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Abstract

The largest consistent sex difference in human cognition is found on mental rotation tests,
which require participants to compare pictures of three-dimensional objects and decide whether
they depict the same object or different objects. Across cultures, males score up to one standard
deviation higher than females. We administered two standard rotation tests to 123 participants
and found that these higher scores likely do not reflect superiority in the process of mental
rotation per se, but rather in other aspects of task performance. Our results show that males
decide more accurately when two objects are different, a situation in which women are more
likely to claim incorrectly that they are the same, and that individual differences in confidence
are responsible for part of the male advantage found on this test, whereas differences in spatial
encoding ability are not. These results have implications for evolutionary theories of sex

differences in spatial cognition.
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The fact that males score higher than females on tests that require rotating objects in
mental images is widely accepted in psychology. The most popular mental rotation test,
developed by Vandenberg and Kuse (1978; hereafter referred to as “VK”) and used in nearly half
of all studies of sex differences in mental rotation, consistently yields the largest male advantage:
0.75-1.0 standard deviations according to a meta-analysis (Voyer, Voyer, & Bryden, 1995).
Although it may vary by socioeconomic background (Levine et al., 2005) and sexual orientation
(Peters, Manning, & Reimers, 2007), this effect occurs robustly across cultures (Silverman,
Phillips, & Silverman, 1996; Silverman, Choi, & Peters, 2007) and age ranges (Linn & Petersen,
1985; Maylor et al., 2007), and it is a critical empirical pillar of theories of human sex
differences in spatial abilities, including evolutionary theories (Silverman & Eals, 1992; Kimura,
1999).

The VK test is a paper-and-pencil adaptation of a task developed by Shepard and Metzler
(1971; hereafter “SM”) that first demonstrated that people “mentally rotate” imagined objects to
compare them and decide whether they are identical. The consistent behavioral signature of this
mental rotation process is a strongly linear increase in response time and error rate as the angular
disparity between objects in a stimulus pair increases. The slope of this linear function measures
the efficacy of the rotation process; a lower cost (in time and accuracy) for each additional
degree of rotation indicates better mental rotation ability. In the VK, however, response time and
accuracy are not measured as a function of the angle of disparity on individual trials; instead, the
participant completes a series of trials within a given time limit, and performance is computed
simply as the total number of correct answers. Figure 1 illustrates the SM and VK.

In a previous study (Hooven et al., 2004) we assessed the relationship between

performance on a version of the SM task and testosterone level in men. We partitioned
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performance into two components, one that reflects primarily the mental rotation process itself
(i.e., the slope) and one that reflects primarily other processes, including visual encoding,
preparation for rotation, decision making, and response (i.e., the intercept of the rotation
function). We found that for error rate, testosterone level was related only to the intercept, and
only when the two objects are different (“Different” response trials). Importantly, as Shepard and
Metzler (1971) explained, these distractor trials are included in the task not to measure the
mental rotation process but to ensure that participants must engage in this process by making the
task difficult to perform in any other way.

Based on this within-sex result—and the theory that differences between men and women
in spatial ability are caused by differences in pre- and/or post-natal testosterone levels (e.g.,
Kimura, 1999)—we hypothesized that the between-sex difference in performance on the SM task
would also be confined to the intercept of Different trials, and that this component of an
individual’s performance would be the best predictor of that individual’s score on the VK test.
Accordingly, we administered both tests, in counterbalanced order, to a group of male and
female participants, following standard procedures from previous studies. To explore possible
mediators of the relationship between sex and mental rotation performance, we added tests of

spatial relations encoding, impulsiveness, and confidence.

