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The basic character of operations research is described briefly as an attempt 
to conceive of specific problems as problems in the area of decision theory. I n 
terms of this characterization, a question is raised regarding the role of 
operations research in the analysis of highway problems. 

The operations research approach is compared with the "tradit ional" ap­
proach to highway problems. Finally, mention is made of some of the difficul­
ties associated with taking the former approach in the area of highway 
research. 

• T H E C I V I L E N G I N E E R , since he 
first divorced himself f rom mil i tary engi­
neering in the 18th Century, has been 
concerned with public works such as the 
design, construction and maintenance of 
highways. As other specialties in engi­
neering have developed, the civil engineer 
has maintained his early interest, and 
now finds himself in a position of increas­
ing national importance as the demand 
for and cost of highway facilities in­
crease. As in other branches of engineer­
ing, the civil engineer finds that his de­
cisions have far reaching consequences 
for the entire community. Many social 
and economic problems must be solved in 
conjunction with technical engineering 
problems to develop a community high­
way transportation system. 

Managers in many fields, faced with 
increasingly complex problems, have 
utilized a new branch of science as an 
aid in arriving at problem solutions. This 
field is known as operations research. I n 
spite of all that has been said and wr i t ­
ten about operations research {3, 7, 8), 
confusion persists, both among those who 
do i t and those who sponsor i t , as to the 
research process and the expected out­
comes. Sponsors may be confused because 
they think they are engaging engineers 
who can apply existing theory to their 
problems, and are disturbed by the slow 
and difficult course of theory develop­

ment by research. Researchers may be 
confused by conflicting philosophies of 
theory construction {2, 9) and the appli­
cation of the techniques they have 
learned in their own fields to new and 
complex problems. 

I n spite of these difficulties, however, 
operations research has provided a means 
of using the methods of science to solve 
problems in areas in which they had 
previously been dealt wi th by less power­
f u l and less objective means. I n civil en­
gineering, for example, the use of scien­
tific principles, developed in physics, has 
long been accepted practice in the design 
of structures. The possibility of using sci­
entific principles to determine whether or 
not a structure should be built at all , and 
the probable consequences for a com­
munity of building a structure of speci­
fied characteristics in a given location has 
not been as generally recognized. 

Operations research provides a pro­
cedure for dealing with the broad social 
and economic framework of technical 
problems. I t began as an organized activ­
i ty just prior to the start of World War 
I I (S), although its central concepts may 
be traced back to the work of F. W. Tay­
lor in the development of "scientific 
management." 

The first operations researchers were 
scientists who helped integrate radar, 
then being used for the first time, into the 
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aircraft early warning system in Britain. 
Physicists, electrical engineers and 
others who had designed the equipment 
were assigned to the radar sites to main­
tain and operate i t , and train mili tary 
personnel in its use. 

Once the equipment was in operation, 
the scientists became interested in its 
tactical use, and worked informally with 
the operating people to develop proced­
ures for integrating the radar into the 
early warning system. Research methods 
from their own fields were used to solve 
operational problems. This work was 
singularly successful, and operational re­
search, as i t is called in Britain, was 
formally established. For the rest of the 
war, representatives of the physical, so­
cial, behavioral, and biological sciences 
assisted mil i tary planners in making op­
erating decisions about the utilization of 
national resources, such as troops, ships, 
and aircraft. 

Since that time, operations research has 
been widely used in solving mili tary, in ­
dustrial, and community problems. T y p i ­
cal examples include retail store opera­
tions, complex equipment reliability, 
negro manpower utilization in the Army, 
motor freight operations, and port fa­
cili ty utilization (7, 8). A t The Ohio 
State University, a study of the com­
munity-hospital system is in progress, 
and Ackoff (1) has proposed a study of 
national planning for India. 

The primary objective of an operations 
research study is to provide systems 
management with an understanding of 
the system to aid in exercising system 
control. System understanding for control 
implies that system variables have been 
identified and measured, and that the 
relationship between them can be ex­
pressed in a "model" (3, 9). The model is 
an abstraction of those aspects of the 
system which are believed to contribute 
most to the variabili ty of system per­
formance. Ideally the model is a mathe­
matical statement of the relationships 
between the decision (independent) vari­
ables of the system over which the 
"decision-maker" has some degree of 
control, and the criterion (dependent) 

variables, or measures of system effec­
tiveness. 

