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An individual’s motivational orientation serves as a drive to action and can influence their career success.
This study examines how goal orientation toward the pursuit of a graduate degree in physics and chemistry
influences later success outcomes of practicing physicists and chemists. Two main categories of goal orienta-
tion are examined in this paper: performance orientation or motivation to demonstrate one’s ability or perfor-
mance to others, and learning orientation or motivation through the desire to learn about a topic. The data were
obtained as part of Project Crossover, a mixed-methods study which focused on studying the transition from
graduate student to scientist in the physical sciences and included a survey of members of two national
professional physical science organizations. Using regression analysis on data from 2353 physicists and chem-
ists, results indicate that physicists and chemists who reported a learning orientation as their motivation for
going to graduate school were more productive, in terms of total career primary and/or first-author publications
and grant funding, than those reporting a performance orientation. Furthermore, given equal salary, learning-
oriented individuals produced more primary and/or first-author publications than their nonlearning oriented
counterparts.
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I. INTRODUCTION

The 2007 report Rising Above the Gathering Storm ex-
pressed a deep concern over the need to “develop, retain, and
recruit the best and brightest students” for “graduate study in
areas of national need �p. 3�” �1�. One of the report’s recom-
mendations is to focus on attracting and maintaining the
“best and brightest” in physical science education through
competitive undergraduate scholarships and graduate fellow-
ships for U.S. citizens. However, the report does not provide
a sufficient understanding of how to appropriately identify
the “best and brightest.” By tradition, most award and schol-
arship programs identify those students with outstanding po-
tential as those who have the highest academic performance
outcomes; in particular, grades, standardized test scores
�GRE�, etc. An individual’s interest in or desire for scientific
discovery in a field plays a relatively insignificant role. Some
assume this type of motivation in graduate school applicants
as a given, while others take this desire into serious consid-
eration when gauging potential through more holistic mea-
sures such as admissions essays and candidate interviews. In
their Science article on indicators of graduate students’ suc-
cess, Kuncel and Hezlett observe that “…student motivation
and interest, which are critical for sustained effort though
graduate education, must be inferred from various unstand-
ardized measures including letters of recommendation, per-
sonal statements, and interviews.” �2�. Similarly, Neil de-
Grasse Tyson emphasized the importance of intrinsic
motivation as “�y�ou’ve got to be so deeply in love with your
subject that when curve balls are thrown, when hurdles are
put in place, you’ve got the energy to overcome them.” �3�
Students’ motivations to pursue their STEM studies are criti-
cally important when studying the drive to action which re-
sults in tangible outcomes �4�.

With the dawn of the assessment age, there are a plethora
of standardized tools, tests, and exams available to teachers
and administrators with the purported goal of knowing which
students measure up to the rank of “best and brightest” �2,5�.
The education system’s reliance on these performance mea-
sures to rank and reward students has an impact on how
students are oriented and what motivates them; in this case,
toward the achievement of outcomes such as grades and
awards. Students who are oriented in this direction will be-
come excited by the subjects in which they perform well.
Thus, their motivation may rely more heavily on their per-
formance in a subject rather than their interests in or concep-
tual understanding of the subject itself. For example, Carlone
�6�, in a study of an Active Physics high school classroom,
found that many students were more concerned with main-
taining their “good student identities” through good grades
than with developing connections to physics in a meaningful
way. Furthermore, several studies that have empirically sup-
ported the social cognitive career theory �SCCT� highlight a
worrying trend which indicates that performance is a likely
precursor to the development of interest and, ultimately, ca-
reer choice �7–10�. A critical question that arises from this
work is: will the students who are primarily motivated by
performance develop into the “best and brightest” scientists?

II. BACKGROUND

The role of motivation in student learning as well as in the
design and implementation of science instruction has been a
topic of research for over three decades �11–17�. As a psy-
chological construct, motivation encompasses “all aspects of
activation and intention” and includes both internal stimuli
�e.g., interest, values� and external stimuli �e.g., social pres-
sure, material rewards� �4�. Motivation is important to study
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because it is the factor that mediates the drive to action �4�;
for science education purposes, students motivated in par-
ticular ways may be more easily activated to learn and/or
achieve in science classrooms and programs while students
motivated in other ways may remain disengaged. To improve
the science education system, it is important to understand
not only what motivates students to attain desirable out-
comes in the classroom but also which motivations lead to
desirable outcomes in the future �e.g., becoming a life-long
science learner, a successful scientist, etc.� and how to help
students develop such motivations. This paper considers the
issue by examining what types of earlier motivation influ-
ence science outcomes for physical scientists.

