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3. A'Theoryof Limited Differences:
Explaining the Productivity Puzzle

n Science

THIS ESSAY USES a new general theory of limited differences
to propose an explanation for a long established, but poorly understood,
pattern of scientific productivity.! The theory attempts to explain the em-
pirical fact that male scientists, on average, publish about twice as many
scientific papers as their female counterparts, and this disparity increases
over the course of careers.? Qur aim here is to illustrate how a fine-grained
explanatory theory of limited differences can account for this. We have
chosen the productivity puzzle in science as a strategic research site,* but
the general theory of limited differences should apply to many other socie-
tal patterns of inequality and social stratification—from racial differences
in income and occupational prestige over careers to differences in occupa-
tional choice among racial and gender groups.

The first section describes the phenomenon to be explained. Section
two presents the elements of the theory of limited differences and indicates
how the structure of a kick-reaction system can explain the publication
process in science. In section three we review prior attempts to explain the
gender-differentiated productivity patterns in science. The fourth section
formalizes scientific development and the productivity of men and women
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in terms of the theory of limited differences; and in section five we illustrate
that process with detailed career constructions from a micro-simulation
implementation of the theory. Section six explains how competition among
scientists is the driving force affecting the dynamic features of the theory.
We conclude with a discussion of testable features of the limited differ-
ences theory and outline a research agenda, focusing on measurement
problems that must be resolved if the proposed theory is to be further
validated or refuted.

The Skewed Distribution of Scientific
Productivity and the Productivity Puzzle

Science is a highly stratified institution. A small proportion of
scientists hold the lion’s share of powerful and prestigious positions as
well as honorific awards,* and this inequality in rewards is paralleled by
equally skewed rates of scientific productivity. That is, the numeric count
of published scientific articles and books. Most scientists publish a very
limited number of papers; a small percentage publish a great number.
Between 10 and 15 percent of all scientists publish about half of all the
science produced.’ This pattern is as true for women scientists as it is for
men. The theory of limited differences pertains to all Ph.D. scientists, but
since most do not produce more than three or four papers in a career, we
intend to concentrate on the elite group of scientists who are the major
producers. Therefore, it is this population of primary producers of science,
that is, the upper tier of the stratification system, and the factors that
influence their rate and amount of production that is the principal focus of
this paper.

A second pattern of scientific productivity remains poorly understood.
Male scientists publish more than females. This sex-related pattern has
been demonstrated in more than 50 studies (see Cole and Zuckerman
1984). It is as true today as it was in the 1920s, 1930s, and through the
1960s.° To cite but one example, a recent summary of scientific productiv-
ity patterns for 526 “matched” men and women who received their Ph.D.s
in 1969-70 showed that for the 12 years following their degrees the female
mean to male mean productivity ratio was .57 for published papers, .42
for median number of papers.’ For each type of comparison, the gender
difference increases over time (Cole and Zuckerman 1984).* Using mean
numbers of papers, the ratio of publications of women to men in the first 7
years of the career (i.c., the tenure-rclevant years) was .63; for years 8
through 12 it was .51. The ratios of the medians change from .51 for the
carlicr years to .30 for the later years. This “fanning out™ process of sex
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differences in publications for the 526 scientists and for four cohorts of
matched men and women Ph.D.s dating from 1932 to 1957 is illustrated in
Figure 13.1.° The picture of the 1970 cohort shows that almost all of the
fanning action occurs am'ong the top 25 percent of producers. The theory
of limited differences attempts to explain these sex differences in scientific
productivity.

We will also try to explain similarities that have emerged from studies
of men and women scientists over the past two decades. 10 For example,
there is virtually no association between sex status and: (a) admission to
graduate schools of varying prestige or assessed quality; (b) receipt of
post-doctoral fellowships; (c) acceptance or rejection of manuscripts sub-
mitted for publication; (d) success rates for grant applications; and (e)
number of early career honorific awards received. A priori, one might
expect that there would be important disparities by sex in early career
experiences that would reveal productivity differences within a few years
of Ph.D. completion. That this does not occur is what brings forth the
notion of a productivity puzzle.

Disparities only emerge gradually. They reveal themselves in cumula-
tive numbers of publications, rotal citations to published work, promotion
to tenured positions at the most prestigious science departments, and re-
ceipt of top honorific recognition, such as Nobel Prizes, Fields Medals,
and Lasker Awards. Observations of small fragments in time of the careers
of men and women scientists whose initial conditions at the start of gradu-
ate school are roughly the same reveal virtually no distinctions in produc-
tivity by sex. It is the cumulative, long-term nature of the development of
productivity and, in turn, reward differentials that represents the challenge
for an explanatory theory.

An obvious possible explanation for the gross disparities in productiv-
ity exhibited in Figure 13.1 is simply sex discrimination. Although this
has undoubtedly played some role—particularly in earlier cohorts—recent
focused interviews of men and women scientists'! revealed that most women
indicated that they had not personally experienced discrimination. Never-
theless, most had heard of “other cases” of sex discrimination in science.
The theory proposed herein views sex discrimination as only one of many
causes of the cumulative productivity differential between men and women
scientists. There is partial empirical support currently available for a “lim-
ited differences” explanation. Full validation and further refinement of this
theory is an important challenge for the future.




13.1 Publication histories for five cohorts of men and women scientists.
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A Theory of Limited Differences:
General Outline

We focus on the dynamics of individuals, each of whom is embed-
ded in a network or networks of relationships constituting the social system
of scientific specialties. System dynamics and details of the network struc-
ture of science are not part of the present formulation.

Individuals are exposed to a sequence of events of many different
types, some or all of which may occur more than once, depending upon
the substantive context. There may also be a priori order restrictions in
time on some of the events; “acceptance into Ph.D. institution,” for ex-
ample, must occur before “offer of post-doctoral position.” Associated
with each individual is an outcome variable(s)}—e.g., manuscript comple-
tions and manuscript publications in a science career setting,'? annual
wages and/or annual income in studies of black-white earnings differen-
tials, scores on age-graded mathematics tests as in studies of U.S. vs.
Japanese schools. A “kick-reaction” pair corresponds to each event.'
Examples, in the context of science careers, of kicks (which may be posi-
tive, neutral, or negative) are: acceptance or rejection by a top Ph.D.
institution; positive and/or negative funding decisions on grant applica-
tions; positive and/or negative publication decisions based on manuscript
submissions; marriage to a spouse who either hinders or facilitates the
scientist’s career. Associated with each kick is a positive, neutral, or
negative reaction by the person who experiences it. This reaction acts—
almost immediately, or with some delay—with other kicks and reactions
to influence the outcome variable(s). Kicks and reactions thus have “mem-
ories.”

The evolution of events, their associated kick-reaction pairs, and changes
in levels of outcome variables are characterized as a vector stochastic
process where the conditional probabilities of current state occupancy or
changes in state are based on an individual’s prior history, subject to the
following general constraints:

i) with high probability, the kick-reaction sequences with memory,
delays and establishment of competencies for future kicks and reactions
determine the outcome variable histories;

i1) with few exceptions, the influence over a short interval of any single
kick-reaction pair on an outcome variable will be small (or “limited™).
Two individuals with similar, even identical histories up to a given time,
but who experience opposite kinds of kick-reaction pairs to any given
cvent—e.g., (negative kick, negative reaction) vs. (positive kick, positive
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reaction)—will not exhibit dramatically different outcome variable dy-
namics over a short time interval in the immediate future;

iii) all or nearly all kick-reaction pairs influence durations until future
events by small amounts. Recurrent events have gently changing duration
distributions regulating inter-event intervals. Major changes in waiting-
time distributions between events and/or changes in levels of outcome
variables will occur over long times or between pairs of events separated
by “many” intervening events;

iv) there are a few special events for which, in distinguished subpopu-
lations (call them A and B), the probability of a negative reaction to a
negative kick for a member of group A exceeds the corresponding proba-
bility for a member of group B. Correlatively, the probability of an “im-
provement” in the outcome variable for an individual with a negative
reaction to a negative kick on a special event is less than the corresponding
probability for an individual with a positive reaction to a negative kick on
the same special event, all other features of the past histories being the
same;

v) conditional probabilities of specific changes in outcome variables at
a given time are insensitive to the order of occurrence of a subset of the
possible events that may have occurred in the past. The specific form of
the kick-reaction pairs associated with these events will influence current
outcome variable changes; however their order of occurrence will not
matter. ™

When applied to science careers, this general framework implies that
cumulative productivity differentials between men and women scientists—
identified as group A and B, respectively in conditions (iv)—are the result
of small—or limited—differences in their reactions to a limited set of
kicks. It is the cumulative effect of these small differences that produce,
analogous to a “multiplier effect,”'® major productivity differentials be-
tween men and women over a career. Small within-sex differences in a
few kick and/or reaction intensities also lead to large career productivity
differentials in the population of women scientists alone and among men
scientists alone. It is the specific substantive content of the kick-reaction
pairs which influences productivity in science and which, more generally,
gives specific content to the theory as it is applied to different phenomena.

Consider an example of a career event which is hypothesized to in-
crease slightly the probability that women scientists will be less productive
than men. A set of graduate students in physics must select Ph.D. sponsors.
All of the faculty in the physics department are men who are willing to
sponsor the work of male graduate students; but 10-15 percent of them are
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unwilling to sponsor female graduate students. This is not an over-
whelming disadvantage, but it is a disadvantage nonetheless. It will not
affect most women scientists, who would not have wanted to work with
that 10—15 percent of reluctant professors in the first place. Most women
will not have any experience of a negative kick in the choice of sponsors.
However, the entire set of women has a slightly smaller pool of eligible
sponsors from which to choose. Some women would have selected these
men, but for their refusal to sponsor women. If among these sponsors there
are some excellent and powerful scientists, then a small proportion of
women students will experience a slight negative kick resulting from not
studying with them. The reactions to this kick will vary among the women
who experience it. Some will fight even harder against such discrimination;
but a subset may have their aspirations dampened and motivation reduced
slightly by the experience. Such a difference is small but has clear impli-
cations for future events in the careers of the affected scientists and to a
limited degree is sex dependent.

Take another illustration. A slightly higher proportion of women than
men of roughly equal quality have grant applications rejected for research
support of the same size. Consequently, they have fewer resources for
their research, less travel money for giving talks, papers, or attending
conferences—in short for becoming “visible” to their peers. The sex dif-
ference may be limited indeed, but the bias, where it occurs, may decrease
slightly these women’s productivity potential. In conjunction with prior
disadvantages, the somewhat poorer probability of funding reduces the
probability of quickly completing manuscripts and publishing papers.