The great u t i l i ty of the model, as with 
any expression of the relationships be­
tween independent and dependent var i ­
ables, is its ability to predict the effect of 
changes of the independent (decision) 
variables on the effectiveness of system 
performance. For example, in the high­
way field, system performance might be 
measured in terms of congestion, acci­
dents, etc. Independent (decision) var i ­
ables would include the physical charac­
teristics of the highway, such as number 
and width of lanes, grade, and sight dis­
tance. The model might state the rela­
tionship between physical system charac­
teristics and system performance. 

The concept of the model is not new to 
engineers. The equations used in the de­
sign of structures are models. What is 
new is the use of models to solve broad 
operational problems. 

Because operations research investiga­
tions routinely include a wide range of 
variables, researchers from many fields 
may be found working together as a 
team. Each brings to bear substantive 
knowledge and research methodology 
from his own field, minimizing the possi­
bi l i ty that important system variables 
wi l l be overlooked. Operations research 
groups may include workers with such d i ­
verse backgrounds as engineering, mathe­
matics, physics, sociology, psychology, 
economics, medicine, anthropology, and 
philosophy. As an integrated team they 
apply their research skills to the solution 
of broad problems. 

So much for general background. Con­
sider now some examples of the applica­
tion of operations research methods to 
highway problems. One of the most out­
standing examples is a study by Edie (4), 
of the Port of New York Authority, on 
the collection of vehicular tolls. Annual 
operations savings in excess of ten times 
the cost of the research resulted from this 
study. 

The objective of the investigation was 
to determine an optimum schedule for 
manning tol l booths so that a minimum 
number of to l l collectors could be used to 
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provide satisfactory service to customers, 
mcasui-ed in terms of traffic delays at the 
toll booths. Data on traffic arrivals, serv­
ice times, and the number of vehicles 
waiting for service were collected and 
analyzed. The data were found to ap­
proximate a Poisson distribution, allow­
ing for prediction of effects of various 
changes in policy relative to booth staff­
ing. Tlie schedules suggested by the 
models were tried in practice and found 
to meet customer service requirements 
and to reduce the cost of tol l collection. 

I n another study, the factors influenc­
ing vehicular tunnel capacity were in­
vestigated (10). Capacity was defined as 
the maximum number of vehicles pass­
ing a point under certain restrictions of 
safety, delay, etc. 

As in the previous study, the first step 
was one of empirically determining ac­
tual traffic flow patterns. The objective 
of the study was to determine the opti­
mum vehicle speed and spacing for maxi­
mum tunnel capacity. This was done by 
first developing a formal model, or series 
of equations, stating the relationships be­
tween traffic speed and density for vari­
ous types of traffic. 

Linear relationships were found to exist 
between vehicle speed and density, ex­
pressed in vehicles per mile. Differences 
in slope of the speed-density curves were 
attributed to differences in traffic comi)o-
sition. An analysis of the data suggested 
policy recommendations to imi)rove the 
utilization of the tunnel facil i ty. For ex­
ample, a minimum speed of 20 mpli was 
specified and vehicles unable to maintain 
tins speed were excluded from the tunnel. 
Because vehicle spacing was critical, 
markers were placed at 75-ft intervals in 
the tunnel, and motorists were advised to 
keep 75 f t apart. 

I n addition to the work on traffic prob­
lems in this country, problems of highway 
construction, use, maintenance, and 
safety have been considered in Great Br i t ­
ain. In attempting to determine the 
highway requirements for future traffic 
demands, the cost of highway accidents 
and delays, future traffic pattern, etc., 
have been considered (5). 

The studies previously referred to were 
essentially component studies, in that a 
limited, specific component of the over­
all highway system was singled out for 
investigation. The system was defined in 
terms of specific facilities, the New York 
Port Authority tunnels, in the studies by 
Edie U) and Olcott (10). Policies for 
improving the utilization of these faci l i ­
ties were established by developing an 
empirical picture of faci l i ty utilization, 
and f i t t ing these data to formal mathe­
matical models. 

I n a study conducted by the Opera­
tions Research Group of The Ohio State 
University (11), a formal model of the 
over-all highway system was developed. 
In i t ia l ly posed as a question of assessing 
the costs of traffic congestion, i t quickly 
became evident that the elements of 
"cost" of congestion were borne by wide 
segments of the community, and that 
methods of describing these costs in a 
community-system context were neces­
sary to provide realistic data to highway 
decision-makers in allocating community 
resources to highway facilities. As in 
most system problems, allocation de­
pends on "trade-offs," or compromises 
between the amount of resource provided 
for different objectives. 

