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Evaluating evidence and restructuring beliefs based on anomalous evidence are fundamental aspects of scien-
tific reasoning. These skills can be challenging for both children and adults, especially in domains where they
possess inaccurate prior beliefs that can interfere with the acquisition of correct scientific information (e.g.,
heavier objects fall faster than light ones). Across two experiments, we examined the additive benefit of com-
bining explanations with guided activities to promote conceptual change. In Experiment 1 (N= 238), 4- and 5-
year-olds were randomly assigned to one of three conditions: guidance with explanations, guidance only, or
baseline. The guided conditions varied only in the presence or absence of conceptual information (i.e., expla-
nation about gravity). Pre- and posttest measures showed that children’s predictions improved fromboth guided
conditions compared to the baseline condition but did not significantly differ from each other. Experiment 2
(N= 80, 5-year-olds) included a delay test and assessed children’s learning through the justification of their
predictions. Although children’s performance at the immediate posttest improved in both conditions, in the
guidance only, children’s performance returned to the pretest levels of understanding after the delay.
Children in the guidancewith explanations condition had greater understanding at posttest, retained this under-
standing long term, and transferred it to objects with the same weight. These findings highlight the role of
explanations in aiding children’s long-term learning from anomalous evidence in guided activities.

Public Significance Statement
This research shows that young children need supportive input from an adult to learn about complex
science concepts for which they have incorrect beliefs (e.g., heavy objects always sink, or heavy objects
fall faster than light ones). In this study, the adult provided support in the form of guidance and expla-
nations. Guidance from an adult during the learning process helps children produce evidence that chal-
lenges their incorrect beliefs. Adults can also provide children with scientific explanations that they
cannot produce on their own and thus facilitate the learning of correct scientific theories.
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Scientific thinking requires the ability to both differentiate between
theories and coordinate theory with evidence (Kuhn & Pearsall,
2000; Zimmerman, 2007). These critical scientific skills are often influ-
enced by the prior beliefs one holds, which can affect how evidence is
perceived and interpreted (Chinn & Brewer, 2001). Young children
have great difficulty evaluating evidence that conflicts with their prior
beliefs (Butts et al., 1993; Chinn & Brewer, 1992, 1993; Chinn &
Malhotra, 2002; Koerber et al., 2005). However, adult support, such
as explanations and guidance, can clarify challenging aspects of scien-
tific inquiry and help modify the learning process so that it matches the

skill level of the learner (Lazonder&Harmsen, 2016). This study inves-
tigated whether explanations combined with guidance can help young
children evaluate evidence that conflicts with prior beliefs and develop
their conceptual understanding of a physical science concept.

Intuitive Theories, Conceptual Change, and Anomalous
Evidence

By the time formal schooling begins, children have already devel-
oped intuitive conceptions of many aspects of the world (Lane &
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Harris, 2014; Pine et al., 2001; Shtulman, 2017). Their intuitive
beliefs can interfere with learning accurate scientific concepts, espe-
cially when beliefs are strongly ingrained (Gershman, 2019;
Vosniadou, 2013). Children do not learn from anomalous evidence
until they approach the approximate age where they begin to demon-
strate the correct understanding of the target science concept.
Previous research has found that 6- and 7-year-olds, but not 4- and
5-year-olds, learned to balance asymmetrical objects from observing
anomalous evidence (Bonawitz et al., 2012). Evaluating and restruc-
turing beliefs based on anomalous evidence alone is particularly dif-
ficult for young children because prior beliefs impose a strong bias
on reasoning and the features of evidence they attend to and encode
(Klahr & Li, 2005). Deeply entrenched beliefs are difficult to change
because they are supported by evidence and, in some cases, apply
across various domains (Chinn & Brewer, 1993). Although the spe-
cific mechanism responsible is not yet known, conceptual change is
the process of restructuring erroneous knowledge to incorporate cor-
rect information (Shtulman & Lombrozo, 2016; Vosniadou, 2013)
and learning to inhibit incorrect beliefs (Brault Foisy et al., 2015).
Early approaches to stimulating conceptual change in children

included providing themwith the opportunity to observe anomalous evi-
dence–evidence that contradicts one’s prior beliefs. In Posner et al.’s
(1982) pioneering conceptual change model, anomalous evidence was
used to induce dissatisfactionwith one’s beliefs and create cognitive con-
flict. As a result of this conflict, one should seek out or invent new the-
ories to explain the anomalies. However, an abundance of research has
demonstrated that children have great difficulty learning from anomalous
evidence and instead default to their prior beliefs. For example, kinder-
garteners failed to overcome their beliefs about the role ofweight inmak-
ing objects sink and float following hands-on activities that generated
anomalous evidence (Butts et al., 1993), even when their prior beliefs
were evoked before demonstrations (Kloos & Van Orden, 2005).
These difficulties have been found with older students as well. Even 9-
to 11-year-olds failed to demonstrate conceptual changewhen observing
anomalies across several science concepts (e.g., falling objects, electric
current, combustion; Chinn & Malhotra, 2002). Finally, when children
explored whether heavy objects sink faster than light ones, most 10-,
12-, and 14-year-olds tended to cling to their prior beliefs by designing
experiments to confirm those beliefs (Penner &Klahr, 1996). Only a few
older children successfully produced anomalies (e.g., displayed informa-
tive behaviors that adequately tested their beliefs).
The use of anomalous evidence to stimulate conceptual change can

be impeded during four cognitive stages: observation, interpretation,
generalization, and retention (Chinn & Malhotra, 2002). For example,
people of various ages hold a common but incorrect belief that heavier
objects always fall faster than lighter objects (Hast, 2014; Kavanagh &
Sneider, 2006). In one study, after repeatedly observing two different
weighted objects falling at the same rate, most 9- to 11-year-olds dis-
counted (e.g., “the heavy one fell faster”), misinterpreted (e.g., “both
objects have the same weight”), or reinterpreted (e.g., “the heavy
one is slower because it has glue sticking out”) the anomalous evidence
(Chinn & Malhotra, 2002). Because of these errors in the observation
and misinterpretation of anomalous evidence (Gershman, 2019), most
children failed to integrate the anomalies into their knowledge—thus,
preventing generalization and retention. Merely observing anomalous
evidence usually leads children to ignore, neglect, or reject anomalies
(Bonawitz et al., 2012; Butts et al., 1993; Chinn & Brewer, 1993;
Chinn & Malhotra, 2002; Gershman, 2019; Hemmerich et al., 2016;
Koslowski, 1996; Kuhn, 1989; Penner & Klahr, 1996; Potvin et al.,

2015; Renken & Nunez, 2010; Zimmerman, 2007; Zimmerman &
Klahr, 2018). Despite the difficulties with learning simply from anom-
alous evidence, prior research indicates two types of support that could
aid children’s learning from anomalies: providing explanations and
guidance during the learning process. As discussed above, prior
research indicates some limitations on relying on guidance alone for
restructuring deeply entrenched beliefs (Butts et al., 1993; Chinn &
Malhotra, 2002; Kloos & Van Orden, 2005; Penner & Klahr, 1996).
The current research will examine whether adding explanations to
guided activities promotes long-term learning from anomalous
evidence.

Adult support during inquiry is a middle-ground approach that
can help children learn scientific information better than traditional
instruction or unstructured student-led inquiry (Furtak et al., 2012;
Kuhn, 2007; Lazonder & Harmsen, 2016; Sweller et al., 2007;
Vorholzer & von Aufschnaiter, 2019; Weisberg et al., 2016).
Although explanations play a vital role in how evidence is evaluated
(Koslowski, 1996; Sandoval et al., 2014), Chinn and Brewer (1998)
argue that providing children with explanations to rationalize anom-
alous evidence is not sufficient for conceptual change because stu-
dents need to be convinced that the scientific explanations are
more useful and accurate than their own strongly ingrained concep-
tions. Thus, a guided activity where children are scaffolded to pro-
duce the anomalies and including conceptual explanations may
facilitate better performance when learning from anomalies. The
characteristics of the prior beliefs (i.e., strength, background knowl-
edge), anomalous evidence (i.e., credibility, quality, frequency), and
alternative explanation (i.e., availability and quality of explanations
or theories that oppose the child’s own) are all factors that impact
how well children learn. Children in this research were provided
with scientific explanations by a knowledgeable adult, in the context
of a guided activity in which they were scaffolded to produce anom-
alous evidence. Young children in particular need support consoli-
dating explanations and evidence (Kelemen et al., 2014).
Although empirical research has shown the importance of individual
factors of support (i.e., constrained environments, prompts, explana-
tions) on scientific understanding, little empirical research has exam-
ined multiple factors in combination (Lazonder & Harmsen, 2016).
The current research builds on research on the role of conceptual
explanations in science learning by examining whether embedding
explanations in guided activities impacts the revision of deeply
entrenched beliefs over and above the effects of guidance alone.