These small negative kicks adversely influence productivity potential
in the early phase of the career. They then influence a more significant
event, the tenure decision. If tenure is denied, then further negative kicks
and reactions can follow, exacerbating still further the difference in pro-
ductivity potential.

In the case of scientific productivity, the major driving forces behind
the manuscript production and publication processes are two interrelated
goals: priority for scientific discovery and accompanying peer recognition
(Merton 1957); and success in the competition for resources to pursue
research at a high level. These primary goals are mediated by the action
(kick)-reaction pairs experienced by individual scientists. Positive kicks
and reactions are associated with increased incentive and hence with in-
creased manuscript completion and publication. Negative kicks and reac-
tions such as grant rejections and lack of peer recognition—for example,
very low use of work by peers—serve as a major disincentive, often lead-
ing scicntists simply to abandon the race for major scientific discoveries.
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Prior Explanations for the Productivity
Patterns

Of course, there have been a number of theoretical and empirical
efforts to explain the skewed productivity among scientists and the puz-
zling sex differential. In addition, there are other classes of explanations
that have not been applied to this problem but that are plainly theoretically
relevant. Most efforts within the sociology of science have focused on
three classes of explanations: theories of initial conditions, theories of
evolving social processes, and structural constraints.'® We briefly review
these explanations and indicate their relationship to the theory of limited
differences.

THEORIES OF INITIAL CONDITIONS: THE SACRED SPARK

Productive scientists, this orientation holds, are those with “a sacred
spark,” those with the aptitude to tackle and solve difficult problems.
While few would question that variations in ability play a formidable role
in distinguishing between creative and uncreative science, this position
ignores the role of culture, social structure, and personality in contributing
to the productivity process. It is problematic primarily because there is
simply no evidence to support the claim that gender differences are related
either to the initial physiological or to biological conditions that are claimed
to result in the productivity differences we are attempting to explain.'”

THEORIES OF INITIAL CONDITIONS: PSYCHOLOGICAL TRAITS
AND SOCIALIZATION PATTERNS

Motivational intensity required for high levels of productivity is as-
sumed a priori in this orientation to be dampened in women because of the
formidable early cultural and structural barriers that women face and must
hurdle before reaching the starting line for a predominantly “masculine
occupation” (Berryman 1983; Kahle and Matyas 1985; Marini and Brinton
1984; Bielby 1991). Socialization processes lead young women to be less
confident about their scientific ability, less assertive in advancing their
ideas and opinions, less apt to pursue their goals aggressively, while si-
multaneously being more ambivalent than men about their work and family
roles. In due course, women and men come to the starting line for scientific
careers carrying baggage of substantially different weights. Differences in
scientific production follow naturally from these differences in background
and current attitudes and traits. But no mechanism is proposed to explain
how these “initial conditions™ fucilitate or impede subsequent events which
unfold during a carcer—in short, how they are linked to uctual productiv-
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ity. The theory of limited differences as specialized herein to scientific
careers does deal with this latter process. It is incorporated in the differen-
tial probabilities of positive reactions to negative kicks on special events
such as NIH grant decisions.

THEORIES OF EVOLVING SOCIAL PROCESSES: REINFORCEMENT
AND SOCIAL LEARNING

Theories of “reinforcement” and “social learning” are based upon ob-
servations of the full process of scientific production over a span of years.
Reinforcement theory assumes that high levels of initial productivity re-
ceive positive reinforcement (through conference invitations, citations, job
offers, awards, etc.), which increases the probability of subsequent high
scientific productivity (Cole and Cole 1973). Conversely, poor early per-
formance, going unrecognized, is negatively reinforced and leads to lower
future production. Social learning theorists hold that individuals’ reactions
to events, or stimuli, will be influenced both by their past experience with
the stimuli, with cognitive processes that influence the perception and
retention of the event, and with anticipated future effects of a particular
response (Bandura 1986). As Bandura suggests:

In the social learning theory view, people are neither driven by inner forces nor
buffeted by environmental stimuli. Rather, psychological functioning is explained
in terms of a continuous reciprocal interaction of personal and environmental
determinants. Within this approach, symbolic, vicarious, and self-regulating pro-
cesses assume a prominent role. (1977: 12—13)

Reinforcement processes and social learning undoubtedly operate to
influence manuscript production, but as they have been formulated, they
do not specify the emergent structural and cultural properties in social
systems that operate to influence manuscript production, specifically sex
differentials and the fanning out process. Furthermore, they emphasize the
internalized psychological components of action rather than the dynamic
structural bases for actions and reactions.

THEORIES OF EVOLVING SOCIAL PROCESS:
CUMULATION OF ADVANTAGE

Processes of “cumulative advantage,” first articulated by Robert K.
Merton (1968), attempt to explain time-bounded patterns of skewed pro-
ductivity (and recognition) in terms of increased opportunities for scientific
resources, both capital and human, that accrue to those who are productive
carly on—and especially to the productive located at prestigious scientific
institutions. Changing distributions of resources become the basis for creating
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even greater productivity distance between the “haves” and the “have-
nots.”'® The cumulative advantage literature has focused on the increasing
inequality of scientific publications and citations but has failed to establish
the crucial step-by-step linkage between the changing distribution of re-
sources and productivity inequality. The growing inequality has been as-
sumed to be the result of cumulative advantages (see Allison, Long and
Kraus 1982).

The theory of limited differences, while incorporating the idea of cu-
mulative advantage, is much more fine-grained and specific about the
mechanisms which generate productivity differentials. The kick-reaction
sequences are the primitive ingredients in the theory of limited differences;
there is no comparable explicitly formulated mechanism for the evolution
of individual careers in the extant literature on cumulative advantage. In
addition, the fact that reactions to particular events are allowed to depend
upon prior events, past kick-reaction pairs, and initial conditions is what
allows us to integrate socialization processes, psychological theory, and
cultural value systems explicitly into the evolutionary dynamics of the
limited differences formulation.

Furthermore, in the case of the scientific productivity differential be-
tween men and women, the theory of limited differences, through analysis
of the sequencing of kick-reaction pairs, suggests a method for assessing
whether or not one group rather than another will ultimately monopolize
resources, rewards, and the productivity process. The theory allows us to
determine the extent to which one group or another “dominates™ the distri-
bution of specific positive or negative kicks, and analysis of reaction sys-
tems enables us to identify differentiated responses by men and women to
similar positive and negative career events.

STRUCTURAL CONSTRAINTS

Sex discrimination has been used to explain the sex differences in
publications, and undoubtedly it has been a source of structural constraint
for women scientists. Differential opportunities based on sex, or on other
individual attributes that are unrelated to performance, can be translated
into competitive advantages in the acquisition of resources and facilities
necessary for high productivity.'® In fact, discrimination, whether based
on sex, religion, national origin, age, or race, enters the theory as a signif-
icant substantive element in determining limited differences.

But discrimination is vicwed here as one among many sources of
structural constraints affecting publication probabilities. For example,
women's domestic responsibilities ussociated with child-bearing and child-
raising could account for the lower rate of productivity of women scien-
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tists. This hypothesis has been studied in some detail. It turns out that
women with children are as scientifically prolific, on average, as those
without them (Cole 1979; Cole and Zuckerman 1987). But a small subset
of women, distinctly limited in number but greater than the number of
men, are adversely affected by building families, and this represents a
limited difference that will influence productivity for that small subgroup.
Thus, marital and fertility histories are a central feature of the application
of limited differences dynamics to science careers.

Since scientific production is almost invariably carried out within so-
cial organizations, these organizational contexts can influence the form
and substance of productivity. Some environments may be conducive to
research; others hostile to it—and this holds for all scientists. But there
may also be organizational structures that limit the productivity of women
more than men. These range from barriers to participation to subtle exclu-
sions from informal interaction within laboratory settings (Bielby and Baron
1984; Fox 1981a; Long 1978; Pfeffer 1982; Reskin 1978a,b). Only a rough
beginning at empirical research aimed at measuring the actual effects of
organizational structures on scientific productivity has been carried out
(see Long and McGinnis 1981). These studies have been unable as yet to
specify adequately how dynamic interactive processes between the “envi-
ronment” and the individual influence productivity and, more specifically,
what features of organizational environments adversely affect women’s
productivity relative to similarly situated men.

There are, then, a set of existing social and social psychological theo-
ries that purport to explain gender differences in scientific productivity and
the fanning out process. Each of these theories has useful elements, but
individually they take us only a limited way toward explaining the produc-
tivity patterns in question.?® Aspects of each are incorporated into the
theory of limited differences. We turn now to a description of basic ele-
ments in the theory and to its application to solving the productivity puz-
zle.?!

Formalization of Science Career Development

We specialize and interpret the general outline of the theory given
above in the context of science careers.

A PRIMARY EVENT LIST AND DELINEATION OF
INITIAL CONDITIONS

A set of career events, hypothesized to be the basis of an explanation

of the productivity puzzle in science, is listed in Table 3.1, This is by no
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empirical studies to date (see, among many others, Astin 1969; Astin and
Bayer 1972; Bayer and Astin 1972; Centra 1974; Clemente, 1973; Cohen
1980; Crane 1969; Cole and Cole 1973; Gaston 1973; Hagstrom 1971;
Hargens, McCann and Reskin 1978; Helmreich et al. 1980; Spence, Helm-
reich and Stapp 1975; Spence and Helmreich 1978, 1979; Zuckerman
1977, 1989; Cole 1979; Allison and Stewart 1974; Long and McGinnis
1981; Cole, Rubin and Cole 1978; Cole, Cole and COSPUP 1981; Reskin,
1977, 1978a, 1978b; Zuckerman and Merton 1971a, 1971b; Zuckerman
and Cole 1975; Over 1982; Over and Moore 1980) and prior theoretical
proposals suggest should be the most important events.

TABLE 13.1 Events Influencing Scientists’ Productivity Histories

E, = Decision on Ph.D. institution

E, = Decision on Ph.D. sponsorship

E; = First post-doctoral job or post-doctoral fellowship

E, = Publication decision: acceptance or rejection of paper

Es = Marriage or cohabitation

E¢ = Birth of child

E; = Perceived quality of research: critical reception of publications

E; = Funding decision

E; = Marital disruption or cessation of cohabitation

E,o = Tenure decision

E,; = Moderate honorific recognition (e.g., Guggenheim, Sloan fellowships)
E,, = Major honorific award (e.g. Lasker, NAS membership, Fields Medal, Nobel Prize)
E; = Laboratory directorship

E,s = Job offer from outstanding department

E,s = Critical reception of paper prior to publication

Note: For each event E;, there will be nine logical combinations of kick-reaction pairs.

