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Young children’s transmission of
information following
self-discovery and instruction

Didar Karadağ*, Marina Bazhydai and Gert Westermann

Department of Psychology, Lancaster University, Lancaster, United Kingdom

Children acquire knowledge through both independent exploration and other’s
instruction. While previous research suggests that children treat these sources of
information differently, little is known about how they convey such knowledge
to others. The current study investigated whether children distinguish between
self-explored and instructed information when teaching a naïve learner and how
this distinction may change as they develop. Two- and 5-year-old children (N
= 82; 37 females; predominantly White) were shown novel boxes with distinct
functions, which they learned about through either self-exploration or direct
instruction. In a subsequent teaching phase, children were asked to demonstrate
the boxes’ functions to a naive adult. The results showed that 2-year-olds
were more likely to demonstrate the instructed function first compared to
the self-explored function (Cohen’s d = 0.55), whereas five-year-olds showed
no such preference. These findings suggest that socially acquired information
carries different saliency for toddlers and older children, contributing to the
under-investigated field of children’s teaching in early childhood.
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Introduction

From the moment they are born, infants embark on an immense learning journey
about how the world works. Although there are many formal and informal routes
to knowledge (Rogoff et al., 2016), two important ways in which children effectively
acquire knowledge are learning through independent exploration, and through others’
explicit instruction. From infancy, they actively drive their own learning experience
by selectively attending to visual stimuli and manipulating objects in diverse manners,
and with increasing age their exploration becomes more sophisticated (e.g., Chen et al.,
2022; Kidd et al., 2012; Sim and Xu, 2017; see Schulz, 2012 for a review). Through
independent exploration, children learn ample information about the world such as how
novel objects function (e.g., Bonawitz et al., 2011; Schulz and Bonawitz, 2007) and causal
mechanisms inherent to their environment (e.g., Sobel and Sommerville, 2010; Yuniarto
et al., 2020). When interacting with novel objects, children seem to prioritize the evidence
that they themselves generated over the evidence generated by others, and learn better
from their own interventions (e.g., Kushnir and Gopnik, 2005; Schulz et al., 2007; Sobel
and Sommerville, 2010). For instance, Sobel and Sommerville (2010) presented 4-year-old
children with a novel box featuring different underlying causal relations as to how different
buttons could activate different colored lights (e.g., the button associated with a red light
could also activate the green light but not vice versa). After familiarizing them with the
novel box, children were assigned to three conditions: discovery (i.e., children acted on the
novel box to discover the novel causal relationship, then watched the experimenter act on
the box), confirmation (i.e., children first observed the experimenter and then acted on the
box themselves to confirm the efficacy of the actions that were previously performed), and
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observation condition (i.e., children only observed others act on
the novel box), and were later asked several questions about the
underlying causal structure of the box. Children who acted on the
novel box to discover rather than to confirm or observe the efficacy
of the actions performed better with regards to understanding the
causal structure of the box.

While children are good at learning through independent
exploration, much of their understanding of the world also
originates from social interactions such as observing others,
watching their demonstrations, or receiving verbal information
(Harris, 2012; Paradise and Rogoff, 2009; Tomasello, 1999). In
playful interactions with others, children may hear objects being
labeled or may be exposed to verbal descriptions of objects (e.g.,
Hilton and Westermann, 2017; Ma et al., 2022; Suanda et al.,
2019), they may observe others showing how to use a tool or a toy
(e.g., Bazhydai et al., 2020; Bonawitz et al., 2011), listen to others’
explanations about a concept (e.g., Gelman and Markman, 1987;
Lane and Shafto, 2017), or be corrected by someone (peer or adult)
after they make a mistake (e.g., Wood et al., 1995). While observing
others and acting on observed or taught information is important
for early learning (Paradise and Rogoff, 2009), as children develop,
the knowledge they acquire through social means becomes more
abstract and less reliant on direct observation or physical action
(Harris, 2012). Through a combination of their own exploration
and instructional input from others, children develop a broad and
flexible knowledge base.

Children as informants

When information transmission is considered, the possession
of knowledge is undoubtedly a defining feature of the teacher. In a
typical teaching-like situation, the more knowledgeable ones (often
adults such as parents, teachers, or older siblings) share information
with the less knowledgeable ones, typically children, pupils, or
younger siblings. Although maturity is typically associated with
increased knowledge, the knowledge states are transient, and can
vary depending on the context. For instance, depending on the
context, a generally more knowledgeable individual may lack
relevant information whereas a less experienced individual such
as a child may know it. This lays the foundation for bidirectional
knowledge exchange, including cases where children act as teachers.
Despite this potential, children’s roles as informative, effective
teachers remain disproportionately understudied (Qiu et al., 2024).

Like their abilities to actively acquire information, children
also demonstrate an early ability to share knowledge with others
(Bazhydai and Harris, 2021; Gweon, 2021). The initial signs of
information transmission emerge by 12 months of age through
behaviors such as pointing to relevant information (Liszkowski
et al., 2006). Children between 3.5 and 5 years increasingly share
information with others. These transmission episodes start as
mere demonstrations of actions necessary to achieve goals such
as playing a game. Later, these demonstrations are woven into
instructions that are accompanied by, for example, explaining
game rules (e.g., Davis-Unger and Carlson, 2008; Strauss et al.,
2002). As children mature, their transmission skills become more
sophisticated. They begin to consider who they are sharing

information with (e.g., Karadag and Soley, 2023; Kim et al., 2016)
and tailor the type of information they transmit depending on the
context (e.g., Bridgers et al., 2020; Danovitch et al., 2023; Gweon
and Schulz, 2019; Pueschel et al., 2022; Strauss and Ziv, 2012).
However, most research on children’s information transmission
has focused on children older than 4 years (e.g., Gweon, 2021;
Strauss and Ziv, 2012; Qiu et al., 2024). Although this focus appears
theoretically justified assuming that the cognitive prerequisites for
transmitting information such as theory of mind or intentionality
are absent in younger children (e.g., Corriveau et al., 2018; Strauss,
2022; Kulke et al., 2018), emerging findings demonstrate that
toddlers do engage in meaningful information transmission based
on what they have learned from others even without assuming that
these capacities are in place (for review, see Bazhydai and Harris,
2021). Therefore, neglecting this age group creates a mismatch
between empirical findings and theoretical models.

