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ABSTRACT

This paper reviews all Game Theory (GT) articles published in the three leading,
US-based, OR/MS journals: Operations Research, Management Science, and Interfaces
starting with Vol. 1, No. 1 of each. The articles were first subdivided into Theory or
AppIications‘catcgoriés. The Applications papers were subclassified on a five point scale
ranging from logico-deductive to bona-fide applications. Secondly, the articles were
classified in terms of seven types of research processes used by authors. Next, statistical
analyses were performed relating data from the above two classifications. The findings
show that the OR/MS literature on GT is dominated by articles classified as Theory with
no direct real world underpinnings and is based on the Ripple process (incrementalism) as
a basic research strategy. The accumulation of theory vs. applications papers has been
growing exponentially over time and this is also true of the marginal contributions e.g.
those based on the Ripple process. Nevertheless, GT has been found to have a higher
percentage of true applications than some other OR/MS subdisciplines. Yet, this
percentage is lower for GT than for the total coverage in the above joumals.

INTRODUCTION

The 1994 Nobel Prize in Economics was awarded to recognize the contributions
of GT to economic theory, The ORfMS community can justly take pride in this
recognition. O_peralibns Research and Management Science, respectively pui)lished an
abstract and an article on GT (GT) by Martin Shubik in their second year of publicatior; '
(1953 and 1955). Shubik has been a regula} contributor eversince. Inferfaces, however,
published its first article on GT in 1977 in its seventh year of publication (Brams 1977).

James "H. Batchelor ,(1952) assembled a bibliography on.ORfMS in which he'
included von Neumann and Morgenstern's (1944) Theory of Games and Economic
| Behavior. This bibliography was appended to Morse and Kimball’s (1951) Methods of .
Operations Research and listed eighty works about GT, games and gaming (Rider 1992).

"It was OR/MS that devoted much space in its leading journals during the
formative years of GT. Starting 1952, the first 10 years of Opez-aliéns Research
contained 9 GT articles, starting 1954 the first 10 years of Management Science contained
4 unquestionably game theoretic articles, and starting 1971, the first ten years of

Interfaces had 2 aricles. There were another 7 articles dealing with business or
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management 'gémes in these flagship OR/MS journals. Moreover, OR/MS has hardly
abandoned GT in recent years. An electronic search indicated that between 1971 and
1995, 80 GT articles appeared in Management Science, 36 in Operations Research, and 2
" in Intefaces. |

Yet, GT was not very well received among economists in the 1940s. In the
immediate postwar period GT was viewed with some suspicion: it was not really
economics. It received more attention in other disciplines” (Weintraub 1992). Other than
an upg;tart journal called Econometrica founded in the 1930s by some mathematical
economists who “in Herbert Simon’s words” - were considered “a sect” (Simon 1959).
The mainstream economics journals were not receptive to pL\blishing works on GT in the
40s, 50s and even in the 60s.

Both the Nobel committee aﬂd the media subsequent to the annc;uncement spoke
glowingly about the various applications of GT (Bennett 1994, Peterson 1994, Helm
1994, Pearlstein 1994). It's literature claims many “applications” to a diversity of fields
as varied as Economics, Military Science/War Gaming, Political Science, Marketing,.
Pricing, Industrial Relations, Negotiation, Bidding, Spoﬁs and a broad range of other
business problems (Peterson 1994). To which one can add a number of the
biological/behavioral sciences, such as “evolutionary competition,” “adaptations,”
“parental investment in child raising and why some animals desert their mates,”
“animal’s fighting behavio_r,” etc. (Poéal 1994), and hence the Nobe! Prize.

As indicated, the literature is very diverse in terms of the discipli'nes with an
" active interest in GT. Yet, GT has enjoyed early and continued embracing by the OR/MS
community, albeit with some reservations. As will be demonstrated later the GT

literature is very voluminous in terms of journal articles and it runs the gamut from

theorem-proving to decision-making applications. In this paper, we provide a
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multidimensidxfél profile of that portion-of the GT literature which was recorded in the
flagship, US based, OR/MS flagship journals in the period 1952-1995.

In the first paper, published in Management Science (Shubik 1955) described
certain terminology related to GT (two-person zero-sum games, non-zero sum games)
and provided several potential applications of these types of games, including some in
social and organization theory.

Typically, the application/modeling papers apply GT. to military (combat)
épplicationf, market competition (duopoly/oligopoly type markets having two or more
competitors), or to one-on-one behavioral iss.ues (bargaining, negotiating, contracting).
Although we havé not found any formal taxonomy of GT in the literature reviewed, the
following classification attributes abound. Zero-sum vs. non-zero sum games, 2-person
vs. N-person, dynamic vs. static games, cooperative vs. non-cooperative ;games, repeated
vs. differential games, perfect information vs. imperfect information games, anci finally,
bounded rationality. In our survey of the OR/MS literature we did not find any papers
- specifically dealing with total or unbounded irratioﬁality games. .

