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Abstract 

While research has documented that children can compensate 
for overt cues to teaching inefficacy through exploration of 
novel solutions, an important question is whether children use 
exploration to detect inefficacy. Further, to move beyond 
ineffective teaching, learners must prioritize their own ideas. 
Thus, girls could be disadvantaged due to a greater emphasis 
on people-pleasing in their socialization. We tested 7- to 10-
year-olds using a novel, video-game paradigm. Children were 
shown ineffective instruction but could only discover its 
inefficacy by independently attempting the solution. Children 
generally attempted the taught solution successfully and 
rationally traded-off between instruction and exploration. 
However, gender differences emerged in exploration, solving, 
and learning even after controlling for video game experience 
and teacher gender. These results have important implications, 
as girls may have a greater need to move beyond ineffective 
teaching when exposed to sexist content or beliefs.  

Keywords: child development; pedagogy; exploration; gender 
differences; informant reliability; resource rationality 

Introduction 

From early in life, teaching is an integral tool for learning. 

Teaching allows for efficient transfer of knowledge through 

its strong communicative cues, like eye gaze and gesture 

(Csibra & Gergely, 2006, 2009). This is particularly true 

when content is difficult or impossible to learn for children, 

for example, when solving logical problems or computer 

programming problems (Mayer, 2004). Because of its 

importance, humans also make assumptions about teaching. 

For example, children assume that teaching is complete and 

will explore a novel object less after receiving pedagogical 

instruction from a seemingly knowledgeable teacher, 

compared to when observing a naïve learner (Bonawitz et al., 

2011). Likewise, over-imitation studies have demonstrated 

that when a clear instrumental purpose for an action is 

missing, humans often assume a cultural or social purpose to 

the action and nonetheless imitate it faithfully (Hoehl et al., 

2019). Together, this work elucidates rational and efficient 

adaptations to optimize the acquisition of cultural and 

instrumental knowledge. However, how does this process 

become disrupted when teaching is ineffective or inaccurate? 

Teaching is not the only way children acquire information: 

children are also adept explorers. Even young children can 

utilize exploration to gain causal information (Schulz & 

Bonawitz, 2007; Schulz & Gopnik, 2004; Sim & Zu, 2017), 

and as children get older, they are able to optimize their 

exploratory actions to maximize information gain (Cook, 

Goodman, & Schulz, 2011; Ruggeri et al., 2019). These skills 

are especially evident in environments where search is 

emphasized. For instance, Schulz et al. (2018) demonstrated 

that children’s problem-solving behaviors focused on 

exploring to reduce uncertainty, while adults tend to 

maximize rewards instead. Thus, children are quite capable 

of learning things on their own in the absence of teaching.  

Moreover, children are able to adapt in the face of 

ineffective teaching when provided with explicit cues to 

evaluate the efficacy of an informant, sometimes by 

prioritizing more reliable informants and sometimes by 

increasing independent exploration. For instance, 4- and 5-

year-old children are consistently able to choose between 

reliable and unreliable informants in an object-labeling task, 

choosing to learn novel labels from previously reliable 

informants (Corriveau, Pickard, & Harris, 2011). Similarly, 

these adaptations translate to exploratory behavior. For 

example, when a teacher provides a counterintuitive claim 

(e.g., that the largest of a set of objects is the lightest), 

elementary-aged children will explore the objects for longer 

than if provided with an intuitive claim (Ronfard, Chen, & 

Harris, 2018). Likewise, 6- and 7-year-olds will explore an 

object more after receiving instruction if an informant had 

previously been under-informative relative to completely 

informative (Gweon et al., 2014). Together, this evidence 

suggests that children are able to use explicit cues to identify 

ineffective teaching and that they trade off learning from 

others and learning from exploration to optimize learning.  