Some studies conducted on younger children have examined
adjacent behaviors, such as instrumental helping (see Buttelmann
et al., 2009; Martin and Olson, 2013; Warneken and Tomasello,
2006, 2007) which are conceptually distinct from informing. While
both roles require sensitivity to others’ states such as needs in
the case of helping and knowledge in the case of informing, the
latter often involves more abstract reasoning that is not confined
to the immediate context. For instance, by nature, instrumental
helping relates to the “here-and-now,” whereas informing—while
still applicable to the “here-and-now”—tends to encompass the
transmission of information that can potentially persist beyond
the immediate presence, and thus may involve distinct cognitive
mechanisms that merit closer investigation in early development.
It is evident that, despite the existence of some evidence with older
children (Qiu et al., 2024), research on infants’ and toddlers’ roles
as informants remains in its infancy.

What drives children’s decisions to transmit
information?

While children’s decisions as to what information to transmit
to others are often influenced by what others know or do not
know, considering the vast variability in knowledge levels between
individuals, focusing solely on a knowledge gap (e.g., Strauss et al.,
2002) is not always useful for effective information transmission.
Instead, it might be more beneficial to invest transmission
efforts in imparting information that holds a certain unique
significance. Such significance might depend on inherent properties
of information, such as complexity, generalisability, or social
relevance (Ronfard and Harris, 2018) as well as the context in which
they learned about it, such as whether they were explicitly taught or
learned it through self-exploration (Bazhydai and Karadag, 2022).
A question that remains unanswered is, then, whether the way in
which toddlers and children learn information influences what they
themselves transmit to other people. It is possible that children’s
own learning history might drive what they select to transmit
(Ronfard et al., 2016). Indeed, a specific claim has been made
about preferential transmission of information learned through
others’ instruction (Vredenburgh et al., 2015), arguing for a special
status of taught information by virtue of ostensive communication
signaling culturally relevant generalisable knowledge (see also
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Csibra and Gergely, 2009, 2011, though this theory does not make
assumptions about child-led information transmission). Ostensive
cues are important for attention selection and might influence how
children make inferences about information acquired in different
contexts (e.g., learner-driven or teacher-led) (Butler and Markman,
2012; Buchsbaum et al., 2011; Rhodes et al., 2010); however, their
engagement with pedagogically acquired information does not stay
uniform and children can increasingly combine different cues in
their learning environment and treat information acquired through
these cues in more nuanced ways.

While it is possible that children might nonetheless prioritize
taught information for transmission, the existing evidence is
mixed especially for younger children because a handful of
findings specifically on this question have been conflicting.
Vredenburgh et al. (2015) found that 2-year-old children learn from
adults’ pedagogical demonstrations (i.e., accompanied by ostensive
cues) equally well as from non-pedagogical demonstrations (i.e.,
intentional but lacking ostensive cues); however, they preferentially
transmitted pedagogically acquired actions to a naïve recipient
(Vredenburgh et al., 2015). In a later study, however, this finding
was not replicated, and 2-year-olds did not show any preference
between choosing to transmit actions learned through pedagogical
or non-pedagogical demonstrations. Instead, their transmission
was influenced by information complexity favoring a simple over a
complex action (Bazhydai et al., 2020). Considering these findings,
whether toddlers prefer transmitting taught information, or not is
not clear. While toddlers may be sensitive to, and their learning
might benefit from, ostensive communication, this alone is not
enough to prescribe a special status to ostensively communicated
information enabling copying or propagating it as culturally
relevant (e.g., Bazhydai et al., 2020; Tecwyn et al., 2020). It is
important to note that in both studies the main experimental
manipulation was whether children were taught ostensively or not.
Thus, these two studies do not provide us with insights about
children’s preferential transmission when taught information is
pitted against self-explored information.

Another study, on the other hand, addressed this specific
question. Ronfard et al. (2016) investigated whether 4- to 7-year-
old children’s teaching would be influenced by how they initially
learned about target information (i.e., their own learning history).
They presented children with novel puzzle boxes holding stickers
inside and taught them different methods varying in complexity to
retrieve stickers from a box. Additionally, half of the children were
provided with a chance to actively explore the boxes before being
taught how to retrieve the stickers. The authors found that children
transmitted the method faithfully if they only learned it through
instruction, and they preferentially transmitted the taught over the
self-discovered method only when the taught method was more
complex to figure out on their own. Finally, when the difficulty
of both methods was similar, they did not show a preference for
either method in their transmission decisions. Ronfard et al. (2016)
concluded that, at this age, children’s information transmission
is influenced by how children themselves initially acquired the
information in conjunction with the complexity of the acquired
information. However, two aspects of the study should be noted:
the nature of the tasks was instrumental to retrieving a reward, and
the information learned was causally relevant to the instrumental
goal. These two aspects might have primed children to consider

other factors such as figuring out the quickest and/or more efficient
way of retrieving the reward from the box in addition to how they
learned about the different methods (“naïve utility calculus,” e.g.,
Aboody et al., 2021; Jara-Ettinger et al., 2016).