Methods
Participants
We tested 123 volunteers (60 male, 63 female; ages 18—60, mean 26 years), who
participated for pay after being recruited via advertisements (that did not mention sex differences

or spatial ability). Approximately two thirds of the participants were students and one third were
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local residents. All reported not using drugs or psychoactive medications, no history of
psychiatric or neurological illness, and at least a high-school education. Our male and female
samples did not differ significantly in age, years of education, handedness, general cognitive
ability (measured using a short form of Raven’s Advanced Progressive Matrices; Bors & Stokes,
1998), vividness of experienced mental imagery (Vividness of Visual Imagery Questionnaire;
Marks, 1972), frequency of imagery use in daily life (Spontaneous Use of Imagery Scale;
Reisberg, Pearson, & Kosslyn, 2003), or length of time awake before testing (all p > .10).
Materials and Apparatus

The SM was administered using a computerized adaptation of the three-dimensional
mental rotation test described by Shepard and Metzler (1971). Stimuli were presented and
responses were recorded by an Apple Macintosh computer running OS 9 with a 40.5 cm monitor.
Keypresses and response times (in milliseconds) were automatically recorded by PsyScope 1.2.5
software (Cohen et al., 1993). Each trial consisted of two circles, presented side-by-side, with
each containing a block stimulus. We presented a subset of the stimuli used in the original
Shepard and Metzler (1971) study. As illustrated in Figure 1a, each circle (diameter 5.6 cm, or
10.8° of visual angle) contained one two-dimensional representation of a three-dimensional
block object (approximately 5.7 cm x 0.64 cm, or 7.5° x 4.2°). An equal number of objects in
each pair were presented at angles that differed by 0, 40, 80, 120, or 160 degrees. Half of the
stimuli at each angle were Same pairs and half were Different pairs. Accordingly, there were 5
angles x 2 response types x 8 standard objects = 80 total trials. The VK (Vandenberg & Kuse,
1978) is a paper-and-pencil adaptation of the original SM task. Figure 1b shows a sample trial

from this test, which consists of four practice and 20 test trials, with five on each page.
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Procedure

Participants were tested individually in a private room by same-sex investigators (to
eliminate the possibility that responses to opposite-sex investigators could affect performance on
cognitive tests; Roney, Mahler, & Maestripieri, 2003). The tasks were administered within a
larger battery of cognitive and personality measures. Participants were randomly assigned to one
of two task orders that determined whether they would complete the SM or VK first; one task
was completed about 30 minutes into the study, and the other about two hours later (after
unrelated intervening tasks). Preliminary analysis showed no interactions between sex and order,
so we pooled over order in all analyses reported here. Task instructions did not mention spatial
ability or sex differences.

For each trial of the SM task, participants decided whether the two objects presented had
the same shape or different shapes, and indicated their choice by pressing a corresponding key on
the keyboard; 500 ms after participants responded, the next trial began. Participants were told to
“respond as quickly and accurately as possible.” They completed ten practice trials (with
different stimuli from those in the experimental trials), asked any questions they had about the
procedure, and then completed the 80 experimental trials, which were presented in a new random
sequence for each participant.

For each trial of the VK test, participants selected, by marking an X in the box below
them, two of the four shapes on the right that matched the shape on the left (exactly two shapes
were correct matches). We administered and scored the test as recommended by its originators
(Vandenberg & Kuse, 1978; Vandenberg, Kuse, & Vogler, 1985): Participants were given three
minutes for each half of the test, with a one minute break between halves, and a trial was counted

as correct if the two correct choices, and only those choices, were selected. The VK score



Sex differences on mental rotation tests — p. 7 of 26

reflects the number of correct trials out of a possible 20." For correlation and regression analyses,
VK scores were converted to error rates.
Data Preparation and Task Validation

For the SM task, we computed mean response times (RTs) for each cell of the design
(defined by crossing participant, trial type, and angle) after eliminating error trials and trimming
“outlier” trials using an iterative criterion of 2.5 times the mean RT of the remaining trials in that
cell.? Error rates (ERs) represent the percentage of trials (out of the total in a given cell of the
design) on which the participant answered incorrectly. To ensure that our implementation of the
SM task validly assessed mental rotation, we performed linear contrasts on the Same trial RTs
and ERs, averaged for each participant according to rotation angle. As expected, RT increased
linearly with angle, 7 (122) = 18.04, p << .0001, as did ER, 7 (122) = 14.48, p << .0001. (All
higher-order contrasts were nonsignificant, p > .20). On the basis of these extremely strong linear
trends (explaining 73% and 63% of the variance in RT and ER respectively, comparable to the
original study of Shepard & Metzler, 1971), we obtained slope and intercept measures for each
participant by regressing ER and mean RT in each cell on rotation angle (0°, 40°, 80°, 120°, and
160°).