There are some a priori order restrictions to be imposed on these events
which indicate that some of them must occur in time prior to others.
Introducing the relation < to mean “before,” we require:

(i) E<E;<E;<Ejp

(i.e., acceptance into Ph.D. institution must occur before acceptance
of Ph.D. sponsorship, which, in turn, must occur before a tenure
decision.)

(ii) Es<Eqy

(iii) Es<Eg"<...... <ES™  (E® means ™ occurrence of i event)
(iv) Ea<E; V<. <k, ,"

(v) l.:”(l).(:u”m(;u”m””

PR B - st
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With the exception of these constraints, any ordering of events is
possible in principle. Science careers will be assumed to start when an
individual applies to a graduate program in some scientific field or spe-
cialty. The details of the process of self-selection which leads some indi-
viduals to this choice, as opposed to other career options, is an important
topic which lies outside of the scope of the present formulation. Thus
gender differences in early socialization and a variety of attitudes and
expectations about what is or is not achievable in a scientific career will be
assumed to be the primary source of variation across individuals when the
career process initiates. Persons clearly differ in basic ability and motiva-
tion even when initially self-selecting to begin a science career; however,
there are, as yet, no good measures of early ability and motivation which
distinguish men from women at this stage. There are also no effective early
screening measures which will indicate who among persons in the same
discipline, prestige level of graduate school, and with comparable under-
graduate record are likely to be the major producers of science in their
cohort.

OUTCOME PROCESSES

Two interrelated outcome variables will be central to the present spec-
ification of science careers: manuscript completions and publications. These
variables are related in a publication process as delineated in Figure 13.2.

When drafts of manuscripts are generated, they are frequently circu-
lated among close peers for comment and criticism—this gives rise to the
event, E;s. Following this event, manuscripts are completed and, with
high probability, are submitted to journals for review, thus leading to a
publication decision—the event E,. A favorable decision is followed by a
manuscript publication. However, an unfavorable decision puts manu-
scripts into a feedback loop which may lead to a revised manuscript com-
pletion and a subsequent publication or may lead to the scientist simply
giving up on the paper. The process exhibited in Figure 13.2 has separate
compartments for “writing following an outright rejection for publication”
and “writing following an editor’s request for some revisions” because of
the very different attitudes that scientists will have while in each of these
regimes. This distinction then leads to different probabilities of manuscript
completions and resubmissions, an important feature of a science career.

The probabilities associated with transitions along various paths in this
set of events vary dramatically by field, specialty, and even research area.
For example, the probability of publication given an initial submission in
virology is approximately .9 or roughly .75-.9 in physics, while the same
conditional probability ix roughly .2-.3 in some subspecialties of sociol-
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tations by scientists in varying fields and hence to different intensities of
reactions to rejected manuscripts.” Thus the (submission — publication)
link is primarily subject-matter determined while the (peer evaluation —
completion), (completion — submission), (revision — submission), and
(rejection — revision — submission) paths are much more heavily influ-
enced by individual drive, motivation, and career aspirations.

New manuscript
prior to close
—» reference group
review
Close peer
evaluation
E;s
Manuscript . Decision
comp[etion essing E4 \
i
Published
literature
Y
Writing Writing
- (revise and (after
resubmit) rejection)
Out

13.2 The process of scientific publication.

KICK-REACTION PAIRS

With each event from the list in Table 13.1, as it occurs in an individ-
ual’s evolving career, there is associated a kick-reaction pair. Kicks and
reactions can cach be of three kinds: positive, neutral, and negative.? We
will denote these alternatives by the system of symbols:

KICKS REACTIONS
k' = positive kick r' = positive reaction
k+ — neutral kick r- = neutral reaction

1. seeasassbloia LinL v montive vauctlon
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Thus for each event there are nine possible kick-reaction pairs. The prob-
abilities of occurrence of pairs such as (k*, r*) and (k—, r~) will be
substantially larger than the probabilities associated with, for example,
(k*,r7), k™, r"), and (k', r 7). A given kick-reaction pair will influence
the outcome variables through conditional probability distributions whose
structure is described in the next section. In addition, the probability dis-
tribution on kick-reaction pairs associated with a given event will depend
on an individual’s kick-reaction history and outcome history prior to the
event in question.

There is a strong social psychological component to the reactions as-
sociated with particular kicks in the form of increased or decreased moti-
vation. Motivational differences result not only from psychological sources
but also from processes of socialization and social structure. Differences
in socialization between men and women can lead to some differences in
individual traits such as aggressiveness, competitiveness, self-confidence,
degree of confidence, and comfort in an environment in which the individ-
ual represents a minority (Duncan and Duncan 1978; Maccoby and Jacklin
1975; Marini 1987). These may produce small sex differences in the dis-
tribution of expectations, aspirations and motivation and somewhat differ-
ent tolerance and resistance to negative events. In short, differences in
reaction systems of men and women scientists may result from socializa-
tion processes. These processes are hypothesized to produce empirically
identifiable differences in the reaction systems of men and women scien-
tists. Most men and women scientists may “look alike” in terms of their
reaction systems, if for no other reason than that self- and social selection
processes lead to these similarities. However, scientists, male or female,
with different types of reaction systems will respond in varying ways to
the same kick. The actual impact of a kick depends upon the reaction to it.

Reaction systems, of course, also affect behavioral outcomes in an
anticipatory way: fear of rejection forestalls action and produces avoidance
behavior. Reaction systems affect and are affected by the cognitive styles
of scientists. Some scientists will be risk-adverse, fearing negative kicks.
Others opt for tackling risky problems and take chances in their efforts to
be published in the top journals, or to be optimally funded for their re-
search.

There are also structural constraints on flexible reactions to kicks that
have little to do with psychological traits. Clearly, scientists in different
social structural locations have differential opportunities to react positively
or negatively to kicks (Fox 1983). Some are in situations where they can
“do something about” a negative kick, others are not. Institutional struc-
tures not only affect reactions to kicks but influence the sequencing of
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future kicks and the duration of time between manuscript completions.

Social and cultural customs and mores, such as marital patterns, also
can constrain types of reactions to kicks, as is the case when the geographic
mobility of a woman is restricted by her spouse’s job (Marwell, Rosenberg
and Spilerman 1979). Ceterus paribus, women scientists are more apt than
men to be structurally constrained in their choices. For both men and
women the sequence of reactions to the same or similar events will change
with successive kicks.? In particular, the resiliency of positive or neutral
reactions will diminish with a succession of negative kicks.

PROBABILITY SPECIFICATIONS AND MEMORY EFFECTS

We represent science careers in terms of: (a) a sequence of early
events—in particular, those which occur up to the first post-Ph.D. posi-
tion—where there is an accumulation of kicks and reactions which strongly
influence subsequent mid-career development; (b) the period from first job
beyond the Ph.D. to first major award (this is where the basic publication
record is established); and (c) the post-initial major award period, where
substantial publication is reinforced, accelerated because of growing re-
sources, or dampened because of increased obligations outside of the re-
search role. Many scientists, even among prolific producers, will never
move to phase ¢, but large proportions of those traveling in this fast lane
will receive substantial honorific recognition.?

The Early Events Module

We consider the events E,, E,, and E; which are, of course, constrained
by the order relation E, <E, <E;. In addition, the events E4, Es, Eg, Es,
and Eo may be interdigitated with E, — E; subject also to the order restric-
tion listed on p. 289. Early event histories will consist of sequences of
three or more events from the above list, and E,, E,, and E; must occur in
each sequence. We denote by |E,, |E,,,.... the possible sequences made
up of at most the above eight distinct events subject to order restrictions
and allowing some events, such as birth of a child (Es), to occur more than
once prior to E;.

For example, we may set

lEl :{Eh E,, Ea}
lEZZ{ESv E,, Ef,“)' E,, Ez}
]E;z{E,, E,, Es, E}}
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Then within sequence |E; we denote the kick-reaction pairs by (K; (&),
R; ), (K; (E), Rjz(lsi)),,... where j, is identified with the subscript of the
first event in |E;, j, is identified with the subscript of the second event in
|E...., etc. For example, in sequence |E,, j; =5, =1, j3=6, j4=2, and
s=3.

With this notation at hand we represent the joint distribution of events
and kick-reaction pairs as the product of conditional probabilities

Prob ([E; (K, 1%, R; ), .., (K, 2, R; ()
M

;  |E;) Prob (|E)

= H Prob ((K

(IF ) | kick-reaction pairs

(E)
s R, T) | . .
w=I"" {prior to event j, _;

where 1 =number of events in |E;

Each kick-reaction pair can assume any one of the nine possible values
k*,r7), kr), k%), k*,r), k,r), k,r), k7,r7), k,r7), and
(k~,r~). Numerical specification of Prob(|E;) is guided by empirical fre-
quencies in existing surveys of scientists. The general conditional proba-
bilities in equation (1) must be further restricted to conform to particular
proposals about the influence of memory on current perceptions of kicks
and associated reactions. Two specifications which are relevant for science
careers are:

(A) For a given sequence, |E;, past kicks and reactions prior to the 1*
event influence the probability of the 1™ kick-reaction pair only through
the sums

-1 . )

2 W;lh,»sgn (Kj(_h))

m=1 m m

and (2)
Z V(IP ’sgn R

where

sgn (K™)= (+1 if K™=k*

(l‘)

0 if K=k

—1 if K™=k

and
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sgn(R“F’)— +1 fR‘“ *
0 if R“E')—r
1 “if R;"“zr-

The weights {ij“Ei)} and {V; ‘E)} indicate the relative influences of
past events on the probability of a current kick-reaction pair. The weight
sequences are associated with specific orderings of events—namely, |Ei—
and need not be invariant under permutations of them. The parameteriza-
tion (2) implies that the full past influences current probabilities—if all
weights are non-zero—and that the longer the sequence the less influence
any single kick-reaction pair in the past will have.

