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THE POSTDOCTORAL RESEARCH
ASSOCIATE-INSTRUCTOR
Do we use the new PhD wisely as only a research
fellow? Added teaching responsibilities could be beneficial
to him, the students and his department.

ALEX E. S. GREEN

OVER TWO YEARS AGO Richard Martin
described some problems that have de-
veloped around the "superscholar" or
postdoctorate on the US campus. He
noted1 that the usefulness of the post-
doctorate to society is being ques-
tioned, and many suspect that the ap-
pointment simply serves as a haven
for professional students who contrib-
ute relatively little to society, or who
in one way or another are delaying a
useful and permanent adjustment to
society.

Because of the increasing difficulties
with science funding, we question
more acutely whether the productiv-
ity of postdoctorates is commensurate
with their cost. Here I will present
some thoughts on the question and
concentrate on a new concept: the
postdoctoral research associate-in-
structor or researcher-teacher. This
concept might help couple the declin-
ing growth rate in science to the ex-
panding growth rate in college instruc-
tion and, at the same time, help alle-
viate other problems on US campuses.

Sociophysics of productivity

A number of attempts have been made
to formulate laws of productivity
l>y measuring scientific publications.
These attempts have grown from the
desire to stimulate productivity and
from concern for the "scientific explo-
sion." Leroy H. Mantell- has recently
made an analysis that yields a rather

conservative estimate of the meaning-
ful expansion of scientific literature,
suggesting that, thanks to the large
population of nonproducers, the infor-
mation explosion is not as serious as
has been thought. Mantell calls atten-
tion to the law proposed by Alfred J.
Lotka,3 which in its integral form
states that the number of persons N
writing at least /) papers in a lifetime is
given by

where Ar
1 is the number of scientists

who have written at least one paper.
Line 1 in the figure shows the form of
this function for N1 — 100, compared
with some experimental data taken
from Derek J. de Solla Price.4 Lotka's
law unfortunately overestimates the
noncontributors,"1 (it is singular at
p = 0), as well as the population for
larger values of p.

Three more versatile distribution
functions are also shown in the figure;
they can be used to overcome both de-
fects. A generalized and regularized
form

N = iV0

ab

(p + a)(p + b)
(2)

where N() is the total population, goes
over to Lotka's law when a approaches
zero and h approaches infinity. It
also contains Price's4 modification of
Lotka's law by letting a approach zero.

Line 2 in the figure shows this func-
tion for Nu = 938, a = 0.1 and b =
14.5.

The form

N _ (3)

used in atmospheric physics, contains
as special cases the Fermi-Dirac
(a > 0), Maxwell-Boltzman (a - 0)
and Einstein-Bose (a = —1) distribu-
tions. Where a is positive, the equa-
tion is equivalent to the Woods-Saxon
distribution function used in the inde-
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PRODUCTIVITY DISTRIBUTION. Curve 1 represents the integral form of Lotka's
law (equation 1). Curves 2, 3 and 4 show the form of equations 2, 3 and 4 respectively.
The two straight lines associated with line 4 (color) are the two exponential com-
ponents; the curve, their sum. The dots represent experimental data from early vol-
umes of the Proceedings of the Royal Society, as compiled by Derek J. de Solla Price.1

pendent-particle model of the nu-
cleus.7

Computer optimizations to the data
gave a ^ — 1, therefore suggesting,
as a law of sociophysics, that produc-
tivity closely follows Einstein-Bose
statistics. Line 3 in the figure shows
equation 3 for N^ = 74.5, a — — 1,
h = 23.2.

A previous study8 suggested that
reward for scientific effort follows
Fermi—Dirac statistics, where the
zero-point level is about $10 000.
Should the temperature of science be
lowered and Einstein-Bose condensa-
tion occur, scientific output could ap-
proach zero as cost approaches in-
finity!

