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To investigate differences in learning gains by gender, we collected data in large introductory
astronomy and biology courses. Male astronomy students had significantly higher pre- and post-test
scores than female students on the astronomy diagnostic test. Male students also had significantly
higher pretest and somewhat higher post-test scores than female students on a survey instrument
designed for an introductory biology course. For both courses, males had higher learning gains than
female students only when the normalized gain measure was utilized. No differences were found
with any other measures, including other gain calculations, overall course grades, or individual
exams. Implications for using different learning gain measures in science classrooms, as well as for
research on learning differences by gender are discussed. © 2009 American Association of Physics Teachers.

�DOI: 10.1119/1.3133087�

I. INTRODUCTION

There has been much work in physics education research
�PER� on instructional practice.1 Survey instruments used to
assess student mastery of course material have been devel-
oped, including the Force Concept Inventory �FCI� �Ref. 2�
and Astronomy Diagnostic Test �ADT�.3 Both the FCI and
ADT are nationally utilized, reliable, and validated and have
been used to gauge the effectiveness of various teaching
methods in their disciplines.3–7

Education research in biology is not as mature, and appro-
priate instruments for evaluating learning in the biological
sciences are still being developed.8 A diagnostic instrument
modeled after the FCI, the Biology Concept Inventory �BCI�
is currently undergoing validation studies.9,10 Several other
instruments, for example, the Student Assessment of Learn-
ing Gains,11 are designed to assess biology curricula and to
examine student perceptions of learning. Bowers et al.12 de-
signed a knowledge survey �KS� for an introductory biology
course, with questions on material typically covered in lec-
ture and to varying levels of Bloom’s Taxonomy of Learning
Objectives.13 The KS queried student’s perceived confidence
level with the material rather than testing student knowledge
itself. Commercially available subject exams, for example,
the Major Field Test, administered by the Educational Test-
ing Service,14 are available but are inappropriate for gauging
learning in a single course.

Gender gaps or differences in average performance be-
tween men and women have been demonstrated with several
standardized tests, particularly those involving science and
mathematics.15,16 Instruments that have been used in the as-
sessment of university science courses �and where women

consistently underperform� include the Force and Motion
Concept Evaluation �FMCE�,17 Brief Electricity and Magne-
tism Assessment �BEMA�,18 FCI,19,20 and the ADT.3,6 This
performance gap holds whether these instruments are used as
pre- or post-tests.

Although less educational research has been done using
biology learning instruments, there is evidence that women
also underperform men on standardized biology tests. For
instance, women’s scaled scores on the biological sciences
component of the Medical College Admissions Test �MCAT�
continually lag behind men’s scores �8.9 for males and 8.2
for females in 2005�.21 Comparison of MCAT scores back to
1991 indicates that this gender gap has remained unchanged
for at least 15 years.22

Several reasons have been put forth to explain the effect of
gender on standardized test performance, including the par-
ticipants’ perception of their gender roles and the perception
of tasks as stereotypically masculine or feminine.23 Perfor-
mance gaps may also be due to gendered cues from the ques-
tions themselves.20,23 McCullough’s work indicates that
women’s inferior FCI performance may be due in part to a
masculine context bias.20 We return to McCullough’s work in
Sec. IV.

Much of the assessment of learning in the classroom uti-
lizes learning gain scores calculated from pre- and post-test
administrations of a learning instrument such as the
FCI4,5,18,19,24 and ADT.6,25 The most commonly used method
for calculating gains is the normalized gain �g� that measures
the fraction of the maximum possible gain: �post
−pre� / �100%−pre�.4 This expression implies that higher
pretest scores will result in disproportionately higher gain
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values than lower pretest scores if the absolute gains are
equal. The effect of this skewness has been noted. Brogt et
al.25 found that the normalized gain disproportionally rises
with higher pretest scores and found larger �g� values asso-
ciated with higher pretest scores, both in their local ADT
data sets and in dummy data sets generated by three models
of learning gains.

Calculated �g� values have been widely used to quantify
classroom learning.4,18,19,26 Given the demonstrated and con-
sistent gender performance gap on many standardized learn-
ing instruments and the tendency of the normalized gain
measure to favor higher pretest scores, it is expected that
calculated �g� values would be lower for women than for
men. Lower �g� values have been reported for female com-
pared to male students on the FCI.19,27 Lorenzo et al.19 re-
ported a lower �g� value for women in a partially interactive
physics course ��0.52 for women and �0.58 for men�19

�their Fig. 2� even when the absolute gain on the FCI was
higher for women in that course �20.6 for women and 15 for
men; data in their Table II and from Ref. 28�. This observa-
tion does not invalidate the work of Lorenzo et al.,19 who
claimed only that interactive teaching methods reduce the
gender gap between pre- and post-test administrations of the
FCI. This example illustrates that on tests that have demon-
strated persistent gender gaps, the value of �g� might make it
appear that men have learned more than women even when
women, on average, post larger absolute gains in the same
course.