The relationships between system var i ­
ables nuist be known before the "trade­
offs" necessary to optimize an over-all 
system criterion can be made. I n order 
to make these "trade-offs," the variables 
must be described in the same units of 
measure. "Cost" was selected in this 
instance, although the determination of 
the costs of many of the factors involved 
is most difficult, and beyond the scope of 
the initial study. The cost of human life, 
as i t related to the provision of highway 
safety features, is a case in point. I t can 
be inferred, perhaps, for a given social 
system by measuring the amount of re­
sources expended to preserve i t by pro­
viding safety devices. 

Two "decision models" were developed 
for use by highway designers. The first 
model assumed that the total cost of the 
highway was the sum of the costs of 
construction and maintenance of high-
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ways, and of delays to users of the 
highway and to non-using consumers of 
the facili ty, such as local industries and 
residential areas. These costs were as­
sumed to be functions of highway ca­
pacity. 

The second model was concerned with 
the relationship between an "aggregate 
social cost" and highway design var i ­
ables. This cost included the following 
general cost categories: operating expen­
ses for vehicles, cost of transit time for 
vehicle passengers and drivers, cost of 
accidents, capital recovery on investment 
in highway construction, and cost of 
highway maintenance, operations and 
administration. 

A procedure for evaluating the approx­
imate monetary value of transit time for 
passenger automobiles was developed. 
This evaluation was based on the notion 
that a highway may be classified as "sat­
isfactory" in terms of an aggregate social 
cost to the community and users of the 
facil i ty. Given a "satisfactory" highway, 
the value the community placed on 
safety, delay, etc., could be deduced from 
the amount of its resources i t was will ing 
to spend to assure that these criteria are 
met. 

Two different phases of operations re­
search can be identified in the foregoing 
studies. I n the first two (4, 10) value 
judgments were made as to the criterion 
of good highway system operation (that 
is, the greatest utilization of the highway 
facil i ty as measured by numbers of vehi­
cles moving through the facil i ty in given 
time intervals). This was assumed to be 
a valid measure of the u t i l i ty of the tun­
nel. Empirical data collected showed that 
the actual usage patterns closely approxi­
mated statistical distributions with 
known properties. Inferences were drawn 
about the effect of variations in physical 
highway system variables on the service 
provided by manipulation of the models 
or statistical distributions which had 
been found to closely approximate actual 
conditions. Predictions were made about 
the effect of changes in highway utiliza­
tion policy, and put to empirical test. I t 
was found that actual results closely ap­

proximated predicted results, thus val i ­
dating the models. 

In the third study (11), a general cri­
terion measure of social cost was assumed 
and the elemental cost increments com­
prising this social cost were specified. 
Using this criterion, or dependent vari­
able, a mathematical model comprising 
linear differential equations was proposed 
as a means of determining the values of 
the design variables of the highway sys­
tem for nunimum social cost. This mathe­
matical minimum would approximate the 
actual social cost minimum only if the 
model were a valid one. The assumptions 
of the model must be validated empiri­
cally before i t wi l l be a useful device for 
the highway designer. The formalization 
of the problem was necessary, however, 
as a first step to determine what empiri­
cal data to collect. Pinpointing the need 
for specific data is important in mini­
mizing the cost of research. 

SUMMARY 

I n summary, the over-all objective of 
the highway system may be viewed as 
one of providing safe, rapid transporta­
tion at minimum direct and indirect cost 
to both private and public users. A num­
ber of criteria for such a facil i ty may be 
chosen, such as a "satisfactory standard 
of service" or "social cost." Either of 
these criteria imply the availability of 
quantitative information on variables, 
direct measurement of which may be 
difficult or impossible. The task of op­
erations research is one of developing 
criteria for those aspects of the system 
which can be measured, and providing 
the decision-maker with measures of sub­
system criteria (6). The function of the 
system manager is one of deciding on the 
best combination of system resources to 
achieve the over-all objective. 

In the work done at The Ohio State 
University, the first step in the formula­
tion of the over-all highway problem has 
been completed {11). I t now remains to 
determine empirically the actual rela­
tionships between the elements of social 
cost and the parameters of the highway. 
This wi l l be a difficult task because of 
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the measurement problems imposed by 
such concepts as safety and delay. I t 
wi l l also be complicated by the fact that 
no road is independent of the other roads 
in a network, and the interactions be­
tween highway facilities must be de­
termined. 

