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Abstract
Subtle linguistic differences can shape beliefs about the social world. For example, the statement “Girls are just as good as 
boys at math” leads some people to endorse the stereotype that boys have more natural math skill compared with a state-
ment with the positions of the groups reversed. Traditional accounts of linguistic framing characterize such effects as an 
irrational consequence of biased cognitive and emotional processes. In contrast, we hypothesized that framing effects of this 
sort depend on the ability to pick up on the pragmatic implications of subject-complement syntax, where the group framed 
as the complement (“boys”) is the implied standard or reference point. We investigated this possibility in two preregistered 
experiments (N = 1,593). Overall, participants who were better at inferring implicatures from subject-complement syntax 
were more likely to exhibit a framing effect by endorsing the implicature after reading subject-complement statements about 
math ability. This relationship held even when the statements referenced non-stereotyped groups and when controlling for 
other social-cognitive abilities associated with pragmatic competence. Framing effects were reduced for participants who 
explicitly recognized the statements as influencing their evaluations, but only when they invoked a stereotype to be dis-
counted. These results suggest that pragmatic inference plays a crucial role in subject-complement framing but that people do 
not necessarily accede to what they infer. Our findings add to the growing body of evidence that many framing effects—far 
from being irrational—are a natural product of human communication.
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Introduction

Suppose someone tells you, “Girls are just as good as boys 
at math.” You could take this statement at face value, as 
a plain affirmation of gender equality. But if you read 
between the lines, the syntactic structure of the statement 
belies the speaker’s good intentions: the sentence positions 
girls as the subject and boys as the complement, imply-
ing, as the stereotype goes, that boys set the standard for 
math ability (Chestnut & Markman, 2016; Gleitman et al., 
1996). Recent research shows that statements with this 

subject-complement framing can inadvertently lead peo-
ple to endorse their harmful implications (i.e., that boys 
are more math-inclined by nature; Chestnut & Markman, 
2018; Holmes et al., 2022). What mechanisms underlie 
the framing effects of subject-complement syntax? One 
key mechanism may be the ability to discern the implicit 
message behind the syntax—a form of pragmatic inference 
(Flusberg, Thibodeau et al., 2022a; Flusberg et al., 2024).1 
In this paper, we provide the first direct test of the role of 
pragmatic inference in subject-complement framing.
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Framing and pragmatic inference

Traditional accounts of framing neglect pragmatic inference 
entirely. A common explanation for why ground beef is eval-
uated more favorably when described as “75% lean” than 
“25% fat,” for example, is that “lean” evokes more positive 
associations (Levin et al., 1998). This valence-based judg-
ment is seen as flawed or biased because the two linguistic 
frames are logically equivalent, differing in surface form 
but not literal meaning (De Martino et al., 2006; Tversky & 
Kahneman, 1981). An alternative explanation is that “75% 
lean” and “25% fat” carry different implicit meanings (i.e., 
that ground beef is typically less lean or less fatty, respec-
tively) and listeners infer this subtle pragmatic information, 
adaptively incorporating it into their evaluations (Sher & 
McKenzie, 2006). Although evidence suggests that sensitiv-
ity to implicit meaning can account for several classic and 
real-world framing effects (e.g., Leong et al., 2017, 2023; 
Mandel, 2014; Tannenbaum et al., 2013), the role of prag-
matic inference remains overlooked in popular characteriza-
tions of human decision-making as fundamentally irrational 
(Ariely, 2008; Kahneman, 2011). Even within the framing 
literature, research often fails to consider how inferences 
about implicit meaning might explain heterogeneity in the 
strength and reliability of a variety of framing effects (Flus-
berg et al., 2024).

In the case of subject-complement statements like “Girls 
are just as good as boys at math,” initial evidence suggested 
that their implicit meaning is readily inferred and unques-
tioningly accepted. In a study by Chestnut and Markman 
(2018), participants read a report describing scientific evi-
dence for gender equality in math achievement that con-
tained several such statements, framing either girls or boys 
as the complement. Participants were more likely to affirm 
the stereotype—judging boys as naturally more skilled at 
math—when boys were framed as the complement than as 
the subject, despite the logical equivalence of these state-
ments. When explicitly asked, however, participants rated 
the statements as relatively egalitarian, suggesting that they 
were unaware of the implicature they had inferred. Similar 
framing effects have been observed for subject-complement 
statements about other gender-stereotyped abilities (e.g., 
verbal ability; Chestnut & Markman, 2018), stereotyped 
behaviors (e.g., “Christians are just as likely as Muslims to 
commit terrorist acts”; Holmes et al., 2022), and even novel 
or non-stereotyped characteristics (e.g., “Girls are as good 
as boys at [yuzzing/snapping]”; Chestnut et al., 2021; Qian 
et al., 2025). These findings converge with evidence that 
many subtle aspects of grammar can shape reasoning, with 
important real-world consequences (e.g., Fausey & Borodit-
sky, 2010; Matlock et al., 2012).