However, children are not always provided with overt cues 

of a teacher’s efficacy to evaluate teaching. This is especially 

true in real-world classrooms, where political agendas and 

stereotypes often get filtered into the education system. For 

instance, generational inequalities are transmitted through 

curricular omissions and erasures (King, 2017; Solomon, 

2002; Yosso, 2005) and explicitly incorrect information is 

even present in the “hard sciences” for controversial topics 

like evolution or sexual health (Griffith & Brem, 2004; Fuller 

et al., 2021). In these cases, some teachers are unlikely to 

provide overt cues to teaching inefficacy because they 

themselves were educated in these traditions and have not 

always been trained to appreciate alternative frameworks 

(Bartolomé, 2004). Thus, in the absence of overt cues, it is 

worth interrogating children’s ability to identify inaccuracies 

through their independent exploration rather than simply to 

compensate for inaccuracies with exploration. 

This ability to identify ineffective teaching may also be 

particularly important but complicated at the intersection of 

882
In J. Culbertson, A. Perfors, H. Rabagliati & V. Ramenzoni (Eds.), Proceedings of the 44th Annual Conference of the Cognitive Science
Society. ©2022 The Author(s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY).



exploration and gender. This is to say that in some cases, an 

ability to identify ineffective teaching will be especially 

important for girls and gender minorities. For instance, when 

children are provided with inaccurate sexual and 

reproductive education, girls disproportionately suffer the 

harms (e.g., Madkan et al., 2006). Yet, sexual education is 

largely inaccurate in the United States (Guttmacher Institute, 

2022). Thus, in cases in which information pertains to girls’ 

experiences of marginalization, identifying inaccuracies may 

be particularly important. 

Simultaneously, female socialization in North America 

may make girls particularly unlikely to ignore teaching due 

to people-pleasing pressure. Mickelson’s (1989) sex-role 

socialization hypothesis proposes that girls may be 

disadvantaged through socialization to obey authority figures 

and “be good.” For instance, from a young age, greater 

pressure is placed on girls than boys to feel responsible for 

others’ emotions (Zahn-Waxler, Cole, & Barrett, 1991) and 

to consider others’ needs in their decisions (Jordan et al., 

1991; Letendre, 2007). Thus, in situations where girls are 

provided inaccurate teaching, they may hesitate to explore 

their own ideas out of fear of hurting the feelings of the 

teacher. Likewise, prioritizing one’s own exploration in the 

face of ineffective teaching requires the learner to be willing 

to stand out and innovate. Yet, relative to men, women are 

likely to avoid self-promoting for fear of repercussions 

(Brescoll, 2011; Daubman, Heatherington, & Ahn, 1992; 

Moss-Racusin & Rudman, 2010), and associations between 

girls, conformity, and obedience are especially evident in 

classrooms. For instance, teachers have rated boys as more 

non-conforming than girls (Gralewski & Karwowski, 2013),  

and they are more likely to praise girls’ compliance (Jones & 

Myhill, 2004), while highlighting boys’ non-conformity and 

independence (Gralewski, 2019). Thus, even if girls are able 

to identify inaccuracies, classroom settings may discourage 

them from prioritizing their own actions.  

Thus, the present study sought to understand whether 

children could evaluate ineffective teaching in the absence of 

overt cues and, importantly, whether there are differences in 

girls’ and boys’ ability to calibrate to this teaching. As 

compensatory exploratory behavior can be observed in the 

elementary years (Gweon et al., 2014; Ronfard et al., 2018),  

and gender stereotypes emerge at a similar time (Bian, Leslie, 

& Cimpian, 2017; Lei et al., 2019),  7- to 10-year-olds were 

introduced to a novel search task: a platforming video game. 

They received instructions on how to solve the game then 

played a test game in which the taught solution did not work. 

However, children were not provided with any information 

to suggest the solution was ineffective. Instead, they had to 

discover its inefficacy by attempting the taught solution. Our 

first goal was to evaluate how children as a group responded 

to this situation. Given their broad exploratory skills, we 

hypothesized that children would successfully attempt the 

taught solution, and after attempting, children who prioritized 

exploring would succeed at greater rates. Our second goal 

was to evaluate differences between boys and girls. We did 

not expect to find differences in boys’ and girls’ attempting 

behaviors (and if anything, girls may be more likely to 

attempt the solution given that girls generally outperform 

boys in school; Duckworth & Seligman, 2006; Matthews, 

Ponitz, & Morrison, 2009; Orr, 2011) but that girls would 

struggle when required to divest from teaching, exploring less 

than boys. Consequently, we hypothesized that girls would 

be less likely to succeed and learn about the game than boys. 