We assessed split-half reliability of the SM by correlating ERs and RTs derived from the
odd- and even-numbered trials, and found that individual differences were largely consistent
between odd and even trials: 7 ranged from .53—.96 for the various measures. (We previously
found the measures from a very similar version of this task to have adequate test-retest

reliability; Hooven et al., 2004.) To assess the reliability of the VK, we correlated ERs from the

! Using alternative scoring methods, such as giving one point per correctly-chosen matching object, did not affect
the pattern of results.
2 Approximately 3% of the RTs were excluded as outliers.
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first and second halves of the test; the result (» = .68) was similar to that reported by other
investigators (e.g., Vandenberg, Kuse, & Vogler, 1985) and comparable to the reliabilities of the
SM components that we used as predictors of VK in regression analyses ( = .58—.87).
Additional Cognitive Tests

Spatial encoding abilities were assessed by separate computerized tests involving
judgment of categorical and coordinate spatial relations (Hellige & Michimata, 1989; Kosslyn,
1987; Laeng, Chabris, & Kosslyn, 2003). Stimuli were identical, but appeared in a different
pseudo-random order, for each test. On each trial a small dot appeared directly above or below a
horizontal bar, at one of 16 discrete distances from the bar, for 150 ms. In the categorical task,
the participant decided whether the dot was above or below the bar; in the coordinate task the
participant decided whether the dot was more or less than 8 mm away from the bar (a distance
that had been demonstrated earlier on the computer screen). For each task, the 32 possible
stimuli appeared once each in the left, central, and right visual fields; participants were instructed
to fixate on a central point at all times. ERs for each task were used as indications of spatial
encoding abilities. Consistent with previous studies, the coordinate task (14% ER, similar to the
SM) was more difficult than the categorical task (3%).

Individual differences in confidence were assessed by a paper-and-pencil “trivia quiz”
that asked participants to decide whether each of 20 statements was true or false (e.g., “In the
year 2000 the population of Brazil exceeded 85 million” [true]). Upon finishing, participants
were surprised with a request to estimate how many correct responses they had made. This
estimate served as a measure of confidence; to control for individual differences in accuracy, all
analyses involving confidence included the number of correct responses as a covariate (a method

preferred to the use of difference scores; Cohen & Cohen, 1983).
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Individual differences in impulsiveness were assessed by a computerized delay-
discounting task (adapted from Kirby, Petry, & Bickel, 1999) in which the participant makes 27
choices, each between an amount of money “today” and a larger amount delayed some number
of days into the future (e.g., “Would you prefer $54 today, or $80 in 30 days?”). Each participant
has a 1/6 chance of receiving the outcome of one of his choices, selected at random, in addition
to the standard payment for participation. The rate k at which a participant discounts the future
value of money is estimated from his choices, and is taken as a measure of impulsiveness.
Discount rates correlate with impulsiveness traits from personality tests (Kirby et al., 1999) and
with impatient real-world behaviors (Chabris et al., in press). The overall mean discount rate (k =
0.015, representing approximately 1.5% per day) was comparable to that found in published
studies with the same choice questions. To correct for non-normality, we used the natural

logarithm of & in all analyses.