Recent evidence suggests, however, that subject-com-
plement statements do not inevitably give rise to framing 
effects, either because their implicit meaning goes unno-
ticed or because it is consciously discounted. In an exten-
sion of Chestnut and Markman (2018), Holmes et al. (2022) 
asked participants to indicate which part of the report on 
girls’ and boys’ math achievement had most influenced their 
judgments of which gender was more skilled. Across four 
experiments, the 70% of participants who cited the subject-
complement statements in the report (“citers”) consistently 
exhibited weaker framing effects than the other 30% (“non-
citers”). Citers were often no more likely to attribute better 
math ability to boys, for example, when boys were the com-
plement group than the subject group.

As people vary widely in their ability to extract prag-
matic information from language (Bohn et al., 2023; Floyd 
et al., 2023), citers may have failed to detect the implicature 
communicated by the syntax. In these experiments, citing 
subject-complement statements as influential suggests that 
participants recognized them as communicating the explicit 
message that girls and boys performed equally well. How-
ever, it does not necessarily follow that they also inferred 
the implicit message framing the complement group as 
superior (Chestnut & Markman, 2016). A more direct test 
of pragmatic sensitivity might reveal citers to be relatively 
less attuned to the implicature than non-citers. Alternatively, 
citers may have been equally, if not more, attuned to the 
implicature than non-citers but then consciously rejected it. 
Several additional findings from Holmes et al. (2022) are 
consistent with this possibility. First, citers were dispropor-
tionately female and politically liberal—characteristics asso-
ciated with concern for egalitarianism (Graham et al., 2011). 
Second, even though these statements are generally regarded 
as unbiased in explicit judgments (Chestnut & Markman, 
2018), citers judged them significantly more biased than 
non-citers. Finally, citers sometimes exhibited reverse fram-
ing effects (e.g., judging the complement group as less math-
inclined), as if their preexisting counter-stereotypical beliefs 
motivated them to discount the implicature. A similar pat-
tern has been observed in other framing studies (Flusberg, 
van der Vord et al., 2022b; Thibodeau & Boroditsky, 2011).

The present research

Why does subject-complement syntax sometimes perpetu-
ate stereotypes and sometimes have no impact or even the 
opposite effect? Previous studies do not provide a complete 
answer because they did not directly assess sensitivity to the 
pragmatic implications of the syntax, instead presuming it 
from overall framing effects (Chestnut & Markman, 2018; 
Chestnut et al., 2021) or from whether such effects were 
moderated by explicitly recognizing the impact of the fram-
ing language (Holmes et al., 2022). In the present work, we 
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created a measure of pragmatic sensitivity to subject-com-
plement framing, modeled after studies assessing individual 
differences in pragmatic ability (e.g., Mayn & Demberg, 
2022) and their role in other framing effects (e.g., Leong 
et al., 2017). Across two experiments, we assessed whether 
pragmatic sensitivity underlies framing effects for subject-
complement statements about math ability. If so, partici-
pants who interpret the statements pragmatically rather than 
literally should generally exhibit stronger framing effects, 
attributing better ability to the complement group.

Across experiments, we also varied whether the groups 
referenced in the subject-complement statements were ste-
reotyped for math ability (e.g., girls and boys) or not (e.g., 
Montanans and Wyomingites). This enabled us to gain fur-
ther insight into why citers—those who explicitly recognize 
the statements as influencing their evaluations—exhibited 
weaker framing effects than non-citers in prior work (Hol-
mes et al., 2022). If preexisting counter-stereotypical beliefs 
lead citers to recognize but ultimately reject the implicit 
message of the statements, they should exhibit weaker 
effects only if the statements invoke a stereotype. In the 
absence of a stereotype, citers should have little reason to 
discount the message and their framing effects should be 
similar to those of non-citers.