The distribution

N = NQ[(1 - a)e-p/"
+ ae-*/b) (4)

shown as line 4 in the figure for No =
75, a = 0.06, a = 2.9, b = 23.3, sug-
gests that we have basically two pop-
ulations—a small high-yield popula-
tion and a large low-yield population.
The two straight lines in the figure are
the exponential components and the
curve is their sum. All three are
shown in color. These analyses are
based upon data taken from early
Proceedings of the Royal Society that
have been roughly validated by 20th-
century data from Chemical Ab-

stracts.4 There are, however, many
open questions, such as time depen-
dence,2 r> correlations between quan-
tity and quality, the nature of the dis-
cipline, creativity of contribution and
multiplicity of authorship.

We will be concerned here, how-
ever, with the large low-yield popula-
tion, for this low productivity consti-
tutes a serious basis for questioning
our PhD programs. Far too many
nonproductive men are being honored
with this symbol of high scholarship,
and this lack of productivity has be-
come a major problem on the post-
doctoral scene.

Postdoctorate: a dirty word?

A major difficulty in postdoctorate de-
velopment stems from habits and at-
titudes that many PhD's acquire dur-
ing their graduate training. These
attitudes result partly from the stereo-
typed image of the scientist that de-
veloped immediately after World War
II: "Give a scientist complete free-
dom and everything he wants, and
not only will he produce pearls of
publishable wisdom, but also useful
contributions to the lot of mankind
will spin off his work at regular in-
tervals."

Unfortunately this picture is dis-
torted, for most PhD's are unproduc-
tive, and their publication yield is very

low. When this yield is weighted
against the scientific value of the pub-
lished works, it usually becomes yet
more meager. Many investigations,
although competently executed, are
comparable to stamp collecting, and
their absence would not be missed.
Indeed, professional postdoctorates, or
permanent researchers engaged in the
stamp-collecting type of research, may
actually be detrimental, because they
grind away too rapidly and at too
great an expense at problems that
might best be reserved as PhD "licens-
ing" tests.

We can only conjecture how the
yield in publications, corrected by
their true worth, relates to the long- or
short-term needs of society. This is a
relevant question when research cost
reaches the magnitude of other pro-
grams that are clearly of public im-
portance. Therefore, one must avoid
postdoctorates who might damage a
research program, such as:

• Men who are nonfinishers or
marginal finishers, who often raise
smoke screens to mask their lack of
dedication and inability to do good or
complete work.

• Men who do not maintain an
equitable balance between their de-
mands and diversions from the re-
search professor's energies and funds
on the one hand, and their contribu-
tions to his program and to the
broader educational purposes of a uni-
versity on the other.

• Men who are not honest and
forthright in agreements and who are
destructively critical. Often such
"criticists" or "glibicists" are disguising
their lack of originality by arrogance,
which makes collaboration difficult.

• Men who take a problem at the
"cutting edge" and go off on a tangent
of little value either to general knowl-
edge or to the continuing research pro-

"Many investigations . . . comparable to
stamp collecting would not be missed.
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;ram they are specifically working on.
• Loners who cause the professor

to fall off the pace of his own field.
The problem of the competent loner
who is past the usual postdoctoral
level in scientific maturity and com-
petence is more complex. Basically, a
postdoctoral fellowship under a grant
or contract to a senior investigator is
not a proper vehicle for such people.

These are the men who have made
"postdoc" a dirty word, and a research
professor and his university must learn
to avoid them. Let us now consider
the positive side.

Collaboration

Scientific research at the forefront of
knowledge in a quantitative discipline
is one of the most demanding types of
human endeavor. To finish a mean-
ingful study requires hard work in
comparing theory and experimental
data, careful study of related litera-
ture, and also creativity, imagination
and judgment. Universities attempt-
ing to improve their scholarly position
must encourage the development of
strong research programs. In addi-
tion to scholarly glory, research pro-
grams provide indirect benefits in the
form of student employment oppor-
tunities and training.

The graduate student is usually
viewed as the primary collaborator for
a research professor. Unfortunately
in many institutions graduate students
devote a major portion of their en-
ergies to course work and exams to ful-
fill the requirements for a PhD and
are thus unable to concentrate heavily
on a research problem. This handi-
cap, together with their inexperience
in research, greatly limits the useful-
ness of graduate students as collabora-
tors on difficult topics. Consequently
the natural role of the postdoctoral re-
search associate is as a collaborator
with research professors on mathe-
matically or physically complex topics.
The number of good graduate stu-
dents receiving degrees at such pres-
tigious schools as Harvard, Princeton
and MIT exceeds the number of post-
doctoral opportunities at these institu-
tions. The postdoctorate provides a
natural mechanism for distributing
this good talent more uniformly across
the country.