There are two major categorizations for motivational
stimuli: internal to the self and external to the self. Regard-
less of which category drives a person to act, Ryan and Deci
�4� emphasize the importance of “authentic” motivation; that
is, a motivation that is explicitly self-authored or endorsed
rather than just an external control. In so defining authentic
motivation, it follows that such motivations are intrinsic by
nature although they may have begun as extrinsic. For ex-
ample, Edelson �18� notes, “To create an intrinsic or authen-
tic motivation to learn, the demand must be generated by a
natural use of the knowledge. Thus, although a teacher can
create a demand for knowledge by creating an exam that
requires students to recite a certain body of knowledge, that
would not constitute a natural use of the knowledge for the
purposes of creating an intrinsic motivation to learn.” If the
student, however, integrates and internalizes the value and
usefulness of the knowledge �in itself or for a self-authored
desire, e.g., a personal goal�, then they are more likely to
become authentically motivated. Although authentic motiva-
tions usually stem from internal stimuli, extrinsic motiva-
tions can become intrinsic or authentic with the enhancement
in feelings of autonomy, competence, and relatedness �4�.
Thus, teachers and advisors can promote and facilitate the
transfer of extrinsic motivations into more authentic, intrin-
sic motivations. Finally, authentic motivations have been
found to lead to greater interest, excitement, and confidence
which can translate into greater performance, persistence,
and creativity �19,20�. Given the decline in students’ STEM
interest �16,21�, it is important to attempt to understand au-
thentic science motivation and how it can be passed on or
stimulated in students to increase the likelihood that they
reach the desired educational outcome in more meaningful
ways.

One complicating factor, however, is that there are mul-
tiple outcomes that are all justifiably valued by science edu-
cators �e.g., enjoyment, learning, achievement, etc.� that may
be impacted by different motivational stimuli. For this rea-
son, researchers often focus on motivations, actions, and
evaluations associated with a specific goal or outcome �e.g.,
passing tests�, usually referred to as goal orientations. The
two main goal orientations relevant to educational outcomes
are learning orientation �also known as task or mastery ori-
entation� in which the student is motivated to accomplish the
goal for mastery and learning of the material, and perfor-
mance orientation �also known as ability or ego orientation�
in which the student is motivated to accomplish the goal to
demonstrate their ability or performance to others �22,23�.

Learning orientations are often associated with internal
stimuli and performance orientations with external stimuli.
Prior research in this area has largely focused on examining
the impact of these goal orientations on relatively short-term
outcomes such as class grades, achievement tests, classroom
task performance, usage of higher order learning strategies in
classroom activities, and understanding of specific topics
�22–26�.

Unfortunately, the literature is unclear on the long-term
impact of these orientations on productivity and success out-
comes, particularly for career scientists. This study examines
how learning and performance motivational orientations to-
ward the goal of a graduate career in the physical sciences
predict later scientific productivity for physical scientists.
While other orientations exist, the current study focuses on
these two since they are the most prevalent in the education
research literature as well as within the sample used in this
paper. To this end, the following research question guided
this work:

Do differences in goal orientation related to the choice
of pursuing graduate studies in physics and chemistry
predict differences in scientific productivity for physi-
cal scientists?

In other words, the association between the performance
and learning orientations of physical scientists and career
productivity �as measured by salary, grant funding, and pri-
mary and/or first-author publications� was examined. Under-
standing the connection between different motivational ori-
entations and future career productivity has implications for
the selection and preparation of graduate students in physics
and chemistry. This aspect is particularly relevant for the
physics education community. In addition, the study further
tests a previous finding: that intrinsic motivations ultimately
lead to greater performance. Furthermore, this work uniquely
contributes to the broader literature by examining the long-
term impact of motivational orientation in the sciences and to
the physics education literature by employing a motivation-
related framework that has not been widely used.