(B) If an early event and its kick-reaction pair only influence a specific
future event, this effect is captured in the specification

(lE) (H) | kick-reaction history prior to / th event)

)] 3

Prob ((K,
- Prob ((K(lp) (|E~ )) ‘(K([h) R

(E)
for a distinguished event—the j' event—occurring at an earlier time, j<1.
An example of this is where the j™ event is “marriage by a woman scientist
in undergraduate school” but to a man whose career imposes rigid geo-
graphical immobility for the couple. In terms of the event sequence for-
malism, this is a history for which Es <E,. Now we define the 1* event to
be E; = (offer of first post-doctoral position) and assume that the position
is at an outstanding institution—thereby giving rise to a positive kick—but
that it is located outside the geographical range which would preserve the
husband’s job. Thus a negative reaction is associated with the positive
kick—i.e., (K,€), R,"E)) = (k * ,r~). The marriage itself, at the time of its
occurrence, is associated with (K;(&), R{/E))=(k* ,r™). The dependency
restriction (3) implies that all events other than the marriage have no
influence on the current kick-reaction pair. The idiosyncratic detail of
geographic immobility of a spouse is not formally incorporated in the
probability specification; however, non-zero conditional probabilities for
the sequence of kick-reaction pairs

(Kj(ll-l,)‘ Rj([!'.,)) =(k'.r' )_,(K’(]li,)). RI(IH,)) =K', r) (4)

are interpreted to mean that some mujor obstacle associated with the mar-
riage gave rise to the negative reaction on the 1™ event.
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Mid-Career Dynamics

Development of manuscripts for publication usually begins prior to
Ph.D. completion in the sciences and, in some fields, even in undergradu-
ate colleges. We assume that once the manuscript completion process
begins, new manuscripts are produced at independent but not identically
distributed intervals until the start of a first post-doctoral position. Kicks
and reactions in the early events module are not assumed to influence
manuscript completions prior to receipt of the Ph.D. degree. However,
kicks and reactions in the feedback loop of the publication process—Fi gure
13.2—will slightly increase the manuscript completion rate when positive
reactions occur and slightly decrease it when negative reactions occur.

Once the first post-Ph.D. position is attained, then the waiting times
between successive manuscript completions have means and variances
which are functions of the cumulating kick-reaction experience to the full
range of events listed in Table 13.1. These means and variances decrease
slightly with each positive reaction and increase with negative reactions.
Thus, the intermanuscript completion intervals are decomposed into epi-
sodes separated by occurrences of events outside the publication module,
and, condition on the kick-reaction pairs associated with these events, the
conditional mean and variance of the waiting time distribution for manu-
script completions is adaptively altered.

The cumulative number of manuscript completions and publications as
well as their rate of occurrence in particular time intervals influences the
probability of kick-reaction pairs on special events such as grant decisions
and major and minor awards. Indeed in the post-Ph.D. regime, events
occur in a continuously evolving stream where the inter-event time inter-
vals and the character of the associated kick-reaction pairs is governed by
the prior kick-reaction history and the productivity record. Qualitatively,
r' reactions and increasing manuscript completions increase the probabil-
ity of (k*,r*) on future events and the probability of r* when k~ occurs.
Thus past success generates resilience to future negative kicks, such as
grant rejections. Waiting times until occurrence of both minor and major
awards® also depend on productivity and citation ranking of the individual
scientist among peers in his (her) subspecialty. For minor awards, the
higher the ranking on at least one of these variables, the shorter the ex-
pected waiting time until reception of awards and the shorter the expected
duration between successive awards.

Major awards in most scientific ficlds are dominated by the most pro-
lific and visible scientists—perhaps the top 10 percent. Major awards, such
as Nobel Prizes, have a ratchet effect. Upon receipt of one, the influence
of nust historv on the durstinne hatween monieeeint aonunbatiom i maas s
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a “post-award” level and no longer depends significantly on the earlier
kick-reaction history.

Beyond the First Major Award

There is considerable variation in reactions by scientists to the receipt
of major awards. Some continue research at an increased pace; others leave
the laboratory altogether; still others have temporary reductions in scien-
tific productivity followed by reestablishment of a prolific rate of publica-
tion.?® Those who shift into administrative roles have dramatically reduced
manuscript completion rates; their publication probabilities are assumed to
be unrelated to past kick-reaction histories. For those continuing research
as their primary activity, the previous reaction history no longer really
influences manuscript completion rates. After receiving major awards, the
primary influences in manuscript completion rates are assumed, a priori,
to be kicks associated with grant rejections. Eminent scientists are not
immune to negative peer reviews, lower than expected priority scores, and
rejections of grant applications. While they tend to submit more proposals
than their less distinguished colleagues, they generally have larger labora-
tories to sustain. Even the occasional rejection of a large budget proposal
can represent a significant negative kick for the productivity of their labs.
Indeed, the investment in large blocks of time to “keep the lab going” leads
some of these eminent scientists to modify their future research aspirations
and overall career goals. Finally, after receiving a major award, some
scientists change specialties or fields of inquiry.?” When this happens, we
view the manuscript completion rate for these transfer scientists as roughly
equivalent to a new Ph.D. and with the same influence of negative reac-
tions—if they occur—on their productivity .

LIMITED DIFFER<NCES: SOURCES OF DISPARITY
BETWEEN GROUPS

The formulation of the evolutionary dynamics of science careers in the
previous section makes no distinction, in principle, between different sub-
populations—e.g., men vs. women scientists. Indeed, within each of these
groups, the full range of qualitative principles listed as generic for the
generation of productivity and kick-reaction histories is operative. Dispar-
ities between men and women are introduced as small (or limited) differ-
ences in probabilities associated with kick-reaction pairs for a small subset

of the events in Table 13.1. In particular we assume thac

(i) For funding decision—event Ey—
Probyyumen (K . ) 0n Ex| pust history) (5)

» Desh, Lt e Ve U laaut hlctaeon




298 A Theory of Limited Differences

Thus, given identical histories,?' women tend to have negative reactions

to grant rejections more often than men. Correlatively

Probyyomen) (k ~,r*) on Eg| past history) (6)
< Probymen) ((k~,r*) on Eg| past history)

(ii) Probjyomen) (K~ on E;|past history in early events module)
> Probymen; (k™ on E; | past history in early events module)  (7)

This inequality is motivated by the fact that a small proportion of the
outstanding scientists refuse to accept women as their students, as noted
above, thereby limiting—by a small amount—advantageous post-doctoral
positions and subsequent support groups recommending them for both
minor and major awards.

(iii) Probjyoemen) ((k~,r ™) on E¢ = birth of a child | past history)
> Probymen; ((k~,r ™) on Eg| past history) (8)

{iv) Probyyomen) ((k~,r ) on E,o = tenure decision | past history)
> Probymen; ((k~,r ™) on E | past history) 9)

(v) Probiyomen ((k~,r~) on E;s = critical reception of paper prior to
publication | past history)
> Probymen; ((k~,r ) on E;s| past history) (10)

Correlatively

Probywomen) ((k~,r*) on E, 5| past history)
< Probymen; ((k~,r*) on E;s|past history) (1

Inequalities (i) and (v) imply that women tend to get more discouraged
by negative decisions on grant applications and critical commentary about
their work than men.3? Although this is not universally the case, the con-
sequence of the negative reactions is to slow down the manuscript comple-
tion rate by a small amount. Over a period of 7—10 years this can result in
major disparities in productivity between otherwise indistinguishable men
and women scientists. Thus the full set of inequalities, (i)—(v), coupled to
the conditional probability specifications on p. 294 constitute the basic
formalism of the theory of limited differences, as applied to science ca-
reers. Quantitative implementation of this formalism with a range of func-
tional forms for the conditional probabilitics based on past histories requires
a family of microsimulation models, which will be reported on in detail in
a later publication. The point of embedding this general evolutionary the-
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ory of science careers in a family of models is that the manuscript comple-
tion and publication histories are relatively insensitive to a diversity of
perturbations in kick-reaction histories. This is a form of structural stability
of science careers; that is, most small variations in the details of the kick-
reaction histories do not lead to qualitatively different career paths.

Examples of Individual Histories
and Their Interpretation

In order to clarify the character of microsimulation implementations of
the theory of limited differences, we construct three hypothetical examples
of science careers: one for a prolific and eminent male scientist; a second
for a woman who is less prolific but eminent; and a third for a less produc-
tive and noneminent woman scientist who might have been more prolific
but for her action-reaction experiences. These hypotheticals represent only
three of a myriad of possible careers and are intended to clarify the three
interrelated sequences of kicks and reactions, completed manuscripts, and
publications which develop over a career. They are portrayed schemati-
cally as shown in Figure 13.3. The cumulative effect of the early kick-
reaction pairs heavily influences the early and mid-career manuscript com-
pletion rate, based on the events E, (acceptance into Ph.D. institution), E,
(acceptance of Ph.D. sponsorship), E; (first post-Ph.D. job), and, if they
occur prior to E;, decision on first manuscript submitted for publication
(E4), Es (entry into first marriage or cohabitation), or Eg (birth of a child).

The case history for the eminent male scientist begins by noting that
his personal background and academic record prior to the Ph.D. produced
a sense of great self-confidence in his scientific ability. His reaction system
was geared toward success; he had high expectations for achievement.
And indeed, his first three events are all positive, experiencing (k*,r*)
pairs in terms of admission to the top Ph.D. department of his choice,
acceptance by a first-class sponsor, and receipt of a distinguished job upon
completion of his degree. These kick-reaction pairs serve as a major cu-
mulative influence on his rate of manuscript completion. This produces a
strong incentive to succeed in competition with other scientists for impor-
tant discoveries. The cumulated positive reaction intensities in the “early
cvents module” determine the initial manuscript completion rate immedi-
ately following the first post-Ph.D. job. This rate can, of course, be modi-
ficd by later events. These carly positive reactions then interact with the
positive outcome and reaction of the scientist to having his first grant
application (Ey'") funded. This further increases the probubility of high
rates of manuscript completion and submission for publication,
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13.3 Simulation of manuscript completion and kick-reaction histories.
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The early events experienced by the eminent female scientist are simi-
lar to her male counterpart’s (see Case 2, Figure 13.3). Her early educa-
tional achievements produced high personal expectations and lofty
aspirations. She is confident about her aptitude for science but experiences
some cross-pressure because she wants to mix a marriage and family life
with a scientific career and has been led to believe that this may be risky
for a woman with lofty scientific aspirations. Nonetheless, her confidence
abounds and her reaction system leads her to be strongly motivated to
succeed in science. She works in the same field as the eminent male
scientist that we have just discussed. The female scientist experiences a
(k*,r*) pair for acceptance into a top Ph.D. institution. Immediately
following graduate school, she marries a highly eminent scientist in her
own field. In this case marriage represents an initial positive kick. She has
increased opportunities to enter the network of leading researchers in her
field—far better opportunities than those open to most other men and
women of her professional age. These positive kick-reaction pairs repre-
sent strong incentives for her to begin publishing, which she does success-
fully. But she is married to a man whose career is firmly rooted in a very
restricted geographical location. His job is not in close proximity to the
outstanding academic or government research laboratories that have posi-
tions available that would best facilitate her career. The effect of what at
the time appears to be a positive kick—i.e., entry into first marriage—is
delayed until completion of the Ph.D., when it interacts with the woman
being offered a position at a distinguished institution and her reluctantly
declining the offer as a result of the geographic immobility of her husband.
This discouragement, which is associated with the pair (k™ ,r ) for Es, can
serve to lower initially the aspirations of someone who might otherwise
have been very highly motivated and skilled and with full capability of
being one of the very best in her field. This negative reaction is interpreted
as setting a lower initial manuscript completion rate than exists for the
male scientist in Case 1, who did not experience a dramatic negative
reaction in the early events phase of his career.