Even though some early OR/MS authors perceived potential problems with
GT becoming 2 management tool (Williams 1954; Churchman et al. 1957, Hi!lier and
Lieberman 1967), it has become an integral part of OR/MS graduate programs. In fact, it
is so much a part of the prevailing wisdom that because it was not used in research on
Barter and Countertrade, a practice that influences close to 50% of world trade, such
research was effec‘tively squelched by journal editorial boards (Reismén 1987).

There is no question that GT has provided a new platform and'a new paradigm for
viewing and for explaining both human and animal behavior having economic, social
and/or biological ramifications. But now that it i; in its 7th decade (von Neumann 1928),
and in its fifth decade within the organized OR/MS community, with hundreds of

publications having the word application in its title, we raise the questions: What is its



substantive pfé’ﬁle within the OR/MS literature? Where in the real world is it really

being applied? What are its uses in making decisions that make a difference? Where are
the GT implementations that we give the Edelman Prize for?

As indicated in Reisman and Kirschnick (1994, 1995) the word appli'cation has
different meanings to different people. Inasmuch as OR/MS is a subdiscipline of
mathematics to some, and a real world problem solving profession to others, this paper
attempts to classify the literatufe of this field along two basic dimensions. One of tﬁese’-,
ﬁses a 5-point scale ranging from Pure Theory to bona fide applications (Réisman and
Kirsch'nick*l994). The sé;cond uses seven research strategies first discussed in Reisman
(1988a and 1992) and applied in Reisman and Kirschnick (1994, 1995, 1996).

Obviously, there is a need and relevance of good survey papérs, “...two of the top ten

most frequently cited articles in Jnterfaces... were survey papers” (Gupta 1996).

In the next section, we outline the definitions of the terminology we have used to
classify the GT articles. . ' .
CLASSIFICATION TERMINOLOGY

Definitions of the seven strategies and the article-content classification scale
developed by Reisman and Kirschnick are produced below. The research strategies are

also graphically depicted in Figure 1.



Deﬁnitions[of‘Reseérch Strategies (Reisman 1988a, Reisman & Kirschnick 1995).

Research Strategy

Definition

Ripple

Embedding

Bridging

Transfer of Technology

Creative Application

Structuring

-Statistical Modeling

An extension of previous theoretical or applied type of
research in a given discipline or subdiscipline.

The development of a more generalized formulation or a
more global theory by Embedding several known models or

theories.

The Bridging of known models or of known theories
resulting in the growth of the contributing and/or some
initially unrelated field of knowledge.

The use of what is known in one discipline to model
problem domains falling in some other, perhaps evenina -
disparate, discipline.

The application directly, not by analogy, of 2 known
methodology to a problem or a research questions that
were not previously so addressed.

The process of organization and documentation of the
organizational phenomena in the form of modals.

Models which arise from analyses performed on
empirically obtained data. These models arise from
statistical manipulations such as regression or
cluster analysis rather than from logical derivations
based on various assumptions.

The following are some examples of classifications of specific articles on GT under

the scheme discussed above. The paper by Harsanyi (1963) furthers the von Neumann-

Morgenstern theory by adding new postulates and developing corresponding new

determinate solutions for bargaining games. Because this constitutes an incremental

addition to a well established body of knowledge it was judged to have been based on the

Ripple process. The paper by Symons (1968) used the Embedding process to meld

consumer behavior variables from several disciplines (wage control, taxation of firms and



households, asgjstance for destitute communities, etc.), in developing models for business
and household communities. On the other hand, the paper by Erickson (1990) used
empirical data and the Statistical Modeling research strategy to show that closed- loop

equilibrium better explains dynamic advertising competition than does the open-loop

equilibrium.

Definition of Article-Content Rating Scale (Reisman and Kirschnick 1994)

The literature of OR/MS in general, and that of GT in particular, uses the word
Application to imply anything from a bona fide solution of a real world problem, to an
interesting model which is but a figment of the authors’ imagination. Moreover the word
“data” is often used in referring to numbers extracted from a random numbers generator
or created artificially to test and/or to demonstrate an algorithm or metﬁodology.
Consequently, the articles in this data base were also classified using a scheme developed in
Reisman and Kirshnick (1994). Accordingly, first each paper was judged to be either part of
the theory literature or the applications literature. Papers falling into the first group are
formal constructs which are theoretical in nature. Tﬁey may be motivated by or even based
on real world problems and offer a wide range of potential applications. Yet, the authors
have failed to demonstrate their applicability by specific examples. Each theory paper was
subclassified to distinguish between those which used synthetic numbers for variou.s tests or
examples and those that did not. In the application of the above scale synthetic data were
defined as outputs of random number generators or numbers created by the researcher for
purposes of testing or demonstrating a model. If, on the other hand, the paper was judged to
fall in the applications area it was then classified on the following five-point scale:

1= A figment of the modeler's imagination, a result of logico-deductive
reasoning.
A figment of the modeler’s imagination that uses sy nthetlc data

A grounding in the real world

4 = A grounding in the real world with real world data and a demonstrated
application that made a difference.