While the findings reported above generate important insights
regarding older children’s behavior, they shed little light on the
question whether children, especially toddlers, would transmit
taught or self-explored information preferentially when there is no
immediate instrumental goal. One could expect a preference for
both transmitting information acquired through instruction and
self-exploration simply because the information learned through
these different means can be differently salient. Salience is often
described in relation to attention selection (Koch and Ullman,
1987; Posner, 1980) such that the properties of the external
world that are immediately attention-grabbing and difficult to
suppress or ignore are considered salient. This is important
because salience positively biases information retention and salient
information is often processed better than non-salient information
(Santangelo, 2015). In any learning situation, then, there are
differently weighted cues associated both with the information itself
(i.e., how salient the different features of the object are) and the
learning context (i.e., how salient the learning from self-generated
actions or other’s instruction is to the learner). The combined
salience of these different cues is weighted against each other
by the learner implicitly, and the more salient cues are selected
for further learning (see Yurovsky and Frank, 2017 for a similar
approach in the word learning domain). This approach can be
applied to the information transmission context as well (Bazhydai
et al., 2020), such that the weight assigned to different salience-
based cues during learning might influence what information
children transmit to others leading them to form a preference
for one over the other. The salience-based cues might be related
to either the properties of information or the learning context
associated with this information. By keeping the former almost
identical for each learning context, it is possible to test the role
of the learning context on children’s subsequent transmission of
learned information.

Taking children’s competence in learning from independent
exploration into this salience-based account, one could argue that
children might be inclined to preferentially transfer this type of
information to others. In other words, this potential preference
might stem from the salience of their own self-exploration. For
example, when children act on an object independently, their
interaction with the object is more likely to be driven by their
own interests (e.g., Mani and Ackermann, 2018, in the context of
word learning) compared to when they would be explicitly (and
passively) taught the same information by others. Supporting the
role of self-exploration argument, a recent study conducted with
3- to 5-year-old children found that children tend to overestimate
the role of one’s own actions on others’ learning, even when
they observe that learning actually occurs through the instruction
of a teacher rather than through self-exploration of the learner
(Sobel and Letourneau, 2018). Thus, at the core of this argument
is the idea that if learning about an object is self-driven by
inherent attention, interest or simply the involvement of the self
(through self-generated, unsupervised actions) during the learning
process, transmitting what was learned through this salient self-led
exploration might be prioritized.
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On the other hand, children might prefer to transmit
information that they were explicitly taught due to their heightened
attention to the context where a social partner, typically using
ostensive cues, demonstrated a particular action or shared new
facts. Based on the salience-based account, this would increase
the child’s focus on the learning environment without the
need to assume its special status due to communicative and
referential intentions of social partners (Heyes, 2016, 2017). While
acknowledging the prominence of ostensive communication in
children’s learning, it can be ultimately construed as one of the cues
among other highly salient social and non-social cues.

As children mature, a developmental change in their
preferential transmission may occur. This change may be
indicative of shifts in how children evaluate and integrate different
salience-based cues. For instance, younger children may rely
more heavily on perceptual salience (e.g., novelty or attention-
grabbing features), while older children might begin to attend
more to cues related to epistemic or social relevance as a natural
outcome of the developmental advances in cognitive skills such as
attention, working memory, and inhibition, which facilitate more
selective processing and greater flexibility in evaluating multiple
sources of information (Yurovsky and Frank, 2017). Additionally,
children’s developing understanding of the knowledge exchange
process, theory of mind and executive functioning skills and
increased exposure to more formal modes of learning, such as
schooling, might overall contribute to how the salience of different
information is processed, and how different salience cues are
integrated, and how they may guide decision-making (see Qiu
et al., 2024 for a meta-analysis). Consequently, an investigation
into whether children would preferentially transmit taught or
self-explored information in light of this framework may provide
a new venue for the debate on the factors that influence children’s
preferential information transmission.

Finally, understanding whether children prioritize information
learned through different modes—social instruction vs.
self-exploration—may have educational implications. This
investigation may provide insight into early cognitive development,
offering guidance for designing educational strategies that
align with children’s evolving preferences for guided and
independent learning.

Current study

In this study, we asked whether 2- and 5-year-old children
selectively transmit information that they were explicitly taught
over information that they self-explored. Since both possibilities are
motivated by the salience-based account as both carry the salient
weight, we did not form a directional hypothesis.

We further reasoned that children’s preference for one type of
information over the other might undergo a developmental change.
Thus, we investigated this question with two age groups, 2- and
5-year-old children who are different from each other in several
aspects (e.g., language skills, executive function, theory of mind,
social and normative understanding) and have different learning
experiences (e.g., 2-year-olds are only exposed to instruction in
informal play contexts, whereas 5-year-olds are exposed to both

formal and informal educational settings as well as are able to
demonstrate more sophisticated exploration skills).

Method

Participants

Forty-one 2-year-old (Mage = 24.75 months, Range = 22.86–
26.20, 18 females) and 41 5-year-old (Mage = 60.30 months,
Range = 54.43–71.36, 19 females), healthy, predominantly White,
English-speaking children were recruited to take part in this study.
For 2-year olds, data from three participants were excluded, with 38
participants in the final data (See Results for exclusion criteria). No
participants were excluded in 5-year-old group. We chose the age
groups of 2 and 5 years based on the following rationale: (1) in line
with previous research on early information transmission 2-year-
old children can readily transmit information that they acquired
from others (Bazhydai et al., 2020; Vredenburgh et al., 2015), and
(2) 5-year-old children have typically had at least a few months of
experience in Reception (i.e., the first year of formal schooling in
the UK) or have completed it. The age groups in question differ
markedly, particularly because 5-year-olds have more developed
socio-cognitive skills and early exposure to formal education.
This contrast may help us exploration the potential influences of
such developmental differences on children’s selective information
transmission. We used the same paradigm as for the 2-year-old
children but made slight modifications to the design to make it
more context-appropriate for 5-year-old children (see Procedure).
Ethical approval was received from the Faculty of Science and
Technology Research Ethics Committee at Lancaster University.
Data collection took place between December 2021 and September
2022. Participants were recruited from the Lancaster University
Babylab database and social media accounts, were compensated
with £5 for their travel expenses and received a storybook or a
T-shirt to take home with them as a thank-you gift.