Unfortunately many "collaborators"
play the game as if it were a zero-sum
game, that is Ttt - Gn + Th - Gu = 0,
in which Ta is "take" of a in the form
of recognition, money, security; and
Ga is the "give" in the form of effort

(past, present and future), resources,
past achievements and administrative
time. With this erroneous assumption
some parasites often exert their efforts
towards Th = Ga + G,, in which case
Ta = 0. A fairer relationship is Ta =
Ga and Th = Gh, but this is still not a
meaningful collaboration. A model
more in the spirit of scholarly collab-
oration would be a set of coupled
equations with nonlinear mixed terms.
Here the yield depends greatly on the
mixed terms and the collaboration is
undoubtedly successful if Ta » G.t and

r,,»Gh.
If effective collaboration develops

between a postdoctorate and a pro-
fessor, both parties benefit greatly.
The professor can continue to expand
his understanding of his subject de-
spite the serious drain by unproduc-
tive demands. This ability is vital if
he is to pose good research problems
to students of later generations. The
postdoctorate benefits by starting right
at the frontier of knowledge reached
by the professor. As he works, he can
usually ground himself in the new sub-
ject areas by probing in all directions
from the initial point of attack. Here
is the major educational function of the
postdoctorate, because he acquires fur-
ther research experience, broadens his
background, probes more deeply into
a specific topic and sees its relation-
ship to fundamentals. He should
learn to overcome professional inse-
curities, in particular the "scientist
block" (not completing a study), and
thereby improve his publication rec-
ord. Also he should learn something
about the difficult but necessary bal-
ance between independence and com-
promise that characterizes successful
collaborations. All of this experience
prepares him for a future role as a pro-
fessor. Indeed, the postdoctoral years
are becoming a fine filter for the selec-
tion of faculty members in institutions
that have, or aspire to have, strong
research programs. Most good uni-
versities insist on about two years of
productive postdoctoral experience be-
fore awarding regular faculty posts, to
obtain a clear indication whether the
man is a high research-yield or low
research-yield type.

I have indicated that the postdoc-
torate can serve a good function to a
man and a campus. Can this function
be broadened and strengthened?

A remedy for Berkeleyitis

Recently a member of the Florida
Board of Regents remarked, "God

forbid that the University of Florida
become another Berkeley or Colum-
bia." His concern, of course, is re-
lated to the great student unrest at
these two universities rather than to
their very distinguished positions in
many fields. Consider, therefore, the
relationship among the problems of
Berkeley, the postdoctorate, the grad-
uate student and the undergraduate
student.

A great complaint among under-
graduates is that professors are busy
with consulting, government panels
and wheeling and dealing, and are
neglecting the students. As a solu-
tion, many propose that we replace
the "great scholars" with "great teach-
ers." They do not explain how a man
can be a great teacher without a deep
and fundamental understanding of
current knowledge.

It should be clear that finding a
balanced solution between the de-
personalization, which is viewed as the
cause of Berkeleyitis, and the time-
consuming personalization, which is
visualized as the ideal, will be difficult.
A research professor's time is con-
sumed by the continuing demands of
research and the accompanying ad-
ministrative tasks, and therefore it
would be difficult for him to have a
large number of personal contacts
with undergraduates.

But one possible remedy is to en-
courage postdoctoral research associ-
ates to play a useful role in under-
graduate education. The valuable
teaching resource they represent is
utilized in the concept of the postdoc-
toral research associate—instructor or
researcher-teacher.

The possible benefits are manifold.
For the university this concept pro-
vides an opportunity to upgrade not
only its research program but also its
teaching program. For the postdoc it
provides teaching experience that
broadens his future academic oppor-
tunities and that should provide better
financial remuneration. The postdoc-
torate is usually a keener, more en-
thusiastic and alert individual than the
typical graduate student or the full-
time teacher with little research com-
petence, and he should improve the
quality of the department's instruc-
tion.

