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Abstract

Knowing the intended use of an artifact impairs people’s abil-
ity to think of alternative uses. Here we ask whether children
consider not just “what“ a tool is used for, but also “who“ uses
the tool in that way. We focused on gender roles since chil-
dren are sensitive to these early in development and adapted a
classic insight learning task (Defeyter & German, 2003). Suc-
cess on the task requires inserting a stick into a tube to re-
move a ball. We compared children’s (N = 112; ∼27 chil-
dren/condition) latency to solve the problem at Baseline and
three Demonstration conditions. In all the Demonstration con-
ditions, the long stick was used as a magnet wand to brush
away iron filings. In the Researcher Demonstration condi-
tion– a direct replication of Defeyter and German 2003– this
function was demonstrated by a single individual – the exper-
imenter; in the Same and Different Gender Peer Group con-
ditions, the function was demonstrated by a group of chil-
dren whose gender matched or differed from the participant’s.
Both Peer Group Demonstration conditions induced functional
fixedness comparable to the Researcher Demonstration, and
children were slower to solve the problem in all Demonstra-
tion conditions than Baseline. Critically however, children
were faster to solve the problem in the Different Gender Peer
Group condition than in the Same Gender Peer Group Condi-
tion, suggesting that children encode attributes of a function’s
typical user in their representations of artifacts, and that func-
tional fixedness is affected by children’s identification with a
social role.

Keywords: gender; peer groups; functional fixedness; cogni-
tive development

Introduction
Humans are sophisticated tool users (Heersmink, 2022), in
part because we adopt a “design stance” (German & Johnson,
2002), inferring that artifacts have an intended or typical use.
Knowing the intended use of an object inhibits our ability to
think of alternative uses, a phenomenon known as functional
fixedness (Defeyter & German, 2003; Dunker, 1945; McCaf-
frey, 2012; Kelem & Carey, 2006; Pflüger, Buttelmann, &
Elsner, 2024; Ohlsson, 1984). Functional fixedness emerges
cross-culturally, in both technologically rich and sparse cul-
tures (Barrett, Laurence, & Margolis, 2008; German & Bar-
rett, 2005), and although some work suggests that younger
children may be immune to functional fixedness, it impairs
insight problem solving in children age six and up (German
& Defeyter, 2000). Here we ask whether children are sensi-
tive not just to what an object is typically used for but who
typically uses it that way. Are children sensitive to the gender
of the person using the tool and does this affect their ability
to imagine other ways of using the tool?

We focus on gender roles since they are pervasive in soci-
ety and children are sensitive to gender-typed behavior early
in development (Ellemers, 2018; Martin & Ruble, 2004).

By the age of four, children prefer and attribute more pos-
itive traits to their own gender (Maccoby, 1998), selec-
tively explore and have better recall for toys associated with
their own gender (Bradbard, Martin, Endsley, & Halverson,
1986; Todd, Barry, & Thommessen, 2017), sanction peers
who violate gender norms (Skočajić, Radosavljević, Okičić,
Janković, & Žeželj, 2020; Sullivan, Moss-Racusin, Lopez,
& Williams, 2018), and misremember counter-stereotype be-
havior as gender conforming (Martin & Halverson, 1983).
Both adults and children also essentialize gender, minimiz-
ing variation between individuals, and treating gender-typed
attributes as inherent, immutable, and due to membership in
the gender category (Rhodes & Mandalaywala, 2017; Gel-
man & Taylor, 2014; Rhodes & Gelman, 2008, 2009; Tay-
lor, 1996; Rhodes, 2014). Generic language is especially
likely to elicit essentialist beliefs (Leslie, 2014; Cimpian &
Markman, 2011; Rhodes, Leslie, Bianchi, & Chalik, 2018;
Wodak, Leslie, & Rhodes, 2015) and it does so even when the
generic language is intended to convey counter-stereotypical
content (e.g., “girls are good at math”; (Benitez, Foster-
Hanson, & Rhodes, 2024; Cimpian, Brandone, & Gelman,
2010), although contextual information can mitigate this ef-
fect (Vasilyeva, Gopnik, & Lombrozo, 2020).

Given children’s sensitivity to information about gender,
their readiness to associate particular toys and behaviors with
gender roles, and their sensitivity to generic language, we
hypothesized that children might be especially vulnerable to
functional fixedness if they see a tool used in a particular way
only by same-gender peers and especially immune from func-
tional fixedness if the tool was used only by children of a dif-
ferent gender.