III. PHASE I: HYPOTHESIS GENERATION

The data used in this paper were gathered as a part of
Project Crossover, a sequential mixed methodological study
designed to examine the transition from graduate student to
independent researcher in chemistry and physics. The first
phase of the study generated hypotheses through interviews
with physical scientists who have experienced �or are cur-
rently experiencing� the science career progression from
graduate student to independent researcher. The current re-
search question was largely driven by the data and analysis
during this phase. The interview component of Project
Crossover involved the collection of 125 semistructured in-
terviews with open-ended responses. The interviewees in-
cluded graduate students, postdoctoral fellows, industrial sci-
entists, and tenured faculty �including two past Nobel prize
winners� in physics and chemistry, as well as some individu-
als who had previously been involved in physics or chemis-
try but had since left science altogether. The main purpose of
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these interviews was to develop hypotheses linking graduate
school experiences with career development among physical
scientists. The duration of the interviews ranged from 30 min
to 2.5 h in length. Audio recordings were transcribed for
analysis.

One focus area in the interviews was on the skills and/or
qualities that the interviewees considered necessary for suc-
cess as a physical scientist. A recurring response, prevalent in
the interview data, highlighted the need for creativity and
passion, above and beyond traditional academic performance
abilities. Numerous individuals discussed this quite clearly,
for example:

Some people that may not be the best in, say, class
work can be very creative in terms of building things
or looking at things in different ways. [Faculty mem-
ber 1, physics]

�W�hen you’re a graduate student, …you can’t sustain,
you can’t work as hard as you need to work and think,
you can’t read that other paper unless you …develop
some passion for it. [Faculty member 2, physics]

If you love what you do, I’m sure you can be success-
ful. I know people who have sort of bad grades, but
they love science. And they’ve published a lot, and
they know just as much �as someone with higher
grades�. [Graduate student, chemistry]

These sentiments, along with numerous similar comments
from other interviewees, led to a pair of hypotheses: first,
that having a joy or passion for carrying out scientific re-
search might be an important indicator of future success;
and, second, that such a passion may be more important to
individuals’ success than their dedication to performing well
�in a traditional academic sense�. It is these hypotheses that
were tested in the second phase of the project. From a certain
point of view, these hypotheses are intuitive. The central
component of the graduate school experience is a disserta-
tion. This work �and resulting skills� is very different from
virtually every other previous formal educational experience:
the research is supposed to be original and should be a
unique contribution to human knowledge, there are few “cor-
rect” answers to be confirmed with other sources, there may
be no well-established methodology to utilize, and there are
often no clear timelines or end points to the research before
undertaking it. Thus, a mismatch between individuals’ per-
formance in K-16 education and their performance in
science-related work beginning with the doctoral dissertation
may potentially exist.

With dissertation-related work in mind, interviewees with
experience as graduate advisors were asked if they used any
techniques to identify students with the greatest potential.
Several interviewees referred to using qualitative measures
�e.g., one-on-one discussions with prospective students� as
being more valuable than using performance measures �e.g.,
transcript data� as an indicator. For example, one individual
commented:

�S�omebody that’s just interested in doing a lot of re-
petitive experiments in lab, this isn’t the place for
them. But you can usually tell pretty quickly in an

interview …if somebody has that sort of thinking. [Se-
nior scientist, chemistry]

Unfortunately, even though intrinsic motivations toward
science were a highly-valued commodity for physical scien-
tists as an early indicator of potential success, some inter-
viewees noted that efforts toward stimulating students on an
affective and/or intrinsic level did not carry sufficient recog-
nition or merit significant personal reward to warrant sub-
stantial effort. For this reason, many faculty did not make
such efforts. For example:

I don’t think the training of future scientists or just the
general enjoyment of their students really comes �into
it�; it’s hard to measure so it’s hard to reward. [Post-
doctoral fellow, chemistry]

Thus, it was often expected that graduate students should
have intrinsic motivations toward science but, at the same
time, it was seen as beyond the purview of dissertation ad-
visors to develop such motivations in their students. In fact,
advisors that explicitly attempted to motivate students were
somewhat anomalous. However, one professor contrasted
two motivational approaches to advising from his past expe-
riences, one mainly extrinsic and another that tried to inspire
intrinsic motivations:

�My doctoral advisor was� somebody who gets the job
done whatever the job is, with stress and with anger
and by pushing people around a little bit. And that was
the model that I learned …When I started my post doc
it was really exactly the opposite �kind of advising�. It
was all sort of… “I’m gonna try to get you so excited
about your project …because this �project� is cool…”
So one of the things that I learned was �that� there are
different systems. [Faculty member 3, chemistry]