Materials and stimuli

Four novel wooden boxes were created for this study (i.e., two
sound boxes and two light boxes). The two sound boxes were
perceptually almost identical. They were both oval-shaped, orange
and each had one push button on one side of the box (i.e., Box 1 had
a black button on the left side of the box, where Box 2 had a silver
button on the right side of the box). Each box played a different
novel tune that was composed using simple tones, and each tune
lasted around 3 s. The two light boxes were also perceptually almost
identical. They were both rectangular with a rounded top, green,
and each had one small push button and a light bulb on one side
of the box (i.e., Box 1 had a red button and a green bulb on the left
side of the box, whereas Box 2 had a silver button and red bulb on
the right side of the box). Each box turned on a different colored
light though the lights were dependent on the button presses,
thus, they were on as long as the push buttons were pressed (see
Figure 1 for the Stimuli). While the boxes were perceptually similar
and thus potentially challenging to distinguish for the duration of
the experiment across different phases, we incorporated multiple
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FIGURE 1

The stimuli used in the study.

indirect cues into the design to support children’s ability to track
the source of information without directly asking them. The spatial
positioning of the boxes remained consistent across the learning
and transmission phases, with placement being counterbalanced
for handedness. The boxes remained visible but out of reach
between phases, and their orientation and position were preserved
by the experimenters. Additionally, it should be noted that the
stimuli were designed to test both 2-year-old toddlers and 5-
year-old children. Since the younger age group has limited skills
compared to the older age group, we focused on 2-year-old toddlers’
communicative and cognitive capacities when designing the study.
This led us to design a task that would not rely on language skills
and create simpler toys with few functions that would be engaging
enough but not too distracting.

Design and procedure

Testing took place at the Lancaster University Babylab.
Before coming to the lab, researchers sent the informed consent
form through a Qualtrics survey platform link to the parents
along with the lab approved testing guidelines during pandemic.
Two experimenters aimed to interact in an equally friendly

and child-directed manner with the child. After welcoming the
participant and the caregivers into the lab, Experimenter 1 (E1)
explained the aim of the study and the experimental procedure to
the caregivers, went over the key points in the informed consent
form and ensured that the informed consent form was filled in by
the caregivers. Children were told that they would be playing a
“game” with no hints to its aim. Later, E1 provided a chance for
the caregivers to ask any questions about the study and invited
the dyad into the testing room. There were two blocks per child
with two different sets of objects (i.e., sound boxes vs. light boxes).
Since the boxes were almost identical, the main manipulation was
whether participants learned about the boxes through independent
exploration or through the experimenter’s instruction.

Before the study, both E1 and E2 played with the child for about
a minute using a wooden marble run game to familiarize the child
with the experimental set-up.

Learning phase
This phase had two trials. In each trial, one box from each set

(i.e., sound boxes vs. light boxes) were presented. Children learned
about the boxes in different ways such that if the first box was shown
by E1, the second box was independently explored by the child,
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and vice versa. The boxes used in the procedure were hidden in
a cupboard under the table away from the child’s view. E1 initiated
the procedure by telling the child that she had some toys that she
wanted to show them by saying “Let’s now play with other toys, let
me show you one.” Then, E1 took out one of the sound boxes. In the
first trial (e.g., instruction-first order), E1 took out the first box and
put it on the table outside the child’s reach. Upon making sure that
the child was attending to the box and making eye-contact with the
child, E1 told the child “Look [child’s name]! This is how it works.”,
then demonstrated the target function of the box once. E1 told the
child “Your turn” then pushed the box within the child’s reach for
the child to try. If the child did not engage with the box after 10 s,
E1 prompted the child by saying “Do you want to play with it?”,
if children played with the box, then stopped but had still time to
play, E1 told the child “You can play more if you want.” After 20 s
had elapsed, E1 took the box away from the child and thanked the
child. By putting the first box back into the cupboard, E1 took out
the second box. This time the experimenter held the box in her
hands, turned it around for a second and told the child “Oh, you
can play with it,” then put the box within the child’s reach without
showing how the box worked. After giving the box to the child, E1
took her phone and pretended to engage with her phone as the child
played with the toy. If the child did not explore the box within 10 s,
E1 looked at the child and said, “Do you want to play with it?”. If
the child played initially but stopped and still had the time, E1 said
“You can play more if you want”. After 20 seconds had elapsed, E1
took the box away from the child and thanked them. Then, E1 took
both boxes from the cupboard when E2 knocked on the door. E1
told the child, “Did you hear that? I think they need me outside; I
will go but I will come back. Can you wait for me here?”. E1 put the
boxes on her chair and left the room. Immediately, E2 entered the
room and initiated the transmission phase.

Transmission phase
E2 approached the child and said “Hi [child’s name], are you

okay?” Then, E2 looked at the chair, noticed the boxes and said
“Wow, what are these? I haven’t seen these before!” E2 then took the
boxes and put them on the table, and by pushing the boxes toward
the child, asked “What do these do? Can you show me?” and looked
at the child smiling. If the child did not show anything on the box
within 10 s, the experimenter prompted the child by saying “Can
you show me what these toys do?”. If the child showed anything,
E2 followed up with saying phrases like “oh,” “wow,” “cool,” “thank
you for showing me.” After 20 s had elapsed, E2 thanked the child,
took the boxes and left the room. Then, E1 re-entered the room
and repeated the Learning Phase with a different set of boxes with
different effects (e.g., light boxes) in the second order (exploration-
first order) followed by E2 repeating the Transmission Phase with
the new set of boxes. However, this time in the Learning Phase, E1
said “Do you want to see some other toys? Let me show you another
one.” In the Transmission Phase, E2 said “Wow, what are these new
toys? I haven’t seen these before either.” The orders used in the two
trials were counterbalanced across participants (see Figure 2).