I n sj>ite of these diificulties, operations 
research techniques point the way to 
highway system solutions which w i l l 
allow a community to make decisions 
about the allocation of its resources to the 
highway system based on the expected 
effectiveness of the system to provide 
safe, rapid transportation at minimum 
cost. 
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DISCUSSION 
R A M VASWANI , Assistant Professor, Dept. 
of Industrial Engineering, North Caro­
lina State College, Raleigh, N. C. — Pro­
fessor Howland has cited highway re­
search done by Edie, Glanville, Olcott, 
and Vaswani, and has suggested that 
"workers with such diverse backgrounds 
as engineering, mathematics, physics, 
sociology, psychology, economics, medi­
cine, anthropology, and philosophy" work 

together as teams on highway problems. 
One of the most disconcerting omissions 
in his paper, however, is any indication 
that he recognizes problems and conflicts 
which arise in teams composed of experts 
from diversified fields, or even from al­
lied or identical fields. Whatever the true 
reasons for this omission might be, the 
sponsors of highway research should be 
made aware of the weaknesses of mul t i -
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disciplinary operations research teams. 
Because the highways are the nation's 

arteries, they deserve a high priority on 
the research effort available. For this 
reason, sponsors of highway research 
should reexamine their plans for prospec­
tive research commitments and not per­
mit themselves to be carried away on 
high hopes created by fallacious associa­
tion between team research and sure and 
successful solutions of all difficult prob­
lems. 

The pitfalls of team research have re­
ceived considerable attention in the so­
ciological and psychiatric literature and 
a reader interested in supporting, or in ­
dulging in team research wi l l be well ad­
vised to read Blackwell (1), Bronfen-
brenner and Dcvereux (2), Caudill and 
Roberts (-3), Redlich and Brody (4), and 
Wohl (5) before making a decision. More 
recently, the subject of team research has 
begun to be discussed in operations re­
search literature also (6). 

I n recent years many universities have 
established research teams. The reason­
ing behind this approach seems to be that 
since one person cannot be expected to 
know all phases of science and technol­
ogy, putting together of several heads 
with diversified training and back­
grounds wi l l make the group a synthetic, 
whole research unit. Thus, i t has become 
fashionable for operations research 
groups to include in their teams his­
torians, jisychologists, sociologists, physi­
cists, philosophers, anthropologists, 
mathematicians, engineers, etc. As a pro­
fessor at one of the leading mid-western 
universities recently remarked: "These 
groups feel that forming a team of 'ex­
perts' f rom diversified fields is the most 
important step in the solution of a prob­
lem ; that once this step is taken, research 
wi l l take care of itself." 

The financial burden imposed on the 
sponsors by such a practice is obvious 
and does not warrant any discussion. Suf­
fice i t to say that the current practice of 
some operations research groups requir­
ing the employment of multidisciplinary 
teams puts operations research out of 
reach of clients with modest means. 

I n the discussion which folloAvs, the 
history of development of operations re­
search teams is traced and the reasons for 
the success of these early teams are dis­
cussed. Then, the difference between 
those early days and the present time is 
discussed and the reasons which make 
operations research teams ineffective 
now are pointed out. 

The term "operations research" sprang 
up during World War I I when scientists 
from diversified fields were called on to 
aid mili tary commanders in increasing 
the effectiveness of the armed forces. Sev­
eral factors contributed to success of 
these multidisciplinary research teams. 
First, the scientists were highly moti­
vated to give their best during the 
national emergency. I f there were any 
interpersonal difficulties, these were sub­
ordinated in national interests. Every 
participant was aware of the fact that 
because the war was of limited duration 
the team research activity was tempo­
rary. Hence, no long-term interests were 
involved. 

For many scientists, who had spent 
most of their working lives in laborator­
ies and classrooms, the novelty of at­
tacking real l i fe problems was stimulat­
ing. In the typical academic tradition, the 
scientists were not ashamed of confessing 
their ignorance of mil i tary matters and 
were anxious to obtain help f rom appro­
priate sources to enable a quick solution 
of problems to be reached. 

Because military research was of a 
highly classified nature, publication of 
results was out of the question. Hence, 
one of the major causes of bitterness and 
demoralization— the question of author­
ship credit — was absent. 

I n industrial operations research, how­
ever, the story is quite different. Young 
men and women with previous academic 
training or field experience in operations 
research and allied disciplines are en­
tering operations research groups with 
the idea of making a career in this line. 
I n most cases, there is no reason to ex­
pect that personal interests wi l l be sub-
Oi'dinated to group interests. These facts 
alone are sufficient to bring to mind sev-
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eral causes for difficulties and cleavages 
in group research efforts. 