Experiment 1: Stereotyped groups

In Experiment 1, we tested whether pragmatic inference, 
among several other social-cognitive abilities, predicts the 
framing effects of subject-complement statements about 
math ability, and whether such effects are moderated by 
explicit recognition of the impact of the statements.

Method

We preregistered our methods and analysis plans for both 
experiments on AsPredicted. Our preregistrations, materi-
als, and data are available on the Open Science Framework 
(https://​osf.​io/​xqfkb/). Methods were approved by the Insti-
tutional Review Board at Reed College. All participants 
provided informed consent.

Participants

Using CloudResearch, we recruited 658 U.S. adults from 
Amazon Mechanical Turk with ≥95% approval on ≥100 
studies. Participants who failed attention checks (n = 27) or 
did not complete all measures (n = 34) were excluded. We 
aimed for 300 participants per condition, more than in simi-
lar framing studies (~100; Flusberg et al., 2024). Our post-
exclusion sample size (N = 597) provided >99% power to 
detect a 0.15 odds ratio for the subject-complement framing 

× citer-status interaction from Holmes et al.’s (2022) pooled 
analysis of binary math-ability judgments. Experiment 1 
also had >80% power to detect weaker interactions (OR ≤ 
0.58). Participants from Holmes et al. (2022) were ineligible 
for the present experiments. Each participant received $1.25 
upon completion. Table 1 shows demographic data for both 
experiments.

Materials and procedure

The experiment was administered online via Qualtrics.

Framing manipulation and outcome measures  First, partici-
pants were presented with a report of scientific evidence for 
gender equality in math achievement (Chestnut & Markman, 
2018). Participants were randomly assigned to read one of 
two versions (see Table 2). In the Girls = Boys condition 
(n = 299), girls were framed as the subject and boys as the 
complement in all three subject-complement statements in 
the report. In the Boys = Girls condition (n = 298), the posi-
tions of the two groups were reversed.

After 15 s, participants were able to advance to the next 
screen. There they were asked to choose which gender (girls 
or boys) they believed has better math ability (“Based on 
these findings, who do you think are naturally more skilled 
at math?”) and rate how confident they were in their choice 
(0, not at all confident; 100, extremely confident).2 On the 

Table 1   Demographic data

Variable Experiment 1 Experiment 2

Experiment 2a Experiment 2b

N (sampled / ana-
lyzed)

658 / 597 674 / 601 476 / 395

Gender (female / 
male)

52% / 47% 60% / 39% 53% / 46%

Mean age in years 
(SD)

42 (13) 41 (14) 40 (12)

Race/ethnicity
     White
     Black
     Asian
     Latinx
     Multiracial

75%
11%
6%
4%
3%

73%
8%
9%
3%
4%

74%
8%
6%
5%
4%

Political affilia-
tion (Democrat / 
Republican)

44% / 27% 46% / 23% 44% / 26%

2  The confidence ratings mitigate demand characteristics that might 
be invited by the forced-choice judgments. If participants were reluc-
tant to select either gender, they could express little or no confidence 
in their choice.

https://osf.io/xqfkb/
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next screen, the report was presented again. Participants 
were asked to indicate which part was most influential in 
their judgment by copying and pasting it into a text box, as 
well as any other information that contributed to their judg-
ment. Whether any of the subject-complement statements 
were cited in these responses was our measure of explicitly 
recognizing their impact (Holmes et al., 2022; Rook & Hol-
mes, 2023).

Social‑cognitive predictors  On subsequent screens, par-
ticipants completed our pragmatic sensitivity measure (see 
below) as well as established self-report and performance-
based measures of reflective thinking (Need for Cognition–
NFC: Cacioppo et al., 1984; Cognitive Reflection Test–
CRT-2: Thomson & Oppenheimer, 2016), theory of mind 
(Autism Spectrum Quotient–AQ-10: Allison et al., 2012; 
Reading the Mind in the Eyes–RMET: Olderbak et  al., 
2015), and self-reported social desirability bias (Marlowe-
Crowne Scale–SDS: Reynolds, 1982). For additional details, 
see Supplementary Material. These measures were presented 
in a fixed order (CRT-2, RMET, pragmatic sensitivity, SDS, 
NFC, AQ-10) and followed by demographic questions.