5 = Either category 3 or 4 above with the additional use of synthetic data to test

sensitivity, conduct an error analysis. and/or explore behavior boundaries.

2=
3=
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Addiﬁg‘lr:ally, as in Reisman and Kirschnick (1994), within both the Theory and the
Applications subsets we looked for articles which predominantly addressed the following:
(1) Meta Research operationally defined as research on GT research and  (2)
Philosophy/History operationally defined as work dealing \w}ith the historical and/or
philosophic aspects of GT research. Each of these sets of classification data were statistically
correlated.

It should be mentioned if but parenthetical‘ly, that in this work we have invoked one
modification to the Reisman and Kirschnick papers cited. Articles whicﬁ use a
previously published scheduliﬁg model anci proceed to improve the solution technique
without adding to the model’s real world validation were classified as theory whereas in
the earlier study it may have been counted as an application depending on the level of real

|
world grounding contained in the original atticle.

Following are some examples of specific article classifications using the above
schema: The papers by Harsanyi (1963) and Symonds (1968) which were discussed in |
connection with their respective Ripple and Embedding strategy classifications are further
classified as belonging to the Theory with Synthetic Data category as they both shows
tables of test regults using synthetically generated numbers. On the other hand the
Erickson (1990) paper is in the Applications category for using real world ddta in

attacking a real world problem.

DATA COLLECTION

Initially we thought of using a census approach to classify the entire lifetime body
of literature as was done for flowshop scheduling/sequencing reszarch and in cellular
- manufacturing, respectively (Reisman et. al. 1997a, 1997b). An electronic literature

search keyed on "GT" however turned up the following.



ABI/Inform-‘a/:t;usiness!management database that indexes approximately 800 journals
(no books, conferences etc.). This database purports to include all significant articles in
the covered journals. The three journals, Management Science, Operations Research, and
Interfaces are included among the 800 titles.

- 1992-August 1994 Disc-a search on the subject GT retrieved 314 articles.

1987-1991 Disc-the same search resulted in 433 articles.

Aucust 1971-1986-this search had’ to be done on-line for lack of a CD-ROM that covers

these early years. There were 383 articles with the subject heading GT. The ABI/Inform
on-line database covers 1971 to the present. A search in this database may be limited to
articles appearing in particular journals. Our searcﬁ on ABI Inform using GT and related
terms as key words yielded the following number of articles in the three joumnals of
interest.

» 88 articles on GT appeared in the journal Manag;emem Science.

» 147 articles on' GT appeared in the journal Operations Research.

» S articles on GT appeared in the journal Interfaces.
However, after reviewing the actual articles, we discarded articles that related to areas
such as gaming, business and .military games, and certain other areas such as competitive .
bidding, auctions, 'negotiations, oligopolistic market strategies not employing game
theoretic analysis. This reduced set yielded the following number of articles.

. 80 articles on GT appeared in the journal Management Science.

* 3b6articles on GT appeared in the journal Operations Research.

« 2atticleson GT appeared in the journal Interfaces

Business Periodicals Index (BPI) - a business/managemsnt database similar to

ABVInform. BPI covers approximately 350 journals (no books etc.). There is much

overlap with the ABI database however, BPI may pick up some articles not covered by

ABIL



January l982-3?ptember 1994 Disc - search on GT retrieved 174 articles.

Mathematical Sciences (Math Sci) - is described as a comprehensive database of the

world’s literature on mathematics and its applications in a wide range of disciplines,

including operations Research. It does cover journals, conference proceedings and many

books.

1940-1979 Disc - a search on the terms “GT and operations research” retrieved 1o less

than 2513 records.

1080-1987 Disc - same search retrieved another 2978 records.

1988-1992 Disc - same search retrieved 2738 records.