The Importance of Explanations for Learning Science

As early as age 3, children are ready to receive and interpret
age-appropriate causal explanations for physical events. Children
are able to select or propose physical events to explain physical rela-
tions, biological patterns for biological relations, and psychological
phenomena for psychological relations (Keil, 2006). Research has
documented that young children can learn about complex science
concepts from causal explanations provided in picture books, such
as natural selection (Kelemen et al., 2014), balance (Larsen et al.,
2020), sinking and floating (Ganea et al., 2021), and even the rate
at which objects fall (Venkadasalam & Ganea, 2018). When child-
ren’s current beliefs are incongruent with evidence, alternative
explanations for anomalies provide children with a framework to
interpret the evidence in inquiry activities (Brewer et al., 1998;
Chinn & Malhotra, 2002), which can potentially enhance children’s
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immediate (i.e., making correct observations and interpretations)
and long-term (i.e., generalizations and retention) learning.
One study examined the impact of explanations combined with

anomalous evidence embedded in guided activities that children
experienced first-hand compared to picture books they listened to
(Larsen et al., 2020). Five-year-olds learned to balance asymmetrical
objects equally well from both interventions compared to a baseline
activity with no guidance and a control book about plants. This
research illustrates the important role of explanations when learning
from anomalies. When anomalous evidence was combined with a
refutation of the incorrect idea and an explanation, either through
a picture book or a guided activity, 5-year-olds incorporated distance
into their beliefs about balancing unevenly weighted objects.
Another study examined whether the order of explanations from

picture books when combined with a guided anomalous evidence
activity plays a role in the learning of a more complex and deeply
entrenched concept (Ganea et al., 2021). During a posttest that imme-
diately followed the intervention phase, children revised their beliefs
about sinking and floating more successfully when the alternative sci-
entific explanation preceded the anomalous evidence than when the
explanation followed the anomalous evidence. Having access to an
alternative explanation before anomalies helped children interpret
the evidence that did not fit their intuitive beliefs. The reverse order,
where they first interacted with anomalous evidence and then received
a scientific explanation for it, impeded their ability to use the alterna-
tive explanation as well. Together these one-session interventions
demonstrated that reasoning about anomalous evidence was difficult
for 5-year-olds unless they received a plausible explanation for the
anomalies. We do not currently know whether such explanations
would have an impact on strongly engrained beliefs over longer peri-
ods of time.
Research with older children showed that providing students with

an explanation before anomalous evidence only improved their abil-
ity to make the correct observations but provided no additional ben-
efit in the interpretation, generalization, or retention stages (Chinn &
Malhotra, 2002). Similarly, Hardy et al. (2006) found that when
third graders were prompted to reflect on their beliefs about sinking
and floating and consider a new explanation, they improved their
understanding immediately and maintained their learning after a
year. In contrast, children who were only provided with the correct
explanation improved their understanding at posttest but did not
maintain this knowledge at the delay test. This research highlights
the importance of embedding scientific explanations in guided activ-
ities. This may be especially important when trying to address young
children’s entrenched beliefs.

The Role of Guidance in Learning

Research has demonstrated that for everyone but experts, minimal
guidance during instruction is less effective than extensive guidance
(R. Clark et al., 2012). Thus, for conceptual change to occur, chil-
dren need more support than merely observing anomalous evidence
(Butts et al., 1993; Chinn & Malhotra, 2002; Kloos & Van Orden,
2005). Beyond the provision of an alternative explanation, this
study provided children with guidance to help them during the
inquiry process because conceptual change requires diverse experi-
ences with the target concept and a supportive environment for opti-
mal learning (Duit et al., 2013). This work classified guidance as
adult support and direction in play-based learning. Research has

shown that adults can tailor the learning process to help the child
learn as this approach takes inspiration from Vygotsky’s “zone of
proximal development” (Weisberg et al., 2016; Yu et al., 2018).
Guidance was defined as dyadic interactions where adults scaffold
the process to foster pedagogical objectives without interfering so
that the activities remain child-led (Yu et al., 2018). This can include
giving children clear objectives for an activity, such as to find out
how objects fall when dropped at the same time.

Adult guidance, especially with younger children, can help make
the evidence more explicit so it can be adequately integrated with
children’s prior beliefs and, as a result, successfully restructure their
knowledge. For effective integration of evidence, children can be
guided to systematically track and assess the anomalies across several
instances (Tolmie et al., 2016), potentially highlighting the conflict
between prior beliefs and evidence (Cheng & Brown, 2010;
Zimmerman, 2007). If children receive both experimental and reflec-
tive support, they may be more likely to produce anomalous evidence
and make accurate observations and interpretations. In this study,
adults offered guidance to children during the inquiry process.
Adults helped to create, observe, and correctly interpret anomalous
evidence. This would allow children to be in a position in which
they can possibly create their own explanations for the anomalies.
The guidance condition would be more informative than the educa-
tional approach whereby children need to construct their knowledge
and theories on their own (R. Clark et al., 2012).

The Current Research

The current work consisted of two experiments that focused on the
concept of free fall. We build on previous work to examine how
explanations can be used to improve young children’s observation,
interpretation, generalization, and retention of anomalous evidence
and extend this to younger children. Recall that when older children
were provided with explanations for anomalies, they only used
explanations during the initial observation stage (Chinn &
Malhotra, 2002). We aimed to improve children’s ability to rely
on explanations beyond the observation stage and to help them
apply the explanations to the interpretation, generalization, and
retention stages. Therefore, instead of providing explanations before
the observation stage, in this study, children were first prompted to
produce and observe anomalous evidence and then guided to draw
the correct conclusion. Since research has shown that children strug-
gle to produce anomalies (Penner & Klahr, 1996) and make accurate
observations (Chinn & Malhotra, 2002; Tolmie et al., 2016), guid-
ance was used for scaffolding the observation process. Children
were asked to explain the anomaly during the guided activity with
the goal of making them realize that their beliefs do not align with
the evidence they just observed, thus highlighting a gap in knowl-
edge. Following the guided observation of anomalous evidence,
half of the children also received a conceptual explanation of the evi-
dence. Unlike previous work, the explanation was included in the
activity instead of being provided before or after the evidence.
This manipulation allowed us to explore whether and how the provi-
sion of conceptually rich explanations improved children’s ability to
interpret, encode, and generalize their learning from anomalous evi-
dence. Given existing evidence that explanations helped support
older children’s ability to make correct observations about anoma-
lous evidence (Chinn & Malhotra, 2002), this research investigated
the effect of explanations beyond the observations phase in young
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children with complex physical science concepts. The explanations
in this study contained simple and straightforward causal informa-
tion about a physical science concept. The explanation was also
paired with a refutation of the incorrect belief as conceptual change
research has shown that refutations can further promote conceptual
change (Ganea et al., 2021; Kendeou et al., 2014; Larsen et al.,
2020; Tippett, 2010; Venkadasalam & Ganea, 2018). The main
research question was whether embedding an explanation, which
included a refutation of incorrect prior beliefs and information
about the observed phenomenon, in a guided activity aids in the
interpretation and generalization of anomalous evidence and pro-
motes conceptual change above and beyond the effect of guidance
alone in young children. These experiments were not preregistered,
but the data are available on the Open Science Framework website
(Venkadasalam et al., 2023).

Experiment 1

The first experiment investigated whether the presence of an expla-
nation embedded in a guided activity helps 4- and 5-year-olds revise
their beliefs about falling objects. Research has shown that the ability
to use evidence to make inferences develops significantly between the
ages of 4–6 but supporting children in these years can help to improve
later abilities (Tullos & Woolley, 2009). We build on previous work
that found that 4- and 5-year-olds revised their predictions about fall-
ing objects after hearing an explanation from a picture book
(Venkadasalam & Ganea, 2018). Since explanations with a refutation
in a picture book alone were effective at promoting the revision of
beliefs for this specific concept, we directly extend this work by
embedding identical explanations into guided activities to examine
whether explanations provide a benefit beyond guidance alone.
This experiment had three conditions: guidance only, guidance

with explanation, and a baseline condition. In the guidance only con-
dition, the experimenter scaffolded children to produce examples of
anomalies and ensured that children made the correct observations
by explicitly verbalizing that both objects hit the ground simultane-
ously. The guidance with explanation condition was the same,
except the experimenter embedded conceptual information (e.g.,
“What goes up must come down. When an object is tossed into
the air it will always come back down. If you hold an object and
let it go, will it fall to the ground?”) in the activity, refuted incorrect
beliefs (e.g., “Both jars reach the ground at the same time, even
though one is heavier than the other, just like the boxes. Some people
think heavier things reach the ground before light ones! Let’s find
out if the same thing happens with buckets.”And explained the con-
cept of gravity). Comparing the two guided conditions indicated
whether explanations promoted the correct interpretation and gener-
alization of the anomalous evidence above and beyond the effect of
guidance alone. The comparison between the two guided conditions
and the baseline condition, which included no guidance or explana-
tion, provided insight into children’s ability to produce and evaluate
anomalous evidence with and without support. The baseline condi-
tion parallels what frequently happens in the classrooms because
many educators approach inquiry base science activities with the
belief that children need to construct their own knowledge and the-
ories (R. Clark et al., 2012).
Children’s conceptual understanding was measured before and

after the intervention. Children were asked to predict whether same-
and different-weight pairs of objects fall at the same rate.We expected

more correct predictions for same-weight objects at posttest for all
conditions. However, we expected differential response patterns for
object pairs that differed in weight. For the baseline condition, we
hypothesized no significant improvement from pre- to posttest
because children would struggle to produce anomalous evidence.
For the small number of children in the baseline conditionwho created
examples of anomalies, we hypothesized that childrenwould have dif-
ficulty with the observation stage (i.e., drawing correct conclusions
about the outcome) because objects accelerate quickly to reach termi-
nal velocity. Relative to the baseline condition, we hypothesized that
children’s performance in both experimental conditions improved
from pre- to posttest because they were guided to produce and observe
anomalous evidence. Importantly, we hypothesized that children in
the guidance with explanation condition would make more accurate
predictions at posttest than children in the guidance only condition.
These findings would support the conclusion that explanations
embedded with guidance aid younger children’s observation of anom-
alous evidence beyond the observation stage.

Method

Participants

Two hundred and thirty-eight 4-year-olds (n= 120; M= 4.53;
range: 4.01–4.98; 62 females, 58 males) and 5-year-olds (n= 118;
M= 5.46; range: 5.00–5.99; 59 females, 59 males) participated in
this study. Sixty-seven additional children were excluded because
they had a perfect score on the pretest (n= 25), did not complete
the protocol (n= 15), were exposed to English ,50% of the time
at home (n= 22), experienced parental interference (n= 2) or
encountered experimenter error (n= 3). Approximately equal num-
bers of 4- and 5-year-olds were randomly assigned to one of three
conditions: guidance with explanation (n= 78, Mage= 4.96; 41
females, 37 males), guidance only (n= 79,Mage= 4.99; 39 females,
40 males), and baseline (n= 81,Mage= 5.03; 41 females, 40 males).