The order of presentation (i.e., instruction-first vs. exploration-
first) was counterbalanced both within and between blocks and
between children. The order of presentation for the sound vs. light
boxes was counterbalanced across children.

Design and procedure were identical for both 2-year-olds and
5-year-olds except the following: First, before starting the study,
E1 told the 5-year-old children that she was going to show some
toys, but these were “baby toys,” thus might be a little easy for
them, and she was just curious about how they would play with
these toys. As the toys were visually and mechanically simple,
this framing provided the necessary age-appropriate context to
help minimize children’s over-interpretation of task demands and
reduce the likelihood that children would act out of complex
expectations. Second, the trial times were not fixed; once the child
overtly demonstrated that they were done with the toys or ∼20 s
elapsed, the experimenter took the toys back and proceeded with
the study.

Measures and coding

Behavioral coding was done offline from the video recordings.
A second coder coded 25% of all videos, and a Kappa statistic of
0.70 and a coefficient (Cronbach’s) α statistic of 0.80 were aimed
for agreement across coders for dichotomous and continuous
variables, respectively. Given the visible differences in experimenter
behavior when presenting the instructed vs. explored boxes, coders
were not blind to condition but remained blind to the study’s
hypotheses. The results of the reliability analyses showed a perfect
Kappa statistic of 1.00 for categorical variables and a minimum α

statistic of 0.90 for continuous variables. All disagreements were
resolved through discussion and a third coder’s judgment.

Learning phase
We coded whether children activated each function that was

either explored independently or taught, at least once. If children
failed to activate one of the functions during a trial, that trial was
excluded from further analyses. Additionally, we coded how many
times children activated each function.

Transmission phase
The primary outcome was the first function a child showed

to E2. As an additional measure, we also coded how many times
they activated each function within each trial. The choice of these
measures and the coding procedure was based on the preceding
research in information transmission by Bazhydai et al. (2020) and
by Vredenburgh et al. (2015)—i.e., first function and the number
of actions.

To capture children’s preference for transmitting the instructed
or explored function, we used the following coding procedure:
(1) Children received a score of +1 if they demonstrated the
Instructed function first in both transmission trials. We interpreted
this as a preference for transmitting the Instructed function.
(2) Children received a score of −1 if they demonstrated the
Explored function first in both transmission trials. We interpreted
this as a preference for transmitting the Explored function. (3)
Children received a score of 0 in two cases: if the children
demonstrated different functions first in each transmission trial
(e.g., demonstrated the Explored function first in one trial, and
the Instructed function in the other trial), or if they demonstrated
both functions simultaneously in both transmission trials. We
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FIGURE 2

Visual depiction of the experimental procedure.

interpreted this as no clear preference for either function. (4)
If children demonstrated both functions simultaneously in one
transmission trial, and demonstrated only one function first in the
other, children received a score for the trial where they made a
choice (e.g., +1 for the Instructed; −1 for Explored).

If children contributed data from only one transmission trial,
they received a score of +1 if they demonstrated Instructed
function first, a score of −1 if they demonstrated the Explored
function first, and a score of 0, if they demonstrated both
functions simultaneously. The interpretation of these scores the
same as above.

Analytical approach

We analyzed the data using a combination of traditional null
hypothesis significance testing and, where appropriate, equivalence
testing. We assessed engagement with each function in the Learning
Phase using independent-samples t-tests. We additionally ran two
one-sided tests of equivalence (TOST) to check if the number
of activations for each function could be considered statistically
equivalent across conditions. These results are reported alongside
the main findings.

For the Transmission Phase, where children unexpectedly
demonstrated both functions simultaneously or across trials, rather
than making a clear choice with one of the functions demonstrated
preferentially, these responses were coded as “both” but excluded
from the main preference analyses to preserve interpretability
in light of the research question. However, given the substantial
proportion of such cases, we conducted supplementary analyses
(reported in the Supplementary material), exploring alternative
analytic approaches. Mixed-effects models including participants
as random effects were attempted, but these yielded singular
fit and overdispersion, indicating they were not appropriate
for this dataset. We also conducted simplified models without
random effects, which produced results consistent with our
primary analyses.

For all analyses, we have tested the necessary assumptions
which were met unless otherwise reported.

Results

Exclusions

For both 2- and 5-year-old age groups, we excluded data on a
trial basis so that if a participant contributed data from only one
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trial, they were kept in the dataset. From the 2-year-old group, two
participants failed this criterion. Data from one more participant
was lost due to camera failure. In total, 22 trials (26.8% of 82
trials) were excluded for the following reasons: not activating both
functions at least once during the learning phase (15 trials), not
showing anything to E2 in the transmission phase (four trials),
and parental interference (1), camera failure (2). From the 5-year-
old group, we excluded a total of 10 trials (12.2% of 82 trials)
for the following reasons: not activating both functions at least
once during learning phase (eight trials), experimenter error or
equipment failure (two trials).

Learning phase

As a control check, we conducted a paired-samples t-test to
analyse whether children in each group activated the instructed
vs. explored functions equally often. For 2-year-olds, there was no
significant difference in the total number of times they activated
the instructed (M = 6.42, SD = 4.28) vs. the explored function
(M = 7.68, SD = 6.21), t(37) = 1.585, p = 0.121, Cohen’s d =
0.26. Similarly, for 5-year-olds, there was no significant difference
between activations of the instructed (M = 17.51, SD = 10.16) and
explored functions (M = 19.17, SD = 14.15), t(40) = 0.733, p =
0.468. These results confirm that both age groups interacted with
the two functions to a similar extent during the task.

While the number of activations for instructed and explored
functions did not differ significantly during the learning phase,
equivalence tests indicated that it was not possible to confidently
conclude that these activations were statistically equivalent, likely
due to limitations in sample size and variability in responses. This
pattern was consistent across both age groups, indicating that
while children engaged with both functions in a similar manner,
the observed differences were too variable to meet the criteria
for equivalence.