We are interested in exploring whether pre- and post-test
data and gain calculations are useful in indicating whether
female students learn less or more in science courses than
their male counterparts, independent of their level of incom-
ing knowledge about the subject matter of the course. Be-
cause males often begin science courses with more incoming
knowledge on the subject �as indicated by higher pretest
scores�, is it reasonable to conclude that they have learned
more in the course if their normalized gain is higher than that
of females? Or is the gap in normalized gain scores an arti-
fact of the gender difference seen in pretest scores?

To answer these questions we examined learning gains in
both astronomy and biology. The astronomy course study
utilized the ADT. Because no appropriate nationally vali-
dated instrument was available,29 biology course instructors
developed a diagnostic test �biology diagnostic test �BDT��
to measure learning in the introductory biology course.
Given that Brogt et al.25 argued that identical pre- and post-
test data sets can give rise to conflicting learning gain results
depending on the gain calculation model used, we were par-
ticularly interested in examining how the methods compared
in terms of showing any differences in learning gains by
gender and how learning gain data can be used to make
conclusions about gender differences in learning.

II. METHODS

A. Instrument design

The Astronomy Diagnostic Test v. 2.0 �Ref. 3� was admin-
istered as a pre- and post-test to students enrolled in Physics
101 �the nonmajor introductory astronomy course at Mon-
tana State University �MSU�� during the Spring and Fall se-
mesters of 2006, 2007, and the Fall semester of 2008 �five
semesters in total�. This test covers topics typically taught in

middle and high school science courses and includes nightly
and yearly apparent stellar motion, gravitational forces, and
phases of the moon.

A 34-item BDT was developed by the course instructors
�C. Palen, C. Morrison, and Metz� to measure student learn-
ing in Biology 214 �Introduction to cell biology and genet-
ics� and was administered in Fall 2006 and 2007. The instru-
ment was designed to gauge the level of cell biology
knowledge at the start of the course and is consisted of 12
factual and 22 conceptual questions about diffusion and os-
mosis, cell structure, metabolism, and genetics—concepts we
expected strong students to have learned in a good high
school level biology course. Questions covered the first four
levels of Bloom’s Taxonomy13 �knowledge, understanding,
application, and analysis� and simultaneously served as a test
of student learning of the basic concepts taught in the course.

Because the BDT is not a nationally validated instrument,
preliminary validation was performed by three introductory
biology instructors at MSU before being field tested by 213
biological science majors over two semesters. We gauged the
difficulty of a question by the percentage of correct re-
sponses on the pretest, which averaged 47% �standard devia-
tion of 21.5%�. This average is higher than published pretest
averages for the ADT ��32%� �Ref. 3� and the FCI
��39%�,4 but validated instruments can have a wide range of
average pretest scores. Kaplan and Saccuzzo30 suggested that
multiple choice questions ideally have initial correct re-
sponse averages about halfway between random guess and
100%, which for the BDT would have been about 60%. We
also tested the reliability of the BDT by calculating the Pear-
son correlation coefficients between two separate administra-
tions of the BDT as a pretest and a post-test �in Fall 2006 and
2007�. The correlation between pretest scores of the first and
second administration was 0.97 and between post-test scores
was 0.99. Thus this instrument appears to have a very high
test-retest reliability. As another test of validity we examined
the correlation between post-test scores and course grade.
The Pearson correlation coefficient is 0.70, a reasonable fig-
ure given that only about 25% of students that took the post-
test received a grade of C+ or lower in the course.

B. Data collection

Students in Physics 101 took the ADT on the first day of
class and again during the last week of class. Combined en-
rollment of all sections was close to 2000, but only 1133
�57% overall, 633 male and 500 females� students were
present for both testing dates �only students present for both
test administrations are included in the study�. Pre- and post-
test scores were paired for each student to allow for a more
robust statistical analysis and allowed us to calculate the gain
score for each student �as suggested in Ref. 31�.