Results and Discussion

On the VK test, males were more accurate than females (mean score 9.8 vs. 6.9 correct,
or d = 0.66 standard deviations), ¢ (121) = 3.87, p <.001, replicating the typical finding (see
Table 1 for complete results). Figure 2 depicts performance as a function of rotation angle on
the SM task. Here, males also performed better than females (12.3% vs. 17.4% overall error
rate), 1 (121) =2.64, p < .01, but the effect was somewhat smaller (d = 0.46) than for the VK test.
As predicted, males were more accurate than females on the SM on Different, but not Same trials
(d=0.48, p < .01 for Different, d = 0.16, p = .37 for Same). Moreover, when considering the
components of ER (slopes and intercepts for Same and Different trials, respectively) the only

significant male advantage was on the intercept of the rotation function for Different trials, d =
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0.38, p <.05. There were no significant sex differences in any measure involving response time
(overall, Same/Different trial type, slope/intercept), p > .15 in all cases. Notably, we found the
smallest sex difference in the slope for Same trials (d = 0.04 for ER, d = 0.02 for RT), the
measure that best reflects the operation of the rotation process (Shepard & Metzler, 1971).°

Next we tested the hypothesis that the male advantage in non-rotation components of
mental rotation accounts for differences in scores on the VK test. Because the single VK score
does not distinguish among angles or trial types, we used an individual-differences approach and
conducted correlation and regression analyses, with VK score as the dependent variable and the
components of error rate (Same slope, Same intercept, Different slope, Different intercept) as
predictors. We reasoned that if the VK primarily measures mental rotation ability, then one’s
slope scores on the SM task—the scores that index the efficiency of the mental rotation
process—should best predict one’s VK score; in contrast, if VK performance is best predicted by
some other performance measure on the SM, and if this differs for men and women, then the VK
may not be a pure test of mental rotation or of sex differences in spatial ability

For the entire sample, as shown in Tables 2 and 3, the intercept on Different trials was
the strongest predictor of VK scores (simple » =.39, p <.0001) and had the highest weight in the
regression (f = 0.39). The overall regression solution accounted for 24% of the variance in
participants’ VK performance. Within sex, however, the results differed for males and females.
The regression for the male sample explained 41% of their VK performance variation, compared
to only 12% for the female sample. For males, the Different intercept was the most significant

predictor (r = .56, p <.0001), but for the females, the Same slope was the best predictor (r = .26,

3 By re-analyzing data included in a published article (Tapley & Bryden, 1977), we discovered that the pattern
shown in Figure 2 (a male advantage largely confined to the error rate intercept of Different trials) has been recorded
before—but apparently never noticed or reported.
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p <.05) and the Different intercept was not significantly related to VK performance (» =.17).
Indeed, the Same slope was comparably predictive for males and females (» = .34, p <.01 for
males). Thus, scores on the VK do reflect rotation ability in part, but they reflect different
aspects of mental rotation performance in men and women. For men, performance on the VK test
is determined primarily by the non-rotation components of processing when the objects being
compared are different, and secondarily by the efficiency of the rotation process itself when
objects are the same. [ronically, although the VK seems to measure mental rotation efficiency for
female participants, the sex difference in VK performance is driven by primarily non-rotation
processes (intercept) on Different trials. This conclusion is based on the fact that the sexes are
comparable in the strength with which the Same slope on the SM predicts VK score, but differ in
the predictive strength of the Different intercept. In short, although the VK does reflect some
aspects of mental rotation per se (as indicated by the correlations with the Same slope in the SM
task), it also reflects other aspects of processing. We suggest that those aspects, and not a general
male superiority in the process of mental rotation, account for much of the sex difference.

If not rotation itself, what cognitive processes differentiate male and female performance
on mental rotation tests? Our results show that females are more likely than males to decide
mistakenly that different objects are the same, but they do not make increasingly more errors
than males as the angular disparity between the objects increases (a pattern also observed by
Voyer et al., 2006 for 40—-160-degree trials, but not 0-degree trials, which require no mental
rotation and may be solved using different strategies). Bias in the choice of Same or Different,
and thus the proportion of errors, is affected by the decision strategy a participant uses. We have

found, consistent with other results (Kerkman, Wise, & Harwood, 2000), that participants with
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high error rates are more likely to choose Same when objects are actually different, and that
these participants are disproportionately female.