Experiment
Method
Participants Children were recruited from an urban chil-
dren’s museum and tested individually in private testing
rooms off the museum floor. We tested five-, six-, seven- and
eight-year-olds (N= 112; mean 7 years 0 months; range 4
years 11 months to 8 years 9 months). An additional 34 chil-
dren were recruited but not included in the analysis; 11 were
outside the age range; 14 were excluded due to experimenter
error, 6 were excluded for touching the target items before
the task was introduced, 2 were excluded for family interfer-
ence, and 1 for missing birthday information with which to
calculate age. Although we did not collect demographic in-
formation (beyond age and gender) for the participants, the
population recruited for the study was representative of the
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local population (48% Euro American, 22% African Amer-
ican, 20% Latino, 13% two or more races, and 10% Asian)
and of museum visitors as a whole (40% receive free or dis-
counted admission).

Children’s parents were asked to complete a form report-
ing their child’s preferred pronouns and gender identity (boy,
girl, other, or prefer not to say) as part of the consent process.
We used the parent report and did not independently ask the
child to report their gender identity. Children were tested in
the presence of their parents, and we did not want to put five
to eight-year-olds in the position of possibly publicly contra-
dicting their parents’ identification. All children but one in
our sample were identified by their parents as boys or girls;
one child was identified as gender fluid and was assigned to
a gender demonstration condition based on their gender iden-
tity that day.

Children were randomly assigned to one of four condi-
tions: Baseline (N = 27), Researcher Demonstration (N =
27); Same Gender Peer Group Demonstration (N = 28) or
Different Gender Peer Group Demonstration (N = 30), except
that we tried to match the number of children in each age bin
across conditions. Mean age did not vary significantly across
condition (Mean Baseline: 6 years and 10 months; Mean Re-
searcher Demonstration: 6 years and 9 months; Mean Same
Gender Peer Group Demonstration: 7 years and 2 months;
Mean Different Gender Peer Group Condition: 7 years and 2
months; p = ns for all differences from Baseline). We per-
formed a post-hoc power simulation to confirm our statistical
model would recover the true value of a condition effect at
95% power with our existent sample size.

Materials Demonstration items: a (long) 32.1 cm magnet
stick (a magnetic stir bar retriever) wrapped in either red or
blue electrical tape and a 8”x8.5” custom-made black picture
frame with iron filings covering a 4.5”x4.5” window depict-
ing a picture under acrylic glazing. The custom-made black
picture frame was covered with twelve glued on pom pom
balls varying from 14mm to 20mm in diameter.
Distractor items: a pencil with both ends covered in mask-
ing tape (18cm total length) with a 17mm-diameter pom pom
glued to one of the ends; a ruler wrapped in parchment print-
ing paper (30.5cmx3cm) with a 20mm-diameter pom pom
glued to one of the ends; and a (short) 15.4 cm magnet stick
(magnetic stir bar retriever) wrapped in either red or blue
electrical tape.
Task items: a clear round acrylic tube (length: 14”, inside di-
ameter: 17mm (0.67”), outside diameter: 20mm (0.8”)). A
glass marble (14mm (0.55”)) wrapped in foam clay and then
covered in silver metalized polyester mylar film tape (until
it reached a diameter of 17mm and 16mm in length) to cre-
ate a metal looking (but non-magnetic) bullet-shaped ball that
would fit very snugly in the tube, getting well and truly stuck.
Gender Peer Group Videos and Pictures: prior to the study,
18 children (9 boys, 9 girls, ages 4- to 8-years old) in the same
age group were recruited at the museum site and filmed while

using the demonstration items. Four montages of all boy-
presenting children or all girl-presenting children were cre-
ated. These montages depict one 60 second video of a child
using the tool for the entire duration of the video clip, and 8
still images of other children using the demonstration items.
Each child in the montage was given a gendered pseudonym
(e.g., ’Natalie’ or ’John’) which was displayed along with
their image (see Figure 1). Two versions of each all boy or all
girl montage was created, one depicting the boys/girls using
the long blue magnet stick; and one depicting the boys/girls
using the long red magnet stick. An iPad was used to show
participants the videos and pictures of other children using
the tool in the Gender Peer Group Demonstration conditions.
All items were placed on a 28”x14” shoe tray positioned at
the middle of the table. A second indistinguishable set includ-
ing demonstration, distractor, and task items was constructed
to allow for two researchers to conduct the experiments si-
multaneously in two separate experiment rooms.