WorldCat - this database contains citations to books, journals, films, videos, tapes, discs,
musical scores, sofiware - any material that has been catalogued by one of the several
thousand libraries around the world including ihe Library of Congress. There are
currently approximately 30 million records in the database_. It does not cover individual
articles in journals. A search of items classified as books, published in 1940 or later, with
the assigned subject of “GT” retrieved as many as 2648 records. This group will include
records for dissertations and theses, working papers, as well as for traditional books.
However, due to the nature of this databasé there is much duplication. There.may be
several records for the same item because of variations in cataloging. There will also be
individual records for each edition of the same tit.]e.

Initially, we also considered classifying books of readings. A datébase search of
books on GT revealed that Michigan State University alone possessed 287 books in its
three libraries (Business School, Engineering School and in Mathematics. Cleari;; a
census approach would have been very time consuming. Consequentl'y, we focused
strictly on all that was bublished on the subject by the three leading US based OR/MS

journals, Operations Research, Muragement Science and Interfaces.
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DISCUSSION |

In this paper, we provide a statistical life cycle review of the GT literature
reported in the premier OR/MS journals. The classification invokes the same categories
as those used in the three Reisman and Kirschnick papers cited earlier, with one
modification:  Articles.which use a ﬁreviously published game theoretic model and
proceed to improve the solution technique without real world validation were classified as
theory. This modification was first introduced in Reisman et al. (1997a).

. Because thiis represents a longitudinal review of GT in only three journals, we are
“able to present the year by 'year frequencies of articles. The longitudinal review also
provides the year by year frequencies of articles falling into ea.ch of the categories.
Numerically and graphically the year by year additions to the iiterature (total and by
category) are shm‘m in Figures 2 and 3. Tables 1 through 4B summarize the findings.

Two of the authors reviewed and classified all 144 articles and resolved any
differences of judgment via discussion and compromise. The th"ird author independently.
did the same on a random sample. Again any differences were resolved by discussion.

It should, however, be pointed out that in a previous study (Reisman et al 1996a)
involving the same classifications on another subdiscipline of OR/MS, the authors

underwent a thorough calibration of their classification skills as pointed out below,

Validation and Consistency Issues in Paper Classifications

To check on the issue of consisteﬁcy of the above subjective
ratings/classifications we took a 10% random sample of the literat.ure' (1 7 artic[es) and
asked for two classifications to be made independently of the authors of this paper. One

of the outside classifiers had much experience in this process' albeit with a broader

' FraaK Kirschnick is now a Doctoral Candidate at the Engineering Economic Center
Stanford University.
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OR/MS Iiterafﬁtx"e, the other had no experience’. The results are as follows: Cheng’s -
‘results were identical to ours on 14 out of the 17 articles. In one he differed from us on
but one item. Namely, he classified the paper as Application category 4 versus our
classification of category 3. In another paper he judged our secondary strategy to be his
primary, all else the same. In the third paper he assigned Creative Application as the
primary strategy while we judged i't to involve the T ransfer bf Technology.

Frank Kirschnick, on the other hand, fully agreed with us in 16 out of the 17
papers in terms of Theory versus Application. The one difference had to do with whether
or not synthetic data were indeed used. In terms of research strategies there was complete
(both primary 'and secondary strategy) agreement in 14 out of the 17 classifications. In
one case of the remaining three we concluded that Br:'c;lging was primary and Creative
Application was secondary whereas he judged Creative Application to be primary and
found no secondary strategy. In the second case we differed only on the secondary
strategy. We felt it was Bridging. He judged it to be Transfer of T echﬁology. In thé third |
case our primary was Creative Application and secondary was Structuring while his - .
primary was Structuring and secondary was Ripple.

The fact that both the classification schema and the rating scale were applied in two
previously published studies by Reisman and Kirschnick (1994, 1993) on a wide OR/MS
literature base, and in another subdiscipline in-depth study by Rei-sn_lan et al (1996),
should not bé overlooked as a further quality control check. In addition, it should be
mentioned that unbeknownst to the authors until the work was completed and submitted
for pu‘blicat‘ion., two Britons, who adopted the same methods of classification as Reisman
and Kirschnick and looked at the same issues in their analysis of UK based journals as

well as the EJOR, say the following (Ormerod and Kiossis, 1996): “To check that we

* Chun Hung Cheng is a Lecturer in the Department of Systems Engineering and
Management at the Chinese University of Hong Kong.
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N .
understood the method and its application by the originators we conducted a pilot study.

For the pilot study we analysed Interfaces in 1972 and 1992 following the definitions and
conventions of the o;iginators of the method. Comparing the results of our analysis with
those published we obtained very similar results.” They then proceeded to document the
above assertion. |

Thus we have addressed the subjective rating/classification consistency issue.
However, a question which arises almost instinctively is that of validity of the research
instrurhent used e.g., both the scale and the classification schema. This issue will be
addressed in discussing each element of the research instrument going from the most
transparent element thereof to the one which is the most opaque.