For the biology course the pre-test was administered as a
homework assignment on WEB-CT course management soft-
ware. Students were required to access the BDT in the first 2
days of the semester and had 40 min to complete the survey.
Students were given participation points for completing the
instrument, which was not graded and not returned. For the
post-test the instrument was embedded in the final exam. Of
231 students completing the biology course over two semes-
ters, 213 �92%� paired pre- and post-test BDT scores �105
males and 108 females� were collected.32
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C. Data analysis

All statistical data analysis was performed with MINITAB,
Version 15. A two-sample t-test was performed on the pre-
and post-test data to determine if males had a statistically
significant difference in mean scores on their pretest score
and to determine the variance of each set of data. Prior to
analysis, each data set was examined for normality by skew-
ness and kurtosis calculations.

Regression analysis was done on the data to determine the
relation between pre- and post-test scores. Both regression
lines follow the relation, post-test=a0�pretest+a1, with a0
and a1 being nonzero. The astronomy and biology models
were compared to learning models proposed in Ref. 25 to
determine the most likely calculation biases. Average course
gains were calculated using several different methods33–35 in
addition to the absolute gain G0,

G0 = �post-test − pretest� , �1�

G1 = �post-test − pretest�/�100% − pretest� , �2�

G2 = �post-test − pretest�/�post-test + pretest� , �3�

G3 = �post-test − pretest�/pretest, �4�

where G1 is equivalent to the course average normalized gain
�gav�,

4 defined as the average of the single student normal-
ized gains; G1 differs slightly from the course average nor-
malized gain �g�, which is the average actual gain divided by
the average maximum possible gain after averaging pre- and
post-test scores for the class as a whole. Because pre- and
post-test scores were paired, we calculated �gav�. For classes
with more than 20 students, these two types of averages are
generally within 5% of one another.4 The values of �g� and
�gav� for our data differ by 2.9% for the ADT and 0.6% for
the BDT and did not affect the outcome of our comparisons.

G2 is the difference in the pre- and post-tests divided by
twice the average and is the only gain calculation in this
study that is symmetric about the mean. G3 has also been
used in literature and reflects the percent increase over pre-
test performance.7

Covariate analysis �ANCOVA�, used to determine if each
gain type depended on gender, pretest score, and a combina-
tion of the two, was tested with a model that consisted of
linear terms in the pretest score and gender and an interaction
term which was the product of the two.

Student grade performance was determined for each
course and grades by men and women were compared. Av-
erage grades for men and women were determined using data
from both semesters of the biology course �N=213� and two
semesters of the astronomy course �N=683� and compared
using two-sample t-tests.

III. RESULTS

Students showed significant increases in diagnostic test
scores in both biology and astronomy �see Table I�. Student
scores nearly doubled on the BTD �79% increase, p
�0.0005, paired t-test� and increased by 44.2% in astronomy
�p�0.0005, paired t-test�. Student performance on the ADT
was consistent with national averages; in a national study the
average pretest and post-test ADT scores were 32.4% and
47.3%, respectively.3

Male students outperformed female students on both diag-
nostic instruments on the pre- and post-tests �Table II�. The
differences in astronomy were statistically significant, with
p�0.0005 in each instance. Both nationally and at MSU
men outperform women by approximately 10 percentage
points on the ADT given as a pre- or post-test.3 The perfor-
mance gap between male and female biology students was
more modest, with men outscoring women by 3–4 percent-
age points on both pre- and post-test administrations of the
BDT �p=0.03 for pretest and p=0.07 for post-test�. These
differences did not arise from differences in overall class
performance in either course. �Grades in both courses are
determined by a combination of exam scores, homework/
laboratory assignments and participation in in-class activi-
ties.� In astronomy the final course average was 75.9% for
males and 76.2% for females �p=0.794�; in biology the av-
erages were 76.6% for males and 76.4% for females �p
=0.93�. Males and females also showed no differences in
individual exams �including the final exam� and in-class as-
signments �t-test, p�0.0005 in all cases�.

Despite the significant gender gaps in pre- and post-test
administrations of these instruments, the differences in abso-
lute gains between men and women in both disciplines were
modest or nonexistent. The average absolute gain between
pre- and post-test scores on the ADT was 16.3 percentage
points for men and 14.4 percentage points for women. This
difference of less than 2 percentage points between the two
groups is statistically significant �two-sample t-test, p
=0.017�, but is only a fraction of a question �0.4� on the
ADT. There was no demonstrable difference in the average
absolute gain on the BDT across gender �36.4 percentage
point change for males and 37.6 percentage point change for
females, with p=0.982�.