Procedure In a direct replication of Defeyter and German
(2003), children were told that they would be playing with
items belonging to a puppet (here named ”Kartik”), and that
they would need to help Kartik as part of the game. Also
replicating (Defeyter & German, 2003), the solution to the
insight problem was always to use the long stick (counter-
balanced red/blue) to poke the ball out of the tube; however,
in the demonstration conditions, children always saw the long
stick used first as a magnet wand to remove metal filings from
a picture.

Researcher Demonstration Condition: In the researcher
demonstration condition, children were shown how to use the
long magnet stick to brush away the metal filings in the pic-
ture frame by a single adult demonstrator – the experimenter.
They were told: ”See, there is some metal dust hiding the
picture. And here is Kartik’s blue/red stick. It has a magnet
on the end and Kartik uses it to move metal things. Look,
here I am using it to brush away the metal dust hiding the pic-
ture”. The demonstration by the experimenter lasted 30 sec-
onds. Following the demonstration, the experimenter placed
the two demonstration items on the shoe tray on the table,
placing the magnet stick on top of the picture frame in or-
der to prime its function, and brought out the distractor items
and laid them out on the shoe tray, evenly spaced out. The
experimenter then introduced a transparent tube with a silver
(non-magnetic) marble stuck in the middle of the tube. Chil-
dren were told, ”now Kartik needs your help. Kartik went
and got this metal ball stuck in this tube, and they need it for
a magic show tonight. Can you help Kartik get it out? You
can use any of Kartik’s things, but one at a time, to get this
metal ball out.” Children were then handed the tube and be-
gan the insight task.
Gender Peer Group Demonstration Conditions: The two
Gender Peer Group conditions were identical to each other,
except that children saw either a group of children of their
own gender, or a group of children of a different gender; and
they were primed with both the object’s function as well as
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Figure 1: Experimental condition set up. (A) Baseline condition set up – all items are laid out on the shoe tray with no
demonstration involved. (B) Researcher demonstration condition set up – function of long magnet stick is demonstrated by
experimenter and magnet stick is left in a function prime position during test (on top of the picture frame). (C) Gender peer
group demonstration condition set up – the magnet stick’s brushing function is demonstrated by a video and 8 image stills of
boys or girls depending on the child’s gender and experimental condition (same or different gender experimental group). In
addition to the function prime, the iPad depicting the collage of stills is left on the table behind the demonstration items as a
gender prime at test. The color of long and short magnet sticks (red or blue) is counterbalanced, so is the side of the puppet
relative to the picture frame.

with the gender of the group of peer demonstrators at test.
Children were told that ”some of the children in the museum
have already gotten a chance to play with Kartik’s things.
Let’s watch what they did”. In both Gender Peer Group con-
ditions, the demonstration was introduced with generic lan-
guage (“Let’s see what the girls/boys chose to do with this
tool”).
Depending on the participant’s gender and condition assign-
ment, children were shown either the all boy or all girl mon-
tage, introduced with generic language. They were told:
”Let’s watch the girls/boys. This is Natalie/John, and they
went ahead and chose Kartik’s blue/red stick which Kartik
uses to move metal things because it has a magnet on the end.
See, they are using it to brush away the metal dust hiding the
picture”. After watching the single boy/girl demonstrating
the magnet stick for 60 seconds, they were then shown the
picture stills one at a time during another 60-second window.
The researcher pointed out the pseudonym of each child in
the stills, the fact that they chose to use the long magnet stick,
and repeated what the stick was for. At the end of the gender
demonstration, the experimenter repeated generic language,
”so, all the boys/girls used Kartik’s blue/red stick to brush the
metal dust away from the picture”. The experimenter then
brought out the distractor items and presented the children
with the insight task as in the Researcher Demonstration con-
dition; but in addition to the function prime, the experimenter
left the iPad on the table behind the demonstration items with
a collage of the 8 all boy or all girl stills showing on the screen
as a gender prime.
Baseline Condition: In the baseline condition, children were
presented the demonstration and distractor items one at a time
without being shown how any of these items were to be used.
The experimenter laid out picture frame followed by the items
on the shoe tray one at a time in a random order, saying only,

”Here is one of Kartik’s things, and another one...”. Then
the experimenter presented the children with the same insight
task as in the other conditions.