IV. PHASE 2: TESTING HYPOTHESES

A. Data and data collection

From the results of the interview phase as well as existing
research �27–31�, a survey was developed which included
145 questions covering topics ranging from early science
motivations, undergraduate and graduate school experiences,
and career events after the end of graduate school. Lists of
potential participants were obtained from two professional
scientific organizations. In 2007, an initial random sample
including 13 000 members was mailed hard copies of the
surveys as well as information to access a password-
protected online version of the survey. Four reminder mail-
ings followed periodically over the following six months for
those who had not responded. Of the 13 000 initial surveys
mailed, approximately 550 were returned as undeliverable
and 3100 responses were determined to be nonapplicable
since the recipients did not have the proper background in
science. At the conclusion of the collection phase in early
2008, the original sample was determined to include 9343
qualified respondents with correct mailing addresses. From
this group, 3220 responded to the survey including physi-
cists, chemists, and other PhD holders in the physical sci-
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ences. The overall response rate was 34.5%. To assess the
representativeness of the final data set, an analysis was car-
ried out to compare respondents’ demographic backgrounds
�race and/or ethnicity and gender� and employment sectors
�universities, federal agencies, nonprofit, for-profit, and other
employment not fitting these categories� with the nationally
representative sampling found in the National Science Foun-
dations’s WebCASPAR database �32�. The Project Crossover
sample was found to be similar in proportionate representa-
tions across these groupings to the WebCASPAR data.

Although Project Crossover also surveyed currently en-
rolled graduate students, the current analysis is focused on
the aforementioned survey data from PhD holders since the
goal of this work is to understand long-term success out-
comes. After accounting for nonresponses to the motivation
questions selected for this analysis and accounting for those
who had left science entirely, the final sample consisted of
2353 complete surveys including 1462 chemists, 845 physi-
cists, and 46 other physical science PhD holders.

B. Variable construction and validity analysis

To assess individuals’ goal orientation, this analysis is fo-
cused on a survey question asking respondents to report their
motivations for going to graduate school. From a detailed list
of 20 choices, respondents were asked to indicate the two
most important factors for going to graduate school. Those
selecting “Received good grades in science” or “Awarded
scholarship and/or fellowship” were classified as
performance-oriented. Those selecting “Enjoyed thinking
about science” were classified as learning-oriented. Of the
2353 respondents, 521 were classified as performance-
oriented and 949 as learning-oriented, with an overlap of
144 who reported both. There were 1027 respondents having
neither performance nor learning orientations; this group is
spread across a variety of other motivational orientations in-
cluding social influences �e.g., teachers, fathers, mothers, or
partners and/or spouses� and altruistic aims �i.e., service to
humanity�. However, performance and learning orientations
were the most prevalent orientations.

To evaluate whether the performance and learning orien-
tation measures used in this analysis were assessing indi-
viduals’ motivations, concurrent criterion-related validity
was estimated. That is to say, it was confirmed that the afore-
mentioned measures of goal orientation were strongly corre-
lated with other measures associated to that particular orien-
tation. Since the indicators are binary variables,
nonparametric Mann-Whitney U tests were used. The perfor-
mance orientation measure had a significant, positive corre-
lation with: individuals’ high school and college physics and
chemistry grades overall �p�0.001�, their getting straight
A’s in chemistry and physics �p�0.01�, and the response
“Received good grades and/or awards” as the reason for their
initial interest in science �p�0.001�. As a comparison,
learning orientation was also positively correlated with indi-
viduals’ high school and college physics and chemistry
grades overall �p�0.001� but not with their getting straight
A’s in chemistry and physics. The learning orientation mea-
sure also had a significant, positive correlation with: indi-

viduals reporting that they developed their own research
projects as graduate students �p�0.01�, that they explored
new research topics for their dissertation �p�0.05�, and the
response “Enjoyed thinking about science” as the reason for
their initial interest in science �p�0.001�.