Furthermore the institution has an
opportunity to look the postdoctor-
ate over carefully as a prospective
permanent faculty member. The por-
tion of support borne by the teaching
department should, in principle, re-
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"The university has the opportunity to
look the postdoc over carefully as a
prospective permanent faculty member."

lieve the supervisory professor's bud-
get and make some of these resources
available for other purposes. To the
granting agency this departmental
support represents a contribution to
the supported research program. In
this way all parties can benefit.

On the other hand, there are haz-
ards associated with this approach.
The postdoctorate might, by virtue of
his teaching commitment, tend to ne-
glect his primary research responsi-
bilities or disassociate himself from the
senior investigator's program; the pro-
fessor may not make appropriate al-
lowance, in his expectation of research
performance, for the postdoctorate's
teaching role.

Assuming that the postdoctoral re-
searcher-teacher concept is initiated
in good faith and is hence beneficial
to the university, the postdoctorate,
the department, the research profes-
sor and to the granting agency, the
question of quantitative arrangements
arises. It is my opinion that the
teaching load should be as small as
possible, preferably 8-12 hours per
week, including preparation time.
The typical department gives the full-
time faculty member a teaching load
usually of 15-25 hours a week (in-
cluding preparation), so that he can
devote substantial time to research.
Half of this load is not an unreason-
able diversion of effort for the post-
doctoral researcher-teacher. It im-
plies that the department sponsors
some of the postdoctorate's research
effort. Also, the compensation should
be approximately half that of a faculty
post plus half that of a regular post-
doctoral stipend for the academic
year, plus the full postdoctoral stipend
for the summer.

As a concrete illustration, let us sup-
pose that an instructorship of $9000
per academic year and a grant post-
doctorate of $8400 per annum are
available. Thus, an additional fund
of $2600 only is needed to create
two $10 000-per-annum postdoctoral
research associate-instructorships. If
arranged properly, both appointments
would usually benefit by $3600 tax
deduction. The grant would thus
bear $11 000 and the university $9000
in direct salary costs, plus whatever
overhead rate is allowed. The total
cost of maintaining two researcher-
teachers is about the same (a little
lower if the university provides sum-
mer employment for the teacher).
Roughly speaking, the two organiza-
tions share equally, which is reason-
able, because both should be inter-
ested in encouraging teaching and
research.

Present and future advantages

We come to the final question: Would
two postdoctoral research associate-
instructorships hold a significant ad-
vantage over an ordinary instructor-
ship plus an ordinary postdoctorate?
In my opinion the answer is "Yes."

A major advantage at this time is
that it would turn staff positions at
research-oriented schools into positions
for new PhD's. Such openings are
vitally needed to give young postdoc-
torates time to find their professional
bearings. Statistics show that a PhD
does not assure productivity in re-
search. Thus a primary function of
the postdoctorate period is to help the
man and society make a finer judg-
ment of his research potential and in
most cases to help establish his proper
position in higher education. If the
man has very good research potential,
he should at the end of his postdoc-
torate be helped towards a permanent
post at a PhD-granting institution, or
a national research laboratory. If he
has modest capability, then an MS-
granting institution would be his nat-
ural and proper environment. If he
has little research capability, a junior
college or BS-granting institution
would be most suitable for him. His
success at these institutions, particu-
larly in the last two that represent a
major outlet for PhD scientists, would
be greatly aided by his teaching ex-
perience.

The teaching role should not seri-
ously retard the postdoc's research
program, since it is clear that produc-
tive people remain productive despite

8 or 12 hours of diversionary effort.
Indeed, a diversion is frequently help-
ful to a man as an alternative outlet
for his mind. In this case, the post-
doctoral researcher-teacher, who is
serving needs of the undergraduate,
may also be relieved that his entire
contribution to society is not based
only on his creative research abilities.

It would appear that the postdoc-
toral research associate-instructor
could, if correctly implemented, al-
leviate many national problems. With
it we could preserve the postdoctorate
for the positive functions it can serve,
help to couple the lagging growth of
science to the vigorous growth of col-
lege education and relieve some of the
problems related to the generation
gap. Most importantly, if properly
developed, it could serve as a means
for strengthening both the educational
and the research functions of the US
campus.

* * *
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