Inasmuch as group research is expen­
sive, its launching usually is accompa­
nied by much fanfare. Many disciplines 
are brought together without any pre­
planning. A t group meetings, communi­
cation is reduced to the barest minimum 
level so everybody can understand every­
body else. "Group-think" tactics often 
necessitate orienting team members with 
high school or freshman mathemat­
ics, without any evidence of success. As 
a friend once remarked: "The good re­
searchers arc held down to the level com­
prehensible to the dummies in the group." 

I n spite of these handicaps, if the 
group is fortunate in having an intell i­
gent and com[)etent supervisor — a de­
tai l which the sponsor has no way of 
knowing—matters can be kept under 
control, at least for a while. However, 
when the supervisor is ashamed of con­
fessing his ignorance about matters which 
for some reason he feels he ought to 
know, the conduct of group research be­
comes a completely meaningless activity. 
In an effort to conceal his ignorance, the 
supervisor tries to recede from the group. 
He accomplishes this by delegating au­
thority for research: strict hierarchical 
echelons are set up, with the result that 
resentment against the chief increases. 
The hierarchical camouflage hastens the 
breakdown of communication and all 
hopes for taking corrective action cease. 

Emotional difficulties mount up -when 
the individual members realize that their 
creative efforts are being discouraged or 
belittled by the supervisor. Also the at­
tendance, and presentation of papers, at 
society meetings and publication of pa­
pers by group members is prohibited un­
der the convenient excuse that all work 
produced by a group member is state 
property. In all this, the sponsor's prob­
lem is somewhat forgotten, overlooked, or 
distorted. 

Finally, the day of judgment arrives. 
I t is time to write a report, embodying 
the results of research for submission 
to the sponsor. When the report is to tc 
submitted under joint authorship and tlie 

work has been carried out by one or two 
lone members, only ski l l ful maneuvering 
on the part of a supervisor can save the 
day. Being under pressure to jus t i fy his 
own status and the existence of a re­
search group, the supervisor feels com­
pelled to transgress the rights of the in­
dividual worker who produced the work, 
and tries to pass off this work as a pack­
age manufactured by the group acting in 
unison from start to finisli. This artifice 
also serves to just i fy to the sponsor the 
salaries drawn by the "by-standers" in 
the group. 

Every effort is made to conceal from 
the sponsor the blunders and shortcom­
ings of group research. Thus, if a spon­
sor's project is addressed to one problem 
and if because of incompetency of the 
group no work on this topic is produced, 
this fact is not brought to the sponsor's 
attention. Instead, this incompetency is 
camouflaged with wordiness and incom­
prehensible mathematics and an attempt 
is made to substitute another problem as 
an absolute necessity. 

Why must organized team research be 
superior to individual research, as the 
advocates of team research assert f rom 
time to time? Can the mechanistic con­
cept of Taylor (1), requiring that manual 
jobs be broken down into smaller com­
ponents, to be assigned to individuals, be 
extended to research activity? Can the 
assembly line technique of mass produc­
tion requiring each researcher to deposit 
his brain effort on the line be effective? 
Can successful ideas be produced by 
brainstorming and bull sessions rather 
than by individual hard thinking? On 
this point, Benson (8) has the following 
to say: 

The idea seems to be that, instead of tack­
ling problems with intelligence and logic, busi­
nessmen should flock to games, fads, and fan­
tasies, hoping that out of some magic blue 
yonder they can painlessly pluck the solutions 
to serious problems. Let us consider for a mo­
ment the "Ict's-all-do-it-together" idea that un­
derlies brainstorming. Doesn't i t reflect the 
fact that our modern education system does 
not place much emphasis on training us to 
stand on our own feet as individuals? In an 
era of committees and study groups, collective 
thinking and teamwork, there is a tendency to 
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suspect a man of being an egocentric if he sits 
down by himself, thinks for himself, and then 
gets up and spealcs out. He is consiilered an 
"oddball" who does not " f i t into the team." 

But deciding whether people should work 
alone or together should be very simple: I f the 
problem requires a broader range of knowledge 
and experience than one has in one's own head, 
there is an obvious advantage in working with 
people who possess this knowledge and experi­
ence. But if the problem requires original think­
ing, then for goodness' sake let us get off alone 
in a corner, and think. 