Methods 

Participants 

Our sample consisted of 150 7- to 10-year-olds (n = 150, 

MAGE = 9.02 years, 76 girls, 74 boys) recruited from a 

database of families that had previously volunteered to 

participate in research. Sample size was determined utilizing 

a priori power analyses of preliminary data (≥ 80% power for 

all hypothesized effects). Parents identified their children as 

white (n = 57), multiracial (n = 33), East Asian (n = 24), 

South Asian (n = 10), Arab (n = 4), Southeast Asian (n = 3),  

Latin, Central, or South American (n = 2), Native American 

(n = 1), a race not listed (n = 3), or did not report (n = 13). 

For each child, at least one parent held at least a high school 

diploma (n = 8), college degree (n = 10), bachelor’s degree 

(n = 34), master’s degree (n  = 52), doctoral or professional 

degree (n = 33), or did not report (n = 13). Thus, our sample 

was somewhat racially diverse but not educationally diverse. 

Children were individually tested in a single session using 

Zoom videoconferencing, lasting roughly 45 minutes. Prior 

to participating, parents provided informed consent, and 

children provided assent. Parents received a $5 gift card. Data 

were excluded from 14 additional children due to parental or 

sibling interference (n = 6), failure during practice (n = 4), 

technological issues (n = 2), refusal to comply (n = 1), and 

experimenter error (n = 1).  

Procedure 

To understand children’s ability to detect incorrect teaching 

and its influence on exploratory behavior, children played a 

platforming video game (Figure 1). In the game, participants 

navigated as a frog character, and the goal to win was to find 

a trophy. To encourage exploration, collectibles and enemies 

were spread across the map, and different textures of 

platforms were utilized. While these elements did not 

systematically indicate the presence of trophies, they did 

introduce multiple possibilities that participants could 

explore. The game had four phases: practice, instruction, test, 

and post-test. Children learned about the game in the practice 

and instruction phases, and their problem-solving and 

reaction to instruction were measured during the test phase. 

 

Practice. To ensure that children had sufficient knowledge of 

the game controls, participants completed a short practice 

trial in which they interacted with all of the basic elements of 

the game: collectibles, enemies, jumping, platform types, and 

trophies. Participants were given feedback from the 

experimenter while playing to help them learn the game 
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controls, and parents were able to provide instructions but not 

to complete the practice for their children. Only participants 

that were able to independently complete the practice within 

10 minutes were included in the final sample. Importantly, it 

was emphasized to participants that the main goal was to find 

a trophy once they succeeded in the practice game.  

 

Instruction. Following practice, children were shown an 

instructional video featuring a seemingly knowledgeable 

adult navigating the test game to find a trophy. Importantly, 

the game map in the practice game was different in several 

ways (e.g., background color, structure) from the test game, 

while the instructional video and test game were ostensibly 

the same. The adult providing instructions was not visible in 

the video but rather narrated the instructions while showing a 

video of themselves playing the frog game. To avoid the 

possibility that the gender of the teacher disproportionately 

influenced boys and girls, the voice of the teacher was 

matched to the gender of the child (i.e., a woman for girls, a 

man for boys). Prior literature indicates that children are very 

sensitive to pedagogical instruction (Bonawitz et al., 2011; 

Csibra & Gergely, 2006, 2009; Hoehl et al., 2019); thus, our 

instructional video balanced pedagogical and non-

pedagogical elements. All experimenter directions 

emphasized that children would be shown a solution, but the 

instructions were not deterministic, stating that children 

“could win the game with any trophy [they] could find.”  