Observe also that the female scientist experiences a negative kick from
being turned down by her first-choice Ph.D. sponsor [E,(k ~,r*)], who
refuses to sponsor women, believing that they are poor risks who are apt
to drop out of science to get married and raise children. For this particular
woman the discrimination engenders a further fight to show the first-choice
potential sponsor the error of his ways. For many women, however, this
kind of negative kick can lead either to lower aspirations or, subsequently,
to lower probability of finding a first job in a top post-doctoral position due
to poorer training or lack of national influence of her sponsor. It also leads
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to a slight advantage for male scientists in the early career stage and later
in regulating the probabilities of receipt of both major and minor awards.*

Returning to Figure 13.3, observe that following E; there is very little
difference in the manuscript completion and publication histories for male
and female scientists, except that the completion rate for the male (driven
by the stronger initial cumulated positive reactions) dominates that of the
female scientist. In addition, negative kicks from a few grant rejections do
not lead to negative reactions by the male scientist, whereas they do lead
to such reactions, with a slight accompanying reduction in the manuscript
completion rate, for the female scientist. Recall that we are treating (k~,r™)
pairs on grant decisions as proportionately slightly more frequent among
women than men, assuming a priori that a slightly higher proportion of
women are somewhat more vulnerable than men to intense negative reac-
tions from grant rejections, leading thereby to a slight reduction in their
relative productivity. >

For the woman, the early large negative reaction of not accepting an
optimal first job (E;) and mild discouragement from the grant rejection
(Eg) leads to a slower rate of accumulation of publications by the female
relative to the male scientist working in the same field. The birth of a child
(E¢) before the tenure decision does not produce a negative kick for the
woman’s productivity, but it does take her away from her department and
colleagues and contributes to a delay in the decision on her tenure.?* The
woman scientist receives tenure (E,p), but somewhat later than her male
counterpart—after roughly 15 completed manuscripts, compared with 11
for the man. Thus, the intensity and set of consequences of the positive
reaction to the tenure decision is less than it was for the man. In terms of
publication histories, this also reduces for some time her ability to attract
the best graduate and post-doctoral students and to build the size of her
laboratory. By the time the male receives his first major award (E,,")some
15 years after the Ph.D., the ratio of female to male publications is 30/
52—or roughly .58. The accumulating publication disparity exhibited in
these caricatures is a common but not universal feature of male—female
differences among very eminent scientists. Each negative reaction for the
woman on a few events contributes a small amount toward slowing down
the manuscript completion rate—as it would for a man as well. Over a
major portion of a career, say 20 years or so, this gives rise to a substantial
disparity in lifetime productivity as measured by publication counts.*®

For analytic purposes, the third phase of the career development proc-
ess is assumed to begin after a scientist receives at least one major award.
At this point a branching takes place. For the vast majority who continue
to do scientitic research, many begin to manage larger, quality laborato-
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ries. They obtain greater resources, their production of manuscripts in-
creases dramatically, although their own relations to production often change.
Thus, becoming the director of an excellent lab at a distinguished institu-
tion relatively early in a career often leads to substantial increases in
output. Note that in our hypothetical examples, the eminent male scientist
is made director of such a laboratory almost immediately after being hon-
ored with a major award; the woman does not receive this positive kick at
all—although she might well have expected it. We assume that men are
more apt than women to assume such directorships—and comparatively
early on in the career.?” This is viewed, in the present formulation, as a
consequence of the slightly higher probability of outstanding male scien-
tists having Ph.D. or post-doctoral sponsors who are particularly influen-
tial and who facilitate the visibility of their intellectual progeny and sponsor
them for minor and major awards at early ages. Thus, a virtually undetect-
able “limited difference” in the early events module can have major con-
sequences in the later career stage.

The second woman (see Case 3, Figure 13.3) was also labeled as an
exceptionally able youngster, although she retained a sense that her success
was more a result of hard work than ability. Working in astrophysics, she
attends a distinguished graduate school, holds a major pre-doctoral fellow-
ship, and receives excellent training from her first-choice sponsor (E,).
She publishes papers with her sponsor before receiving the Ph.D., accepts
a first job offer at the most distinguished department in the country (Es),
and finds herself among the brightest and most dedicated young scientists
she has ever encountered. Competition is fierce in the fast lane in which
she is traveling.

As an assistant professor, she is the sole author of two papers in pres-
tigious journals and receives two years of support from the National Sci-
ence Foundation (NSF) for her research. Her sense of competence increases,
but a paper she thought offered a particularly novel solution to a long-
established problem is received poorly by some of her distinguished col-
leagues who are important reference individuals for her (E;s) and is rejected
by a major journal (E4). She begins to question her originality compared to
the other bright and seemingly indefatigable assistant professors in her
department. This slight loss of self-confidence is exacerbated when a re-
search proposal of hers is rejected (Eq®). Her motivation to complete
several manuscripts and submit manuscripts and grants for peer review is
dampened, leading to delays in her submissions.

Her marriage to a nonscientist (Es) and the subsequent birth of two
children (E,""?) does not result in loss of time in the laboratory, but it docs

mark the end of all her “discretionary™ time. However, the termination of
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her grant and the rejection of a second manuscript reduces her motivation
and her career aspirations and leads her to question whether she can main-
tain the pace of research required by her department. The final blow to her
aspirations and motivations is her denial of tenure (E,;o) by her distin-
guished department. Not satisfied with being simply run-of-the-mill, she
cuts back significantly on the pace of her research—reducing still further
the probabilities that she will continue to be a prolific scientist.

This scientist was headed for membership in the productive elite but
experienced a set of slight negative kicks, which accumulated over time
and interacted with her self-doubt about her ability to compete with the
best young minds in her field. The several paper and grant rejections sting
her; the denial of tenure is an intense kick. Together these events and the
concomitant reactions lead to a longer time between completion and sub-
mission of manuscripts. She slowly moves out of the fast lane and never
receives a major award. It is important to emphasize that precisely the
same event history could be constructed for men scientists. The inequali-
ties detailed above imply that the probability of the sequence of negative
kicks and reactions are more apt to be part of the career histories of women
than of men scientists.

Competition

I was competitive beyond the run of younger mathematicians, and I knew equally
that this was not a very pretty attitude. However, it was not an attitude which 1
was free to assume or reject. [ was quite aware that I was an out among ins and 1
would get no shred of recognition that I did not force. (Wiener 1956: 87)

The formulations in this chapter may be viewed in many respects as a
theory about the response of the community of scientists to an unstated
driving force: competition. The social system of science is driven by com-
petition in at least two forms. There is competition for ideas and hence
priority in discovery and competition for the funds which are, in many
instances, essential for the pursuit of particular lines of inquiry.*® In the
era of “little science,” competition for ideas was the dominant form of this
phenomenon. However, with the very large economic costs of resources
for doing such things as high energy physics via particle accelerators,
astrophysics via satellite observations, or climatology via deep sea sedi-
ment cores, competition for ideas is now augmented by and thoroughly
intertwined with competition for funds.* This two-sided competition is
particularly acute among the stratum of prolitic, highly productive rescarch
scientists located at the major scientific institutions—those few who ac-
count for such a lurge proportion of all scientific discoveries.
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Biographical reports and sociological studies ranging from large-scale
surveys to studies of individual laboratories testify to the centrality of
competition in the lives of scientists.*® There are strong interactions be-
tween the action (kick)-reaction system as delineated in this chapter and
competition processes, particularly due to the scarcity of resources for
pursuing many types of scientific inquiry. Scientists’ perceptions of the
peer review systems of the National Institute of Health (NIH) and the
National Science Foundation (NSF) bring to life the interrelationship be-
tween the action (kick)-reaction system, competition, and scarcity.*! Sci-
entists’ productivity is linked directly to keeping the laboratory operating
at a high pitch, and it is becoming increasingly difficult and time consum-
ing to obtain the necessary support.

Competition for ideas and priority in discovery exists for some prob-
lems, especially in the upper echelons of any scientific discipline, with the
competing parties having nearly complete knowledge of what their com-
petitors are doing. The quintessential example of this is, of course, the race
for determination of the structure of DNA by the Watson—Crick and Paul-
ing labs.*? The intense transfer of information via frequent conferences,
private laboratory visits, and even telephone conversations between com-
petitors and / or their close collaborators plays a major role in structuring
research agendas and in regulating the duration of time between experi-
ment completion, manuscript submission, and publication.

The increasing awareness of the centrality of competition processes as
a driving force in science has, unfortunately, not been accompanied by the
extensive empirical research which is required to document the fine-grained
relationships between competition and the events presented in Table 13.1.
Empirical research to date lacks specificity on the focus of competition, its
types and intensities; it also lacks detail on the role played by reference
groups and social networks in producing and maintaining competition.
Furthermore, the fragmentary evidence currently at hand indicates that
there is substantial heterogeneity across subspecialties in forms of compe-
tition. Because of the sketchy nature of the available evidence about com-
petition in science and because of the complexity of the phenomenon itself,
we have not attempted to formalize competition processes or their precise
interrelationship to the action (kick)-reaction system already described.
We view clarification of the details of competition processes in science as
a topic of major importance for future elaboration of the theory of limited
differences. In the present discussion, competition remains implicit in the
action (kick)-reaction formulation.
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Conclusions and Discussion

The theory of limited differences proposes an explanation for social
patterns of group differences. It offers a theoretical explanation for dy-
namic patterns of increased differentiation, increased attenuation, or social
stability in the relative standing of the groups over time. At a micro level
of analyzing individual histories, it examines dynamic interactions in which
small, limited differences in reactions lead to large changes in individual
career histories over extended periods of time.

The theory avoids reliance on “causal” models that emphasize the
action of one or two variables as determining agents, or on a battery of
correlates where no interrelationships have been either theoretically de-
scribed or empirically demonstrated. The theory allows us to specify pre-
cisely the interrelationships between concrete events in the histories of
individuals, a set of reactions to these experiences, and the short- and
longer-term consequences on processes of differentiation in scientific pro-
ductivity.