Participants were recruited and tested at a science museum in a
major metropolitan area of southern Ontario, Canada. The [univer-
sity] Research Ethics Board (REB) approved this experiment. A
female experimenter individually tested children in a designated
testing area. The sample of children came from diverse ethnic back-
grounds, including Asian (28%), White (26%), Latin American
(1%), Black (1%), and mixed race (17%) children. An additional
26% of families declined to disclose ethnicity. Of those families
who disclosed income, most children came from middle- and upper-
class families (35%); however, 56% of families declined to disclose
this information. A bachelor’s degree (15%) was the modal level of
parental education, although 24% of families declined to disclose a
level of education for either parent.

Materials

There were two object sets for the pre- and posttests, each of which
consisted of four pairs of objects, for a total of eight object pairs
(for pictures of each object set, see Supplementary Material A:
Objects Sets for Test Phase in the online supplemental materials).
All pairs were the same size and shape, but two were the same
weight, and two were different weights. Half the pairs (one same
weight and one different weight) were identical objects, whereas
the remaining two were visually distinct. Object sets were counter-
balanced across test phases (pre- and posttest). However, the order
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of presentation was the same for all children (identical same
weight, nonidentical different weight, nonidentical same weight,
and identical different weight) to avoid differences in response
patterns between children.
Although children only completed a single activity, two types of

activities were developed to ensure that any differences in learning
were not a function of the type of activity. The fill and drop activity
(n= 118) and a prediction with video activity (n= 120) each pro-
vided three examples of anomalous evidence, showing two differ-
ently weighted objects falling at the same rate (see Supplementary
Material B: Activity Scripts and Materials in the online supplemen-
tal materials). For the fill and drop activity, children were given three
pairs of containers (boxes, jars, and buckets), and within each pair,
the containers were similar in size. During the activity, one of the
containers from each pair was filled with light materials (feathers,
pom-poms, yarn, or sponges) and one with heavy materials (mar-
bles, rocks, crystals, or blunt-tipped nails). For the prediction with
video activity, children were given three pairs of objects (blocks,
balls, and animals) one pair at a time. Within each pair, objects
were similar in size but varied in weight. In this activity, children
recorded their predictions and the results on aworksheet. The predic-
tion sheet had three rows with a picture of each pair of objects and
two columns, one for their prediction and one for the outcome.
Each column contained pictures of two balls falling at the same or
different rates, which children could circle. After observing each
pair of objects fall in person, children also watched a video clip of
the objects being dropped in slow motion.

Procedure

This study used a between-subjects design, with four phases in the
protocol: a weight test to ensure children understood weight; a pre-
test administered to determine children’s prior beliefs; an interven-
tion phase designed to target their prior beliefs; and a posttest to
measure learning. During the intervention phase, children were ran-
domly assigned to complete a single activity in one of three condi-
tions: guidance with explanation, guidance only, or the baseline
condition (see Table 1 for summary). The entire session was video
recorded and lasted approximately 15–20 min.
Weight Test. First, children were asked to compare the weight

of objects to ensure that they had a fundamental concept of weight.
Two pairs of objects were used, onewith the same and onewith dif-
ferent weights. Children were asked, “Do these objects have the
same weight or different weight?” followed by “How do you
know?” Children who correctly justified their answers (e.g., “this
one is heavy and this one is light”) proceeded directly to the test

phase. Children (n= 165) who answered incorrectly or incorrectly
justified their answer (e.g., “this one has spots”) were taught about
weight. The experimenter asked children to think about how heavy
and light objects feel in their hands. After the training, all children
demonstrated an understanding of weight and continued to the
pretest.

Test Phase. The pre- and posttest each followed the same proce-
dure. Children held an object pair and were asked whether object pairs
had the same size and weight, highlighting these two features. For
different-weight pairs, children were also asked to identify the heavier
object. Across the trials, children were adept at assessing whether
the objects were equal in size (98.27%), whether the objects had
the same or different weights (99.68%) and identifying the heavier
object (99.79%). Most children answered correctly, but the few
who answered incorrectly on some trials were not excluded and
received feedback on their answers. Children were then asked the
test question: “If I held the objects out like this and let them drop,
do you think one of the two will fall faster, or do you think both
will fall at the same time?” The sequence of the predictions (i.e.,
one or both) in the test question was counterbalanced. After answering
the test question, children received neutral feedback (“Thank you”).

Activity Intervention. Children in each condition completed
one activity. In the fill and drop activity, children were given a
pair of empty containers similar in size and a selection of heavy
and light “filler” objects. They were told they would find out what
happens when two objects were dropped together. Children were
instructed to fill one container with lightweight materials and one
with heavy materials. They were then given the containers and
asked to compare their weight. The experimenter also explicitly
told children which container was heavy and light to direct their
attention to the difference in weight. The experimenter then dropped
the containers, and the children observed that both fell at the same
rate. If children made an incorrect observation and concluded that
one fell faster, the containers were dropped again, and children’s
attention was directed to the fact that the objects fell simultaneously.
This process was repeated with two remaining pairs of containers
and different heavy and light materials.

In the prediction with video activity, children in both experimental
conditions were shown a prediction sheet and told they would exper-
iment like scientists. They were told they would make predictions
about what happens when different objects are dropped together,
test their predictions, and record the results. Children were given
one pair of objects that varied in weight. They made predictions
about how the pairs of objects would fall when dropped together
(at the same time, or one faster than the other). They observed the
experimenter drop the pair of objects and were immediately asked

Table 1
Design Summary for Experiment 1

Elements in each condition Guidance with explanation Guidance only Baseline

Instructions highlight prior beliefs ☑ ☑ ☑
Summary of observations ☑ ☑
Guidance to create anomalous evidence ☑ ☑
Make correct interpretations ☑ ☑
Conceptual information throughout activity ☑
Refutation before final anomalous evidence ☑
Explanation at the end of the activity ☑
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for their observation. If children made an incorrect observation and
concluded that one fell faster, the objects were dropped again, and
children’s attention was directed to the fact that the objects fell
simultaneously. Next, the children watched a video clip of the
objects being dropped in slow motion. The clip encouraged children
to make accurate observations that the objects fell simultaneously.
Finally, the children recorded their observations on the prediction
sheet. This procedure was repeated with two more pairs of objects.
The activities were completed the same way across the two exper-

imental conditions, which differed only in the conceptual informa-
tion provided during the intervention. In the guidance only
condition, children completed one activity following the procedure
described above. They were guided to create and observe the anom-
alous evidence but did not receive conceptual information or an
explanation about gravity. In the guidance with explanation condi-
tion, the experimenter provided conceptual information related to
the concept in the activity (i.e., “What goes up must come
down”), connected the evidence across trials (i.e., “Just like with
the blocks”), and explained gravity at the end of the activity (i.e.,
“Gravity is the force that makes objects fall to the ground. Gravity
affects things that are similar in size in the same way. When objects
that are almost the same size are dropped together, they reach the
ground at the same time, no matter what they weigh.”).
In the baseline condition, children were given objects from the

activities and asked to find out how objects of different weights fall
when dropped together. Children received no guidance on how to
find the answer and received no feedback about whether they made
correct observations. The containers and materials that children in
this condition received for the fill-and-drop activity were chosen to
keep the task simple. They had two identical containers, rocks, and
pom-poms, to prevent them from becoming overwhelmed or dis-
tracted, but could interact with the objects for as long as they wished
(i.e., drop objects as many times as they liked). In the prediction with
video activity, children were given all three pairs of objects and shown
how to access the slow-motion video on an iPad. Since the iPad was
locked on the video screen, children could only pause and play the
video and had no trouble accessing them.

Coding

All sessions were live-coded and recorded. Two research assis-
tants who were blind to the conditions and hypotheses coded child-
ren’s responses to the pre- and posttest questions. Children’s
predictions were scored as 0 (one object falls fasters) or 1 (both
objects fall at the same time). Most of the children’s responses
were coded from videos (90%), but live coding was used for 25 par-
ticipants because the session was not recorded properly. There was
high interrater reliability determined by Cohen’s κ= .94, p, .001,
a 96.86% agreement rate. A third coder resolved disagreements.

Results

For the hypothesis-driven analysis, we examined whether child-
ren’s predictions changed after the intervention as a function of
the condition. We also considered the effect of weight (same- vs.
different-weight pairs) on predictions because children who believe
that weight determines the rate at which objects fall would predict
heavier (or in some cases the lighter) objects to fall faster, and that
same-weight object pairs would fall at the same rate. Logistic
mixed-effect modeling was used to determine whether children

changed their predictions about the rate at which pairs of objects
fall following an activity. This type of modeling was selected to
account for random intercepts for participants and trials (Baayen et
al., 2008), the presence of within- (test phase and weight) and
between-subject (conditions) factors, as well as to accommodate
the binary nature of the dependent variable. Random slopes were
not included because we were interested in overall change across
children rather than individual slopes for each participant. The mod-
els were fit using the lme4 package (Bates et al., 2015) in R (R Core
Team, 2019). This analytic strategy was used in all analyses.

A preliminary analysis found that age (4- vs. 5-year-old), activity
(fill and drop vs. prediction with video), and counterbalancing of
object sets were not related to children’s predictions, so these factors
were excluded from the following analyses. A separate analysis indi-
cated that pretest scores were not statistically different across the
three conditions (ps. .74). Figure 1 displays the proportion of cor-
rect predictions for all three conditions at both test phases for same-
and different-weight objects.

