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ECONOMIC SCIENCES
Correction for “Nurture affects gender differences in spatial
abilities,” by Moshe Hoffman, Uri Gneezy, and John A. List,
which appeared in issue 36, September 6, 2011, of Proc Natl
Acad Sci USA (108:14786–14788; first published August 29,
2011; 10.1073/pnas.1015182108).
The authors note that on page 14786, left column, first full

paragraph, line 1, “Among tenure track professors at elite uni-
versities” should instead appear as “Among tenured and tenure
track professors at elite universities.” Additionally, the following
reference should be added to the article:

21. Nelson D, Rogers D (2005) A National Analysis of Diversity in Science and Engineering
Faculties at Research Universities. Available at http://www.nber.org/∼sewp/events/
2005.01.14/Bios+Links/Krieger-rec4-Nelson+Rogers_Report.pdf. Accessed September
11, 2011.

www.pnas.org/cgi/doi/10.1073/pnas.1115576108

CELL BIOLOGY
Correction for “Ammonia-induced autophagy is independent
of ULK1/ULK2 kinases,” by Heesun Cheong, Tullia Lindsten,
Junmin Wu, Chao Lu, and Craig B. Thompson, which appeared
in issue 27, July 5, 2011, of Proc Natl Acad Sci USA (108:11121–
11126; first published June 20, 2011; 10.1073/pnas.1107969108).
The authors note that the following text for Figs. 1A, 3A, 3D,

4B, and 5C should be added to their respective legends: “Data
are presented as the mean and standard deviation (mean ± SD)
from three independent experiments.” These errors do not affect
the conclusions of the article.

www.pnas.org/cgi/doi/10.1073/pnas.1115120108

DEVELOPMENTAL BIOLOGY
Correction for “Functional melanocytes derived from human
pluripotent stem cells engraft into pluristratified epidermis,”
by Xavier Nissan, Lionel Larribere, Manoubia Saidani, Ilse
Hurbain, Cédric Delevoye, Jessica Feteira, Gilles Lemaitre,
Marc Peschanski, and Christine Baldeschi, which appeared in
issue 36, September 6, 2011, of Proc Natl Acad Sci USA (108:
14861–14866; first published August 19, 2011; 10.1073/pnas.
1019070108).
The authors note that on page 14862, left column, first full

paragraph, all unit concentrations in “μM” should instead appear
as “nM.”
The authors also note that on page 14865, right column,

second paragraph, line 15 “20 nM human recombinant BMP4”
should instead appear as “0.02 nM human recombinant BMP4.”

www.pnas.org/cgi/doi/10.1073/pnas.1115035108

MICROBIOLOGY
Correction for “Minimization of the Legionella pneumophila
genome reveals chromosomal regions involved in host range
expansion,” by Tamara J. O’Connor, Yewande Adepoju, Dana
Boyd, and Ralph R. Isberg, which appeared in issue 36, Sep-
tember 6, 2011, of Proc Natl Acad Sci USA (108:14733–14740;
first published August 22, 2011; 10.1073/pnas.1111678108).
The authors note that the GenBank accession number for

Hextuple 2q is CP003023, and the GenBank accession number
for Hextuple 3a is CP003024.

www.pnas.org/cgi/doi/10.1073/pnas.1115233108
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Women remain significantly underrepresented in the science,
engineering, and technology workforce. Some have argued that
spatial ability differences, which represent the most persistent
gender differences in the cognitive literature, are partly responsi-
ble for this gap. The underlying forces at work shaping the ob-
served spatial ability differences revolve naturally around the
relative roles of nature and nurture. Although these forces remain
among the most hotly debated in all of the sciences, the evidence
for nurture is tenuous, because it is difficult to compare gender
differences among biologically similar groupswith distinct nurture.
In this study, we use a large-scale incentivized experiment with
nearly 1,300 participants to show that the gender gap in spatial
abilities, measured by time to solve a puzzle, disappears when
we move from a patrilineal society to an adjoining matrilineal so-
ciety. We also show that about one-third of the effect can be
explained by differences in education. Given that none of our par-
ticipants have experience with puzzle solving and that villagers
fromboth societies have the samemeans of subsistence and shared
genetic background, we argue that these results show the role of
nurture in the gender gap in cognitive abilities.

cross-cultural research | nature–nurture debate | women in science |
cognitive gender differences | sex differences