This is consistent with the hypothesis that females are more reluctant, or require greater
certainty or confidence, to take the risk of deviating from a default response. For both sexes,
Same responses were more frequent than Different, even though the task contained equal
numbers of the two stimulus types; this bias was greater for females than for males. Indeed,
females have been shown to be more risk-averse in a variety of behavioral domains (Eckel &
Smith, 2008; Wilson & Daly, 1985; Hay & Lockwood, 1989), and are less confident in
competitive test-taking settings (Lenney & Gold, 1982). Men tend to be more overconfident than
women (Pallier, 2003). Exposure to obviously difficult tests of “spatial ability,” or to time-
restricted tests, may induce greater caution among females. Indeed, when participants are
presented with familiar objects to rotate, instead of novel three-dimensional block objects, or
when reference to the spatial nature of the VK is removed, the sex difference diminishes (Sharps,
Price, & Williams, 1994; Goldstein, Haldane, & Mitchell, 1990; Scali, Brownlow, & Hicks,
2000).

An alternative to our “cautious female” hypothesis is that superior male performance is
driven not by more accurate decision-making, but by an advantage in visually encoding and
maintaining mental representations of the block stimuli. This is hard to reconcile with the fact
that the sex difference appears only when the two objects are different: random errors in
encoding should produce object representations that falsely appear to be different more often
than they falsely appear to be the same, resulting in a bias toward Different, not Same responses.
Thus, the greater Same bias that females exhibit is difficult to explain in terms of a sex difference

in spatial encoding. Nonetheless, we added to our analysis the four control tasks described earlier
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(Categorical spatial relations encoding, Coordinate spatial relations encoding, Impulsive choice,
and Confidence) to address this concern directly and to pit it against the claim that females are
more cautious than males during this task.

Figure 3 shows the sex differences we observed for these tasks, plotted on a scale of d
and compared to the VK and SM measures discussed earlier. There was no male advantage on
either spatial encoding task (d < 0 in each case), but the greater impulsiveness and confidence of
males than females were statistically significant (p < .05 for Impulsiveness, p < .01 for
Confidence) and comparable in magnitude to the male advantages in overall mental rotation test
scores and Different Intercept component (d-values 0.37-0.66).

If our “cautious female” hypothesis is correct and the “superior male spatial encoding”
alternative is not, then individual differences in Confidence and/or Impulsiveness, but not
Categorical or Coordinate encoding, should add to our ability to predict scores on the VK test.
We conducted a new regression analysis to test this, with VK as the dependent variable and the
four SM components already analyzed, plus the four new measures, as independent variables. In
addition to the previous predictors (Different Intercept, Same Slope, and Different Slope; see
Tables 2 and 3), only Confidence was an independently significant predictor of VK error rate (3
=-0.20, t =-2.46, p < .02; for all other new measures p > .20).

Finally, we asked whether the direct effect of sex on VK score was mediated by any of
our four non-rotation measures. An effect of an independent variable X on a dependent variable
Y is mediated when X also affects a third variable M (the mediator), M affects Y, and the effect
of X on Y is reduced when M is controlled for in a regression (MacKinnon et al., 2002). A
finding of significant mediation supports the hypothesis that the influence of X on Y is

transmitted, at least in part, through an effect of X on the process or trait represented by M. We
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found that only Confidence mediated the sex difference in VK scores (p < .02 according to tables
cited in MacKinnon et al.); Categorical and Coordinate encoding did not show significant sex
differences and did not significantly predict VK, and while Impulsiveness was greater in males,
it was not related to VK. Confidence mediated only 8% of the sex difference in VK score, but
taken together with the failure to find any influence of spatial encoding abilities on VK
performance, and the incremental predictive power of confidence for individual differences, this
result bolsters our argument that a difference in decision strategy—and not in the process of
mental rotation itself—best explains the consistently different performance of males and females
on the VK test.

