum variance unbiased unrestricted estimator exists, we can
have a unique restricted estimator which is asymptotically most
efficient.

4. TIllustrations

To illustrate the properties of T;, we consider two cases,
one continuous and the other discreet.

1) Let X = (X1, X2, - Xp) denote a random from a
normal distribution with mean n and variance OZ. Suppose that
we want to estimate u under the constraint p>0. Since the
sample mean Xp is the minimum variance unbiased estimator of
n, we take

Th =(0,if X <0
X if Xy > 0.

T; is asymptotically efficient by the Theorem. We verify this
directly.

Gy (0)= P (VA (Xq—w /o< —Van/a}
=P (L< —+nu/o)

where Z has standard. normal distribution with distribution func-
tion ¢ (Z). Because of symmetry,

Gh(0)= o (—+vnufo)
={1— ¢ (/nu/o)}
Using the inequality
(exp—y) ! /¥
it is easily seen that
{1-¢Wnu/c)}=0@ 1B,

where > o, so that{ 1 — $(v/n p/o )} vanishes in limit as n increa-
ses indefinitely.

Further, by direct integration
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Ximation, if possible, may be used for the construction of
confidence intervals and tests of hypotheses. It is, therefore,
worthwhile to enquire whether the restricted estimators under
inequality constraints lend themselves to normal approximations.
Specifically, suppose that T ,» when properly standardized, is
asymptotically normally distributed. Then does Tr’f, properly
standardized, converge in distribution to the standard normal
variate? The answer is in the affirmative. For let Of be of the
order O(n*l) and let (Ty— 6)/OT converge in distribution to
the standard normal variate. The distribution function of U =
(Ty — 8)/Op is

H)= |G ),u<s - (8- a)/GT
Gp(Opu+8),-(0-a)<u< (S—b)/OT
Op
1 , u>,(6—b)/GT

As n>e, Gp(a) > 0, — (8 — a)/Op > e,
(b—-9)/ O1~> + =, and G, (O7 u + 8) converges to § (u) — the
standard normal distribution function, we have

Hp (W)~ §(u)

for large n.

2
Further, if srz1 denotes a consistent*estimator of O and (T,
— 6)/Op is asymptotically normal, (Th — 9)/sy is also asympto-
tically normal.

This disposes of a major criticism of the classical approach
made by Zellner (1971). Under quite general conditions, the
classical estimator T; has nice large sample properties and,
further, the problems of constructing confidence intervals and
tests of hypotheses can be handled easily because of its asymp-
totic normality.

The main advantage in using T:; is the simplicity of compu-
tation. We have merely to choose an unrestricted estimator
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a oo
J(a-x)dGn(x)— (x —b)d G, (x)
00 b

will disappear only if we are lucky enough to guess a and b
which are equidistant from 6. But such prior information
renders estimation unnecessary, for in that case, © is equal to
(a+b)/2.

Secondly, the integral

(x —b) d Gy (x)
b

is a decreasing function of b and vanishes as b becomes infinite.
Therefore, for the one-sided inequality constraint 6> a,the esti-
mator Tp 1s positively biased. Similarly, when a decreases to —
o the integral

a
J (a—x) dGp (x¥)

=00

disappears so that in case of the constraint 8>b, the bias is
negative. (Theil, 1971, has noted these facts in the context of
regression analysis under inequality constraints. But we believe
that the above is a more general analytical demonstration of the
properties of the restricted estimators.)

Finally, if the minimum variance unbiased estimator exists,
the asymptotically efficient and asymptotically unbiased estima-
tor under an inequality constraint is uniquely determined. As
regards the finite sample properties of T:{, we have noted that
it is biased and that its mean square error is less than the
variance of the corresponding unrestricted estimator; the prior
information has the effect of increasing precision.

3. Normal Approximation
When the sampled population is non-normal or when the
distribution of a statistic has a complicated form, normal appro-
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E(T, - ©)2r=0(nT).