The model included fixed effects and the interaction with the var-
iables: weight (same and different), test phase (pre- and posttest),
and condition (guidance with explanation, guidance only, and base-
line). For the fixed effects of the weight and test phases, simple
planned contrasts (−.05, .05) were conducted. The fixed effect of
the condition was analyzed with two simple contrasts comparing
the baseline to the experimental conditions (c1: −.66, .33, .33)
and comparing the guidance only to guidance with explanation
(c2: 0, −.5, .5) condition. The model included random intercepts
for participants and fully cross-random effects for the trials (i.e.,
all children encountered every pair). Parameter estimates for these
models are summarized in Table 2.

There was a significant effect of weight, such that children made
more correct predictions about the same-weight (M= 0.72, SD=
0.45) than the different-weight (M= 0.33, SD= 0.47) objects.
There was a significant main effect of the test phase which indicated
that predictions made at posttest (M= 0.64, SD= 0.48) were more
accurate than those made at pretest (M= 0.41, SD= 0.49). There
was a significant effect of condition which revealed that children in
the experimental conditions (MGwE&GO= 0.56, SD= 0.50) made
more correct predictions than those in the baseline condition (M=
0.46, SD= 0.50). There were significant interactions between weight
and both condition contrasts (c1: baseline vs. experimental conditions
and c2: guidance with explanation vs. guidance only). Follow-up tests
for both types of weight separately indicated that children’s predic-
tions were similar across all conditions for same-weight objects
(MGwE= 0.69, SD= 0.46, MGO= 0.72, SD= 0.45, MB= 0.73,
SD= 0.44), but children’s predictions differed across all conditions
for different-weight objects. Children in the guidance with explana-
tion condition (M= 0.46, SD= 0.50) had the most accurate predic-
tions, followed by those in the guidance only condition (M= 0.34,
SD= 0.48) and children in the baseline condition had the least accu-
rate responses (M= 0.19, SD= 0.39). There was also an interaction
between test phase and condition (c1: baseline vs. experimental).
Follow-up tests for each test phase separately revealed that children’s
predictions were similar across conditions at pretest but differed as a
function of condition at posttest. Children in the experimental condi-
tions improved from pre- (MGwE&GO= 0.40, SD= 0.49) to posttest
(MGwE&GO= 0.71, SD= 0.45), but children’s predictions in the base-
line condition did not differ at pre- (M= 0.41, SD= 0.49,) and post-
test (M= 0.80, SD= 0.40).
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The main effects and two-way interactions were superseded by a
three-way interaction between weight, test phase, and condition.
Follow-up tests were conducted for weight and test phase separately.
For same-weight objects, there was a similar improvement in child-
ren’s predictions from pre- to posttest for the baseline (MPre= 0.64,
SD= 0.48, MPost= 0.83, SD= 0.38) and experimental conditions
(MPre= 0.62, SD= 0.49, MPost= 0.79, SD= 0.40). For different-
weight objects, children’s predictions improved from pre- to posttest
in the experimental conditions (MPre= 0.19, SD= 0.39, MPost=
0.19, SD= 0.39), but there was no change for the baseline condition
(MPre= 0.19, SD= 0.39, MPost= 0.62, SD= 0.48). As expected,
children’s predictions in the baseline condition for different-weight
objects did not improve, while children in the two guided conditions
made more correct predictions after the intervention. However, there
were no significant differences between the two experimental condi-
tions at posttest.

Discussion

This experiment tested whether embedding explanations in guided
activities promotes belief revision in children. For the same-weight
object pairs, children’s performance improved over time regardless
of condition. This finding is consistent with previous research using

this task, showing improvement in children’s predictions for same-
weight objects over time (Venkadasalam & Ganea, 2018). For
different-weight objects, children in the guidance with explanation
and guidance only conditions made more accurate predictions at post-
test compared to children in the baseline condition. Thus, guidance
helped children produce and correctly observe anomalies and
prompted them to revise their predictions for different-weight objects.
Despite the expected trend, therewas no additional benefit of explana-
tions on children’s predictions.

Experiment 1 highlighted the independent role of guidance in
helping children observe anomalies and revise their predictions
about different-weight objects. This demonstrates the importance
of scaffolding during the observation stage, which can further
improve children’s learning at the interpretation stage. Children
were guided to create and assess three instances of anomalous evi-
dence (Tolmie et al., 2016). Although children in the guidance
with explanation condition trended toward havingmore accurate pre-
dictions than children in the guidance only condition, this pattern
was not statistically significant. The absence of an additive benefit
of explanations is not entirely surprising and is consistent with
research with older children, showing that explanations only influ-
ence the observation stage of learning from anomalous evidence
(Chinn & Malhotra, 2002).

Figure 1
Proportion of Correct Predictions for the Same- and Different-Weight Objects as a Function
of Test Phase and Condition in Experiment 1

0.00

0.20

0.40

0.60

0.80

1.00

Pre-test Post-test Pre-test Post-test

Same-Weight Objects Different-Weight Objects

snoitciderPtcerroCfo
noitroporP

Guidance with Explana�on Guidance Only Baseline

Note. Error bars represent standard errors.

Table 2
Parameter Estimates for the Correct Prediction Scores in Experiment 1

Effect Estimate SE z p

Intercept 0.10 0.13 0.81 .42
Weight (same vs. different) 1.94 0.24 8.12 ,.001
Test phase (pre- vs. posttest) 1.19 0.24 5.04 ,.001
Condition (experimental vs. baseline) 0.43 0.15 2.92 .003
Condition (guidance only vs. guidance with explanation) 0.24 0.17 1.45 .15
Weight (Same vs. Different) × Test Phase (Pre- vs. Posttest) −0.47 0.47 −1.00 .32
Weight (Same vs. Different) × Condition (Experimental vs. Baseline) −−−−−1.22 0.25 −−−−−4.96 ,.001
Weight (Same vs. Different) × Condition (Guidance Only vs. Guidance With Explanation) −−−−−0.81 0.27 3.01 .003
Test Phase (Pre- vs. Posttest) × Condition (Experimental vs. Baseline) 0.98 0.24 −−−−−4.02 ,.001
Test Phase (Pre- vs. Posttest) × Condition (Guidance Only vs. Guidance With Explanation) 0.24 0.27 −0.89 .38
Weight (Same vs. Different) × Test Phase (Pre- vs. Posttest) × Condition (Experimental vs. Baseline) 2.37 0.49 4.87 ,.001
Weight (Same vs. Different) × Test (Pre- vs. Posttest) × Condition (Guidance Only vs. Guidance With Explanation) −0.41 0.54 0.44 0.44

Note. Significant parameter estimates are bolded.
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It is unlikely that the explanations children received were insuffi-
cient because the explanations in this study have been shown to
improve the predictions of 4- and 5-year-olds (Venkadasalam &
Ganea, 2018). However, a few other limitations of the current exper-
iment can account for the findings. First, it is impossible to deter-
mine whether explanations influence the retention stage because
this was a single-session study. Since conceptual change is a gradual
process (Vosniadou, 2013), without measuring children’s learning
after a delay, it is unknown whether they have undergone conceptual
change or a short-term belief revision. Therefore, learning needs to
be measured over an extended period to determine whether children
have incorporated the new explanation into their knowledge. A sec-
ond experiment included a delay test to explore this possibility.
Another consideration is that the dependent variable may not have

been sensitive enough to capture whether children have undergone a
conceptual change. Asking children to predict the rate at which
objects fall without having them explain their reasoning may prevent
them from thinking deeply about their answers, reducing the chance
of dissatisfaction with and evaluation of their prior beliefs (Chinn &
Malhotra, 2002; Posner et al., 1982). According to Li and Klahr
(2005), predictions are unlikely to lead students to revise their beliefs
because predictions are more likely to support a course of action that
informs guessing by trial and pattern recognition, resulting in chil-
dren being less likely to link their prediction to a testable hypothesis.
However, for conceptual change to occur, children need to engage in
deep-level processing. They not only have to know the correct expla-
nation but also to recall and refute the incorrect belief (Tippett, 2010;
van den Broek & Kendeou, 2008). Predictions capture an implicit
level of engagement with the task, whereas asking children to
explain their reasoning requires making explicit connections
between the evidence and the conceptual information (Howe et al.,
2013; Tolmie et al., 2016). Therefore, eliciting explanations may
highlight gaps in children’s knowledge that may not be apparent
when using more implicit measures (Keil, 2006). Using a measure
that elicits more explicit connections would allow us to determine
whether children were merely engaging in heuristic pattern-based
reasoning (i.e., picking the “same time” as the correct answer) or
incorporating the evidence and explanation into their knowledge.
In other words, asking children to explain their predictions can pro-
vide insight into whether they were parroting back what they heard
from the intervention without updating their beliefs.
Furthermore, from their predictions, we cannot know whether chil-

dren learned that even same-weight objects fall at the same rate
because of gravity, rather than simply because they have a similar
weight. It is possible that children might only be engaging in weak
restructuring (Duit & Treagust, 2003) of their beliefs (i.e., accepting
that different-weight objects also fall at the same time)without restruc-
turing their entire theory (i.e., that weight does not affect the rate at
which objects fall). Therefore, it is difficult to determinewhether chil-
dren underwent conceptual change or merely belief revision without
knowing the reasoning behind their predictions. These questions
were investigated in the following experiment.