Learning gains are often calculated by more complex re-
lations than the absolute gain, including G1 �normalized

Table I. Overall diagnostic test scores �in percentages� in biology and as-
tronomy before and after completing the course. The standard error of the
mean is shown in parentheses.

Course
Mean
pretest

Mean
post-test

Paired t-test
p-value

Biology �N=213� 46.9�0.96� 83.9�0.82� �0.0005
Astronomy �N=1133� 34.3�0.43� 49.7�0.54� �0.0005

Table II. Mean performance of male and female students on the ADT and
BDT, plus or minus the standard deviation. �Standard deviations were not
published for the ADT national data.� Differences between males and fe-
males were significant �t-test�: BDT pretest, p=0.030; BDT post-test, p
=0.070; ADT pretest, p�0.0005; and ADT post-test, p�0.0005.

Gender
�diagnostic� N

Mean pretest
�%�

Mean post-test
�%�

Mean
G0

Female, MSU �ADT� 500 28.2�11.8 42.6�16.5 14.4
Female, National �ADT�a �2700 27 41.5 14.5
Male, MSU �ADT� 633 39.0�14.6 55.3�17.5 16.3
Male, National �ADT�a �2600 38 53.7 15.7
Female �Biology� 108 44.9�14.4 82.5�12.5 37.6
Male �Biology� 105 49.0�13.4 85.4�11.3 36.4

aReference 3.
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gain�, G2, and G3. We found that men’s average scores con-
sistently lead to higher apparent learning gains than women’s
scores when G1 was used. Conversely, the G3 calculation
resulted in consistently higher apparent learning gains for
female students. There was no apparent difference in learn-
ing gains between men and women when G2 was used �see
Fig. 1�. This conflicting pattern occurred for two separate
instruments in both disciplines, although gender differences
were more pronounced in astronomy than biology.

The fact that three measures of gain yield different learn-
ing results suggests that conclusions about gender specific
learning by the examination of gain scores must be ap-
proached with care. Our data suggest that there is little, if
any, verifiable difference in learning gains between men and
women even if women both start and end at lower levels of
achievement than men. This conclusion is bolstered by the
fact that there is no identifiable difference in student perfor-
mance on assignments, exams, or course grade. Instead, the
differences in learning gains calculated by these methods ap-
pear to stem from their definitions.

Expressions of learning gain are used not only to correct
for different levels of incoming knowledge among students
but also appear to incorporate bias into the interpretation of
the data.25,35 Brogt et al.25 demonstrated that pretest scores
can markedly influence gain values by calculating G1, G2,
and G3 for three relations of pre- and post-test scores: one in
which all students have identical absolute gains regardless of
pre-test score, a second in which the post-test score is an
incremental increase of the pretest score, and a third in which
both effects occur simultaneously. In the third learning
model G1 is strongly biased toward high pretest scores, G2 is
slightly biased toward low pretest scores, and G3 is strongly
biased toward low pretest scores �see Fig. 2�. The results are
similar if the learning model assumes all students post an
absolute gain of 25 points regardless of pretest scores. If
post-test scores are strictly a function of pretest scores
�post-test=1.5pretest�, G1 still skews toward high pretest
scores, but the values of G2 and G3 are insensitive to pretest
scores.

All three of the models discussed in Ref. 25 demonstrate

that higher pretest scores result in disproportionately higher
normalized gain values. The learning gain models that
emerge from our data �post-test=0.4pretest+65 for the BDT,
post-test=0.85pretest+21 for the ADT� most closely re-
semble the third learning model and, as shown in Fig. 1,
result in the groups with higher pretest scores �males� having
larger average G1 values than the groups with lower pretest
scores �females� in both courses. In contrast, the absolute
gain, as well as the other gain definitions such as G2 and G3,
suggests either no difference in learning between males and
females or an opposite effect.

To further analyze if the variation in the calculated gains
can be attributed to the gain definitions rather than inherent
gender differences in learning, G1, G2, and G3 for both
courses were plotted as a function of pretest score �see Fig.
3�. Although the slight positive slope of the G1 versus pretest
score regression line indicates that the normalized gain
weakly favors high pretest scores �and thus provides a slight

Fig. 1. Gains G1, G2, and G3 by gender for astronomy and biology. The t-tests of the difference for astronomy give p�0.0005 for G1, p=0.045 for G2, and
p=0.004 for G3. For biology p=0.123 for G1, p=0.112 for G2, and p=0.64 for G3. Error bars represent the standard error of the mean.