The issue of “data” is the most transparent. Authors either presented numbers or not.
If they did we looked for tﬁe data’s source. If there was no indication of obtaining these
numbers directly or indirectly from some real world organization, we concluded that |
these “data” indeed.were synthetic. In this regard there was rarely any questioﬁ among the.
evaluators. While in this process we also looked for any real world grounding/motivation
specific to the research being reported on. If none were to be found we concluded that it
was Theory irtespective of any application claims by the author(s). Work with or In -
Company X or institution/organization Y was judged as an Application. Here, however,
we were sensitive to any disguises that might have been invoked, hence in a few instances
‘it was a judgment call. Philosophy/History articles by their nature were easy to pinpoint. °

‘For example, this ?ery pa;oer has elements of both the philosophy/history and the

Meta Research categories albeit it is basically Meta Research. .

In classifying the research strategy used the Ripple process was the easiest to
recognize. In this_ respect the authors themselves were very helpful. There was much

prior literature to be cited and it all was directly relevant to the problem being addressed.
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On the other‘}f;;ld, the Structuring process was easy to identify for opposite reasons.
There was a paucity of directly relevant analytical or OR/MS type literature to be cited.
Instead the authors typically cited des:cfiptive, institutional or contextual literature.

The Creative Application process too was relatively easy to spot as the author cléarly
applied a well established OR/MS methodology to a problem not previously so
addressed. In the use of the Embedding process the authors were helpful in telling us that
they have created a model etc., that is more general then its constituent parts obtained
from previously published literature. When Transfer of Technology was invoked here too
the authors were helpful. They often said as much and the publications they cited were
from other, often disparate, disciplines or model domains. The Bridging process was the
least transparent to identify as it was sometimes, on first readilng, confused with
Embedding or the Transfer of Technology. The Statistical Modeling process is easy td
.1dentlfy, as indicated in an earher cntatxon of the Erickson (1990) paper. It should be
mentioned that at tlmes the authors used more than one of the above strategies. Inthese

cases we have identified the primary and a secondary strategy.

Criteria for Model Validation

The issue of model/theory validation has been of concern for many generations in the
general literature of science. This concern has not escaped the literature of OR/MS. In
fact, in 1993 the European Journal of Operational Research dedicated a special issue to
this squeci. Specifically, Little (1970), Roberts (1977), Eilon (1 9'79), Powers et al.
(1983), and Gratwick (1983), among others, argue that validation should be based on the
criteria of simplicity, transparency and flexibility. Landry et al.(1983), and Banville
(1990) argue that a valid model is a legitimate model. While, Toulmin et al. (1979) and
McCloskey (1983), argue that in OR/MS a convincing argument may serve _for model

validation. And there are always “the correspondence criteria that measure the degree of
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conformity of_ ’t:?re model to empirical facts” “put forward by such OR pioneers as qu‘}e,
Williams, Blackett, Waddington, Morse, Kimball and. Koopman.” (Dery et al., 1993).

In the quality contrpl discussion of the previous section we have shown that our
methodology is simple and ‘Ir'cmsparent to the point in some aspects that it is intuitively
obvious. It is flexible in that it has been applied to o.ther, rather different literatures, and
by other investigators. Its legitimacy is addressed by several of what we con'sider to be
convincing arguments. Lastly, it corresponds to the views, based on a wealth of
empirical observation and reflection by many very seasoned contriEutors to OR/MS
theory, practice and education e.g., Lillien, (1983), Ackoff (1987), Blumstein (1987),
Miser (1987), Geoffrion (1992); to the findings of other contributors to Meta Research on
OR/MS, Corbett and Van Wassenhove (1993), as yvcll as those of an impartial schola.r of

professions in general (Abbott, 1988).

RESULTS
It is interesting to note from Table 1 that of the 144 papers identified to be GT in

the leading OR/MS journals, the bulk, 69, or 47.9% of the research is based primarily on
the Ripple strategy. Another 12 papers or 8.3% used the Ripple strategy in a secondary
role. Thus, 56.2% of the papers; used this strategy in either primary or secondary
category. Alternately, of the 81 papers that invoked the Ripple strategy 85.2% used itin a
primary mode and 14.8% in the secondary mode. Moreover, the.144 papers yielded a
total of 182 classifications. Of these the Ripple strategy accounted for 44.5%. Also,
34.6% of the total classifications fell into the Creative Applications. Bridging accounted
for 10.4%, Statistical Modeling 3.8%, Erizbeclding for 3.3% Structuring and the Transfer
of Technology accounted for 1.6% each. The fact that only one paper in the entire flagship
US based OR/MS literature on GT used Structuring as a primary research methodology is |

most interesting . To be sure, the Crearive Application strategy was invoked as a primary

-
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process in 55 or 38.2% of the papers and another 8 or 5.6% used it as a secondary

P4

strategy.