Pragmatic sensitivity  Subject-complement statements about 
ability imply that the complement is more skilled than the 
subject despite literally expressing equivalence. Therefore, 
one should infer that a person who believes Xs are supe-
rior to Ys is more likely to say “Ys are as good as Xs” than 
“Xs are as good as Ys” (infer frame-choice). Likewise, one 
should infer that a person who says “Ys are as good as Xs” 
is more likely to believe that Xs are superior than that Ys are 
(infer belief). Our measure of pragmatic sensitivity assessed 
the ability to draw both types of inferences, which have been 
implicated in other equivalency framing effects (Leong 
et al., 2017; McKenzie & Nelson, 2003).

The measure began with a cover story about a series of 
fictional studies comparing two novel groups (Balurians and 
Arigans; cf. Vasilyeva & Lombrozo, 2020) on tests of four 
abilities (e.g., running, drawing). The groups were said to 
have “performed equally well” on all tests despite the exist-
ence of stereotypes favoring one group over the other for 
each ability. The passage explained that a journalist sought 

to describe these findings accurately, but that he personally 
endorsed the stereotypes even as the study findings opposed 
them. After 10 s, participants were able to advance to the 
next screen, where they answered four infer-frame-choice 
questions. For each, participants read about a stereotype 
(e.g., “Arigans are stereotyped to be better than Balurians 
at running”) and selected which of two minimally-different 
subject-complement statements the journalist would be more 
likely to choose given his beliefs (e.g., “The study showed 
that [Balurians/Arigans] are just as good as [Arigans/Bal-
urians] at running”). The statement in which the comple-
ment was the stereotypically-better group was scored as the 
pragmatically-correct answer, indicating sensitivity to the 
implicature.

On the next screen, another passage described addi-
tional studies showing that the two groups had performed 
equally well on tests of four other abilities, again contrary 
to stereotypes. A second journalist was described as want-
ing to cover the study findings accurately despite person-
ally endorsing the stereotypes. After 10 s, participants were 
able to advance to the next screen, where they answered four 
infer-belief questions. For each, participants read a subject-
complement statement attributed to the journalist (e.g., “The 
study showed that Balurians are just as good as Arigans at 
cooking”). Then they selected which group (Balurians or 
Arigans) the journalist seemed to believe was more skilled at 
the referenced ability, given her choice of statement. Select-
ing the complement group (Arigans in the above example) 
was scored as pragmatically correct.

Within each question block, the four abilities were pre-
sented in a randomized order. For each participant, the order 
of the two choices was counterbalanced across questions. 
The measure had good reliability (α = .83), suggesting that 
the infer-frame-choice and infer-belief questions indexed the 
same construct. We computed each participant’s proportion 
of pragmatically correct answers across both blocks.

Table 2   Framing stimuli in Experiment 1

Note. Within each set of brackets, the first word was presented in the Girls = Boys condition and the second word was presented in the Boys = 
Girls condition

Recent Study: [Girls/Boys] Equal [Boys/Girls] at Math
A recent study has shown that [girls/boys] do just as well as [boys/girls] at math. At the University of Wisconsin, a team of researchers analyzed 

scores from standardized tests taken in 2005, 2006, and 2007 by approximately seven million students in ten different states. Overall, they 
found that [girls/boys] perform as well as [boys/girls] in grades two through eleven. A troubling finding from the study, however, is that many 
tough math questions seem to have been removed from state tests. The researchers worry that teachers, as a result, may start dropping harder 
math problems from their curriculums.
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Results

Framing effects

To assess the subject-complement framing effect and 
whether it was moderated by explicit recognition of the 
impact of the framing statements, we used a preregistered 
logistic regression model predicting participants’ binary 
judgments (girls or boys, coded as −1 and 1) from three 
variables: frame (Girls = Boys, 1; Boys = Girls, 0), whether 
the participant was a “citer” (i.e., cited at least one subject-
complement statement from the report, or a paraphrase, as 
most influential; coded as 1) or “non-citer” (0), and the inter-
action of these factors. In this analysis, the interaction was 
significant, OR = 0.40, 95% CI [0.19, 0.88], p = .02.