Experiment 2

In Experiment 2, children were prompted to explain their predic-
tions (referred to hereafter as justifications to differentiate from
explanations provided to children) to evaluate whether there was
an additive effect of explanations on children’s learning; and a

delay test was included to assess whether children underwent con-
ceptual change or engaged in a weak reorganization of beliefs. We
expected that children’s justifications of their predictions would
lead to differences in conceptual understanding. Justifications
would prompt children to think more deeply about the information
they received and how to apply it to new scenarios. The explanations
provided by the experimenter could help children connect the anom-
alous evidencewith their prior beliefs and offer a framework to inter-
pret the anomalies (Brewer et al., 1998; Chinn & Malhotra, 2002).
Without an explanation, evaluating anomalous evidence is difficult
for children because they fail to create their own theory (Chinn &
Brewer, 1993) and keep the evidence isolated from their prior beliefs
(Zimmerman, 2007). If children use the explanations provided in
their own justifications, this will indicate that they may be in the pro-
cess of undergoing conceptual change. Thus, children in the guid-
ance with explanation condition should learn and retain more than
children in the guidance only condition.

Method

Participants

Eighty 5-year-olds (M= 5.50; range: 5.01–5.97, 40 females, 39
males, one gender nonbinary) participated in this study. Two addi-
tional children were excluded due to parental interference (n= 2).
Equal numbers of children were randomly assigned to the two con-
ditions of interest from Experiment 1: guidance with explanation
(n= 40, Mage= 5.51, 20 females, 20 males), and guidance only
(n= 40,Mage= 5.50, 20 females, 19 males, one gender nonbinary).
Equal numbers of children were in each activity in each condition
(n= 20).

Participants were recruited from a database of families who had
expressed interest in participating in research. The [university]
REB approved the experiment. A female experimenter individually
tested children in a quiet room at a university in a major metropolitan
area in southern Ontario, Canada. Most children identified as White
(45%), but the sample also included children who identified as Asian
(13%), Latin American (3%), Black (4%), andmixed race (33%). An
additional 5% of families declined to disclose ethnic information.
Most children came from middle- and upper-class families (69%),
with 10% of families declining to disclose income level. The
modal parental education level was a bachelor’s degree (38%),
with 8% of families declining to disclose a level of education for
either parent.

Materials

The activity materials and test phase objects were the same as
those used in Experiment 1. However, an additional set of objects
containing four pairs was due to the addition of the delay test. The
use of three object sets allowed the object sets to be counterbalanced
between all test phases.

Procedure

The procedure for this experiment was similar to that of
Experiment 1, albeit with several key additions. There were two ses-
sions, both of which were video recorded. The first session lasted
15–20 min and was identical to Experiment 1, where children com-
pleted a weight test, pretest, intervention, and posttest. Children then
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returned 5–10 days (M= 6.97 days) later for a second session lasting
approximately 5 min, where children completed a weight test fol-
lowed by a delay test to measure retention. During the weight test,
some children needed to be trained for the first (n= 34) and second
(n= 24) sessions. Most of these children were trained during a sin-
gle session (first: n= 21 or second: n= 11 only), although some
required training before both sessions (n= 13).
The pre-, post-, and delay tests followed the same procedure as

Experiment 1, except that there were two dependent variables: child-
ren’s predictions and their justifications. After children were asked to
make a prediction, justifications were obtained by asking “Why will
this one fall faster?” or “Why will they both fall at the same time?”
depending on the child’s prediction. Justifications provided an explicit
measure of children’s reasoning and insight into how children’s
beliefs changed as a function of weight. As in Experiment 1, partici-
pants were adept at assessing whether the objects were equal in size
(99.58%), comparing the weight of the objects (99.58%), and identi-
fying the heavier object (98.75%). As in Experiment 1, most children
answered correctly. However, children who answered incorrectly
received feedback on the specific trial were included in the study.

Coding

There were two dependent variables: children’s predictions and
justifications. For each trial, children’s predictions were coded in
the same manner as in Experiment 1 (0 for one object falling faster;
1 for both objects falling at the same rate). Children’s justifications
were scored on a 0–2 scale for each trial. A score of 2 was assigned if
children correctly identified that objects (both same- and different-
weight pairs) would fall at the same rate and also correctly justified
their predictions by reasoning about gravity and/or the similar size of
the object pairs, or stated that they had learned a rule from the activ-
ity (e.g., “I remembered from the activity that they always fall at the
same time”). The latter answer allowed children in the guidance only
condition to readily score a 2 without referencing gravity or making
inferences about shape. A score of 0 was assigned if children made
an incorrect prediction (e.g., “the object pairs would fall at different
rates”), or if they predicted that object pairs would fall at the same
time but gave an incorrect justification referencing an erroneous
belief (e.g., “they will fall at the same time because they have the
same weight”) or irrelevant feature (e.g., “they will fall at the same
time because they are both blue”). The correctness of the predictions
was considered in conjunction with the justifications because this
was a more stringent measure of learning, such that children needed
to apply the correct prediction and reasoning. A score of 1 was
assigned if children correctly identified that object pairs would fall
at the same rate and gave a correct justification in conjunction with
an erroneous belief (e.g., “they will fall at the same time because
of gravity, and they have the same weight”).
Two research assistants blind to the hypotheses, test phase, and

condition coded 100% of the children’s responses. The coders
were in 100% agreement with the prediction responses. There was
high interrater reliability determined by Cohen’s κ= .91, p, .001,
a 96.04% agreement rate for the justification responses. The two cod-
ers resolved disagreements through discussion.

Results

The first two analyses assessed the dependent variables (children’s
predictions and justifications) as a function of weight, test phases, and

condition. A final analysis explored the types of justifications children
provided. Preliminary analyses revealed that fixed effects of age, the
gap between Sessions 1 and 2 (in days), the counterbalanced order
of test phase object sets, and the type of activity were not significant
predictors of predictions or justifications1 and were excluded in the
following analysis.

Prediction Responses

Logistic mixed-effect modeling was used to analyze whether chil-
dren revised their predictions (from one object falls faster to both
falling at the same rate). A preliminary analysis indicated that pretest
scores were similar across both conditions (p. .46). Figure 2 dis-
plays the proportion of correct predictions for both conditions at
each test phase for same- and different-weight objects.

Children’s predictions were analyzed with a model that included
fixed effects and the interactions of weight (same and different), test
phase (pre-, post-, and delay test), condition (guidancewith explana-
tion and guidance only), and random intercepts for trials and partic-
ipants. For the fixed effects of weight and condition, planned
contrasts (−.5, .5) were conducted. The fixed effect of the test
phasewas analyzed with simple contrasts comparing before (pretest)
to after the intervention (post- and delay test; c1: −.66, .33, 33) and
then post- to delay test (c2: 0, −.5, .5). Parameter estimates for the
model are summarized in Table 3.

A significant main effect of weight indicated that children made
more correct predictions about same-weight (M= 0.82, SD= 0.39)
than different-weight objects (M= 0.38, SD= 0.49). A significant
main effect of test phase (c1: pre- vs. post- and delay test) revealed
that predictions made after the intervention (MPost&Delay= 0.70,
SD= 0.46) were significantly more accurate than those made before
the intervention (MPre= 0.40, SD= 0.49). Finally, the main effect
of condition showed that children in the guidance with explanation
condition (M= 0.67, SD= 0.47) made more accurate predictions
than children in the guidance only condition (M= 0.53, SD= 0.50).

There was a two-way interaction between weight and test phase
(c1: pre- vs. post- and delay test). Follow-up tests for both types of
weight separately indicated that the improvement in prediction accu-
racy after the intervention was greater for different-weight (MPre=
0.09, SD= 0.28, MPost&Delay= 0.52, SD= 0.50) than same-weight
objects (MPre= 0.71, SD= 0.46, MPost&Delay= 0.87, SD= 0.33).
There was an interaction between test phase (c1: pre- vs. post- and
delay test) and condition. Follow-up tests for each test phase sepa-
rately showed that children’s prediction only improved after the
intervention for children in the guidance with explanation condition
(MPre= 0.41, SD= 0.49, MPost&Delay= 0.80, SD= 0.40); this
change was not significant for children in the guidance only condi-
tion (MPre= 0.38, SD= 0.49, MPost&Delay= 0.60, SD= 0.49).

1 There was a significant effect for the type of activity in the preliminary
model containing only the fixed effect of age, the gap between Sessions 1
and 2 (in days) and the counterbalanced order of test phase object sets. A sub-
sequent analysis with the type of activity added to the justification
hypothesis-driven model (with weight, test phase, and condition as fixed
effects) revealed no significant main effect of activity nor any significant
interactions. Furthermore, the addition of activity did not improve model fit
that was based on a chi-square test of the change in −2 restricted log likeli-
hood, χ2(12)= 18.92, p= .09, suggesting that with all main variables of
interest included in the model children’s justifications did not vary as a func-
tion of the type of activity. Thus, type of activity was not retained as a fixed
effect in the final model.
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Finally, these findings were superseded by a three-way interaction
between weight, test phase, and condition. Follow-up tests were con-
ducted for weight and test phase separately. For same-weight
objects, there was a similar improvement in children’s predictions
after the intervention for both the guidance with explanation
(MPre= 0.78, SD= 0.42, MPost&Delay= 0.88, SD= 0.33) and guid-
ance only (MPre= 0.64, SD= 0.48, MPost&Delay= 0.87, SD=
0.34) conditions. For different-weight objects, children’s predictions
improved in both conditions from pre- to posttest. However, children
in the guidancewith explanation condition (MPre= 0.05, SD= 0.22,
MPost&Delay= 0.72, SD= 0.45) made more accurate predictions
compared to children in the guidance only condition (MPre= 0.13,
SD= 0.33, MPost&Delay= .33, SD= 0.47). Notably, predictions at
post- and delay test never differed across all fixed effects and
interactions.

Justification Responses

Each justification was coded as correct (2), incorrect (0), ormixed
(1; partially correct). A separate analysis showed pretest scores

were similar across both conditions (p= .98). The proportion of
children’s justification scores across three test phases for both condi-
tions is displayed in Figure 3 for same- and different-weight objects,
respectively.