Our results have implications for the “hunter-gatherer” theory of sex differences in spatial
cognition, which claims that a present-day male advantage in mental rotation ability is a
consequence of the sexual division of labor in human evolutionary history (Silverman & Eals,
1992); that is, because males hunted, they navigated larger ranges than females, and were subject
to selection for the cognitive skills that facilitate tracking prey and returning from sojourns in
unfamiliar territory. This idea is undermined by findings that spatial cognition is not identical at
large scales (navigation) and small scales (mental rotation) (e.g., Kozhevnikov & Hegarty, 2001;
Zacks, Vettel, & Michelon, 2003), and that spatial sex differences also covary with day range in
nonhuman species (e.g., voles; Gaulin & FitzGerald, 1986; see also Jones, Braithwaite, & Healy,
2003). Moreover, it is not consistent with our findings that: (1) males are better than females
only in the non-rotation component of one half of the trials (different objects) in mental rotation
tasks; (2) this aspect of performance is the best predictor of male performance on paper-and-
pencil rotation tests, but not of female performance; (3) testosterone exerts its influence primarily

on this same component of rotation test performance (Hooven et al., 2004); and (4) differences in
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confidence, but not spatial encoding abilities, contribute to the sex difference in mental rotation
performance. Our results suggest that although men may perform better than women on putative

tests of “mental rotation,” their mental rotation processes are not more efficient.
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Figure 1. Two tasks used to measure mental rotation ability. (4) Sample trial from the Shepard
and Metzler (1971) task (“SM”). Two images remain in view together while the participant
decides whether they depict the same object or two different objects, and response time and error
rate are recorded for each trial. (B) A sample trial from the Vandenberg and Kuse (1978) pencil-
and-paper adaptation (“VK”). The VK presents pictures of the same objects as those in the SM,
but the format is different. Each trial of the VK requires participants to determine which two of
four “comparison” objects are identical to a “standard” object, regardless of differences in
orientation. The comparison objects are usually (but not always) presented at different

orientations from the standard.
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Figure 2. Performance on mental rotation tasks. (Top) Response time as a function of rotation
angle (i.e., the misalignment between the two objects), plotted for male (N = 60; black symbols)
and female (N = 63; gray symbols) participants and Same (A) and Different (ll) response trials.
There are no sex differences in the slopes or intercepts of linear fits to the data (shown as black
and gray lines for males and females). (Bottom) Error rate as a function of rotation angle, plotted
in the same way. There is no sex difference for Same trials in either slope or intercept, but for
Different trials, female participants have a higher intercept than male participants. Note: Our
participants seem to mentally rotate three-dimensional objects at slower rates than reported in
some previous studies; this may be due to factors such as our lengthy testing session, our
inclusion of older participants in addition to college students, and other researchers’ use of

highly-practiced subjects who receive many hundreds of trials.
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Figure 3. Comparative magnitude of sex differences observed on mental rotation and other

cognitive tasks (* p < .05, ** p < .01, *** p <.001). There are significant differences (d, units of

standard deviation) between male and female performance for the VK, SM, SM Different

intercept, impulsiveness (IMP), and confidence (CONF) measures, with males scoring higher in

all cases, but not for the categorical (CAT) and coordinate (COQO) spatial relations encoding

measures, or for the Different slope, Same intercept, or Same slope measures from the SM.
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Table 1. Means, standard errors (SE), sex differences (¢ statistic and Cohen’s d—difference in

means divided by the pooled standard deviation), on the SM and VK tests.