To test the theory, a program of research focusing on conceptual and
methodological problems is required. Included in the portfolio of problems
are: determining the relationship between actions and reactions (and the
adequate fine-grained measurement of the sequence of events); determin-
ing the relative intensities of a variety of actions and reactions that influ-
ence outcome variables; understanding the influence of the “anticipation”
of events on the selectivity process; examining empirically the nature of
time dependencies between events and their consequences; examining how
action (kick)-reaction pairs are influenced by organizational and network
structures; determining the precise relationship between micro-level out-
comes and macro-level, system outcomes; and determining precisely the
relationships between structural analysis, social psychology, and culture.

The simple aggregate trends, exhibited in Figure 13.1, indicating the
increasing disparity (“fanning out™) between cumulative publication counts
of men and women scientists, can be modeled by exceedingly simple
mathematical representations. Polynomial growth curves (Foulkes and Davis
1981; Ware and Wu 1981) with gender-specific parameters and Polya urn
schemes (Feller 1968) with gender-specific selection probabilities are two
of the most obvious possibilities. Unfortunately, simplistic models of this
kind do not incorporate the fine-grained behavioral assumptions necessary
to provide an explanation of the patterns in Figure 13.1 in terms of more
primitive psychological and sociological constructs. The theory of limited
differences is onc proposed explanation. It is highly non-parsimonious in
terms of models which can account for these patterns, but, on the other
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hand, it is rooted in fundamental behavioral processes. Finally, it suggests
that criteria in addition to an ability to reproduce the patterns in Figure
13.1 should form the basis for assessments of whether or not empirical
data can support the theory.

A minimum restriction is that we should require data on kick-reaction
pairs associated with E,, Eg, Eg, Ejo, and E;s to support the inequalities
(5)—(11) characterizing the sources of disparity between men and women
scientists. It is important to emphasize that while gender differences in
publication counts are not detectable over short time intervals, gender
differences in the frequency of occurrence of kick-reaction pairs—i.e., for
events E,, Eg, Eg, E, o, and E;s—conditional on full or partial past histories
should be ascertainable.*® In addition, there should be no discernable
gender differences in the frequency of occurrence of kick-reaction pairs
for events other than those indicated above.

Having imposed this set of requirements on empirical evidence needed
to support the limited differences theory, it is essential to address some
basic—and as yet unanswered—questions about measurement processes.
If we try to recover scientists’ career histories from longitudinal surveys,
then we need a defensible basis for structuring questions that will yield
trustworthy responses for the nine types of kick-reaction pairs delineated
herein. For events such as those in Table 13.1, we must know how far
back in time retrospective questions can be posed in a formal survey so
that kick-reaction pairs can be defensibly recovered.

More basic than the above questions is the issue of just what one means
by an accurate report of a reaction—i.e., whether r*, ', r ™. There is no
independent way to assess, for a given person, the accuracy of a reaction
report and a statement of its impact on motivation to complete manuscripts.
While we can observe the consequences for manuscript completions of the
kicks, k7, k™, which are often readily ascertained regardless of the elicited
reaction, defensible and relatively objective assessments of reactions is
probably not achievable by standard survey instruments. The closest that
one is likely to get to a “gold standard” for reactions is participant obser-
vation studies in which sociologists are members of a laboratory—as at
Rockefeller University, a Hughes Institute, Fermi Lab, or the Stanford
Linear Accelerator Center—where it is possible to observe (unobtrusively)
in detail, and continuously over time, the behavior of scientists following
receipt of kicks. The observed behaviors would then lead to characteriza-
tions and designations of r*, r', r~ by the observer; and this would repre-
sent the standard for comparison against scientist-elicited responses. There
are already some participant obscrvation studies of this Kind (see, among
others, Latour and Woolgar 1979; Knorr-Cetina 1981; Gilbert and Mulkay
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1984) not conducted with an eye toward kick-reaction measurement, but
certainly allowing for classification of behaviors and assignment of reac-
tion types.*

Many more participant observation studies must be carried out if there
is to be deep understanding of the psychological and social processes that
are the basis for science careers. Furthermore, there is no substitute for this
kind of study if there is to be a clear understanding of the competition
processes which drive science careers. An unobtrusive observer, witness-
ing laboratory discussions of what competitors are doing and listening to
the debate and rationale for problem choices, is a central feature of the
measurement processes which can either support or refute the limited
differences theory. An additional strategy for ascertaining reactions would
be to have temporally specific interviews with both the scientist whose
reactions are being measured and the fellow scientists who are themselves
“witnesses” of the reactions. Through intensive questioning of role part-
ners, it may be possible to increase the reliability of the participant observ-
er’s judgment of reactions to specific kicks.

Fine-grained nuances must be ascertained if kick-reaction designations
are to be trusted; and it may be that standardized questionnaire surveys will
be of limited value relative to within-laboratory participant observation
studies. In particular, we expect that in the course of developing tests of
the limited differences explanation of science careers, it will be necessary
to develop further and elaborate on the structuring and analysis of vignettes
(Rossi 1979). We envision the vignettes being prepared by the on-site
observers in laboratories.

Shifting from measurement issues back to limited differences theory
per se, there is another aspect of choice behavior by scientists that is not
reflected in the theoretical formulation presented in this chapter but that
deserves precise formalization as part of a research agenda for the future.
The missing ingredient is the notion of a scientist’s anticipation of future
kicks of either positive or negative type and the influence of such percep-
tions on current motivation, hence on his (her) manuscript completion rate.
Evidence from focused interviews (Cole and Zuckerman 1987) suggests
that the perceptions about future events which influence productivity are
unions of events and their associated kicks, rather than the precisely timed
single events and kick-reaction pairs which govern the career history con-
structions described in this chapter. Whether a scientist perceives future
positive or negative kicks on an cvent such as a grant decision, or candi-
dacy for awards such as Guggenheim fellowships, or clection to a profes-
sional socicty, depends on both past personal kick-reaction history and a
consideration of what the competition is doing scientifically and receiving
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in the way of rewards. It will also be governed by his (her) perceptions of
the composition of the judges who will act on his or her proposal or
application (Cole 1987). Assessments of anticipation of future events and
the influence of these perceptions on a scientist’s productivity will almost
certainly require participant observation studies of the kind mentioned
above. A full delineation of anticipatory processes and their interaction
with the kick-reaction paradigm and limited differences explanation for
productivity differentials between men and women is, in our opinion, a
major task for future theoretical and empirical development. The present
essay should be viewed as a first step in an extensive program aimed at a
much deeper understanding of the characteristics of scientific careers.

Notes

Introduction

1. Indeed, it is only in recent years that the con-

tributions of women scientists are being ac-
tively studied by historians of science. See
Rossiter (1982) and the growing number of
biographies and autobiographies of women
scientists. For two prime examples, see Keller
(1983) and Sayre (1975). See also Levi-
Montalcini (1988) for a riveting autobiogra-
phy and the small library on Marie Curie.

. On the invention of the word “scientist” and

its genderless character, see Merton (1988).
Rossiter (1982: 25) also notes the oddity that
women were included in the directory Amer-
ican Men of Science, sans any sign that the
descriptive shoe hardly fit.

. In part, Curie’s popular appeal seemed based

on the exotic character of her research mate-
rial; radium with its strange heat and distinc-
tive glow seemed a mysterious substance.
And, in part, it was the woman, Marie Curie,
her achievements and her fierce determina-
tion, that excited admiration, not just in Eu-
rope but in the United States as well. She
became so popular a figure that in 1921 a
public subscription was launched to buy a
gram of radium for her research. Upon its
successful conclusion, Curie collected her
gram of radium from no less than the presi-
dent of the United States, who happened to
be Warren Harding—or more precisely, she
collected the gold key which would open the
case containing the precious substance. See
Weill (1971) for a brief bibliography of the
large literature on Curie.

. Curic was considered a difficult person after

Pierre Curic's death, according to David
Wilson's biogruphy of Rutherford, and wax
handled by her scientific peers with “flattery
ruther than frank and open discussion.” Quoted
in Pycior (1987: 204) and Wilson (1983).

5.

6.

o0~

See Kramer (1973: 477-480) and Koblitz
(1987).

See Kohlstedt (1987, quoted on p. 130).
Mitchell’s student at Vassar and later a pi-
oneer in applying chemistry to nutrition, El-
len Swallow Richards was the first woman
admitted to study at the Massachusetts Insti-
tute of Technology, but only as a “special
student.” See James (1980) on Richards.

. On Sabin, see Breiger (1980).
. The question of the number of women scien-

tists in America during the nineteenth century
is far from settled. Data for the early twen-
tieth century are better but also far from sat-
isfactory. See Rossiter (1982, chap. 2). See
also Kohlstedt (1987) for an account of Maria
Mitchell’s effort, in 1876, to identify the
American women known to be engaged in
scientific activity as teachers, physicians,
writers, or practicing researchers. As head of
the Association for the Advancement of
Women, she wanted to compile a roster of
women engaged in scientific research. She
mailed questionnaires to women scientists she
knew asking them to identify others, in a
fashion loosely resembling a “snowball sam-
ple.” Kohlstedt does not indicate how many
different women were named in Mitchell's
survey but does report 79 replies. Mitchell
was evidently well aware of the shortcomings
of the procedure as a means of estimating the
number of women scientists at the time.

. These data cover the physical sciences, en-

gineering, and the biological sciences. The
summary figures for these fields conceal
marked differences among them; women have
ulways been more often represented in the
biological than physical sciences, and this
puttern hax continued into the 1980x. So, too,
woinen have conxistently earnexl a lurger share
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W

girls' choices of fewer mathematics electives
translates into lower twelfth-grade mathe-
matics achievement, fewer women choosing
college science majors, and fewer women
science Ph.D.s (Berryman 1983). See also
Eagly (1987), who reports that meta-analysis
of studies on sex differences in cognitive
abilities show virtually no differences. For a
critical review of the sex differences litera-
ture, see Hyde and Linn (1986) and espe-
cially Linn and Petersen (1986), which
indicates that there is no apparent basis for
inferring causal connections to explain gen-
der differences across the areas of spatial
ability, aptitude in mathematics, and science
achievement. Hyde’s (1990) further meta-
analysis review of gender differences finds
insignificant differences in cognitive abilities
with no differences in verbal ability; mean-
ingful differences in only one type of spatial
ability, mental rotation, and a moderate dif-
ference in mathematical performance.