Results: Main Effects
All results were coded from video recordings by researchers
blind to condition. We coded for latency to solution after chil-
dren were presented with the insight problem. We also coded
whether children chose the long magnet stick on their first
reach for a tool, and whether children emulated the demon-
stration in their problem solving strategies and tried to use the
long magnet stick as a magnet (sweeping it on the outside of
the tube near the silver ball).

Latency We began timing the insight learning task from the
moment the experimenter let go of the tube unless the child
grabbed the tube or another item first, in which case the task
began when the child first touched the item. The end of the
task was determined in one of four ways: the moment the
child inserted the long magnet stick into the tube and touched
the silver ball; the moment the child extracted the ball using
another method (e.g., shaking the short stick vigorously in
the tube until the ball fell out); the moment the child said
they wanted to stop the task, or after 25 minutes of trying
unsuccessfully. In practice, almost all of the children were
timed out using the first measure; 5 children succeeded using
the short stick, 2 children gave up and did not complete the
task, and one child persisted unsuccessfully for 25 minutes.

Latency to solution ranged from a minimum of 3 seconds,
to a maximum of 25 minutes (mean: 1 minute 50 seconds,
median: 13 seconds). To address the right skewed latency to
completion data, we log transformed latency and fit a general-
ized linear model (GLM) with a gamma distribution, good for
analyzing latency outcome data, with an inverse link function.
This model performed well against other alternatives models,
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see Table 1. Lastly, we identified influential outliers using
Cook’s distance and removed outliers exceeding the conven-
tional threshold of 4/n, where n is the sample size, dropping
5 outliers.

Table 1: Model Comparison using AIC

Model Latency df AIC Best
Gamma:Inverse Link Log Transform 5 380.83 ∗
Linear Model Log Transform 5 418.73
Gamma:Log Link Original Scale 5 1171.96
Linear Model Original Scale 3 1541.46

Children solved the task rapidly at Baseline (mean solution
time: 6.33 seconds). Replicating previous findings of func-
tional fixedness, children were slower in each of the demon-
stration conditions than at Baseline (all p-values compared to
Baseline < .001).

As predicted, there was also a significant effect of who
demonstrated the function on children’s vulnerability to func-
tional fixedness. Although children in the Different Gender
Peer Group condition were slower to solve the task than chil-
dren at Baseline (mean: 16.82 seconds vs. 6.33 seconds),
they were much faster to solve the task than children in the
Same Gender Peer Group condition (mean: 48.61 seconds;
p < .01). This is not because children in the Same Gender
Peer Group condition were more than usually vulnerable to
functional fixedness. Although children in the Same Gender
Peer Group condition were slower than children in the Re-
searcher Demo condition (mean: 32.42 seconds) the differ-
ence did not reach significance (p = ns). Similarly, although
children in the Different Gender Peer Group condition were
faster to overcome functional fixedness than children in the
Researcher Demo condition, this difference was only a trend
(p = .07).

First Choice Tool We also analyzed children’s first choice
of tool in their problem solving strategies. We fit a logistic
regression (GLM with a binomial distribution and logit link
function) conventionally used for binary outcome data. At
Baseline, the probability of choosing the long magnet stick
(the correct tool to solve the problem) on first reach was 89%
(p < 0.001). Children were less likely to choose the long
magnet stick first in all the demonstration conditions com-
pared to Baseline (ps< 0.01); none of the demonstration con-
ditions differed significantly from each other (all comparisons
p = ns).

Brushing Action We fit a logistic regression to analyze if
children imitated the function demonstrated to them (a brush-
ing action to move the iron filings) at test. Children in the
Different Gender Peer Group condition were the only group
of children who did not differ statistically from Baseline in
their tendency to use the tool as a magnet, sweeping it on
the outside of the tube (Baseline: 4% of children vs. Re-

searcher Demo: 26%, p < .05; vs. Same Gender Peer Group:
29%, p < .05; and vs. Different Gender Peer Group: 13%,
p = ns). This suggests that children were less influenced by
the demonstration when it was provided by a group of differ-
ent gendered peers than when it was provided either by the
researcher or by a group of same gendered peers.