Using Markov’s inequality, we obtain
PITy,-6I>¢]<E(T,-6)2r/e2r

for any €>0. For an € such that a <0-€ and b >6+¢, the
foregoing inequality implies that

Gy (a)+ 1 — Gy (b)= 0 (n—16)
where § > 0.

Making use of Cauchy-Schwarz inequality and the above
remarks, we see that each of the integrals

b

-0

a OO
nJ (a—x)2 dGp (), n[ (x —b)2 d G, (x)

vanishes as n-eo, which implies that

a oo
nJ(a—x) d Gp (x) and n J(x—b)dGn(x) also
b

-0

vanish in limit
so that

2
lim n [O7 - E (T} - 0)?]=0

n—>ceo

Thus T:; has asymptotically the same variance as Tj and is,
therefore, asymptotically efficient.

Three important points emerge from the foregoing discussion.
In the first place, it is rarely, if ever, possible to find an
unbiased estimator of © under inequality constraint. In the
symmetric case, for example, the bias



Now

-00

Gy, (a). ‘ ®(0-x? dGpla)

a a
J(a—x)dGn(x) < J(e —x)d Gy (%)

-0

<
< &1 vV Gy (a)

so that, if OT is finite, the integral vanishes in the limit as
n -, Similarly, under the same assumption,

lim. J (x—-b)d Gy (x)=0
b

n—>oc

Consequently, the bias of T; is asymptotical by equal to 0.

(iv) If the variance of Ty is finite,

b
E(Ty—0)2=(a— 0)2Gp(a)+(b—0)2 {laGn(b)}+J (x—8)2dGp(x)

a
a ra
= G%‘ - [J (a—x)2dG,(x)+2(6-2) (a—x)dGp(x) ]
[ J (x-5)2dGy(x) + 2(0-8) | (x-b)GCp(x) ] ()
b Jb

The terms enclosed in square brackets in (5) are all non-
negative. Therefore,

ETh-o2< o2

Now it is known that the distribution of minimum variance
unbiased estimator belongs to the exponential family. Thus, if
T, is MVUE, Gp(X) belongs to the exponential family which
implies, among other things, that for any given integer >0
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(iv) If T, is the minimum variance unbiased estimator, then
under quite general conditions Ty, is asymptotically efficient.

Proof.
(i) Using (3), we readily obtain

a o0
E TI"; =0+ 2 Gp(a)+b{1 —Gp(b)}— deGn(x)— J xdGp(x)

-0 b
a o0

=0+ J(a = x)d Gy (x) — J(x —b) d G,(x). 4)
-00 b

Since the integrals on the right-hand side of (4) are both
non-negative, it follows that T§ is positively biased, unbiased or
negatively biased according as

AV

a (>
J (a-x) dGp(x) J(x—b) d G, (x).
b

~00

(ii) If T} is consistent, for any € > QO
lim. PO-¢<Ty<8+¢)=1.
n—>oo
Since € is arbitrarily chosen, we can ensure that
a<0-¢, b>0+¢
and, consequently,
lim. P(6—€<Th<B+¢)=lim P(O—€<T,<6+¢)
n-—>oo n->oo
=1,
which establishes the consistency of T; .
(iii) It is further obvious that for such an S

P(ITy—01>€) > {Gy (a) +1 - Gy (b))
so that both G, (a) and {1 — Gy, (b)} tend to 0 as n>oo,



where Fik (X) has only two mass points 2 and b with probabi-

lities equal to Gp@f1 - Gpd) + Gp(a)} and
1—Gn (b) .
T - Gpb) + Gn(a)] respectively; Fp  (X) = {Gp(X) -

Gy (@)¥fGn(b) — Gp(@)}, a< X < b; and ¢ = Gp(b) — Gn(@)

The continuity of T, ensures that, for finite a and b, T, has
finite moments of all orders. Further, if the r th noncentral

moment W~ of Ty exists, we have
T

/t;’ =F Tn *T
= L% +al Gy (a) + b {1 — Gp, (b}
a o0
— J xI'd Gp(x) — J xI'd Gp(x). 3)
. b

2In what follows we shall assume that Ty has finite variance
GT' The assumption is justified for any reasonable estimator.