Mixed models with Poisson distributions and a log link function
analyzed whether children could correctly justify that they thought
the object pairs would fall at the same rate. A Poisson distribution
was employed due to the ordinal nature of the justification scores
(0–2). The models included the fixed effects of weight (same and dif-
ferent), test phase (pre-, post-, and delay test), condition (guidancewith
explanation and guidance only), the interaction between the three var-
iables and the random intercept for participants. Planned contrasts
(−.5, .5) were conducted for the fixed effect of weight and condition.
The fixed effect of test phase was analyzed with simple contrasts com-
paring before (pretest) to after (post- and delay test) the intervention
(c1: −.66, .33, 33) and then post- to delay test (c2: 0, −.5, .5).
Parameter estimates for these models are summarized in Table 4.

As for predictions, there was a significant main effect of weight.
However, children gave better justifications for different-weight
(M= 0.43, SD= 0.80) than same-weight (M= 0.41, SD= 0.72)

Figure 2
Proportion of Correct Predictions for the Same- and Different-Weight Objects as a Function
of Test Phase and Condition in Experiment 2
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Note. Error bars represent standard errors.

Table 3
Parameter Estimates for the Correct Prediction Scores in Experiment 2

Effect Estimate SE z p

Intercept 0.50 0.16 3.10 .002
Weight (same vs. different) 2.71 0.26 10.50 ,.001
Test phase (pre- vs. post- and delay test) 2.06 0.28 7.45 ,.001
Test phase (post- vs. delay test) −0.13 0.28 −0.46 .64
Condition (guidance only vs. guidance with explanation) −−−−−0.65 0.29 −−−−−2.24 .03
Weight (Same vs. Different) × Test Phase (Pre- vs. Post- and Delay Test) −−−−−1.79 0.54 −−−−−3.30 .001
Weight (Same vs. Different) × Test Phase (Post- vs. Delay Test) 0.65 0.57 1.14 .26
Weight (Same vs. Different) × Condition (Guidance Only vs. Guidance With Explanation) 0.68 0.40 1.72 .09
Test Phase (Pre- vs. Post- and Delay Test) × Condition (Guidance With Explanation vs. Guidance Only) −−−−−1.18 0.44 −−−−−2.65 .008
Test Phase (Post- vs. Delay Test) × Condition (Guidance With Explanation vs. Guidance Only) −0.16 0.44 −0.35 .73
Weight (Same vs. Different) × Test Phase (Pre- vs. Post- and Delay Test) × Condition (Guidance
With Explanation vs. Guidance Only)

3.85 0.89 4.33 ,.001

Weight (Same vs. Different) × Test (Post- vs. Delay Test) × Condition (Guidance With
Explanation vs. Guidance Only)

0.05 0.88 −0.06 .95

Note. Significant parameter estimates are bolded.
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objects. There was a significant main effect of test phase (c1: pre- vs.
post- and delay test) such that children’s justification scores were
higher after the intervention (MPost&Delay= 0.55, SD= 0.83) than
before (MPre= 0.16, SD= 0.48). The effect of condition showed
that children in the guidance with explanation condition (M=
0.56, SD= 0.84) had higher justification scores than children in
the guidance only condition (M= 0.28, SD= 0.64).
Significant two-way interactions superseded these main effects.

First, there was a significant interaction between weight and condi-
tion. Follow-up tests for both types of weight separately revealed
that children’s justifications for same- and different-weight objects
scored higher for children in the guidance with explanation condi-
tion (MSame= 0.50, SD= 0.76,MDiff= 0.62, SD= 0.90) compared
to the guidance only condition (MSame= 0.33, SD= 0.65, MDiff=
0.23, SD= 0.61). This finding indicated that the explanation fos-
tered better justifications for different- and same-weight objects
than guidance alone.
There were significant interactions between weight and both test

phase contrasts (c1: pre- vs. post- and delay test and c2: post- vs.
delay). Follow-up tests were conducted for both types of weight sep-
arately. For different-weight objects, justifications were scored

higher during the post- (M= 0.69, SD= 0.93) and delay test
(MDiff= 0.55, SD= 0.85) compared to the pretest (M= 0.03,
SD= 0.24). For same-weight objects, justifications were only scored
higher during the delay test (M= 0.53, SD= 0.77) compared to the
pretest (M= 0.29, SD= 0.62). However, the pre- and posttest (M=
0.42, SD= 0.72) did not differ. Together, this finding suggested that
children were learning from the explanation and applying it to the
different-weight anomalies at post- and delay test, but that children
improved their justification for the same-weight objects only after
approximately a 1-week delay.

Finally, there was an interaction between test phase (c2: post- vs.
delay test) and condition. Follow-up tests for each condition sepa-
rately showed that the guidance with explanation scores at delay
test (M= 0.83, SD= 0.90) were significantly higher than at posttest
(M= 0.69, SD= 0.90), whereas the guidance only condition scores
at delay test (M= 0.24, SD= 0.58) were significantly lower than at
posttest (M= 0.43, SD= 0.77) and did not differ from pretest.
Therefore, children who received guidance combined with explana-
tions developed a more sophisticated understanding that was consol-
idated after a delay. In contrast, children who received only guidance
improved their justification immediately after the intervention but

Figure 3
Proportion of Justification Scores (0, 1, or 2) in Experiment 2 as a Function of Test Phase
and Condition
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(b) Different-weight objects
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did not maintain this understanding and returned to preintervention
levels after a delay.

Types of Justifications

We briefly surveyed the responses where children achieved
scores of 2 across both conditions to get a clearer picture of the
types of justifications used by children (see Table 5). Justification
scores were categorized as: (a) reasoning based on remembering
what happened based on the outcomes (i.e., experiential knowl-
edge such as, “I remember”; “I saw it in the activity”; “all the
other ones did that”), (b) reasoning based on what they heard
from the experimenter (i.e., testimony such as, “because you told
me”; “I learned it”), (c) reasoning based on inferences children
made about methodological soundness (timing, e.g., drop at the
same time or property of the object, e.g., same size), or (d) reason-
ing based on scientific information (e.g., “because of gravity”).
Cohen’s κ= .98, p, .001, a 98.82% agreement rate, determined
high interrater reliability. The two coders resolved the two dis-
agreements through discussion.
A chi-square goodness-of-fit test was used to determine whether

the four types of reasonings (remembered, testimony, methodology,
or scientific) were equally reported across the two conditions and
two types of weight. Given the small proportion of scores of 2
(170 out of 960), the low pretest scores, and many cells with a fre-
quency,5, we collapsed test phases and only examined the overall
proportions across weight and condition. Thus, four tests were com-
pleted with a Bonferroni-adjusted alpha level of .0125 (.05/4). The

reasonings across the four categories (remembered, testimony, meth-
odology, or scientific) were not equally distributed for the guidance
with explanation same-weight objects, χ2(3, N= 42)= 15.33,
p= .002 or different-weight objects, χ2(3, N= 66)= 16.06,
p= .001. The reasonings across the three categories (remembered,
testimony, or methodology because therewere no scientific reasons
provided) were not equally distributed for the guidance only same-
weight objects, χ2(2, N= 32)= 21.06, p, .001. However, reason-
ings across the three categories were equally distributed for the
guidance only different-weight objects, χ2(3, N= 30)= 7.20,
p= .033. The majority of children in both conditions reasoned
based on the methodological properties of the experiment.
However, almost 40% of responses in the guidance with explana-
tion condition referenced scientific or learned information and
most retained this level, but no children in the guidance only con-
dition did so.

Discussion

The inclusion of justifications and a delay test in this experiment
provided a more robust measure of conceptual change. Justifications
differentiated children who engaged in heuristic pattern-based rea-
soning (i.e., merely predicting that all objects fall at the same rate)
from children who revised their beliefs and generalized their knowl-
edge (i.e., making correct predictions and demonstrating an under-
standing of why by applying the explanation to a new context).
The addition of the delay test allowed us to assess the extent to
which children retained this new conceptual understanding. Thus,

Table 4
Parameter Estimates for the Justification Scores in Experiment 2

Effect Estimate SE z p

Intercept −−−−−1.71 0.16 −−−−−10.49 ,.001
Weight (same vs. different) 0.70 0.20 3.47 .001
Test phase (pre- vs. post- and delay test) 1.76 0.29 6.08 ,.001
Test phase (post- vs. delay test) −0.17 0.12 −1.42 .15
Condition (guidance only vs. guidance with explanation) −−−−−0.92 0.31 −−−−−2.97 .003
Weight (Same vs. Different) × Test Phase (Pre- vs. Post- and Delay Test) −−−−−2.63 0.58 −−−−−4.55 ,.001
Weight (Same vs. Different) × Test Phase (Post- vs. Delay Test) 0.60 0.24 2.55 .01
Weight (Same vs. Different) × Condition (Guidance Only vs. Guidance With Explanation) 0.86 0.41 2.11 .03
Test Phase (Pre- vs. Post- and Delay Test) × Condition (Guidance With Explanation vs. Guidance Only) −0.24 0.58 −0.42 .68
Test Phase (Post- vs. Delay Test) × Condition (Guidance With Explanation vs. Guidance Only) −−−−−0.81 0.23 −−−−−3.41 .001
Weight (Same vs. Different) × Test Phase (Pre- vs. Post- and Delay Test) × Condition (Guidance With
Explanation vs. Guidance Only)

−1.07 1.16 −0.92 .36

Weight (Same vs. Different) × Test (Post- vs. Delay Test) × Condition (Guidance With
Explanation vs. Guidance Only)

0.32 0.47 0.68 .50

Note. Significant parameter estimates are bolded.