The apparent reason for such high incidence of use of the Creative Application
strategy was that these articles applied GT‘conce;‘xs 16 model or solve an “application”.
Finally, 38 out of 144 (26.4%) papers had some secondary classification, i.e., these
-papers employed a dual research stréteg)".

Table 2 on the other hand, shows that 52.8% of the papers concentrated on
extending .theory, of which 25 or 17.4% dfd do some testing using synthetic "data"
numbers, whereas another 45 or 31.3% did not use any numerical tests. At the same time
47.2% of the papers fell in one of the various categofies of Application. Of the 68 papers .
on the Ap;plicalion side 38 fell in categories 1 and 2 which means they did not even
attempt to have any real world grounding, and none dealt with Meta Research. When we
combine these 38 Application pap'e.rs with the 76 unquestionably j'}ieow papers we arrive
at the fact that 114/144 or 79.2% of this literature did not reveal any direct grounding in
the real world.

At the other extreme 30 of the 144 papers (20.8%) fell in categories 3, 4 or 5.
Thus during the period 1954-1995, on the average, less than one paper per year (3 in four
years) grounded in the real world appeared in the leading OR/MS joumals. It is
‘interesting to note that contributions to categories 1 and 2 of Applications columns are
fairly uniformly distributed over time starting 1955, while the contributions to Pure |
Theory as gtich, did not begin until 1967. On the other hand after the Haywood Jr. (1954)
paper classified as Category 5 (real world) Application, no such Il)aper appeared until
1978 (Billera et al. 1978). On the introspection front, only % pa;;ers concerned
themselves primarily with Aeta Research and only 2 with the philosophy of this field.

Interestingly enough all this introspection occurred on the Theory side as shown in

Table 2.

16
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Combining these two independent classifications we find the following signific.:ant
observations: (1) A subset of 33 papers (22.9%) of the literature can be described as
having dealt with Pure Theory while invoking the Ripple process as a primary research
stratagem, (2) A subset of 17 papers (11.8%) accounted for simultaneous classification in
Theory with Synthetic Data and Ripple strategy. In all, therefore, a large subset of 50
papers or 34.7% of all the papers classified were Theory (not including Meta Research,
Philosophy/History) and Ripple combination. (3) Another subset of 9 papers or 6.3% fell
into Application categories 1 and 2 (e.g., no real world underpinning) whilg: relying_

primarily on the Ripple strategy. Thus, 41% of this literature can be described as making

marginal (Ripple) contributions to the theoretical aspects of GT.

TREND ANALYSIS

~ The most intéresting findings ﬁppear in Figures 2 and 3, Tables 3A and B, and in
Tables 4A and B. These tables present the mix of papers published in 1952-1961 (ﬁrst’
ten years) and in 1986-95 (last ten years) and the first and last five year periods.
respectively. They also present the percentages corresponding to those shown in Tables 1
and 2. Specifically, the largest subset in the first ten years in terms of research strategy is
comprised of the Creative Application 'strategyl. However, we note as a primary strategy
this fell from 58.3% to 43.4% from'the first decadé to the last. We see a similar trend in
the Embedding strategy. In the first ten years, there were 8.3% of papers classified as
using Embedding but in fhe Jast ten years there were only 3.8% of papers classified ag
such. However, the trend was reversed in the case of Ripple as primary strategy which
increased from 25% to 33.8% between the first decade and the last. Similar observations
apply to the first and last five-year data for Crearive Application and Ripple strategy. The
Creative Application strategy was used by a lesser percentage of papers in the last five

vears as opposed to the first five years. On the othar hand, 36% of the articles used
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primarily th'e.R{pple strategy in the last five years whereas 33% used it in the first five
years. In terms of the Theory/application classification, the percentage of papers primarily
addressing Theory increased from 30.8% to 38.2% from the first decade to the last,
although there was an increase, from 24.9% to 30.1% in the application papers which
discussed bona fide real world studies e.g., categories 3, 4, and 5. Perhaps the most
remarkable observations from Table's 3A and B are the following: From the first decade
to thé last, the percentage of papers primarily classified as Pure Theory rose from 0 to
24.5%. PRarallel data for first five years to the Jast five years indicates that I;ure Theory
papers rose from 0 to 32%. Even if we recognize that the sample size for first five and

-

ten years is small, this increase in theory papers is_significant (see Figure 3).
Interestingly, there were\no Embedding, Bridging, Transfer of Technology, Structuring
processes nor Statistical Modeling users reporting in the first 5 years of this literature. In
contrast, only t’he Transfer of Technology pfocess was unreported in the last 5 years.
Finally, articles using Structuring asa primary strategy.were never reported on.