Among tenure track professors at elite universities, women
make up 8.3% of math professors, 12.1% of chemistry pro-

fessors, 6.6% of physics professors, and 6.7% of mechanical en-
gineering professors (1). Furthermore, women make up only 19%
of the science, engineering, and technology workforce (2). The
debate regarding the origin of this difference is highly emotional.
When the President of Harvard University suggested that this
gap may be explained by innate differences in abilities (3),
members of the audience left the room. On the scientific side,
many researchers have argued for the important role of nature,
and others have argued for the important role of nurture (1, 4).
In this paper we introduce important empirical evidence into

this debate. Our study concentrates on gender differences in
spatial abilities. Spatial abilities are used in major discoveries in
physics and chemistry (1) and are correlated with success in
engineering courses (5), the decision to major in the physical
sciences (5), and performance on the Test of Mechanical Rea-
soning and the Bennett Mechanical Comprehension Test (6).
The literature reports that men surpass women at spatial rea-
soning (7).
Could this gender gap in spatial reasoning be substantially

driven by nurture? There are plausible mechanisms. For instance,
spatial skills are influenced by training (8, 9), and males typically
have relevant training (10). Alternatively, females are stereotyped
to have inferior spatial skills, and the salience of negative ster-
eotypes may lead to decreased performance (11). However, direct
evidence that nurture matters is lacking. As our own society be-
came more egalitarian, gender differences in spatial abilities have
not shown consistent reductions (6). Additionally, societies pro-
moting gender equality, such as Sweden (12), Norway (13), and
traditional Kibbutzim in Israel, retain standard gender differ-
ences in spatial abilities (14) just like most societies studied (15).
Moreover, whereas cross-cultural studies often find main effects
of culture on spatial abilities, they rarely find interaction effects
between culture and gender (15). The one exception is Canadian

Eskimos, who, compared with African Temne, seem to have a
smaller gender gap (16). However, the comparison between these
societies is hard to interpret, because these societies are not only
culturally but also ethnically dissimilar, and this paper fails to
report a significant interaction between society and gender.

Results and Discussion
Our empirical identification strategy is based on a comparison of
two distinct tribes in Northeast India (the Khasi and the Karbi)
that share a genetic background. This comparison allows us to
identify the role of nurture. In this region, geographic contiguity
is a better predictor of genetic similarity than culture. Both tribes
are located in the hills surrounding the city of Shillong, and the
Karbi and Khasi appear to be close kin, based on genetic analysis
of six polymorphic loci (17). The villagers in both societies are
agriculturalist and subsist primarily off rice, with little variation
in wealth or diet.
There are many cultural differences between the tribes; thus,

we cannot isolate the particular aspect of nurture that matters.
However, the most obvious difference between the tribes is that
the Karbi are a patrilineal tribe (for example, women are not
supposed to own land, and the oldest son inherits the property),
whereas the Khasi are a matrilineal tribe (property is inherited by
the youngest daughter, men are not allowed to own land, and any
earnings of the male are supposed to be handed over to his wife or
sister). The different societies are described in greater details
elsewhere (18, 19).
The participants in the field experiment solved a four-piece

puzzle (Fig. 1) (a total of 1,279 participants from four Khasi and
four Karbi villages). None of them had previous experience with
such a task. To incentivize participants, we offered 20 rupees—
25% of a day’s wage—to each participant who solved the puzzle in
less than 30 s. Some of our subjects also answered survey questions.
The null hypothesis that we test is that, although culture may

have a main effect on time to solve the puzzle, it will not affect
the gender gap. The alternative hypothesis is that the gender gap
is less pronounced among the matrilineal society.
First, we confirm that the two societies treat men and women

differently; our survey data show that women get a better edu-
cation and are more likely to own property in the matrilineal
society. In the matrilineal society, males and females have the
same years of education (tobit, two-sided P = 0.159, n = 530),
whereas in the patrilineal society, males have 3.67 y more years of
education (tobit, P < 0.001, n = 426). Men predominantly own
the property in which our patrilineal participants dwelled, with
only 35 of 347 exceptions. However, male ownership is strictly
forbidden among the matrilineal villages. Details on these
regressions and all others are in SI Text.
Our main result, the average time of each group to solve the

puzzle, is presented in Fig. 2 and Table 1. As can be seen from
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Fig. 2 and Table 1 (consistent with other cross-cultural studies)
(15), we find a main effect of culture on spatial abilities; however,
unlike other cross-cultural studies, Fig. 2 and Table 1 also in-
dicate an interaction effect between gender and culture. Men
take 36.4% less time than women among the patrilineal society
(ordinary least squares, P < 0.001, n = 468) but are no faster
among the matrilineal society (OLS, P = 0.252, n = 811). The
interaction between gender and society is statistically significant
(OLS, P < 0.001, n = 1,279). SI Text shows the robustness of
these results.
Education could be one mechanisms involved in generating the

interaction between society, gender, and spatial abilities. This
question has policy relevance, because policymakers have sway over
education. Recall that there is a gender gap in education in the
patrilineal but not the matrilineal society. Better educated subjects
solve the puzzle faster, with each 1 y corresponding to a reduction in
time of 4.3% (OLS, P < 0.001, n = 956). This finding is consistent
with findings elsewhere that spatial abilities correlate with educa-
tion (16).Wefind that, when adding education as a control variable,
the gender by society interaction term remains significant (OLS,P<
0.001, n = 956) and quite sizeable, amounting to the effect of 6 y
education, but it is reduced in magnitude by nearly a one-third,