To unpack the interaction, we examined the simple effects 
of frame by contrast-coding the citer-status variable. As 
shown in Fig. 1, non-citers (29% of participants) exhibited 
a large framing effect, attributing better math ability to boys 
far more often in the Girls = Boys condition (77%, SE = 4%) 
than the Boys = Girls condition (35%, SE = 6%), OR = 6.31 
[3.24, 12.30], p < .001. For citers, the framing effect was 
reduced but still significant (Girls = Boys: 51%, SE = 4%; 
Boys = Girls: 29%, SE = 3%), OR = 2.55 [1.71, 3.81], p < 
.001. Notably, judgments differed significantly between cit-
ers and non-citers in the Girls = Boys condition (where the 
framing aligned with the preexisting stereotype; p < .001), 
but not in the Boys = Girls condition (where it did not; p = 
.32; see Fig. 1). The same patterns were observed in analo-
gous linear regression analyses of judgments weighted by 
participants’ confidence ratings (see Supplementary Mate-
rial for results from both experiments).

The role of pragmatic sensitivity

As a proxy for whether individual responses were affected 
by framing, we coded which group each participant chose 
as having better math ability across conditions: the com-
plement group (1) or the subject group (−1). This choice 
was predicted by performance on the pragmatic sensitivity 
measure: the proportion of pragmatically-correct answers 
(overall M = .76, SD = .29) exceeded chance (.5; i.e., literal 
interpretation) for participants who chose the complement 
group (M = .80, SD = .27, n = 385) and for participants who 
chose the subject group (M = .70, SD = .31, n = 212; ps < 
.001), but was significantly higher for those who chose the 
complement group, t(595) = 4.06, p < .001, d = 0.35. As 
shown in Table 3, this relationship remained significant in 
a preregistered logistic regression analysis that included all 
social-cognitive measures as predictors. Pragmatic sensitiv-
ity, though correlated with all but one other measure (|rs| = 
.11–.28; ps < .01), was the strongest predictor of choosing 

Fig. 1   Results of Experiment 1, indicating the group to which participants attributed better math ability, by frame and whether or not partici-
pants cited subject-complement statements as influential in their judgment. Error bars represent ±1 SE 

Table 3   Predictors of choosing the complement group

Note. Significant predictors (p < .05) are bolded. NFC = Need for 
Cognition; CRT-2 = Cognitive Reflection Test-2; AQ-10 = Autism 
Quotient-10; RMET = Reading the Mind in the Eyes Test; SDS = 
Social Desirability Scale

Experiment 1 Experiment 2

Predictor β p β p

Pragmatic sensitivity 0.32 < .001 0.26 < .001
NFC 0.02 .82 −0.03 .65
CRT-2 −0.14 .14 0.08 .27
AQ-10 0.11 .23 < 0.01 .99
RMET 0.23 .02 0.12 .11
SDS −0.09 .33 < 0.01 .96
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the complement group (see Supplementary Material for 
analyses of confidence-weighted choices, which yielded 
similar results in both experiments).3

In an exploratory analysis (see Supplementary Material), 
we added citer status to the regression model as an addi-
tional predictor. Citer status and pragmatic sensitivity each 
explained significant unique variance (|β|s > 0.09, ps < .03), 
with non-citers and participants with better pragmatic sensi-
tivity choosing the complement group more often. Pragmatic 
sensitivity did not differ significantly between citers (M = 
.77, SD = .29) and non-citers (M = .75, SD = .27), t(595) 
= −0.81, p = .42.

Discussion

These results provide initial evidence that pragmatic infer-
ence underlies the framing effects of subject-complement 
syntax. Participants who were generally more sensitive 
to the implicature—inferring, for instance, that a journal-
ist who used a subject-complement statement believed the 
complement group was more skilled—exhibited stronger 
framing effects for seemingly unrelated judgments of math 
ability, over and above the contribution of other social-
cognitive skills. Whereas the pragmatic sensitivity measure 
assessed explicit reasoning about the link between people’s 
stereotypical beliefs and their use of subject-complement 
statements, the critical framing task probed whether partici-
pants’ own beliefs were swayed by the preceding syntactic 
frame. Moreover, the pragmatic sensitivity measure required 
participants not only to infer someone’s belief from their 
choice of statement (arguably analogous to the main task), 
but also to infer someone’s choice of statement from their 
belief. Exploratory analyses revealed that these two types of 
inferences separately predicted framing effects in the main 
task (see Supplementary Material), suggesting that the role 
of pragmatic sensitivity in subject-complement framing can-
not be reduced to similarities in the measures assessing these 
constructs.