Table 5
Experiment 2 Correct Justification Scores (2 Out of 2) Categorized Into Types of Reasoning Across Test Phases and Conditions

Reasoning

Guidance with explanation Guidance only

Same weight Different weight

Total

Same weight Different weight

TotalPretest Posttest Delay test Pretest Posttest Delay test Pretest Posttest Delay test Pretest Posttest Delay test

Experiential 2 1 3 0 7 6 19 2 3 4 0 11 5 25
Testimony 0 1 2 0 3 2 8 0 0 1 0 2 2 5
Methodological 3 6 5 2 12 12 40 10 7 5 1 6 3 32
Learned 0 10 9 0 12 10 41 0 0 0 0 0 0 0
Grand total 5 18 19 2 34 30 108 12 10 10 1 19 10 62
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Experiment 2 provided three important findings: one regarding
children’s predictions and two regarding children’s justification
responses.
First, Experiment 2 replicated the findings from Experiment 1, in

which there was a three-way interaction between weight, test phase,
and condition for prediction responses. As before, children in both
conditions had more accurate predictions for same-weight objects
after the interventions. However, at posttest, children in the guidance
with explanation condition had more accurate predictions for
different-weight objects than the guidance only condition, which
was not significant in Experiment 1. This comparison highlighted
the independent role of correctly observing anomalous evidence
and the additive effect of conceptual explanations in revising pre-
dictions that conflict with prior beliefs. Asking children for justi-
fications did not result in more children changing their predictions,
as the proportion of children who changed their minds in
Experiments 1 (1.67%) and 2 (2.71%) were similar. Thus, we can
rule out that the addition of justifications had an impact on children’s
predictions. Prompting children to justify their predictions appeared
to account for the difference in results at posttest between the two
guided conditions in Experiment 2, which was not apparent in
Experiment 1.
Children’s justification responses mirrored the prediction

results, such that children in the guidance with explanation condi-
tion revised their understanding at a higher rate than those in the
guidance only condition. A critical finding was that children’s jus-
tifications for different-weight objects improved immediately fol-
lowing the intervention and were maintained after a delay. In
contrast, children’s justifications for same-weight objects only
improved after a delay. Finally, there was a significant change
from post- to delay test for both conditions. After a delay, children
in the guidance with explanation condition demonstrated superior
understanding, whereas children in the guidance only condition
showed deterioration in understanding. An examination of the
type of justifications that children provided supports this conclu-
sion because there were higher frequencies of justifications that
stated learned information in the guidance with explanation condi-
tion compared to the guidance only condition. These results collec-
tively suggest that children in the guidance with explanation
condition incorporated conceptually rich explanations about why
objects fall at the same rate into their knowledge. This demon-
strates that young children are capable of learning complex scien-
tific explanations.
Furthermore, providing children with conceptual information not

only impacted retention but also improved generalization to an anal-
ogous context: same-weight objects. Children in the guidance with
explanation had competing explanations (i.e., whether weight or
gravity affected the rate that the same-weight objects fell), and
they likely discounted the former in favor of the latter. The mecha-
nism that led to this change after a delay cannot be determined based
on the current data. However, researchers have advocated that
causal discounting of explanations may not necessarily require
explicit comparison of the two competing explanations but may
be more automatic and outside of awareness (Keil, 2006). When
given processing time, children incorporated the evidence and
explanation for anomalies (different-weight objects) and applied it
to the conventional scenario (same-weight objects). This finding
suggests that children coordinated competing theories, probably
unintentionally.

General Discussion

This research examined the effect of embedding an explanation in
a guided activity on young children’s evaluation of anomalous evi-
dence. Both experiments showed that guidance improved the obser-
vation and interpretation of anomalous evidence for both outcome
measures: predictions and justification. The benefit of explanations
was especially evident in Experiment 2 when children were asked
to justify their predictions. Children generalized the new schema
acquired from explanations from different- to same-weight objects
and retained it long term when tested after a 1-week delay. As a
result, children evaluated and learned from anomalous evidence
more effectively when they received adequate guidance with con-
ceptually rich explanations. Children in this study started with sim-
ilar levels of prior beliefs2 across conditions, and because the
improvement in children’s understanding was only found in the
experimental conditions, but not the control, these findings speak
to the effects of the guided conditions on children’s learning. The
benefits of guidance and explanations and the combined effect on
children’s long-term learning will be discussed below.

The Impact of Guidance

First, guidance improved children’s learning from anomalous evi-
dence. When children are confronted with evidence that conflicts
with prior beliefs, they have difficulty restructuring their knowledge
and achieving conceptual change because this process requires the
coordination of evidence and theory. Conceptual change can be
impeded at several stages. Children can: make incorrect observations
(e.g., “the heavy one fell faster”); reinterpret the observation (e.g.,
“the heavy one is slower because it has glue sticking out”); reject
the outcome on methodological grounds (e.g., “they weren’t
dropped at the same time”) preventing generalization; or have diffi-
culty with retention by subsequently reverting to prior beliefs (Chinn
& Malhotra, 2002). Children’s observations and interpretation of
anomalous evidence improved more when they were guided than
when they were required to produce the anomalous evidence in
the baseline condition.

Guidance can scaffold the inquiry process and foster learning in
several ways. Children can have difficulty producing and reflecting
on the relevant concept if the task is too complex, even with materials
closely related to the target concept. Adults can provide experimental
support by setting up the environment so that children do not become
overwhelmed by the stimuli and remain on task. Thematerials selected
were uniform across as many dimensions as possible, so that children
could focus on the more relevant features. In the fill and drop activity,
the containers were identical boxes, and jars in the first two trials and
the buckets were similar in size for the final trial. In the prediction with
video activity, the object pairs were from the same category (e.g., both
were blocks, balls, or animals) and the weight became more different
with each trail. These nuances in the design helped children focus on
the weight differences between the pairs.

Guidance may also reduce the cognitive load placed on children
(Kirschner et al., 2018). Adults can support children in producing,
observing, and interpreting anomalies, making the task appropriate.

2 Preexisting knowledge was similar across both experiments. Children’s
predictions at pretest were similar for Experiments 1 and 2 across all condi-
tions (Ms= 0.38–0.41, SDs= .49).
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Making sure that children make the correct observation and interpre-
tation (i.e., both objects fall at the same time, even though one is
heavier than the other), can help to reduce the demands of the
task. Without guidance, children may not have enough cognitive
resources to correctly observe the anomalies, successfully track the
evidence, and integrate it with prior beliefs. With guidance, children
can systematically track and assess anomalous evidence across sev-
eral trials (Tolmie et al., 2016), which can emphasize the conflict
between prior beliefs and evidence (Cheng & Brown, 2010;
Zimmerman, 2007). Reflective support can also make the evidence
more explicit, therefore, allowing children to use more cognitive
resources to integrate the evidence with their beliefs and come to
the correct interpretation of anomalous evidence.
Our findings show that the guidance only condition was more

informative than the baseline condition which is a common approach
in education settings where children need to construct their knowl-
edge and theories on their own (R. Clark et al., 2012). Despite the
immediate benefits of guidance, children did not retain this under-
standing after the delay. Furthermore, few had justifications that
received maximum score and most of the reasons children provided
were categorized as experiential or methodological. No children pro-
vided correct scientific justifications in the guidance only condition.
Together, these findings show that only providing guidance during
inquiry is insufficient for long-term understanding—especially
about complex science concepts.

The Impact of Explanations

This research adds to a body of literature showing that explana-
tions can facilitate conceptual change (Ganea et al., 2021;
Kelemen et al., 2014; Kendeou et al., 2014; Larsen et al., 2020;
Tippett, 2010; Venkadasalam & Ganea, 2018). In Experiment 2,
children who learned that gravity affects the rate at which objects
fall were better able to generalize and retain this understanding
than children who did not hear an explanation.While anomalous evi-
dence may have led to an immediate revision of prior beliefs, as seen
in children’s justification responses at posttest for the guidance only
condition, this understanding was not retained long term, likely
because the naïve theory remained entrenched. This idea is in line
with research by Hardy et al. (2006), in which an extensive in-class
intervention addressed beliefs about sinking and floating. Children
who were given a more explicit comparison between conceptual
information and naïve beliefs retained learned explanations at a
higher rate than children who were not encouraged to contrast
their naïve beliefs with the new information and evidence. These
two instructional groups are analogous to the guidancewith explana-
tion and guidance only conditions used in the current research.
In this research, the experimental conditions only differed in the

presence or absence of a scientific explanation with refutation of
an incorrect belief. In other respects, the sessions were very similar
in length, such that the guidance with explanation condition was
only about a minute longer. Nevertheless, in the absence of explana-
tions, children achieved only short-term learning. Future research
should further investigate whether giving children different types
of information about a domain (e.g., factual knowledge vs. explana-
tions) would lead to similar improvements. We expect that such an
effect might show in the justifications that children give, with chil-
dren given explanations giving better justifications compared to chil-
dren who receive more facts about a domain.

Research has shown that scientific explanations can aid in the
restructuring of knowledge in several ways. First, explanations can
highlight the difference between children’s naïve beliefs and anom-
alous evidence. Students often fail to develop the accepted scientific
theory on their own (Chinn & Brewer, 1993). Without a viable alter-
native theory, it is difficult for them to connect the evidence with
prior beliefs (Cheng & Brown, 2010) because they often view
these as isolated from each other (Zimmerman, 2007). As a result,
there is no direct challenge to children’s current beliefs, so they
never reach a state of cognitive conflict (Posner et al., 1982). In
such a circumstance, anomalous evidence serves both as a contradic-
tion to children’s naïve beliefs and as evidence for creating an alter-
native target theory, requiring children to consider a single event
from multiple perspectives (Howe et al., 2013). Thus, providing
an explanation likely aided the interpretation of anomalous evidence
and helped children restructure their prior beliefs (Ganea et al., 2021;
Potvin et al., 2015).