Measure All (n=123) Male (n=60) Female (n=63) t(121) D
Mean SE Mean SE Mean SE

SM Error Rate (%)
Overall 14.91 0.99 12.29 1.32 17.40 1.41 2.64* 0.46
Different trials 19.43 159 15.08 2.08 2357 228 2.74* 0.48
Same trials 10.39 0.97 9.50 1.34 11.23 1.41 0.89 0.16
Different intercept 15.85 1.60 12.38 1.99 1917 242 2.16* 0.38
Different slope 0.04 0.01 0.03 0.01 0.06 0.02 0.95 0.17
Same intercept -1.20 053 -188 067 -056 0.82 1.24 0.22
Same slope 0.14 0.01 0.14 0.02 0.15 0.02 0.22 0.04

SM Response Time (ms)
Overall 6009 281 5893 295 6119 473 0.40 0.07
Different trials 7140 338 7094 358 7184 568 0.13 0.02
Same trials 4877 246 4692 257 5054 414 0.74 0.13
Different intercept 6141 304 6071 369 6207 481 0.22 0.04
Different slope 12 2 13 2 12 3 0.16 -0.03
Same intercept 2239 120 2077 168 2393 171 1.32 0.24
Same slope 33 2 33 2 33 4 0.13 0.02

VK Score (out of 20) 8.29 0.39 9.77 0.59 6.89 046 3.87*** 0.66

*p <.05, **p<.01, *** p<.001
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Table 2. Correlations (Pearson’s ) between predictor variables and VK error rates for all
participants and for males and females separately. Top: SM task components (error rates) as
predictors. Bottom: Measures of spatial encoding (error rates), impulsiveness, and confidence as
predictors. (Note that the negative Confidence-VK correlation means that greater confidence is

associated with fewer errors on the VK.)

SM Variable All (n=123) Male (n=60) Female (n=63)
Overall performance 48***> B2%*** .26*

Different trials B2FE* H2FHx* 22

Same trials 30 427 .16

Different intercept RCIC il 5E**** A7

Different slope .05 -.03 .06

Same intercept .04 13 -.12

Same slope 30*** .34** .26*

Measure All (n=123) Male (n=60) Female (n=63)
Categorical encoding -.03 -.04 .00
Coordinate encoding .06 13 .04

Discount rate (impulsiveness) -.05 .05 -.02
Confidence (pr)t -.19*% -.12 -.11

*p <.05, ** p<.01, *** p<.001, **** p <.0001, T number of correct answers partialled out
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Table 3. Summary of multiple regression analyses for prediction of VK score (re-expressed as
error rate). Top: Model with only SM task components as independent variables. Botfom: Model
with SM components and additional cognitive measures. (In each analysis, all predictors were

entered together in a single block.)

All (R*=.24, n=123) Males (R*=.41, n=60)  Females (R*=.12, n=63)

R b t R b t R b t
Different intercept 39 0.48  4.57*** 50  0.73 4.66*** 20 0.19  1.43
Different slope 19 3337 2.26* 07 19.79 0.70 16 19.20  1.17
Same intercept .07 026 0.86 22 094 1.93 -.10 028 -0.79
Same slope 25 4267 3.00* 33 54.94 253 23 35.09  1.83

All (R?=.29, n=123) Males (R’=.44, n=60)  Females (R’=.14, n=63)

R b t R b t R b t
Different intercept 39 048 4.61*** 53 078 4.68*** 22 0.21 1.55
Different slope 20 3508 2.38* 06 16.16 0.56 18 22.43 1.31
Same intercept .09 034 1.1 19  0.84 1.67 -.05 -0.14  -0.34
Same slope 26 4496 3.07* 30 50.03 251 26 39.06 1.90
Categorical encoding -.10 -0.62 -1.19 .02 0.13 0.20 -.08 -0.48 -0.48
Coordinate encoding .04 0.07 0.46 12 0.21 113 .01 0.01 0.04
Discount rate
(impulsiveness) -.05 -0.82 -0.59 -06 -1.15 -0.55 -.01 -0.19 -0.09
Confidencet -20 118 -2.46* -10 -0.64 —0.91 -15 -0.76  —1.11

*p <.05, ** p<.01, *** p <.001, *#*** p <.0001, T number of correct answers partialled out