Transmission phase

To assess selectivity in information transmission, we first
examined the function children chose to demonstrate first to E2.
Twenty-two children contributed data from both trials, whereas
16 children contributed data from only one trial. A one-sample t-
test comparing their average first-choice scores against chance (0)
revealed a significant tendency to transmit the instructed function,
t(37) = 3.389, p = 0.002, Cohen’s d = 0.55. Specifically, 20
children showed the instructed function as the first function, five
children showed the explored function as the first function; and 13
children either showed both functions simultaneously or showed
the instructed function in one trial and the explored function in the
other trial as the first function. As our primary interest lay in the
study of children’s selective preferences and given that the “Both”
option does not accurately reflect a clear choice, these cases were
excluded from the planned analyses. A binomial test, excluding
responses marked as ‘Both’, confirmed a significant preference for
the instructed function, p = 0.004. Additionally, we examined the
total number of activations for each function, a paired-samples
t-test showed no significant difference between activations of the

instructed (M = 5.29, SD = 5.80) and explored (M = 4.68, SD =
5.49) functions, t(37) =−1.259, p = 0.22.

In the 5-year-old age group, 31 children contributed data from
both trials and 10 from one trial. A one-sample t-test on their first
choices did not reveal a significant difference from chance value (0),
t(40) = 1.840, p = 0.073. Fourteen children showed the instructed
function first, six children showed the explored function, and 21
children either showed both simultaneously, or each in a different
trial. A follow-up binomial test, excluding “Both” cases, indicated
no significant preference for either function, p = 0.115. As with 2-
year-old age group, a paired-samples t-test on the total number of
function activations showed no significant difference between the
instructed (M = 9.63, SD = 7.61) and explored (M = 9.88, SD =
8.16) functions, t(40) = 0.630, p = 0.53 (see Figures 3, 4).

Control analyses examining the role of box set and order of
presentation on these measures for both learning and transmission
phases are reported in the Supplementary material.

Cross-group comparisons
We compared children’s responses in the transmission phase

across both age groups to investigate age differences in transmission
preference. First, an independent samples t-test revealed no
significant difference between 2- and 5-year-olds’ first-function
choices, t(77) = 1.385, p = 0.17. For the secondary measure, we
conducted a two-way mixed ANOVA with mode of acquisition
(instructed vs. explored) as a within-subjects variable and age
group (2 vs. 5 years) as a between-subjects factor. Results showed
no main effect of the mode of acquisition on the number of
overall activations for each function [F(1, 77) = 0.347, p =
0.56], indicating that the instructed and explored functions were
activated equally. However, there was a significant main effect
of age [F(1, 77) = 9.795, p = 0.002, ηp2 = 0.11], with 5-
year-olds activating each function significantly more than 2-year-
olds (see Table 1). There was no significant interaction between
age group and the mode of acquisition on children’s overall
activation of each function in the transmission phase F(1, 77) =
1.919, p = 0.17).

In the figures below, we present both participant level responses
that were used to conduct the statistical analyses (Figure 3) and the
trial level responses from each transmission trial without averaging
across blocks (for participants who contributed data from both
blocks). Note that the latter were additionally analyzed with results
presented in the Supplementary material and corroborating those
reported above.

Discussion

We investigated whether 2-year-old toddlers and 5-year-old
children would display a preference for transmitting information
learned from others or through their self-exploration, and whether
any potential preference would persist across different age groups.
We argued that selectivity for either information type could be
explained with the salience-based account (e.g., Bazhydai et al.,
2020; Yurovsky and Frank, 2017) where each cue associated with
the learning environment is assigned a weight, and a combination
of these weighted cues would determine which information is
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FIGURE 3

Transmission of choices for the first action demonstrations: participant level. This figure shows transmission choices for the first action
demonstrations from the participants who made a preferential choice between transmitting Explored or Instructed function in one or both trials.

FIGURE 4

Transmission choices for the first action demonstrations: trial level. This figure focuses on each block that was contributed by children across both
age groups and shows the transmission choices that children made in each eligible Transmission trial. In total, 2-year-olds contributed 60 trials out of
82; whereas 5-year-olds contributed 72 trials out of 82 trials. Complementary analyses using this trial level data are presented in
Supplementary material which corroborated the conclusions reported here. For more detailed information of the descriptive statistics please refer to
Supplementary Tables S1–S3.

prioritized when the newly acquired information is selected for
further transmission. We found that despite learning equally well
through self-exploration and instruction in the learning phase,

2-year-old toddlers preferentially transmitted instructed over self-
explored information to a naïve learner in a teaching-like situation.
By contrast, 5-year-old children did not show a preference for
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TABLE 1 Frequency of activating each function in transmission across
age groups.

Type of Function Age Group M SD

Explored function 2-year-olds 4.68 5.49

5-year-olds 9.88 8.16

Instructed function 2-year-olds 5.29 5.80

5-year-olds 9.63 7.61

transmitting either type of information. However, when compared
directly across age groups, the analyses did not yield statistically
significant results, indicating that while there might be some
evidence suggesting a developmental shift, it is not supported by
direct comparisons between groups. Therefore, we interpret this
pattern cautiously and refrain from making strong claims about
age-related differences. Additionally, we note that the preference
analysis was limited to a subset of children who made a clear
first transmission choice, and most of these children opted to
demonstrate the instructed function. As such, the findings reflect
selective transmission patterns within this subgroup and should be
interpreted within that context.