Additionally, we found that participants who explicitly 
cited the subject-complement statements as influencing their 
evaluations exhibited weaker framing effects than those who 
did not, replicating previous findings (Holmes et al., 2022). 
Notably, the two factors that moderated framing effects in 
this experiment—pragmatic sensitivity and explicit recogni-
tion—were independent of each other and worked in oppo-
site directions. This suggests that sensitivity to the implicit 
message of subject-complement statements is not the same 

as explicitly recognizing their impact: rather than blindly 
acceding to the message, citers appeared to discount it. In 
other words, they may have cited the statements to signal 
awareness of their biasing potential, justifying their choice 
of the subject group rather than the complement group as 
more math-inclined. Consistent with this interpretation, cit-
ers’ and non-citers’ judgments only differed in the Girls = 
Boys condition, in which the implicature aligned with the 
preexisting stereotype, providing sufficient motivation to 
resist it.

In Experiment 2, we extended these findings by assessing 
framing effects for statements about groups not specifically 
stereotyped for math ability. Of interest was whether such 
effects would still be moderated by pragmatic sensitivity, 
but no longer by explicit recognition, in the absence of a 
stereotype motivating people to resist the implicature.

Experiment 2: Unexpected stereotype 
and no stereotype

The subject-complement statements in Experiment 2 refer-
enced children from two Canadian provinces (Experiment 
2a) or two U.S. states (Experiment 2b). As Experiment 2a 
may have inadvertently invoked ability-relevant stereo-
types, the groups in Experiment 2b were pretested to be 
non-stereotyped.

Method

Participants

Following the criteria of Experiment 1, we recruited 658 
participants in Experiment 2a and 476 participants in Exper-
iment 2b. Participants who failed attention checks (n = 67), 
did not complete all measures (n = 72), or were from the 
states referenced in the stimuli (Experiment 2b: n = 15) were 
excluded. We aimed for 200 participants per condition, com-
parable to Holmes et al. (2022). Our post-exclusion sample 
sizes (Experiment 2a: n = 601; Experiment 2b: n = 395) 
provided >92% power to detect the key effect sizes from 
Experiment 1 (frame × citer-status interaction: OR = 0.40; 
difference in pragmatic sensitivity between participants 
who chose the complement vs. subject group: d = 0.35). 
See Table 1 for participant demographics.

Materials and procedure

Except as indicated below, the methods were identical to 
Experiment 1. In Experiment 2a, participants were randomly 
assigned to the Manitobans = Albertans (n = 198), Alber-
tans = Manitobans (n = 200), or Baseline (n = 203) condi-
tion. In the first two conditions, the math report described 

3  We also preregistered analyses predicting citer status as an index of 
whether individual responses were affected by framing (see Supple-
mentary Material), but this is a poor index because even citers chose 
the complement group more often than not (see Fig. 1).
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a fictional study comparing “children from Alberta” and 
“children from Manitoba” (see Supplementary Material). 
The Baseline condition assessed baseline intuitions about 
these groups by omitting the math report. In this condition, 
73% of participants attributed better math ability to children 
from Alberta (binomial test: p < .001). This unexpected pat-
tern may reflect biases favoring urban over rural students 
(Bryant, 2010). As a result, Experiment 2a appears to have 
inadvertently invoked a stereotype, whether preexisting or 
generated ad-hoc by participants upon comparing the two 
Canadian provinces.

We addressed this issue in Experiment 2b by first identi-
fying groups judged to have similar baseline math ability. A 
separate sample of 100 participants were asked to choose, 
for each of nine pairs of groups (e.g., Swedish- vs. Finnish-
speaking children), which group is naturally more skilled at 
math. The pair yielding closest to an even split were children 
from Wyoming and children from Montana (57% chose the 
latter; binomial test: p = .19; see Supplementary Material). 
Accordingly, participants in Experiment 2b were randomly 

assigned to the Montanans = Wyomingites (n = 198) or 
Wyomingites = Montanans (n = 197) condition and read a 
corresponding version of the math report (see Supplemen-
tary Material).