The general properties of T; are summarized in the following
theorem:
Theorem. .

(i) If Ty is an unbiased, Ty is positively biased, unbiased, or
negatively biased according as

a oo
J (a—x)dGy(x)3 J (x-b)d Gy (X)
b

-0

(i) If T, is consistent, T; is also consistent.

(iii) If T, is consistent, and unbiased, T; is consistent and
asymptotically unbiased.
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Goldberger, 1966). The object of the present article is to give a
general analysis of the Bayesian and classical approaches to the
problem. An attempt has been made to point out the major
complications which arise in the two approaches and to discuss
their relative merits or demerits.

2. Properties of Classical Estimators

Suppose that we want to estimate a scalar parameter 8of a
distribution. Let /. € Rl denote the parameter space. A point’
estimator of § is a function T, = T (X1, X2, ..., Xy) of
observations drawn from the distribution; it is a random variable
with a probability distribution depending upon the sampled
distribution and also upon the sample size n. In the absence of
any prior constraint — that is, when B € N, — T, is referred to as
an unrestricted estimator of 0,

Now suppose that 8 satisfies the prior constraint

a<o<b, nH
where a and b are known numbers, one (not both) of which may
be infinit. Our object is to find a suitable estimator incorporating
this constraint.

Corresponding to any unrestricted estimator Th of O the
classical estimator T, under the above inequality constraint is
defined as follows:

Ty = (a,if T, <a,
Ty ifa<Ty<b,
b, if Tp, > b. ()

We study the properties of T;. For simplicity we assume that
Ty has a continuous distribution with cumulative distribution
fu*nction (cdf) Gp(X). In this case, it is obvious from (2) that
Ty has a mixed distribution, part continuous and part discreet.
In fact, its distribution function G:; (X) can be expressed in the
form

Gp (X) = (1-c) F] (X) + ¢F} (x),
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ESTIMATION UNDER INEQUALITY CON-

STRAINTS
ASHIQ HUSSAIN*

Gharyounis University
_ Benghazi, L. A. R.

Introduction

In this article we make a comparative study of the classical
and Bayesian approaches to the problem of estimation under
inequality constraints. The problem arises in several contexts. A
statistician trying to fit a probability model to a given set of
observations may have prior information, based upon personal
belief or past studies, that the parameters of interest lie in a
certain subset of the parameter space. If he chooses to utilize this
information, he has a problem of estimation under inequality
constraints .  sometimes, the constraints are implied by theore-
tical assumptions underlying the assumed model. In nested design
models, for example, the components of the error terms are
assumed to be independent normal variates, which imply that the
observations generated by the model are positively correlated.

The combined use of the prior and sample information results
in a gain in terms of the precision of estimates. This happens even
when the prior information takes the form of an inequality
constraint. At the same time, the constraints introduce complica-
tions which are not easily handled by usual inferential techniques.
In the classical approach, the estimators are generally simple
functions of observations; but problems arise when an attempt is
made to find a suitable criterion for selecting one from a set of
alternative estimators which may be available. The Bayesian
estimators under inequality constraints are generally quite compli-
cated in form and the derivation of their finite sample properties
is laborious, if not impossible.

A number of writers have considered the problem in specific
contexts. (See, for example, Judge and Takayama, 1964, and

* Pprofessor of statistics and chairman of the Statistics Department Faculty of Econo-
mics. University of Gharyoumis, ph.d in Statistics, from N.C. State University. ’
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INTRODUCTION

This journal is one of the projects of the Center of Economics
and Business Research in the Faculty of Economics and Commerce.
Tt is devoted to the publication of research in business and behavioral
sciences. It deals with theoretical as well as applied topics that are of
interest to the Arab World and mankind in general.

Any comments and/or research are welcome. It is hoped that our
journal will function as a Communication means among those who
are interested in these studies.

The Editor
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