C. Modeling success with performance and learning
orientation

Next, the associations of the performance and learning
orientation measures with three commonly used measures of
scientific productivity were investigated. The productivity
measures included individuals’ current salary, their career to-
tal grant funding, and their career total primary and/or first-
author publications. These measures were constructed from
corresponding questions that appeared on the survey asking
individuals to indicate their current income, the total amount
of grant funding they had been awarded since they earned a
doctorate �not including internal funds from their institution
and/or company�, and the total number of primary and/or
first-author publications over their entire career. The sample
averages for these measures were, respectively, $100 300 for
salary, $510 800 for total grant funding, and 21 for total
primary and/or first-author publications. The median salary
was $100 000 which closely aligns with the American Insti-
tute of Physics �AIP� data reporting a median salary for PhD
holders as $97 700 in 2006 �mean salary data are not in-
cluded in the AIP report� �33�. Finally, in measuring the goal
orientation of these individuals, note that performance and
learning orientation classifications were not mutually exclu-
sive; these orientations were identified in a way that allowed
for participants to be categorized as having either, both, or
neither orientation. This choice was made since, clearly, in-
dividuals can be motivated by multiple factors.

Three multiple regression models containing the learning
and performance orientation measures as predictors of each
of the productivity outcomes were implemented. Each re-
gression model included variables controlling for gender
�male, female�, race and/or ethnicity �white, black, asian
and/or pacific islander, hispanic, other, multiple responses�,
field �physics, chemistry�, current position �assistant profes-
sor, associate professor, full professor, research scientist,
postdoctoral researcher, lecturer and/or adjunct, retired
and/or emeritus, not currently active in research�, type of
current institution �public academic, private academic, indus-
try, nonprofit, consultancy, government laboratory, K-12, not
currently employed�, and years in current position. The re-
sults shown in Table I and Fig. 1 indicate that those physical
scientists who reported a learning orientation were signifi-
cantly more successful in terms of grant funding and primary
and/or first-author publications than average. There was no
significant effect on salary for either orientation. Note that in
Model G �Grants�, respondents who reported a learning ori-
entation garnered an estimated $84 600 more in grant fund-
ing than their nonlearning-oriented counterparts. In Model P
�Primary and/or first-author publications�, learning-oriented
individuals are estimated to have produced 4.6 more primary
and/or first-author publications than their nonlearning-
oriented counterparts. These results suggest that individuals
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motivated by their enjoyment of thinking about science have
higher than average levels of scientific productivity. For
performance-oriented individuals, no significant effects were
found in any of the models. This suggests that individuals
motivated by high grades and awards and/or fellowships
prior to entering graduate school have levels of scientific
productivity that are not significantly different, on average,
from researchers who were not motivated by these factors.

These results raised a subsequent question. Learning-
oriented individuals garner more grant funding �as found in
the previous regression models�, but might this difference
account for the significant, positive effect found for primary
and/or first-author publications? It is certainly plausible that
research productivity �as measured by primary and/or first-

author publications� depends, at least in part, on the level of
financial support. Therefore a follow-up question was inves-
tigated:

Given equal financial resources from grant funding or
salary, are learning-oriented or performance-oriented
individuals more productive in terms of primary and/or
first-author publications than others?

To some degree, this is a question of “efficiency.” If it was
found that learning-oriented individuals were more “effi-
cient” in this sense, then this would imply that these indi-
viduals do, in fact, produce more scientific publications
given the same level of support. On the other hand, if it was
found that performance-oriented individuals were more “ef-
ficient,” then this would imply that those individuals might
benefit from being given more resources, despite having less
historic success at garnering them.

To answer this second question, grant funding and salary
were entered separately into regression models. These mod-
els were implemented on the data with primary and/or first-
author publications as the outcome variable while still con-
trolling for gender, race and/or ethnicity, field, current
position, and years in current position. Both were found to be
significant predictors at the p�0.001 level. Additionally, in-
teractions of performance orientation and learning orienta-
tion with grant funding and salary were included in the
analysis. The results are shown in Table II.

In Model P-G, grant funding was entered as a predictor of
primary and/or first-author publications into the regression
model. Neither learning nor performance orientation were
found to be significant predictors in Model P-G. It appears
that controlling for grant funding subsumes the effects of

TABLE I. Multiple regression modelsa with outcomes of salary, grant funding, and primary and/or first-author publications.