. Problems in finding employment suited to

educational background was, of course, not
limited to the field of law. The first members
of the Department of Home Economics at

13.

Notes

Berkeley were actually women chemists who
were unable to find jobs in chemistry. See
“Gender Stratification in Higher Education,”
Women'’ s Studies International Forum 10(2),
1987: 157-164.

. I discuss this within the framework of a the-

ory of role integration (1976). The theory
asserts that women have been relegated to
“helping roles™ in occupations as well as in
the home. Therefore, their contributions are
absorbed but not accredited.

In medicine, women’s representation in sur-
gery increased from 1.1 percent in 1966 (Ep-
stein 1970: 163) to 5 percent in 1985 (AMA
1986).

. Kanter (1977: 256) notes this process in un-

derstanding commitment of women in busi-
ness. She observes, **{Commitment] seems
clearly tied to increasing rewards and chance
for growth implied in high opportunity.” Be-
cause commitment is closely tied to the exis-
tence of an opportunity structure, the
expectations for future rewards such as job
mobility, growth, or increased status are es-
sential for commitment to exist (see also Bielby
1982).

12. An Uncertain Inheritance

. “The right of citizens of the United States

shall not be denied or abridged by the United
States or by any state on account of race,
color, or previous condition of servitude.”
U.S. Const. amend XV, sec. 1.

. 100 U.S. 303 (1879).
. 347 U.S. 483 (1954).
. Civil Rights Act of 1964, Title VII, 42 U.S.C.

§ 2000(e) et seq (1982).

. Civil Rights Actof 1964, Title VI, 42 U.S.C.

§ 2000(d) et seq (1982); Title IX of the Edu-
cation Amendments of 1972, 20 U.S.C.
§ 1681 (1982).

. Owen Fiss, “Groups and the Equal Protection

Clause,” Philosophy and Public Affairs (1976)
5:107.

. “The rights created by the first section of the

Fourteenth Amendment are, by its terms,
guaranteed to the individual. The rights es-
tablished are personal rights.” Shelley v.
Kraemer, 334 U.S. 1, 22 (1948).

. Washington v. Davis, 426 U.S. 229 (1976);

see also Personnel Administrator of Massa-

9.

chusetts v. Fenney, 442 U.S. 256 (1979).
Gaston County v. United States, 395 U.S.
285 (1969); see also Griggs v. Duke Power
Co., 401 U.S. 424 (1971).

. Cf. the opinions of Justice Marshall and

Blackmun in Regents of the University of
California v. Bakke, 438 U.S. 265, 387, 402
(1978).

. Johnson v. Transportation Agency, Santa

Clara County, 480 U.S. 616 (1987).

. Glenn Loury, “Beyond Civil Rights,” New

Republic (October 7, 1985): 22.

. Hochschild, Jennifer, “Race, Class Power and

the American Welfare State,” in Amy Gut-
mann, Democracy and the Welfare State,
Princeton University Press, 1988; “Equal
Opportunity and the Estranged Poor,” An-
nals of the American Academy of Political
and Social Science, No. 501, January 1989.
See also Lemann, Nicholas, “The Origins of
the Underclass, Part [,” The Arlantic (June
1986): 31; Part Il (July 1986): 54.

Notes
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13. A Theory of Limited Differences

A formal presentation of the general theory
is currently in preparation.

The male—female difference exists within
every productivity stratum, for example, when
career publication totals are divided into
quartiles or total publications in 12—-15 years
following the Ph.D., or longer periods of time
{see Figure 13.1).

. On strategic research sites, see Merton 1987.
. Throughout this paper “scientific productiv-

ity” will refer to the number of scientific ar-
ticles that are published within specific units
of time. Whether we discuss total counts or
papers per year, we refer to the number of
papers published. There is a large literature
on problems in measuring scjentific produc-
tivity and its relationship to both the quality
of scientific work and its impact. See among
many others Cole and Cole (1973), Cole
(1979), Gaston (1973, 1978), Allison and
Stewart (1974), Long (1978), Long and
McGinnis (1981), Reskin (1977, 1978a,
1979), Andrews (1979), Allison (1980), and
for recent groups of Ph.D.s, Cole and Zuck-
erman (1984). Suffice to say, publication
counts are strongly correlated with impact as
measured by peer appraisals and by citations,
as well as with the prestige of honorific awards.

. See Price (1963). Subsequent studies dem-

onstrated that this pattern obtains in every
scientific discipline studied, and for the United
States and all other nations whose scientific
output have been examined. While we have
charted these patterns well, there have been
no successful attempts to explain them.

. Cole (1979) reports data on the relationship

between sex status and publications for
matched samples of male and female Ph.D.s,
who received their degrees in the same year
and from the same science department in 1922,
1932, 1942, 1952, 1957-58. The association
is illustrated for each of these distinct cohorts
in Figure 13.1.

. Scientists were drawn from six fields: astron-

omy, biochemistry, chemistry, earth sci-
ences, mathematics, and physics. Pairs of
scientists were matched in the sense that they
were selected from the same departments in
the same years. Analysis was performed both
on the aggregates of 263 pairs and on individ-
ua! pairs. The results were much the sume
regardless of the type of comparison.

. While patterns of citations to published sei-

ence by men and women look niuch the same
ux the productivity patterns, evidenve sug
gosta thut women sclentixis publivh articles

10.

that receive just as many citations per article
as do men. Thus, the differential in citations
appears to result from the greater total output
of the men.

. For each of the five pictures shown in Figure

13.1, the random samples of scientists were
matched by year of Ph.D., field, and depart-
ment of Ph.D. Where possible, men and
women were matched by specialty at the time
of receiving their degree. Publication data
were obtained from abstracts. For a complete
description of these samples see J. R. Cole
(1979).

For descriptions of the diverse set of samples
that we have collected data on, see Cole and
Cole (1973, 1976, 1985); Cole, Rubin and
Cole (1978); Cole, Cole and Simon (1981);
Cole, Cole, and the Committee on Science
and Public Policy (1981); Cole (1975); Cole
(1979); Cole, Cole and Dietrich (1978);
Zuckerman and Cole (1975); Zuckerman and
Merton (1971a, 1971b); Zuckerman (1970,
1977).

. This observation was made repeatedly in re-

cent extended interviews with 123 men and
women of science conducted by Harriet
Zuckerman and J. R. Cole.

. Plainly, there are many other outcome vari-

ables in science, such as appointments to var-
ious positions and peer recognition. In this
chapter we focus exclusively on the research
role and on those who are the major contrib-
utors (operationalized by producers of x or
more papers within y years of receiving the
Ph.D.) to the development of science through
publication. This is a small percentage of
Ph.D. recipients in science and is nearly in-
variant across Ph.D. cohorts from 1920 to the
present. There are, at present, no obvious
early screening criteria to ascertain (at Ph.D.
completion) who will fall into this group.

. The term “kick™ is drawn from the physical

science literature and is used here in a com-
pletely neutral way since it refers to a positive
or negative event or perturbation. Kicks are
experienced by men and women, and no in-
vidious comparison is intended by the use of
this term.

. Condition (V) implies that every detail of past

history will not influence future events in a
unique und idiosyncratic fashion. The same
outcome history can arise in s multiplicity of
WayN.

. The theory of limited dilfferences culls forth

u werien of inferexting metaphors drawn from
the blologienl mikd physical sloncos, We nesd
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only look to Darwin’s The Origin of Species
(1859) for a clear articulation of the effects
of small cumulating differences, which may
not even be distinguishable for substantial
periods of time, becoming the basis for highly
notable variations in species. In his chapter
on natural selection, or the survival of the
fittest, Darwin has many references to the
influence of small differences over time.
Consider only one:

during the modification of the descendants
of any one species, and during the inces-
sant struggle of ali species to increase in
numbers, the more diversified the descen-
dants become, the better will be their
chance of success in the battle for life.
Thus the small differences distinguishing
varieties of the same species, steadily tend
to increase, till they equal the greater dif-
ferences between species of the same
genus, or even of distinct genera.

E. O. Wilson's concept of “multiplier ef-
fects” also recognizes how small differences
can interact with the environment to produce
larger cffects:

A small evolutionary change in the behav-
ior pattern of individuals can be amplified
into a major social effect by the expanding
upward distribution of the effect into mul-
tiple facets of social life. . . . Multiplier
effects can speed social evolution still more
when an individual’s behavior is strongly
influenced by the particularities of its so-
cial experience. (Wilson 1975: 11-13)

Finally, we find parallels to the concept
of an action-reaction system in the experi-
mental embryologist C. H. Waddington’s
concept of “competence” developed almost
50 years ago. In his discussion of compe-
tence, Waddington (1940) notes:

In the first place, it is a state of instability,
since it involves a readiness either to react
to an organizer and follow a certain devel-
opmental path, or not to react and to de-
velop in some other way . . . one can
compare a picce of developing tissue to a
ball running down a system of valleys
which branches downwards, like a delta.
. . . The tissue, like the ball . . . must
move downhill, but at some points there
are two downhill paths open to it. At such
branching points, it may sometimes re-
quire a definite external stimulus, such as
evocator substance, to push the tissue in
to one of the developmental paths; in such
u cuse, competences which oceur later
ulong this puth will only be developed il

Notes

the evocator has acted. In other cases, a
certain path may be followed merely be-
cause an evocator has failed to be present,
and then the subsequent competences may
appear to develop autonomously.” (p. 45)

The theory of limited differences calls forth
a series of additional metaphors drawn from
other scientific disciplines. The image of the
controlled chain reaction is one such meta-
phor. There an initial action can of course
balloon quickly into a large difference if many
“kicks™ for one group line up positively and
all of the kicks for the other group are nega-
tive. In such a limiting case, enormous dif-
ferences between men and women would occur
as their careers unfold. But the qualitative
data suggest that men and women experience
both positive and negative kicks that we hy-
pothesize affect scientific productivity and
career advancements. In fact, the chain re-
action which might lead from small initial
differences to enormous disparities is modu-
lated by a set of competing and conflicting
positive and negative forces. These are met-
aphorically the barium rods which slow down
or even halt the initial chain reaction. Con-
sider another metaphor. We place a big stone
on top of a hill; we let it begin to roll down.
Depending on tiny impulses it gets, it moves
one way or another and will end up in a very
different place at the bottom, depending on
the smallest chance variations. Each small
perturbation changes its trajectory for the fu-
ture. And the longer the hill, the larger the
possibility of spreading apart from the initial
path. Still another metaphor is drawn from
the kinetic theory of gases or fluids model.
Here each scientist is viewed as a molecule.
External events move the molecule in one
direction or another. The path varies accord-
ing to the number and types of pushes.