Zooming in on the role of different cues in the learning context
(i.e., salience of being taught vs. salience of self-exploration), the
results of this study are compatible with the cue-combination
framework; however, we did not observe the stability of this
preference across the two age groups. It is possible that 2-
year-olds weighted cues associated with the learning context
more so that learning through a social partner’s instruction
was more salient than learning through self-led, independent
exploration. The different pattern that we observed in 5-year-
old children might be due to the changes in the weighting of
self-exploration. This is because in parallel with getting more
experience with learning through others’ explicit guidance and
instruction, children with age also become more experienced in
self-exploration: engage in more sophisticated forms of exploration
and complexity of the information that they learn through self-
exploration increases drastically (e.g., Meder et al., 2021; Pelz and
Kidd, 2020; see De Simone and Ruggeri, 2022, for a review).
Thus, instead of the learning context (i.e., how they initially
acquired information), the information that is more complex
or difficult might have become more salient and influenced
how the acquired information was prioritized for transmission.
Given that in this study we kept other cues relevant to the
information equally salient such as the complexity, functionality,
and appeal of the objects for both instructed and self-explored
information, the weight assigned to the social aspect of the learning
context alone might not have been sufficient to influence 5-
year-olds’ preference for transmitting instructed information as
observed in 2-year-olds. This interpretation is also compatible
with Ronfard et al.’s (2016) findings, where 4- to 6-year-olds’
preference for transmitting self-explored or instructed information
was modulated by the complexity of the method of extracting the
reward, and when the information features were equal (i.e., equally
easy), children simply did not show a preference for teaching
either method.

It should be noted that although the results for the 2-
year-olds might also be compatible with a richer explanation
ascribing “special status” to information acquired through others’
instructions (Vredenburgh et al., 2015), the finding that 5-year-
olds did not show such preference makes this interpretation
unlikely. If instructed information indeed had a special status
for further transmission, we would expect this advantage to
persist, if not become even more pronounced with age (e.g.,
Hoehl et al., 2019; Marsh et al., 2014; McGuigan et al., 2007;
Flynn and Smith, 2012; Flynn et al., 2016). The argument for
the early competitive advantage for socially acquired information
has also been widely debated in the learning context (e.g., Heyes,
2012a,b) with recent findings showing that both 2- and 5-year-
old children learn equally well from social demonstrations as
well as individual exploration across different cultures (i.e., UK
& China) (Atkinson et al., 2021). We conclude that, while our
findings could be interpreted as supporting a special status for
instructed information, they are more convincingly explained
by the salience-based cue-combination account. Rather than
positioning cue salience and social-cognitive reasoning as mutually
exclusive, we propose cue salience as a complementary lens that
may account for developmental shifts in how children weigh
different learning experiences when deciding what to transmit.
This perspective aligns with our findings and provides a more
integrative understanding of the mechanisms underlying children’s
transmission choices.

Some methodological considerations of our study warrant
further discussion. First, we base our interpretation on the
primary outcome measure (i.e., the first function activated in the
transmission phase). The “first” responses such as first tap on
a touchscreen (e.g., Frank et al., 2016), first visual fixation or
look (e.g., Ferry et al., 2010; Gliga et al., 2009; Libertus et al.,
2013), first object choice (e.g., Diesendruck and Markson, 2001),
first touch (e.g., Libertus et al., 2013), first grip (e.g., Butterworth
et al., 1997), first point (e.g., Liszkowski et al., 2006), first reach
(e.g., Clearfield et al., 2006), and first action (e.g., Brugger et al.,
2007), among others, have been widely used in cognitive tasks
with infants and young children. “First” responses are considered
to be the most sensitive measures as the responses are yet to
be influenced by any input or feedback that participants might
receive while completing the task (Diesendruck and Markson,
2001; Evey and Merriman, 1998). Additionally, a recent finding
suggests that children’s actions on a causal learning task might be
influenced by their first responses (Sobel et al., 2022). While the
number of times each function was demonstrated could also be
considered as an indicator of preference, it reflects more general
engagement, which could include exploratory, confirmatory, or
repetitive behavior that may not align directly with a selective
transmission preference. This helps explain why the two measures
do not necessarily yield the same outcome: a child may initially
demonstrate one function (indicating a preference) but go on to
activate both functions during the rest of the phase, perhaps out
of curiosity or thoroughness. Additionally, the traditionally used
measures of selectivity in young children such as the first reach or
look toward the boxes would have been problematic in the context
of our research question because, while they could be indicators
of selective attention allocation or an overall preference for
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engagement, these would not demarcate a preference specifically
for transmitting information unless children pressed the buttons
to demonstrate what the boxes did. It should be noted that while it
is not possible to explain what the “first” responses might signify
for children (ease of transmission, importance, etc.), choosing
one option over the other first consistently can be a marker of
preference. We are therefore confident that our main measure
provides crucial information despite not converging with our
secondary measure (i.e., the frequency of activating each function).

Second, the simplicity of the objects might have undermined
the influence of the self-exploration; while this might be possible
for older children, we designed this study primarily with 2-year-
olds in mind, reasoning that making the boxes more complex
would present a risk to mask toddlers’ abilities and preferences
to act on the objects. Although we did not quantify it, we have
anecdotal evidence to suggest that children’s first reaction to a
box in both groups differed slightly when they explored the box:
some tried to find other functions, some were interested in the
physical features of the box (e.g., the color of the box, button
and light, the surface of the box, whether the button rotates,
etc.), and some were curious about the content of the box and
tried to open it. Hence, even with a simple box like we used in
this study, self-led actions on the boxes could provide varied and
valuable information. In addition, there was substantial variability
in children’s activation counts for each function, particularly
during the transmission phase, as reflected in the large standard
deviations. The most likely reason for this is the differing temporal
characteristics of the two box sets: while the sound boxes produced
a fixed three-second auditory output, the light boxes flashed as
long as they were pressed, and if pressed briefly, could be activate
more often than sound boxes. This design feature was intentional,
we aimed to keep the two box sets as simple as possible, while
ensuring the effects were perceptually distinct. Varying the duration
of the effect was one practical way to achieve this distinction.
Although we thoroughly counterbalanced the assignment of boxes
across conditions to avoid introducing bias, these differences may
still have affected individual engagement levels. Similarly, it is
possible that this was related to the framing of the toys as “baby
toys.” While this experimental design choice may have influenced
children’s motivation to explore or transmit certain functions, it
was intended to align the task with developmental expectations and
reduce demand characteristics. Future studies could standardize
the temporal dynamics of effects (e.g., repeated flashes or matched
sound durations), while preserving the simplicity, distinctiveness
and age appropriateness.