The advocates of team research often 
associate team research with a dedicated 
group of clear minds working as a unit 
towards a fixed common objective and 
cite intellectual stimulation and aca­
demic atmosphere as the most important 
advantage of group research in a uni­
versity. However, the large voluntary 
quit rates prevailing in university opera­
tions research teams do not support this 
claim. I n two schools located in Ohio, 
which have operations research groups, 
a researcher seldom stays for longer than 
a year. There are exceptions, of course, 
but mainly these are students working 
for their advanced degrees who do not 
have the mobility to change jobs. The 
very fact that the author, as he an­
nounced at the presentation of his paper, 
was forsaken by his coauthors because 
of disagreement on the contents of the 
jiaper, might be an indication of tensions 
and lack of collaboration. One wi l l ask 
how a sponsor can be sure of receiving 
a unanimous research report when three 
team members cannot collaborate suc­
cessfully in presenting a joint review pa­
per which does not even contain the orig­
inal work of any one of them? 

To rationalize the high quit rate and 
deep fissures in research groups, one 
might start out by examining the motives 
of persons who join a university research 
team. Wohl (5) has classified the col­
laborators of teams into the following 
categories: 

1. Persons who feel that the problem 
falls within two or more disciplines and 
cannot be dealt wi th adequately by any 
one of them. 

2. Participants who feel that the prob­
lem falls within an unoccupied border 

zone between disciplines on which par­
ticular specialists must concentrate their 
skill. 

3. Participants who were originally 
drawn into the project because they were 
obscurely tantalized by its possibilities 
and because they were sufficiently free of 
other commitments to have time to par­
ticipate. 

4. Opportunists to whom a chance 
to collaborate would be an opportunity 
to help round out an academic empire, to 
enhance personal prestige, or to establish 
a reputation for aggressively liberal 
thinking in their own field. 

Wohl also points out that although 
these last two motives may seem less 
worthy than the others, they are fre­
quently operative in recruiting an inter­
disciplinary group. 

To Wohl's categories of participants, 
the writer would add the category of 
Ph.D. degree candidates who enter a 
group on high, and sometimes false, 
hopes of getting an opportunity to work 
on theses topics. Regardless of their long-
term objectives, their immediate objec­
tive is to do independent research, write 
their theses, and publish i)apers. To 
achieve their objective, participants in 
this category put forth their best efforts 
in the interest of research. Unfortunately, 
they are also the worst victims of aca­
demic exploitation on the part of partici­
pants in Wohl's last two categories. 

In general, unless the collaboration 
among experts arises from mutuality of 
interests and confidence in each other's 
ability, i t is bound to collapse. As Con-
ant (9) confessed: 
. . . my own attempts to bring about greater 
integration have for the most part failed. I am 
now convinced that the only cross-departmental 
collaborations that are effective are those that 
arise spontaneously by almost the accidents of 
the personalities of the various faculties." 

The conduct of good and effective 
team research requires a sincere vigorous 
man at the helm of affairs, capable of 
encouraging his staff rather than indulg­
ing in academic exploitation for his per­
sonal ends. Wohl (5) cautions: 
This (the direction of team research) I'equires 
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both knowledge and tact, and rarer still tlie 
patience and skill to work with men maturing 
their own ideas slowly. I believe that unfortu­
nately there are not many such individuals 
available and that the shortage limits the 
amount of successful interdisciplinary research 
that can be done. 

The appointment of older men to jobs 
requiring such direction, as seems to be 
the current practice of deans of schools, 
is not the answer to the problem. The 
present phenomena are new in character; 
the world is changing fast and new prob­
lems cannot be solved on the basis of the 
conventional T-maze experiments in the 
laboratory. Such problems need for their 
solution new and powerful techniques of 
analysis and ideation which people whose 
training has been restricted to traditional 
education cannot even comprehend. 

The 20th Century is one of vastness in 
every respect — big universities, big man­
ufacturing plants, big corporations. So i t 
is going to be with research; therefore, 
team research is here to stay. According 
to Better Living [10), 91 percent of the 
U. S. Government grants for research in 
1956 went to five universities. Hence, i t 
is important that we discuss and under­
stand the pitfalls in this kind of activity 
and not, as pointed out by Wohl (5), 
commit the fallacy of attaching a pious 
significance to team research. 
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D A N I E L HOWLAND, Closure. — The effec­
tiveness of this type of research w i l l be 
judged by results, not by what is said 
about the research workers. The sub­
stantive results in the literature provide 
the most valid argument for team re­
search in the solution of complex system 
problems. 