indicating that our main result is partly but not fully explained
by education.
Next, we test whether household variation within a village

matters. This question has practical implications, because it may
be easier for ordinary people to influence household variation
than alter an entire society. In particular, we test whether the
gender gap in time to solve the puzzle differs between homes
owned by males, which is traditional, and homes owned by
females or jointly owned by males and females. The gender gap
is, in fact, one-third the size among those people who live in
homes not owned solely by males (10% OLS, P = 0.735, n = 35
vs. 42% OLS, P < 0.001, n = 312). Of course, this finding might
be the result of selection into such household. A similar com-
parison cannot be made among matrilineal households, because
men are outright forbidden to own property, preventing variation.
Recall that the youngest daughter traditionally inherits prop-

erty among the Khasi and the oldest son traditionally inherits
property among the Karbi. One might worry that our results are

Fig. 1. The puzzle used in the experiment. Subjects solved a four-piece
jigsaw puzzle. The time that it took to complete the puzzle acted as our
measure of spatial ability.

Fig. 2. Female villagers took longer to solve the puzzle in the patrilineal society but no longer in the matrilineal society. Mean time to solve the puzzle by
society and gender. Subjects solved a four-piece jigsaw puzzle. The time that it took to complete the puzzle acted as our measure of spatial ability.

Table 1. Summary statistics for time to solve the puzzle

Patrilineal Matrilineal Total

Female
Mean 57.2 35.4 42.6
Median 42 20 33
SD 55.8 20.1 37.4
n 218 443 661

Male
Mean 42.3 32.1 36.2
Median 32.5 27 29
SD 37.3 19.2 28.4
n 250 368 618

Total
Mean 49.2 33.9 39.5
Median 37 28 30
SD 47.4 19.7 33.5
N 468 811 1,279

Subjects solved a four-piece jigsaw puzzle. The time, in seconds, that it
took to complete the puzzle acted as our measure of spatial ability.
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being driven solely by the privileged individuals. However, the
youngest daughters were not significantly faster among Khasi
females (OLS, P = 0.80, n = 176) and the oldest sons were not
significantly faster among Karbi males (OLS, P = 0.47, n = 203).
Moreover, if we restrict our analysis to subjects who are not these
privileged inheritors, our main result remains unchanged.
It has earlier been shown (18–20) that, although men are

generally more competitive than women, this is not the case in
the matrilineal society. Thus, one may worry that time to solve
the puzzle is merely picking up on competitiveness, and the
current interaction between gender and society in time to solve
the puzzle is caused by the interaction between gender and so-
ciety in competitiveness. This conclusion is not the case. Using
the same measure as in an earlier work (described in SI Text), we
find no relationship between competitiveness and time to solve
the puzzle (OLS, P = 0.864, n = 976), and including competi-
tiveness as a control does not influence our main result (18).

Conclusion
Our paper shows that the gender gap in spatial abilities in the task
that we study interacts with culture. In the matrilineal society, we
observe no gender difference in this task. These results show that
nurture plays an important role in the gender gap in spatial
abilities. Our results also indicate that providing equal education
and improving treatment of women at the family level may make
a difference; however, this implication should be taken with
a grain of salt, because causality cannot be ascertained. Never-
theless, the implications for both policymakers and ordinary
people interested in reducing the gender gap cannot be over-
stated: reducing the gender gap in spatial abilities may reduce the
gender gap in the science, engineering, and technology workforce.

It is worth mentioning that our results do not provide evidence
against the role of nature.

Methods
Participants. Villagers (1,279) participated from four patrilineal villages and
four matrilineal villages. Several weeks before the study, village headmen
were asked to enroll villagers interested in the study. Headmen were asked
to inform villagers that they would be paid a 100-rupee show-up fee ($2 or
approximately wages for 1.25 d) for 0.5 d participation in experiments.
Furthermore, they may earn additional money depending on their perfor-
mance in the experiments. All participants signed a consent form and
eventually solved the puzzle. Participants were 18 y or older. Two partic-
ipants opted out, and one participant did not have gender properly coded;
therefore, these subjects are not included in any of our analysis or the 1,279
figure reported above.

Procedure. Participants were individually led into either a private room or
a secluded area in the courtyard and given instructions in their native
tongue. They were shown four puzzle pieces arranged properly to form the
image of a horse. They were instructed to replicate these four pieces using
a second set of puzzle pieces. They were told that, if they did so within 30 s,
they would receive 20 rupees—approximately one-quarter of 1-d wage.
Participants were told to begin, and a stop watch was started outside of the
participants’ view. If a participant claimed to be done but in fact, was not,
a discrepancy between the participant’s puzzle pieces and the correct im-
age was pointed out, and we allowed the subject to continue. When par-
ticipants were interviewed, none expressed experience in solving puzzles.
Afterward, most participants were asked their age, birth order, years of
schooling, and who owns the property in which they reside. Some subjects
participated in the competitive measure. Details of this measure as well as
additional details on the other measures can be found in SI Text.
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