Fig. 2. Gain calculation bias for linear data models with nonzero slope and
y intercept values �Ref. 25�. The model assumes the relation of pretest to
post-test scores as post-test= �1.3�pretest+10.
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inherent bias in calculating men’s learning gains�, G3 calcu-
lates higher gain values for lower pretest scores and thus may
overvalue women’s gains. As can be seen in Fig. 3 the G3
calculations were biased toward low pretest scores, which is
in keeping with the findings of Ref. 25 �see Fig. 2�. Note that
G3 indicates greater learning gains for women despite the
fact that there is little or no difference between men and
women in absolute gain between men and women �see Fig. 1
and Table II�.

G2 is least likely to show disproportionately high gains
with either high or low pretest scores because the distribution
of gain values calculated with this formula is symmetric
about the mean. By generating a more symmetrical set of
gain values, G2 prevents the undue influence of very high or
very low gain values that can result from use of either G1 or
G3. As shown in Ref. 25, G2 is less sensitive to low pretest
scores than G3, and less sensitive to high pretest scores than
G1 in a learning model which �like ours� has both a nonzero
slope and intercept.

Given these conflicting data interpretations resulting from
the use of varying gain formulas, we looked for other evi-
dence of quantifiable differences in classroom learning be-
tween men and women. We performed a covariate analysis
on the data to explore how each measure of gain depended
on gender and pretest score, and to determine if there were

differences between genders in learning gains that could not
be accounted for by the males’ higher pretest scores. The
results of the covariate analysis are shown in Table III. The
values of G2 and G3 for the ADT indicated significant inter-
action between the pretest and gender factors, indicating that
the ANCOVA analysis is not appropriate for those data. The
data suggest that although raw pretest and post-test perfor-
mances vary significantly by gender, there are no significant
differences in learning gains between males and females
once the effect of the different pretest scores are accounted
for via the analysis of variance. Multiple regression was per-
formed on the G2 and G3 ADT data, and we found that there
is a correlation between pretest scores, gender, and gain
�R2=24% for G2 and R2=25% for G3�, and hence a linear
model with predictors of pretest score and gender alone
might suffice for determining gains. The R2 term is the
amount of the variance in the response variable �gain� that
can be accounted for by the predictor variables �pretest score
and gender� and is calculated by squaring the correlation
coefficient, r.

IV. DISCUSSION AND CONCLUSIONS

Pre- and post-tests have been used to measure learning
gains in physics classrooms for over 20 years.36 The normal-

Fig. 3. Gains G1, G2, and G3 regression lines as functions of pretest scores. �a� Astronomy course �N=1133�, Pearson correlation coefficients for regression
lines. r=0.135 �p�0.0005� for G1, r=−0.473 �p�0.0005� for G2, and r=−0.478 �p�0.0005� for G3. �b� Biology course �N=213�. r=0.085 �p=0.215� for
G1, r=−0.858 �p�0.0005� for G2, and r=−0.804 �p�0.0005� for G3.

Table III. Covariate analysis of gender and pretest scores on the effect of the calculated gains. Interaction terms
are shown, which is the simultaneous effect that gender and pretest scores have on gains, and R2 values indicate
the variation in the response �gains� that can be accounted for by the predictors �pretest, gender, and both
simultaneously�. The ADT G2 and G3 interaction term p-values are significant, indicating that these covariate
analyses may not be reliable.

Course Gain
p-value of pretest
score coefficient

p-value of gender
coefficient

p-value of pretest and
gender interaction term

R2 value
�%�

Astronomy G1 0.02 0.55 0.28 3
G2 �0.0005 0.88 0.03 24
G3 �0.0005 0.01 �0.0005 26

Biology G1 0.25 0.29 0.13 3
G2 �0.0005 0.37 0.27 74
G3 �0.0005 0.12 0.12 65
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ized gain G1 has been used to describe learning gains in
physics and astronomy courses,18,19,26 and in a very large
study Hake4 used G1 to compare student gains in traditional
versus interactive engagement introductory physics courses.
These reports show larger learning gains for males than fe-
males, consistent with our G1 scores.