Results and discussion

Framing effects

Following Experiment 1, we analyzed the binary judg-
ments using a preregistered logistic regression model. In 
Experiment 2a, the interaction between frame (Manitobans 
= Albertans, 1; Albertans = Manitobans, 0) and citer status 
was not significant, OR = 0.40 [0.14, 1.14], p = .09, though 
the framing effect was nominally smaller for citers (81% of 
participants; see Fig. 2a). This reflects citers’ significantly 
reduced likelihood of choosing the complement group in 
the Manitobans = Albertans condition (where the framing 
aligned with the unexpected stereotype identified in the 
Baseline condition; p = .01), but not in the Albertans = 

Fig. 2   Results of (a) Experiment 2a and (b) Experiment 2b, by frame 
and whether or not participants cited subject-complement statements 
as influential in their judgment. Error bars represent ±1 SE. In (a), 

the dashed line represents the proportion of Baseline participants who 
chose children from Alberta as superior at math
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Manitobans condition (where it did not; p = .89). Overall, 
participants attributed better math ability to children from 
Alberta more often in the Manitobans = Albertans condition 
(58%, SE = 4%) than the Albertans = Manitobans condition 
(45%, SE = 4%), OR = 1.69 [1.14, 2.52], p = .009.

In Experiment 2b, the corresponding interaction (Wyo-
mingites = Montanans, 1; Montanans = Wyomingites, 0) 
was not significant, OR = 0.63 [0.25, 1.57], p = .32. Partici-
pants attributed better math ability to children from Mon-
tana more often in the Wyomingites = Montanans condition 
(65%, SE = 7%) than the Montanans = Wyomingites condi-
tion (43%, SE = 7%), OR = 2.42 [1.61–3.63], p < .001. As 
shown in Fig. 2b, citers (71% of participants) and non-citers 
exhibited similar framing effects, with no significant differ-
ence in their judgments in either condition (ps > .15).

To summarize, citers exhibited somewhat weaker framing 
effects than non-citers in Experiment 2a for unexpectedly-
stereotyped groups, driven by the condition in which the 
implicature aligned with the stereotype. These results mir-
ror the pattern in Experiment 1 for unambiguously-stere-
otyped groups. In contrast, citers and non-citers exhibited 
similar framing effects in Experiment 2b for non-stereotyped 
groups. This suggests that subject-complement framing may 
have a broader impact when there is no stereotype to dis-
count: in this case, even people who cite the framing state-
ments as influential accede to the implicature.

The role of pragmatic sensitivity

As in Experiment 1, the proportion of pragmatically-correct 
answers (overall M = .79, SD = .28) was higher for partici-
pants who chose the complement group as better at math 
(M = .83, SD = .25, n = 465) than for those who chose the 
subject group (M = .75, SD = .30, n = 328), t(791) = 4.06, 
p < .001, d = 0.29, although both subsamples performed 
above chance (ps < .001). When controlling for other social-
cognitive abilities, pragmatic sensitivity was the only sig-
nificant predictor of choosing the complement group (see 
Table 3 and Supplementary Material).

Exploratory regression analyses showed that the framing 
effects in Experiment 2a were independently moderated by 
pragmatic sensitivity and citer status. Each of these factors 
explained significant unique variance in choosing the com-
plement group (|β|s > 0.25, ps < .03), replicating Experi-
ment 1. Absent a stereotype in Experiment 2b, however, citer 
status was not a significant predictor (β = −0.16, p = .15; see 
Supplementary Material). Moreover, in Experiments 2a and 
2b, citers exhibited better pragmatic sensitivity than non-cit-
ers (overall: citers, M = .82, SD = .26; non-citers, M = .72, 
SD = .30), Experiment 2a: t(396) = −3.00, p = .003, d = 
0.38; Experiment 2b: t(393) = −2.94, p = .003, d = 0.33, yet 
their framing effects were weaker in Experiment 2a. These 
results suggest that subject-complement framing effects 

generally reflect people’s ability to pick up on the pragmatic 
implications of the framing language, but that those who are 
especially pragmatically savvy recognize when this language 
aligns with a stereotype and avoid affirming it.

General discussion

Statements like “Girls are just as good as boys at math,” 
though often well-intentioned, risk promoting the stereotype 
that boys are better. Our findings show that this risk is gener-
ally greater for people who are more sensitive to the prag-
matic implications of such statements. Across experiments, 
participants who were better at inferring implicatures from 
subject-complement syntax in our novel pragmatic sensitiv-
ity measure were more likely to endorse the implicature for 
statements about math ability in the critical framing task. 
This relationship held even when the statements referenced 
non-stereotyped groups and when controlling for social-cog-
nitive abilities like reflective thinking and theory of mind 
that have been linked to pragmatic competence (Fairchild & 
Papafragou, 2021; Mayn & Demberg, 2022). These results 
suggest that pragmatic inference is a crucial mechanism 
underlying subject-complement framing effects.