General Discussion

Taken together, these results suggest that children’s artifact
concept encodes not only what a tool is used for but who uses
it that way. Any demonstration of a function of a tool impedes
children’s ability to imagine alternative uses, but the imped-
iment (and tendency to imitate the demonstrated function) is
much less when children see the function demonstrated by a
group of peers of a different gender than a group of peers of
the same gender. When children identify less with the typi-
cal user of the tool (the people the tool is for), they are better
able to imagine other ways the tool can be used. Here, we
used gender as the basis for children’s social identification,
but future work could look at whether the same effect of so-
cial distance on functional fixedness applies to other social
concepts (age, race, language, etc.).

In the current study, we failed to replicate previous find-
ings of an effect of age on children’s sensitivity to functional
fixedness: the five-year-olds were as vulnerable to functional
fixedness in the demonstration conditions as the older chil-
dren. Possibly the particular function we demonstrated (using
the magnet wand) was more compelling to children than the
functions demonstrated in previous work (e.g., a pencil used
for drawing or a wand presented as a tool for making light),
or possibly the particular population of children we worked
with (visitors to an children’s museum) had more robust arti-
fact concepts. Future work might extend the study to younger
children (three and four-year-olds) to see if immunity to func-
tional fixedness does emerge, just at earlier ages.

Also, while we found that children were less vulnerable to
functional fixedness given demonstrations by a group of peers
of a different gender than by a group of peers of the same chil-
dren, we did not find that the gender demonstrations made
children either unusually vulnerable or unusually resilient to
functional fixedness compared to when the demonstrations
were carried out by an individual researcher. Nonetheless,
there was a trend for children to be faster to solve the problem
in the Different Condition than the Researcher demonstra-
tion, children in the Same Gender condition were the slow-
est to solve the task, and this effect was most pronounced in
the oldest children. Future work might extend the study to
older children (nine and ten-year-olds) to see whether they
become more flexible about gender roles with age (and thus
show no differential effects of gender demonstration on this
task) or whether they increasingly associate artifact functions
with gender roles with age, and thus become increasingly vul-
nerable to functional fixedness given demonstrations by same
gender peers.

This study undertook a replication of the classic study De-
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Figure 2: (A) Analysis of latency measure (logged) comparing all demonstration conditions to baseline; (B) analysis of logged
latency measure comparing all three demonstration conditions; (C) analysis of first tool choice at test; (D) and analysis of
imitation of brushing action (demonstrated function of magnet stick) at test.

feyter and German 2003, but focused on comparing two so-
cial learning conditions in which children were given demon-
strations by a group of same or different gender peers. Future
work might compare the effect of a single peer demonstra-
tor to that of a group of peer demonstrators to see whether
the gender of even a single peer demonstrator affects chil-
dren’s insight into alternative functions. Future work might
also look at whether girls or boys as a whole are more af-
fected by associating artifact functions with gender roles.

This study does not distinguish between universality and
typicality of the tool users’ genders. In this study, partic-
ipants in the Gender Peer Group Demonstration conditions
saw a group of all boys, or a group of all girls using the tool
as a magnet wand. Future work might show children a major-
ity (but not all) peers of the same gender using the tool as a
magnet wand and establish whether children’s insight learn-
ing is impacted only by seeing all same or different gendered
peers, or whether it is also impacted by seeing mostly same
or different gendered peers engaged in a behavior. Finally,
this study looked only at girls and boys. Some work sug-
gests that transgender children are as likely as cisgender chil-
dren to essentialize gender roles (Gülgöz, Alonso, Olson, &
Gelman, 2021; Gülgöz, DeMeules, Gelman, & Olson, 2019),
suggesting that transgender children may also be as likely as
cisgender children to incorporate gender roles into their arti-
fact concepts, but future research might look at whether this
is indeed the case, and whether children who are less likely to
make binary distinctions between genders are less influenced
by gender roles in inferring artifact functions.

The results so far, however, suggest that gender has a per-
vasive influence on the ease with which we see alternative
possibilities, even for the use of simple tools. Children as-
sociated artifacts with gender roles given minimal evidence:
just a few sentences of generic language, and two minutes
of demonstrations. When children saw the demonstration by
peers of the same gender, it took them more than twice as
long to discover an alternative use of the tool than when the
demonstration was by peers of a different gender. A little so-
cial distance appears to let us see things in a whole new way.
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