Recently, the appropriate use of the normalized gain and
other gain score calculations has been scrutinized by science
education researchers. Coletta and Phillips5 noted a strong
positive correlation between pretest scores and normalized
gains in their study but posited that this result might be due
to hidden differences in scientific reasoning skills in different
groups. Brogt et al.25 showed that different expressions for
calculating gains have different inherent biases, with G1 be-
ing particularly sensitive to high pretest scores. Recognizing
the possibility of bias toward high pretest scores is critical
for gender analyses of learning gains because males have
been shown to post significantly higher pretest scores on
instruments such as the FMCE, FCI, and ADT.3,6,18,19,27

Given that males commonly earn higher pretest scores on
these instruments, combined with the fact that the normal-
ized gain is frequently used to compare pretest and post-test
scores, it is not surprising that these studies reported higher
average learning gains for males compared to females.

In the current study the performance gap between males
and females is present in both astronomy and biology and in
both the pretest and the post-test and was evident whether
the test was given online �as in the BDT pretest�, in the
classroom �ADT pre- and post-test�, or embedded in an exam
for which students had ample preparation �BDT�. Because
the gender disparity persists across disciplines and testing
methodologies and cannot be explained by poorer overall
achievement in either course by women suggests that another
factor may be influencing performance.

Differences in test scores by gender may be in part due to
the phenomenon of “stereotype threat”—the conscious or
subconscious influence of negative stereotypes in our culture
regarding �particularly women’s� math and science
competence.37,38 Although females outperform males in
terms of academic achievement �grades� on both stereotypi-
cally masculine and feminine subjects39,40 and also do better
on standardized tests of stereotypically feminine subjects �for
example, reading and spelling�,39 they continue to underper-
form on standardized tests of science. �Although girls have
recently achieved parity on standardized tests in math at the
primary and secondary education level.�41

Gender-based stereotype threats occur for a woman when
she fears that she will be judged by the prevailing cultural
stereotype that a woman is not as good at math or science.
Despite inroads at the K-12 level in math scores, evidence
indicates that women continue to lag behind their male peers
in math and science performance at the undergraduate level.
Given that women still make up a minority of the profes-
sional ranks in the sciences, particularly in disciplines such
as physics and engineering, stereotype threat provides a com-
pelling explanation for women’s consistently lower scores on
standardized science tests such as the FCI and ADT. �For a
review of stereotype threat in education, particularly in math
and math-based disciplines, see Ref. 42.�

In a study on the effect of FCI questions that are couched
in the typically male interests of hockey and rockets, an al-
tered version of the FCI featuring stereotypically feminine
contexts for questions �for instance, replacing a question

about a cannonball fired off a cliff with an identical question
featuring a baby girl throwing a bowl from a highchair� was
administered to 300 college students.20 The performance of
men and women on this alternative FCI was compared to the
performance of 300 men and women on the unaltered FCI at
the same institution. Although the average overall score for
women did not statistically improve, the men’s average score
decreased significantly. Changes in the student performance
on individual items of the altered FCI were unpredictable.
Both women’s and men’s scores on revised questions some-
times improved, sometimes worsened, and sometimes stayed
the same �depending on the question� and this variability
suggests that the cultural references used in phrasing ques-
tions on assessment instruments do affect student perfor-
mance. However, determining how cultural references alone
effect student performance is difficult if not impossible in a
real-world setting.

Stereotype threat appears to be a plausible explanation for
gender gaps in standardized test performance, but it is prob-
lematic to assume that it is the sole explanation for differ-
ences in diagnostic test performance across gender in our
classrooms. If stereotype threat were present in our class-
rooms, there should be a measurable difference between gen-
ders on all exam scores �not just diagnostic tests� and in
overall course grades as well. Analysis of test scores in both
the biology and astronomy courses found no significant dif-
ference in overall exam performance across gender, and no
significant difference in earned course grades, consistent
with another �smaller� study that also found no evidence of
stereotype threat in lower level astronomy courses.43 The
gender gap in assessment instrument performance in our
courses may be due to a more complex interaction of factors
which may include incoming knowledge, stereotype threat,
or other more subtle cultural differences.

Although performance gaps between males and females
on all manner of science diagnostic tests are well docu-
mented and continue to be observed, we must pay particular
attention to arguments regarding the ability of women to
learn �or not learn� as effectively as their male peers in uni-
versity science courses. Differences in classroom learning
gains �particularly as determined using the normalized gain
calculation� seem to indicate that men are better learners.
Such a conclusion is not borne out by analyzing the data
using other calculation methods or by examining test scores,
laboratory/homework scores, and in-class activity scores.
Our analysis of learning gains in biology and astronomy
classrooms shows no evidence that women are less capable
of learning than their male peers. Given the biases intro-
duced by various learning gains, we suggest caution when
using these measures to draw conclusions about differences
in science classroom performance across gender.
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