In the video, the frog character moved on a linear path from 

the left of the map to the right. Eventually, the frog navigated 

to six vertical platforms and jumped to a trophy. Critically, 

there was a slight discrepancy between the video and test 

games, such that two platforms were missing in the test game, 

rendering the teaching ineffective. Thus, children were not 

told that the taught solution was ineffective. They had to 

attempt the solution to generate evidence of its inefficacy.    

      

Test Game. After instruction, participants completed the test 

game, which appeared identical to the instructional video 

except for the missing platforms. While the solution shown 

in the video did not work, the participants could solve the 

game by finding either of two alternate trophies in areas 

branching from the main path. Before the participant played 

the game, they were told by the experimenter, “For this part 

of the game, we want to see what you do on your own, so I’m 

going to do my best not to answer any questions, and we ask 

that parents do the same. I’ll set a timer for seven minutes and 

let you know when seven minutes pass. Remember, the main 

goal of the game is to find a trophy, but you can win with any 

trophy that you find!” Participants were given up to seven 

minutes to solve the game, which began once the 

experimenter finished giving directions. During the test 

game, the experimenter’s video was visible, but they did not 

provide feedback and maintained neutral affect.   

 

Post-Test. After completing the game, participants answered 

several questions to assess their learning and experience with 

video games. To assess learning, participants were shown a 

series of four images portraying various game map areas 

(some which appeared in the game and some which did not) 

and asked whether they were part of the game. Thus, the 

maximum learning score was 4. To generate a control 

measure of gaming skill, participants were also asked to rate 

how often they played video games on a 5-point Likert scale 

(ranging from “never” to “daily”).   

Figure 1: Frog game specifications. (A) Participants began with a practice, viewed an instructional video, and then were 

given seven minutes to solve a test game, (B) For the purposes of behavioral coding, the game map was divided into 

exploratory regions, depicted in blue, and imitative regions, depicted in green. 
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Behavioral Coding 

Coding was performed by human raters watching raw footage 

of testing sessions to classify whether participants attempted 

the taught solution and solved the game, as well as time spent 

exploring and imitating.1 Raters were blind to study 

hypotheses, but participants images were visible in videos. A 

primary coder was randomly assigned to each participant. 

Data generated by primary coders was utilized in analyses. In 

addition, a secondary coder was randomly assigned such that 

50% of all data was double coded (to estimate interrater 

reliability). Agreement between primary and secondary 

coders was high across tasks (all ICC’s > .94, all p’s < .001).  

 

Attempting the Taught Solution. A participant was 

considered to have attempted the taught solution if they 

followed the path in the instructional video and completed 

one full jump where the platforms were missing. At this 

point, participants should have evidence that the solution 

would not work as shown. 

 

Solving. A participant was considered to have solved the 

game if they found a trophy within seven minutes.  

 

Coding Imitation & Exploration. Classifications were 

made using the physical location of the frog on the game map 

(Figure 1). If the frog was in the portion of the game map that 

was used in the path of the instructional video, their behavior 

was coded as imitation starting from the frame they entered 

the area until the frame before they exited. If the frog was in 

the areas branching off from this path, exploration was 

instead coded from the frame they entered the area until the 

last frame before they exited. Thus, these definitions 

generated two mutually exclusive codes. As the absolute time 

children played the game varied, proportions were used in 

analyses. Importantly, the proportion of time engaging in 

exploration and imitation (respectively) was calculated both 

before participants attempted the taught solution and after so 

 
1Outliers were defined a priori as points more than 3 SDs from 

the mean and removed using pairwise deletion.  

that behavior could be compared once participants gained 

evidence of the solution’s inefficacy.  

Results 

Our first goal was to understand how children, as a group,  

interacted with instruction. Participants were not told that the 

instruction was ineffective and instead had to utilize their 

own exploratory actions to discover its inefficacy. Thus, an 

optimal strategy would be to first exploit instruction to try to 

solve the game quickly, then increase exploration after 

evidence of failure. Therefore, we hypothesized that children 

would initially favor imitation, increasing exploration after 

attempting the taught solution.  