Model S Model G Model P

Salary
�in $1000�

Grants
�in $1000�

Publications
�Primary and/or first�

B SE � Sig.b B SE � Sig.b B SE � Sig.b

Intercept Included Included Included

Controls

Gender

Race and/or ethnicity

Field Included Included Included

Current position

Years in current position

Orientation

Performance −0.98 2.03 −0.01 ns −31.27 36.22 −0.02 ns 0.02 1.86 0.00 ns

Learning 0.43 1.73 0.00 ns 84.63 30.84 0.05 �� 4.57 1.54 0.06 ��

R2 0.39 0.28 0.20

Adjusted R2 0.39 0.27 0.20

N 2161 2168 2166

aPolytomous regression analyses were also performed, treating the outcomes as ordinal variables. The resulting models produced similar
findings and, thus, multiple regression models are reported here.
b ��: p�0.01, ns: not significant.
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FIG. 1. Effect of learning and performance orientations on grant
funding and primary and/or first-author publications for practicing
physicists and chemists while controlling for gender, race and/or
ethnicity, field, current position, type of institution, and years in
current position. Error bars represent �1 standard error.
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other predictors with respect to primary and/or first-author
publications. This suggests that the impact of receiving sig-
nificant grant funding on the careers of individual scientists
overwhelms any specific effects of either goal orientation.
Previously, it was found that individuals who exhibited a
learning orientation were associated with higher levels of
grant funding. Coupled together, these results suggest a chain
of significant associations: holding a learning orientation
leads to greater levels of grant funding which leads to greater
numbers of primary and/or first-author publications. How-
ever, interactions between grant funding and both perfor-
mance and learning orientations were not found to be sig-
nificant in this model. Thus, learning-oriented and
performance-oriented individuals are equally “efficient” in
producing primary and/or first-author publications given the
same grant funding, even though learning-oriented individu-
als are more successful in garnering such funding. This may
be explained by the fact that grant funding is not a personal
financial resource per se but rather a specific means for car-
rying out research which allows the hiring of others �e.g.,
graduate students� to also participate in the research and po-
tentially produce publications. Exploring the issue of effi-
ciency through salary, a personal financial resource for the
physical scientist, leads to a further unpacking of the impact
of financial resources on the research productivity of
learning-oriented and performance-oriented individuals.

In Model P-S, the interaction between learning orienta-
tion and salary was found to be significant. This suggests that

learning-oriented individuals produce significantly more pri-
mary and/or first-author publications than their counterparts
with the same salary, on average. The coefficient also sug-
gests that the estimated difference is greater with higher lev-
els of salary. See Fig. 2 for a graphical representation of this

TABLE II. Multiple regression models with outcome of primary and/or first-author publications while
accounting for grant funding �Model P-G� and salary �Model P-S�. Also considered were interactions of both
goal orientations with grant funding and salary.

Model P-G Model P-S

B SE � Sig.a B SE � Sig.a

Intercept Included Included

Controls

Gender

Race and/or ethnicity

Field Included Included

Current position

Years in current position

Financial resources

Grant funding 0.013 0.001 0.28 ���

Salary 0.15 0.02 0.20 ���

Orientation

Learning 2.5 1.4 0.03 ns −2.0 3.3 −0.03 ns

Performance 1.7 1.7 0.02 ns 1.4 1.8 0.02 ns

Interactions

Learning � salary 0.06 0.03 0.10 �

R2 0.25 0.22

Adjusted R2 0.24 0.22

N 2122 2112

a �: p�0.05, ��: p�0.01, ���: p�0.001, ns: not significant.
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FIG. 2. Regression lines predicting primary and/or first-author
publications with increasing salary in thousands while controlling
for gender, race and/or ethnicity, field, current position, and years in
current position. Dashed lines represent 95% confidence intervals.
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effect. Coupled with the results of Model S and Model P
from Table I, this suggests that learning-oriented individuals
are more productive with respect to primary and/or first-
authored publications, on average. Recall in Model S that
respondents with a learning orientation were not found to
earn higher salaries than average. Model P-S further suggests
that, given two prototypical researchers at the same salary,
the learning-oriented individual is more productive.