Finally, unexpectedly, we found that 5-year-old children, unlike
2-year-olds, pressed both buttons simultaneously in almost half
of the eligible trials, reducing the number of trials that we could
include in analysis of selective preferences. More specifically,
this pattern of responding led to the exclusion of approximately
34% of 2-year-olds and 51% of 5-year-olds from the participant-
level analyses of the first function choices. At the trial level, this
corresponded to an estimated 43% of trials for 2-year-olds and
58% for 5-year-olds. While these exclusions were necessary to
ensure a consistent criterion for measuring a distinct preference,
we acknowledge that this decision reduced the available data, and
may have impacted the power of our analyses. To overcome this,

future research could employ alternative designs which prevent
simultaneous activations such as by using a remote-controlled
audio player or potentially making the transmission decision a
“forced choice.” While such alternative designs might be helpful,
they also introduce superficial constraints leading children to make
an explicit trade-off and potentially diminishing ecological validity
(but also see Qiu et al., 2024 who did not detect differences in
outcomes based on such methodological decisions).

While these results should be interpreted with caution, they
present a starting point for generating further research questions
and opening avenues for discussions about how selectivity in
information transmission is conceptualized and how it is influenced
by different learning contexts. Additionally, we contribute to
the relatively limited literature on the development of teaching
behavior in children younger than 4 years, by showing that 2-
year-olds eagerly respond to adults’ bids for information when
prompted, and their transmission may be influenced by how
they initially acquired this information. While the increase in the
interest for studying children’s ability to transmit information is
important for developing fruitful theoretical discussions, findings
that are limited to older children (e.g., Baer and Friedman, 2018;
Danovitch et al., 2023; Gweon and Schulz, 2019; Pueschel et al.,
2022) might also lead to relying on richer explanations that assume
complex socio-cognitive skills while dismissing leaner approaches
(see Qiu et al., 2024). Even though more sophisticated socio-
cognitive capacities such as theory of mind, executive functions,
and social motivation to be helpful (e.g., Davis-Unger and Carlson,
2008; Strauss and Ziv, 2012) might be essential for effective and
more tailored teaching by allowing teachers to consider the learners’
epistemic states and maximize the utility of information to be
provided (e.g., Aboody et al., 2022; Bridgers et al., 2020), they may
not be a prerequisite for the emergence and early development of
information transmission (Corriveau et al., 2018).

We argue that the proposed salience-based cue combination
account helps understanding the developmental trajectory in
preferential information transmission. For instance, considering
the performance of 5-year-olds in our study, the salience of the
cost (how difficult, complex, or opaque, and lack thereof) might
become more pronounced rather than the salience of learning
context. As they get older, children might simply be better at
appraising different aspects of information enabled by different
socio-cognitive skills. Coupled with their increased experiences as
learners and teachers, this combination of skills might eventually
lead them to reprioritize the cues assigned to the learning context
as well as the information itself.

There is still a myriad of questions remaining to be answered
with respect to several aspects of children’s preferential information
transmission, and what type of information is prioritized for further
transmission. For instance, it is possible that the salience of learning
from exploration decreased because the self-explored object was
selected by the experimenter and not by the learner. Here, if
the salience of self-explored information came from its relation
to own interest and attention, this might have undermined the
role of self-exploration. As this was an issue we pre-emptively
considered, we intentionally avoided letting children choose the
object in this manner because it might have led to a preference
just by virtue of having chosen one box over the other (e.g., Silver
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et al., 2020). Future studies could include a set of three identical
objects, where children are given a choice to explore one of the
three objects and then could be shown one of the remaining two
objects. Children can then be asked which of these objects they
would choose to teach (the toy they selected, or the one chosen
by the experimenter). While this would not completely account
for the potential confound mentioned above (i.e., the preference
being affected by the initial choice), it could enhance the role of
self-exploration. A carefully controlled set of studies should take
our question further by focusing on different social (e.g., receiving
direct instruction, observing a knowledgeable adult, ritualistic or
normative component of the information and learning process)
and non-social (e.g., salience of the different object features,
level of complexity) salient cues that might potentially influence
children’s choices.

While our study was not designed to offer direct practical
recommendations, these findings may contribute to a broader
understanding of how exploration and instruction shape children’s
information transmission. Although the current study provides
a focused and nuanced insight, future research could explore
how balancing different learning approaches might support
flexible knowledge transmission which may have implications
relevant for educational settings. These considerations may be
particularly relevant for younger children and across diverse
cultural or developmental contexts where learning modes are
emphasized differently.

In summary, our study suggests that toddlers might
preferentially share information that they have previously
learned through others’ instructions compared to their own
exploration, whereas such preference is not present in 5-year-old
children, all other experimentally controlled factors being equal.
This result should be treated as hypothesis generating and be
interpreted with caution given the lack of statistical significance in
the cross-age comparisons. We suggest that the early preference
for transmitting socially acquired information observed in toddlers
might be due to its inherent saliency enhanced by several aspects
of the learning context such as the use of ostensive cues. As
children get older, saliency of the self-led learning might increase
leading them to re-prioritize what information to transmit to
other people, potentially also considering other aspects, such as
efficiency, complexity, or appeal of information to others. Our
findings contribute to the growing body of literature within the
under-investigated field of children’s teaching in early childhood.
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