Thus, we first performed a one-sample t-test to compare 

the proportion of time children spent imitating prior to 

attempting the taught solution to chance (i.e., 0.5). Indeed, 

children initially imitated significantly more than they 

explored (M = 0.72, t(148) = 11.88, p < .001, d =3.19). 

Likewise, we hypothesized that children would generally be 

able to attempt the taught solution given children’s broad 

exploratory skills. We performed a binomial test comparing 

the proportion of children who attempted to chance (i.e., 0.5); 

74% of children attempted the taught solution, a rate greater 

than chance (p < .001). Finally, a paired-sample t-test was 

performed to compare children’s rates of exploration before 

and after attempting the taught solution. As a group, children 

explored more after attempting than before (MDiff = .15, 

t(110) = 6.03, p < .001, d = 0.57). Thus, children generated 

evidence that the solution was ineffective utilizing only their 

own exploration, and on average, adjusted their strategies 

based on this information. 

We further sought to understand how exploratory behavior 

after attempting the solution related to success (i.e., solving 

and learning). We hypothesized that those who solved would 

spend a greater proportion of time exploring after attempting 

the taught solution. A two-sample t-test revealed that children 

who solved the game spent a significantly greater proportion 

of time exploring after attempting (M = .53) than children 

 

Figure 2: Visualizations of gender and key behaviors and outcome measures: (A) attempting the taught solution, (B) solving, 

(C) the proportion of time spent exploring after attempting, and (D) performance on post-test learning questions. Error bars 

represent standard errors of the mean. Dashed lines represent chance performance. 
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who did not solve (M = .23; t(109) = 8.87, p < .001, d = 1.76). 

Likewise, we hypothesized that greater exploration after 

attempting would relate to greater learning. To this end, a 

Pearson correlation revealed that increases in the proportion 

of time spent exploring after attempting were modestly, 

positively associated with learning (r = .32, p < .001). Thus, 

increasing exploration was critical to achievement.  

Having elaborated general trends, we turned to the role of 

gender in children’s performance. Critically, we did not 

expect to find initial differences between boys and girls. 

However, we expected that girls would explore 

proportionally less after attempting the taught solution 

because they would feel more bound to the teacher’s 

instructions due to differences in socialization. We further 

expected this difference to lead to decreased solving and 

learning in girls. To account for potential confounding 

factors, we entered age and our measure of gaming skill as 

control measures in all models predicting performance from 

gender. To understand the influence of gender on exploration 

and learning, we constructed linear regression models. As 

attempting the taught solution and solving were both binary 

outcomes (i.e., yes or no), logistic regressions with binomial 

link functions were used to model attempting and solving.  

Indeed, we did not observe a significant difference in 

attempting the solution between boys and girls (p > .25). 

However, we did observe departures between boys and girls 

after this point. First, gender predicted exploration such that 

girls explored for a significantly smaller proportion of time 

after attempting than boys (β = -0.16, SE = .04, t(107) = -

4.24, p < .001). Likewise, we observed a main effect of 

gender on solving such that girls were significantly less likely 

to solve the game than boys (β = -1.08, SE = 0.44, z(107) = -

2.45, p = .01, Odds Ratio = 0.34:1). This implies that girls 

were about one-third as likely to solve as boys, supporting 

our hypothesis that girls would succeed less. Likewise, we 

observed a main effect of gender on learning such that girls 

answered significantly fewer questions about the game 

correctly than boys (β = -0.36, SE = 0.11, t(107) = -3.34, p = 

.001). Together, these results suggest that girls were not 

worse at the game, as we controlled for video game exposure, 

and we did not observe differences in attempting behavior. 

Instead, difficulties began for girls when divesting from the 

ineffective instruction, as we observed differences in their 

subsequent behaviors: exploration, solving, and learning. 

Finally, we sought to directly test whether the disparities 

between boys and girls were due to lower exploration in girls. 

In particular, we focused our analysis on learning, as 

decreased learning could lead to the greatest downstream 

consequences in realistic contexts (relative to solving). We 

hypothesized that girls exhibited lower learning because the 

proportion of time spent exploring after attempting the taught 

solution covaried with gender. This mediational hypothesis 

was tested with a bootstrap procedure to determine the 

significance of the indirect effect (Preacher & Hayes, 2004). 