V. DISCUSSION

These analyses indicate that those individuals who pursue
graduate school because they enjoy thinking about science
are particularly productive as scientists �as measured by pri-
mary and/or first-author publications and grant funding�,
while those who pursue graduate school because of good
grades and/or awards are no more productive than average.
These results are particularly interesting because of the re-
cent focus on standardized assessments and the traditional
emphasis on grades as a measure of scientific potential.
Kuncel and Hezlett, who synthesized meta-analyses showing
connections between standardized test scores and graduate
student career outcomes such as degree completion and re-
search productivity, admit that student motivation and inter-
est are critical for a sustained effort and that such motiva-
tions cannot be determined from standardized tests �2�.
Supporting this claim, the results presented in this paper sug-
gest that an individual’s motivation for pursuing science, as
expressed by their goal orientation, has implications for their
future career as a scientist. Thus, developing constructive
orientations should be considered seriously by science edu-
cators at all levels; especially since goal orientations are not
fixed. The environment of a classroom, school, and even a
research group can encourage the adoption of different goal
orientations �22,34�. It is particularly troubling that the cur-
rent educational system often promotes the development of a
performance orientation so that at later stages students resist
meaningful learning and resist adopting a learning orienta-
tion in science �35,36�. With respect to the result showing a
positive relationship between learning orientation and future
productivity, it is certainly plausible that those who do a job
they love will be more productive than those who are less
passionate. Likewise, if students are intrinsically motivated
to learn science, it is likely that their understanding of con-
tent, academic performance, choice of a science career, and,
ultimately, their influence on research may follow �19�. Sci-
ence educators, who are already focused on developing this
motivation within students, now have additional evidence for
its importance for those students who pursue science as a
career.

Despite the appeal of the finding that learning-oriented
individuals are more successful as scientists, for many gradu-
ate admissions committees, such factors fade into practical
insignificance in comparison to high test scores and grade
point averages. The reliance on academic performance often
stems from practicality issues and an underlying concern that
students be up to the challenge of graduate studies. There is
little doubt that high standards for science learning should be
maintained as well as efforts to assess that such standards are

being met. However, there is a danger in overemphasizing
the importance of performance assessments not only because
many are not valid measures of genuine learning and/or un-
derstanding but also because they can become the primary
motivator for individuals. This could lead to an underdevel-
opment of intrinsic motivations, such as curiosity, which is
critical for long-term engagement and success, as has been
suggested in this work. Like many issues in education, there
is a somewhat delicate balance that needs to be established.
For students, research on career choice indicates that perfor-
mance and achievement are often precursors to students’ in-
terest �8,9� rather than vice-versa. Is justice being done to the
“best and brightest” in the education system by subtly ori-
enting them toward performance measures rather than to-
ward the excitement of understanding the natural world? Fur-
thermore, are potentially gifted scientists being weeded out
through an over-reliance on performance assessments? For
students lacking prior academic success, having alternative
routes into studying the physical sciences at multiple levels
may be one way to help address this potential problem. Of-
fering such alternative paths to careers in scientific research
is also likely to enhance the diversity of the scientific work-
force.

Project Crossover, the study responsible for collecting the
data used in this analysis, was originally conceived in light
of the paucity of research on the practice of graduate educa-
tion in the physical sciences and its impact on scientific pro-
ductivity. In light of the concerns and recommendations of
the National Academies and continuing representation and
diversity issues in the physical sciences �1�, there is a need to
implement reforms that facilitate both the development of
more meaningful understanding of students in the physical
sciences as well as the development of deeper levels of in-
terest in these fields at all stages including postsecondary
education. As educators, it is important to pay attention to
the affective and social needs of postsecondary students
rather than assuming that students at this stage can maintain
their own interest and motivation. Such an assumption may
be valid for some students but is certainly not ubiquitous.

The findings in this paper should not be taken as criticism
of current scientific researchers of any goal orientation.
Rather, this work should serve as motivation to begin to in-
corporate underemphasized affective domains into educa-
tional research outcomes. The results of this work, which is
supported by the results of other researchers studying moti-
vation, suggest that individuals who are motivated to do sci-
ence for intrinsic reasons, such as for the enjoyment gained
from generating new knowledge, are ultimately more pro-
ductive in their research. Furthermore, with worrying trends
that indicate an overabundance of performance-oriented stu-
dents in the education pipeline, it is becoming increasingly
apparent that nurturing the personal engagement of students
is crucial. More research identifying best practices in this
area is necessary. In addition, motivational outcomes should
be encouraged by the community as meritorious goals for
scientists to foster in their research groups and in their
classes. As researchers, it is important to include motivation,
identity, and other affective constructs as relevant measures
when assessing progress and reform in physics education in
addition to more commonly used performance and learning
and/or understanding measures.
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