Figures '2 and 3 numerically and graphically display the year by year production
and accumulation of articles published by Operations Research, Management Science
and Interfaces in this field. Starting 1971 (see Figure 3) the accumulation of theoretical
papers clearly and irrevocably outpaces the publications concemned with applications real
or imaginary. Coincidentally, this is also the year when the use of the Ripple process
(Figure 2) by far starts to outpace all the other research strategies combined.

~ When we extract the Categories 1 and 2 Applications and lump them in with' the
Theory subset we find that over time there were indeed very few abpﬁcations that were
directly grounded in the real world. As indicated earlier there were (;nl)-' 30 papers
(20.8%) deemed to fall in Applications categoriés 3, 4 and 5. On the average, this
translates into 3 such papers every four yeass, i.e., less than one paper of real-world

application per year within the encire lifetimes of the three US based flagship OR/MS
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jouenals! A'Igﬁgugh this indeed is a higher percentage and/or frequency than what ‘we
have found to be the case for the life-cycle (all articles in all journals) of some other,

albeit younger, OR/MS subdisciplines eg. Flowhop Scheduling and Sequencing (Reisman
et al, 1966a) and in Cellular Manufacturing (Reisman et al, 1966b) it is much less than
the three journals surveyed fo'r this paper have published for all of OR/MS. In fact the
corresponding percentages (based on page counts) were 30% in 1962 and 32 % in 1992
(Reisman and Kirschnick 1994). This raises some profound questions. Is GT not very
useful.in the practice of OR/MS? If such is the case why does it play so important a role
in our graduate curricula? If indeed it is, then why has such practice not found its way

into the record of our flagship journals in a more proportionate manner?

CONCLUDING REMARKS

There is no ‘question that GT has made major contributions in reorienting the way
we think about and ei:plain behavior in a large variety of interactive settings. These.
settings involve humans and/or animals. There is also no question that thé Nobel Prize
committee made a good choice. This paper however, set out to examine GT from ‘two
perspect}ves. Seven decades afte; its founding by von Neumann, being an integral part of
graduate educati‘oni in OR/MS, and having a worldwide literature base countable in the

. thousands of books and articles, is it indeed being used like linear programming? Is it
being. applied to make strategic and/or logistical decisions? Based on our findings
resulting from the content analysis of the flagship OR/MS joumnals, we conclude that at
best it is basically a stimulus to a way of thinking. It is not yet an item iﬁ the decision
maker’s tool box and its advances in the literature surveyed tend to be rather marginal

and theoretical.
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Yet, it-does have an appeal to the more mathematically inclined. Now especially
after the Nobel recognition, it is highly prized in academic circles across several
disciplines. To the extent that OR/MS is directed at solving problems of consequence, to
society, 10 institutions or to corporations, it must guard against the temptations to force-fit
game theoretical approaches where others would be more realistic and/or implementable.

In addition to providing a quantitative (statistical) review of what has been
accomplished, this kind of exhaustive and systematic classification of research in a given
field makes the voids in that literature very visible (Reisman 1988b, 1992). Thus, one
can logically suggest that journal editorial boards should be most receptive to papers
documenting true *'('real world) applications of any of the GT models. Baséd on experience
in other realms of OR/MS research (Reisman and Kirschnick 1994 anci 1995), and in the
findings cited earlier for this research, it appears that invoking to a greater extent,
research strategies such as Transfer of Technology, Bridging, Embedding, Creative
Application, and Statistical Modeling would provide a higher probability of a
breakth:ough in both the theoretical side and the applied side of the field and on. further
contributions to Meta Research.

Lastly, Dery et al. (1993) point out th;t “...as can be seen, the model validation. :
Issue cannot be taken for granted. It even is a topic of debates in OR.” The authors of this
paper will be the first to admit that. we may not have taken all possiblel measures to
validate bothour classification scheme and'or our data collection. We have, however,

done more in this regard then the bulk of the extant OR/MS literature in genéral and that

of GT in particular.
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(3) The bridging process

(3) The creative application process_

(6) Thz structuring process

(7) Tha statistizal inodaling vrocess

= .

Figure 1: Tha seven categoriss of ressarch processas,
The shadad areas represent avajlable knowladge bas

ed on past research.
Thz unshadad arzas repress

ai naw knowledgs encompassad by the naw research.