5000 bootstrap resamples and a random seed of 65336 were 

used to estimate the direct, indirect, and total effects using the 

PROCESS v4.0 (Hayes, 2022) macro. 95% confidence 

intervals were determined from the bootstrap resamples, and 

any interval that did not include 0 was considered to be 

significantly different from 0. This analysis revealed that 

gender affected learning as a function of its relationship with 

exploration (ab = 0.11, SE = 0.05, 95% CI [0.02, 0.22]). 

However, there was still a direct effect of gender on learning 

when the indirect path through exploration was considered 

(c’ = 0.25, SE = 0.12, 95% CI [0.02, 0.48]). Thus, the 

relationship between gender and learning is partially 

accounted for by the co-occurrence of gender and decreased 

 Attempting Taught Solution  Solving Game 

Predictors β (SE) OR [95% CI]  β (SE) OR [95% CI] 

Intercept 

Age 

Video Game Experience 

Gender (Girl) 

 0.76 (1.55) 

 0.13 (0.16) 

-0.27 (0.18) 

 0.44 (0.38) 

2.13 [0.10 – 44.52] 

1.14 [0.83 – 1.57] 

0.77 [0.54 – 1.08] 

1.55 [0.73 – 3.29] 

 -6.01 (1.91)** 

 0.47 (0.19)* 

 0.39 (0.20)† 

-1.08 (0.44)* 

0.002 [<.001, 0.10] 

1.61 [1.10, 2.34] 

1.48 [1.00, 2.21] 

0.34 [0.14, 0.81] 

 Proportion of Time Exploring  Learning 

Predictors β (SE) [95% CI]  β (SE) [95% CI] 

Intercept 

Age 

Video Game Experience 

Gender (Girl) 

-0.20 (0.17)     
 0.06 (0.02)*** 

 0.02 (0.01) 
-0.16 (0.04)*** 

[-0.50, 0.09] 

[0.03, 0.09] 

[-0.005, 0.05] 

[-0.23, -0.09] 

  1.33 (0.43)** 

 0.13 (0.05)** 

 0.03 (0.04) 

-0.36 (0.11)** 

[0.49, 2.17] 

[0.04, 0.22] 

[-0.06, 0.11] 

[-0.57, -0.15] 

Figure 3: Standardized path estimates presented. The 

parenthetical value is the direct effect. 

Table 1: Models predicting key behaviors and outcome measures.  
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exploration after attempting the solution, but gender still 

predicted decreased learning, suggesting additional pathways 

may account for girls’ learning differences (Figure 3). 

Discussion 

This paper’s primary conceptual objective was to understand 

how elementary-aged children engaged with ineffective 

teaching in the absence of explicit cues to ascertain efficacy. 

To this end, we designed a video game that required 

participants to evaluate the efficacy of a taught solution using 

only their own exploratory actions. Our findings revealed that 

overall, children calibrated to the evidence they generated 

and effectively balanced between learning from instruction 

and exploration. However, significant and robust gender 

differences emerged once children had to divest from the 

taught solution and explore their own solutions.  

By creating a context in which children had to utilize their 

own actions to ascertain the quality of teaching, we observed 

several optimized behaviors. As instruction is generally 

correct and efficient (e.g., Kirschner, Sweller, & Clark, 2006; 

Stockard et al., 2018), it was reasonable for children to first 

utilize instruction to try to win the game. This was reflected 

in children’s high initial rates of imitation and high rates of 

attempting the taught solution. Once children attempted the 

solution, they generated evidence that the solution was 

ineffective, which prompted behavioral change in the form of 

increased exploration. Likewise, children who adjusted to 

this evidence were more likely to solve and learn.  