While these concepts help convey the im-
age of actions and reactions as well as the
concept of the long-term larger effects of ini-
tially small differences, in important respects
each fails to capture a critical feature of the
theory of limited differences. The fundamen-
tal distinction lies of course in “conscious-
ness,” that is, the ability of scientists to react
to events in nonmechanistic ways that are not
akin to reactions by either particles, mole-
cules, or the biological systems described by
Waddington or Wilson. Thus, these concepts
drawn from biology arc at best weak analo-
gies to the distinetly socially structured ac-
tion-reaction system developed here. Salome
Waelsel brought Waddington's work to our
attention and helped muke us aware of the

Notes

20.

21.

centrality of the reaction system for the the-
ory of limited differences.

. Here a truncated description is required. An

in-depth critical appraisal of these earlier ori-
entations will be published elsewhere.

. There have been no agreed upon measures

that predict scientific talent, imagination, or
aptitude. IQ scores, at best a weak measure
of scientific ability, have been found, first, to
be uncorrelated with sex, as well as with pub-
lication counts and citations. Bayer and Fol-
ger (1966) found a correlation of .05 between
1Q scores and citations to scientists’ work
(see also, Harmon 1963, 1965); Cole (1979)
found a correlation of —.03 between publi-
cation counts and IQ for the first 13 years of
the careers of men and women scientists re-
ceiving their Ph.D.s in 1957-58. Although
men tend to have higher scores than women
on the mathematical portion of the SAT and
GRE, the explanation for this difference re-
mains unclear. There is no evidence that after
the groups are socially and self-selected into
Ph.D. programs that this difference is re-
flected in subsequent performance.

. For elaborations upon Merton’s work, see,

among others, Cole and Cole 1973: 237-247,
Allison and Stewart 1974; Allison, Long and
Kraus 1982; Zuckerman 1977; Cole 1979;
Mittermeir and Knorr 1979; Zuckerman 1989.

. Inthe first half of this century, the application

of nepotism rules, of quotas on having mem-
bers of certain religious groups, and of an
unwillingness to have women working in
certain laboratories represented discrimina-
tion that significantly influenced the scientific
productivity and career histories of women
and men who were adversely affected by these
discriminatory practices.

Although these theoretical concepts have been
used to explain sex differences in productiv-
ity, they are applied. almost invariably, as a
fortiori or post factum interpretations of ob-
served patterns. There has rarely been an at-
tempt to test precisely these theoretical
interpretations. Either data do not exist for
direct tests of the theory, or the tests have
been carried out with imprecise and often
questionable “proxies” for key variables.

It is important to assert at the outset that the
stochastic process formulation with strong
memory effects and dependence among mul-
tiple variables developed herein represents a
mathematical formalization of a very specific
theory. Much of the modeling activity in the
contemporury sociology literature is not of
this character and is of an explortory data
anulytic type where the gonl ix to assess which
combination(x) of an u priori list of variablex
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are the important influences on a given out-
come variable(s). With this particular goal,
standard regression modes with interaction
terms including dynamic autoregressive
models are the most prominent tools. This
class of models, however, does not include a
formalization of the limited differences the-
ory. Indeed, the standard strategies for incor-
porating interactions among variables—i.e.,
as multiplicative terms—in regression models
are too crude to represent the more subtle
nonlinearities in the limited differences the-
ory.

Zuckerman and Merton, Minerva, 1971b. The
probability of a manuscript being published
is largely a function of the effort by the sci-
entist to see the paper through to publication.
In fields and specialties with high specific
journal rejection rates, the decision to resub-
mit an article either to the same journal or to
a different one almost invariably leads to some
form of publication. This may not always be
in the journal of first choice, but it will result
in publication. Zuckerman and Merton show
in their study of The Physical Review that
eminent scientists not only published more
than run-of-the-mill scientists but submitted
about twice as many manuscripts for publi-
cation over a nine year period: 4.1 for those
of the highest rank; 3.5 for the intermedi-
aries; and 2.0 for physicists of the third rank.
And the most prolific physicists submitted
papers to The Physical Review at a rate 12
times that of the rank-and-file. (In Merton
1973:479.)

A full empirical refinement of the publication
process outlined here is an important agenda
item for future research.

A more fine-grained classification involving
intensities of kicks and reactions is both pos-
sible and meaningful; however, the coarse
categories—positive, neutral, and nega-
tive—will be utilized to simplify the theoret-
ical formulation herein and focus on the
principal concepts.

The types of actions and reactions and their
sequencing will vary from one historical pe-
riod to another. Figure 13.1 illustrates an his-
torical pattern of sex differences in scientific
publications dating back to the 1930s. Al-
though the aggregate level pattern persists,
this does not mean, of course, that the cul-
tural, social structural, or psychological fac-
tors that produce the patterns have remained
constant. On the contrary, historical evi-
dence suggests that the structure of action
(kick)-reaction pairx, and in particular, their
intenxition, huve changed in the past S0 years.
The historlcal chungen will be captured in the
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26.

28.
29.

30.

32.

33.

transformation of the kick-reaction pairs and,
indeed, the replacement of some by others.
The analytic division of science careers into
three phases is appropriate because there is
evidence in the sociology of science literature
that early events are critical in shaping sub-
sequent probabilities for publication and re-
wards. The analytic phasing discussed here
may not be appropriate when considering other
dynamic processes of differentiation and
subsequent fanning out or attenuation of the
differences.

. In a study of physics awards, only one third

of scientists report any awards; the most pres-
tigious awards were monopolized by a small
subset of scientists (see Cole 1969; Cole and
Cole 1973; Zuckerman 1977).

Zuckerman 1977, chap. 6.

The possible examples here are numerous.
To cite only one, Donald A. Glaser, the in-
ventor of the bubble chamber, shifted from
physics to biology after receiving the Nobel
Prize.

This assumption needs testing, since un-
doubtedly the prestige of the Nobel Prize and
other major awards cuts across fields and may
in fact increase the initial probabilities that
manuscripts produced by major award win-
ners in the new field will meet with a more
positive reception than those produced by re-
cent Ph.D.s in the ficld.

. Inall inequalities in this section, the past his-

tories for the men and women are identical in
the conditioning events. Thus comparable
histories still yield gender differentiated re-
sponses.

Empirical evidence supporting these limited
differences comes from extensive focused in-
terviews with eminent and rank-and-file men
and women scientists conducted by Jonathan
R. Cole and Harriet Zuckerman. It should be
emphasized that many men and women react
in precisely the same way to negative kicks.
Indeed, the distributions probably show more
similarity than difference; the differences in
probabilities are not large.

This example suggests that discrimination is
one of the fundamental sources for negative
kicks in the sequence of action-reaction pairs.
Plainly, discrimination need not be rampant
for it to have a notable cumulative effect on
the publication probability of a subset of
women or men who suffer from the initial
negative kick and from the negative reactions
in terms of motivation and future aspirations.

. There is actually some empirical support for

thix assumption. In terms ol subsequent pub-
lication rate, men scientists are uffected more
positively by peer recognition in the form of

35.

36.

37.

38.

39.

41.

Notes

citations than are women. Conversely, women
are more adversely affected than men by a
lack of peer recognition. In other terms, pos-
itive reinforcement has less of a positive ef-
fect on productivity for women than for men;
negative reinforcement has a greater negative
effect for women than men. Cf. Cole and
Zuckerman (1985).

There is a growing literature that indicates
that marriage and family obligations affect
women'’s careers, but not in terms of pub-
lished productivity (see Cole 1979; Cole and
Zuckerman 1987).

The empirical fact is that some eminent women
receive more positive and fewer negative kicks
than some eminent men. For this subset, the
summary of kick-reactions would indicate that
these women tend to produce more manu-
scripts than the men. It is by no means in-
variably the case that the careers of women
show more negative kicks and negative re-
actions than men. In general, however, this
has tended to be the case, and we hypothesize
that the cumulation of these micro-level lim-
ited differences explain the macro-level dis-
parity in publications.

There is, of course, a subset of eminent sci-
entists who accept offers as administrators
and public servants after achieving lofty rec-
ognition. Their publication rate is usually
drastically reduced and, in some instances,
virtually eliminated. Thus it is necessary in
our formal specifications of career develop-
ment to allow for the termination of a publi-
cation history following the receipt of one or
more major awards.

For an extended discussion of priority dis-
putes in science, see Merton 1957.

Cole and Cole 1981, 1985; Cole, Cole and
Dietrich 1978; Cole, Cole and Simon 1981.

. Merton 1957; Hagstrom 1965; Latour and

Woolgar 1979; Knorr-Cetina 1981.

The contemporary situation is placed in bold
relief by the eminent biochemist Arthur B.
Pardee:

At the heart of current problems [in main-
taining high scientific quality and produc-
tivity] are the difficulties and uncertainties
every scientist faces in obtaining research
funds. . . . A scientist perceives now that
he has a small probability of getting a grant
funded. He cannot afford to be without
funds for a year or more if his application
fails, because continuity is cssential for
progress and to retain highly trained, key
personnel. So he writes [multiple] propos-
uls in the hope that one of them will be
lucky. . . . Fund ruising ruther than re-

Notes

search becomes his major preoccupation.
. . . Talents of fine scientists are a rare
commodity; wasting them is a very costly
proposition. . . . A less evident but also
highly important consequence is the dim-
inution of scientists’ self-confidence and
morale. Rejections by the funding system
of one’s best ideas are extremely discour-
aging. We will see scientists in increasing
numbers decide that they are in a rat race;
they will slow down or get out. Some of
the best unfortunately will be among them.
(As quoted in Cole and Cole 1985, p. 28).

Similar opinions were voiced by many of the
productive men and women scientists that were
interviewed over the past four years.

42. Many other less well-known examples
could be cited; for example, the competition
between the labs of Andrew Schally and Roger
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Guillemin to identify the structure of TRF(H),
Thyrotropin Releasing Factor (Hormone). See
Latour and Woolgar 1979.

43. Verifying or refuting this claim is a major
research task for the future. The supporting
evidence to date is primarily from focused
interviews which were not designed a priori
to assess these points (see Zuckerman and
Cole 1987). A content analysis of the inter-
views, and 20 years of study of the scientific
community, often with various forms of
quantitative data, suggested inequalities (5)—
(11) and provided informal support for the
limited differences explanation of Figure 13.1
44. Of course, even participant observation
studies have the weakness of imputation, that
is, the observer imputing reactions that are
translated through his or her own set of con-
structs.