'y



N N 1 N 1 13 T “y rr

bt ] 9 1 0l 1 2 IS
T ¥ 3 8§ 5 B =2 % 3 %7 oz == e e e oL N § 9 T ) 1
2 f 302 3 02 EOE O OE OS5 O3 OEOROFORBOECE R OGP og e
A : % ==k 3 x A=da=4—3 * g o 1 ' ' L t 1 | i
1 o 1 L 3 w | s

) 1 oF 1 L 3 &3 | sut

) ny [) ] 3 | Km

1 “f [} 9 [ ss | va

oz 1 %3 o » T s | nat

1 ir q' E} 1 oy 16

) 1y [] y 1 Ky 1]

) G 0 s ' v | v

) [ a ¥ 1 DR D

e 3 3 a » ] T w

] 13 [ ¥ 1 [ D

] ” o T ] e (2]

o " [] T 1 T S

° 3 [ [3 1 TS

E ] [ [ [ 3 1 o« | s

o ) st ) r [ | 1%

5 [ [l a 3 1 L ~

W u " n v 1 'e 1)

| ] s1 a 3 [ T | ir

Supnpnag —r— | P m [) [T ] 3 T TS

uojeyisidy 2411832 e 'Y R i L T ! I i

PUNISL JO RURL [ e U [} 1 o s U nt ¥

nipug —— & L] 11 " 1 ! 3 134

Wpprquiyy —n 3 ] o1 b i \ D a1

AL o ) x o 1 1 3 )

) Ltind  iird S 1o ) 3 0 { 1 Fn

5 & ) 1 ] 3 e

n 5 ) ' 1 3 i

a X ] 1 1 3 [

L] L ] ) t ¢ 7

oz n y ] 1 ) 3 X

) y o 1 n 3 n

[) r ] [) [) 3 2

L] c. o (1] n v ’

) 3 o [ n ) €

R Ton o 1 ° n ] 1 t
. ° ] ] '] ] » ]

) [] ) n [} n n

. [ » ) [) ° [) [
’ . Patpyry AN | ey
033 ! ey

N e L e L e T T Y A&V o srerrompl wa ey, )

($661-2561) ¥2aukt3)u] ) puv 424 UISNY sUvpIId o

222G WUy uf passing Krada g Liodiy], 2

ul) U1 IR RANFIpUY YdavaRY Jo s, 1T EXTIBIE




N - ’ N ) [ " T D v v SA6L :

A i w1 5y a T - 0 T 0 Fert
> Lamdl] iITi 90l w [ [ 3 r r Teht
. . G4 100 ” 3 I r T 3 1t
0Oy [ B3 ¥y T v 3 1 oA L
$11 [ 3 r L ’ [3 T Frm
[T [ " c iy r c 3 T ARR3
oz sol 5] SF oy [ G r 1 )
Y s [ . 3 1 3 Y
M m 3 3 3 [ 1 t SRet
[ 3 53 T T [ v
[ [33 o ) " 3 T et
o 5 oc " r T 1 3 sl
) R [ 13 <r ] 0 O a T
[ A o . 0 < v AA&L
3 " 3 v T T T seat
19 re =C < < 4 ] nLal
g 33 3 T < T i Y
o o (13 3 T T [ v Py
n r [ [ T C [] T et
o . ™ T3 T 3 v 3 T FyTY)
W rr [Ty [ T 3 3 t T et

5 w 53 m T 0 n T 0 o :
o8 .ur [3 [¥3 sl ) r * % [ 1AL
a 73 (}3 I T 1 T v T et
w 13 [T " D < < ° G Py
m [13 it *i » T v 1 © Wt
2l “F1 ] 9 r - D T 1 1501
0ot rn (1} 1 < ) 0 [] n [T
ri [ [ < u . 9 ° [} SONL
Il | L LF Qo rt o " € ° Q [} [] [P
\ ’ Q) ot T T o 0 W 0 Py
e T ) i Q3 T T BB 0 Tver
. . ’ Yo ORI Y e . o3 Th 0 ) 3 i 0 1 0 et
. T [ D 3 i ) ] 0 [
’ Lot e m 3 T T T T . P
- . C s [ 1 1 1 ® \
. r 3 G < 0 3 )
(m J o [} [ [] o Rl
s ! ort 1 0 3 7 T 0 oY
i ' a o [ o T ° rem
. ° o 0 ° v n et
.. . . . o ) [] n [ n el
T A) ...isr Jn‘." .“mi Ly B LYY R I TYYY

- ory 51, e s Kiragy, iy
L E ST 2MpeanR .. © e e sqmny

(S66L-TSG1) ML W) pus *yaswaray] SUENEIA ) UK WIwaTRUR)Y Uy DISHAN L AJELL, 3ueg) i saad e ] Uopuadd Yy PUR AZ0aiLL Ju Kpuas ], p aanmy