These findings are consistent with prior work pertaining to 

children’s resource rationality. That is to say; humans seek to 

optimize effort expenditure and expect other agents to do so 

as well (Jara-Ettinger et al., 2016). Prior work has 

demonstrated that children will balance the effort they exert, 

prioritizing exploration over imitation when a solution does 

not work (Solby, Radovanovic, & Sommerville, 2021), 

balancing problem-solving strategies (Lucca, Horton, & 

Sommerville, 2020), and persisting less when they know 

teaching is available (Rett & Walker, 2020). The results 

elaborated here are consistent with these trends, 

demonstrating that children first sought to exploit teaching 

under the pretense that it was correct and efficient and 

generally divested from this teaching when it garnered 

diminishing returns and continued to fail.  

On the other hand, while we did not observe significant 

differences in boys’ and girls’ attempts to use the taught 

solution, differences between boys and girls emerged at the 

point at which children needed to divest from instruction. 

Specifically, girls explored for a smaller proportion of time 

relative to boys after attempting the taught solution, were less 

likely to solve the game, and answered fewer learning 

questions correctly. High rates of attempting the taught 

solution suggest that girls did not underperform due to a mere 

lack of skill, as does the fact that we controlled for video 

game experience in our models. Thus, our results are instead 

consistent with work on girls’ socialization which suggests 

that girls are more likely to people-please than boys (e.g., 

Mickelson, 1989; Zahn-Waxler et al., 1991). To this end, we 

observed that girls’ decreased learning was mediated by their 

decreased exploration, suggesting that they learned less 

specifically because they did not divest from instruction even 

after they generated evidence of its inefficacy.  

Simultaneously, even when the indirect pathway between 

gender and exploration was accounted for, gender predicted 

learning such that girls learned less than boys. Thus, an open 

question remains regarding the remaining pathways between 

gender and learning. While we controlled for video game 

experience, the game utilized was stereotypically 

“masculine.” For this reason, girls may have been sensitive 

to expectations that they would underperform on the task 

relative to boys (e.g., Kaye & Pennington, 2016). Additional 

work should seek to understand whether these effects 

replicate across contexts that are stereotypically “feminine.”   

Moreover, the paradigm utilized introduces several future 

directions. For instance, the learning questions we utilized 

were closely connected to exploration of our specific game 

(i.e., knowledge of the game map). However, in real-world 

contexts, knowledge is often hierarchical and builds on itself. 

Thus, an ability to generalize learned information to new 

contexts is especially important (Fiorella & Mayer, 2016). 

Future work would benefit from assessing learning in applied 

contexts (e.g., mathematics) with questions focusing on rule-

learning and generalization, in addition to the concrete and 

self-contained learning assessed here (e.g., DeCaro & Rittle-

Johnson, 2012). Importantly, the type of ineffective teaching 

we aimed to target (i.e., wherein the teacher themselves is 

unaware that the teaching is ineffective) typically pertains to 

structural knowledge relating to historical oppression (e.g., 

Bartolomé, 2004). As this was the first known psychological 

exploration of such teaching, we purposely utilized a 

conceptual paradigm stripped of real-world elements. 

However, marginalization is apt to compound the difficulties 

children face when interacting with this type of teaching, and 

future work should study contexts, which are more realistic 

and consider that girls may respond differently across 

intersections of race and gender (Mickelson, 1989).  

Of course, there are many situations in which focusing 

deeply on instruction and persisting through difficulty would 

be beneficial. Particularly when information is difficult or 

impossible for children to extract independently, expert 

instruction can be more effective for learning than children’s 

own exploration (Mayer, 2004). In these contexts, girls may 

be advantaged for the same reasons they are disadvantaged in 

the context of our study. Indeed, girls generally outperform 

boys academically (Duckworth et al., 2006; Matthews et al., 

2009; Orr, 2011). Likewise, exploring novel solutions can be 

time-consuming and costly. Thus, while populations benefit 

from having explorers, exploring is not always the most 

adaptive to the individual (Wisdom & Goldstone, 2011). 

Thus, our contention is not that children should always divest 

from teaching and explore their own solutions, but rather that 

we ought to understand the factors that limit children’s ability 

to move beyond ineffective teaching in particular and the 

factors that create disparities between children in these 

contexts. 
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