At the same time, our findings show that when the fram-
ing language invokes a stereotype, many people who infer 
the implicature do not endorse it. Statements about stereo-
typed groups (e.g., girls and boys) elicited weaker framing 
effects for participants who explicitly cited them as influ-
encing their evaluations, replicating previous work (Holmes 
et al., 2022), but statements about non-stereotyped groups 
did not. Moreover, for stereotyped groups, citers were less 
likely to endorse the implicature only when the framing 
aligned with the stereotype (e.g., when boys were the com-
plement group, but not when girls were), and they performed 
no worse than non-citers, and sometimes significantly better, 
on our pragmatic sensitivity measure. Together, these results 
suggest that when stereotypes are at stake, subject-comple-
ment statements prompt many people—perhaps those espe-
cially adept at discerning their biasing potential—to push 
back against the implicit message.

Exploratory analyses revealed that pragmatic sensitiv-
ity and explicitly recognizing the impact of the statements 
often counteracted each other, independently moderating 
the framing effects in Experiments 1 and 2a in opposite 
directions. We interpret these results as evidence that infer-
ring the implicature is necessary for subject-complement 
framing effects to occur, but that once inferred, the impli-
cature is routinely discounted when the implied meaning 
motivates resistance. We acknowledge, however, that our 
evidence for discounting is indirect, relying on cross-exper-
iment comparisons of participants’ post-hoc rationales for 
their judgments. Notably, this evidence converges with 
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several previous findings: that, relative to non-citers, cit-
ers explicitly rate subject-complement statements as biased, 
have demographic characteristics associated with resisting 
anti-egalitarian stereotypes, and sometimes exhibit reverse 
framing effects (Holmes et al., 2022). Nevertheless, future 
work would benefit from more directly manipulating peo-
ple’s motivation to push back against the implicit message. 
For example, subject-complement statements in the criti-
cal framing task could be attributed to an ill-informed or 
ideologically divergent writer. Participants should be highly 
motivated to discount the implicature in such contexts, and 
should therefore exhibit relatively weak framing effects 
(Flusberg et al., 2024; Moty & Rhodes, 2021).

Our findings also have implications for theories of lin-
guistic framing more generally. Subject-complement state-
ments exemplify two types of framing: equivalency fram-
ing, where logically equivalent messages are presented in 
different surface forms, and grammatical framing, where 
the grammatical form or syntactic structure of a message is 
manipulated (Flusberg et al., 2024). Both types of framing 
effects seem striking—the former because they are tradition-
ally seen as irrational byproducts of biased cognitive and 
emotional processes (De Martino et al., 2006; Levin et al., 
1998), the latter because they suggest that socially signifi-
cant judgments are swayed by incidental linguistic details 
(Fausey & Boroditsky, 2010; Matlock et al., 2012). In show-
ing that pragmatic inference underlies subject-complement 
framing effects, our findings suggest that these effects are 
not so irrational and that the grammatical details of the mes-
sage are not so incidental: evaluating social groups differ-
ently based on their syntactic positions is a sensible response 
to the pragmatic information communicated by the syntax 
(Flusberg et al., 2024). From this pragmatics-informed per-
spective, what is striking about these framing effects is not 
that they defy logic or are outsized relative to the linguistic 
cues that give rise to them. It is that those who are better at 
discerning the stereotype-affirming message are more sus-
ceptible to endorsing it. That said, our findings suggest that 
endorsement is far from inevitable: pragmatic sensitivity 
equips people not only to discern the message, but also to 
interrogate and resist it (Petty & Cacioppo, 1979). This is 
one reason why framing often backfires when people hold 
strong prior beliefs about the content of the message (Flus-
berg et al., 2024).

In future work, it will be important to determine whether 
our findings generalize beyond attributions of math ability. 
Statements like “Christians are just as likely as Muslims to 
commit terrorist acts” may be a useful test case because they 
seem to elicit more resistance than statements about math 
ability, perhaps because they invoke a stronger or more mor-
ally salient stereotype (Holmes et al., 2022). Future research 
might also explore whether pragmatic sensitivity for sub-
ject-complement statements is associated with sensitivity to 

implicit meaning in language more generally, and whether 
a more general measure of pragmatic ability would predict 
these and other framing effects.

In sum, our results suggest that subject-complement syn-
tax gains the power to promote stereotypes when people use 
pragmatic inference to discern its implicit message—and 
then fail to question it. Our findings add to the growing body 
of evidence that many framing effects are a natural product 
of human communication.
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