Furthermore, research has shown that even if children notice that
anomalies are inconsistent with their prior beliefs, they do not
reevaluate these beliefs unless the discrepancy is made explicit (Li
& Klahr, 2005; Zimmerman, 2007). In the current work, explana-
tions may have provided a level of meta-conceptual awareness that
made coordinating evidence and theory more explicit (Kuhn,
2010; Zimmerman, 2007; Zimmerman & Klahr, 2018). In compar-
ison, in the absence of an explanation, children in the guidance only
condition may have created only a temporary justification, reverting
to their prior beliefs a week later, and did not revise their explanation
for the same-weight objects. Although children as young as age 3
offer causal accounts for physical events using physical causal rela-
tions (Keil, 2006), most of the children in the guidance only condi-
tion were not able to produce an alternative physical causal
explanation on their own to account for the anomalous evidence.
Finally, in Experiment 2, justifications revealed insight into child-
ren’s understanding and a delay measure provided evidence of
how this understanding changed over time. There were two key find-
ings; first, children’s retention of understanding varied for the guided
conditions (i.e., after a delay children’s justification scores increased
in the guidancewith explanation condition but decreased in the guid-
ance only condition). That is, in the absence of an explanation, child-
ren’s ability to reflect on anomalies and generate an ad hoc
justification based solely on anomalous evidence was limited to
the period immediately following the observations. Under these cir-
cumstances, children reasoned about the same- and different-weight
objects independently and preserved their core belief that the rate of
free fall is affected by weight.Without an explanation, it is likely that
children were subtyping the different-weight objects into a separate
category and only engaged in peripheral changes to their prior
beliefs (Chinn & Brewer, 1993). This was supported by the fact
that the number of children in the guidance with explanation condi-
tion who provided justifications with a maximum score (indicating
the inclusion of correct scientific information) was nearly double
compared to the guidance only condition. Furthermore, nearly half
of the children in this condition had a reasoning that referenced
the learned scientific information.

The second key finding was that in the guidance with explanation
condition children’s justifications improved for same-weight
objects, but only after a delay. Immediately after the intervention,
children in this condition began by treating same- and different-
weight objects separately, similar to children’s responses in the
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guidance only condition. They used the anomalies containing heavy
and light objects to update their beliefs about different-weight
objects without modifying their beliefs about same-weight objects.
However, after a delay, children who heard an explanation applied
their understanding broadly, indicating that they unified their beliefs
by consolidating their schemas and achieved conceptual change
(Hemmerich et al., 2016). The process of selecting the competing
explanations may be an automatic process instead of an explicit one
(Keil, 2006). Nonetheless, this finding supports the view that concep-
tual change is a gradual process of knowledge restructuring (Hardy et
al., 2006; Shtulman& Lombrozo, 2016; Vosniadou, 2013) and points
to the dual modality of knowledge that exists both as individual ele-
ments and theories (Brown, 2014; Hast, 2016). Initially, children
seemed to be treating same- and different-weight objects indepen-
dently (i.e., as fragmented pieces of knowledge: D. B. Clark, 2006;
diSessa & Sherin, 1998). Given time to consolidate their understand-
ing, children unified same- and different-weight objects under a single
governing rule (i.e., a coherent theory: Carey, 2009; Vosniadou &
Skopeliti, 2014). Although prior beliefs continue to coexist with sci-
entific conceptions (Potvin & Cyr, 2017; Shtulman & Valcarcel,
2012), these findings are consistent with the notion that conceptual
knowledge exists both in fragments and theories.

Limitations and Future Research

This study adds to the growing body of research on how to suc-
cessfully foster learning from anomalous evidence. Research with
older children suggests that 6- and 7-year-olds revise their beliefs
about balancing objects after viewing anomalous evidence and
engaging in exploratory play (Bonawitz et al., 2012). However,
5-year-olds only learned to balance objects when anomalous evi-
dence was combined with explanations (Larsen et al., 2020). With
more complex concepts, 5-year-olds could not learn from anoma-
lous evidence presented in guided activities and only revised their
beliefs about why some objects sink and float using explanations
presented through picture books (Ganea et al., 2021). In contrast,
children in this study revised their predictions from anomalies in a
guided activity and even developed possible justifications at posttest;
however, this was temporary because they reverted to their justifica-
tions scores similar to the pretest scores after a delay.
Differences between this study and previous findings may be due

to the concept addressed. Balancing objects is a concept that children
naturally learn around 8 years of age (Karmiloff-Smith & Inhelder,
1974) through an unambiguous outcome (an object balancing or
not). In contrast, erroneous beliefs about free fall persist into adult-
hood (Kavanagh & Sneider, 2006), perhaps because observations of
falling objects can be ambiguous (Chinn & Malhotra, 2002).
Furthermore, this belief is perpetuated by the familiar bowling ball
and feather exemplar. Weight is a salient difference between a bowl-
ing ball and a feather and supports the argument that heavy objects
fall faster. However, it is not weight but an invisible force—air resis-
tance—that slows the feather down as it descends. We simplified the
concept of free fall by using identical objects for the test phase and
objects similar in size during the intervention to reduce the effect of
air resistance. Thus, children did not have to evaluate an object’s
aerodynamics and could focus on the critical variable: weight.
However, isolating children’s focus on one variable is impossible

for all concepts. For instance, with the concept of sinking and floating,
weight and density are conflated, with no viable means of isolating

these variables. As in the current study, previous research showed
that kindergarten students could understand predictions and effects
in single-variable experiments (Siegler & Chen, 1998) but have diffi-
culty when the number of variables increases (Ganea et al., 2021;
Larsen et al., 2020). Indeed, anomalous evidence may not be salient
enough to promote any belief revision for complex concepts. Future
studies are needed to further examine children’s ability to update
their beliefs because the conditions under which children restructure
their knowledge can vary across domains and concepts.
Additionally, an important avenue for future research is to determine
developmentally appropriate interventions over a longer period to
improve children’s scientific understanding in naturalistic settings.

One final consideration is that the guidance only condition did not
have any filler information for the conceptual information (brief
introduction, refutation of the incorrect idea, and explanation
about gravity) that was added to the guidance with explanation con-
dition. Future studies on the effects of different kinds of information
on children’s conceptual knowledge can examine more comparative
conditions such as adding a circular explanation or implying it to be
awell-known fact (e.g., “everyone knows that objects fall at the same
time even heavier ones”). Prior research (Danovitch & Mills, 2018)
suggests that even 5-year-olds would find a circular explanation less
useful when pitted against a good explanation, but would they learn
from it when combined with guidance? Or would simply telling them
what everyone believes prompt them to revise their belief in the face of
anomalous evidence? The current research shows that the simple deliv-
ery of conceptual information by a trusted source, such as a teacher or a
book, can help children learn complex concepts that run counter to
their beliefs and help them retain this understanding. This research
together with a body of prior work (Chinn & Malhotra, 2002; Ganea
et al., 2021; Kelemen et al., 2014; Larsen et al., 2020; Tippett,
2010; van den Broek & Kendeou, 2008; Venkadasalam & Ganea,
2018) highlights the importance of adding conceptual information to
instructional strategies focused on conceptual change.

Conclusion

The interrelation between theory and evidence is complex. Mature
scientific thinking develops slowly beginning in early childhood
(Sandoval et al., 2014) and reflects the consideration of patterns of evi-
dence, making judgments based on existing knowledge, as well as
knowledge about causal mechanisms, including alternative explana-
tions (Koslowski, 1996). Individuals need to evaluate the plausibility
between their own prior beliefs, the evidence they witness, and alter-
native explanations to build a cognitive representation of a concept
(Chinn & Brewer, 2001). Our research expands on the current under-
standing of children’s responses to and interpretations of anomalous
evidence, by showing that children are more likely to update their
prior beliefs in the face of anomalous evidence when such evidence
is presented with an alternative explanatory framework. Children
are also capable of extrapolating information from patterns of anom-
alous evidence, particularlywhen the evidence is supportedwith adult
guidance as in this research; however, their ability to do so long term is
challenged in the absence of conceptual information. These findings
add to the growing body of research regarding evidence evaluation
and the conditions underwhich children engage in conceptual change.

Our work supports advocacy for early science education and sci-
ence literacy (Bowman et al., 2001; Duschl et al., 2007; Eshach &
Fried, 2005; Gelman & Brenneman, 2004; Morgan et al., 2016).

PROMOTING SCIENTIFIC UNDERSTANDING 743

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.



Science knowledge in kindergarten is the strongest predictor of
knowledge in Grade 1, which in turn is the strongest predictor of sci-
ence achievement from Grades 3 to 8 (Morgan et al., 2016). A recent
meta-analysis has shown that individual differences in knowledge
are stable throughout learning, and prior knowledge is essential
for later performance, by emphasizing the long-term nature of
knowledge acquisition (Simonsmeier et al., 2021). This supports
the view that conceptual change is a gradual process of knowledge
restructuring (Shtulman & Valcarcel, 2012; Vosniadou, 2013), and
the current findings suggest that belief change can begin early in
development with adequate support. Orienting children’s attention
toward basic physical concepts in the early years will lay the foun-
dation for more advanced understanding throughout their develop-
ment (Hardy et al., 2006). Although prior beliefs continue to
coexist into adulthood, especially with this particular concept (i.e.,
falling objects), disrupting the reliance on incorrect intuitive beliefs
can benefit long-term understanding and conceptual change.
Adequate support is required to direct children’s attention to accurate

scientific theories in a developmentally appropriate way. This study
shows that prior beliefs can be addressed through scaffolds, such as
guided presentation of anomalous evidence and the addition of concep-
tual information. When adults scaffold the process by guiding children
to make the correct observations that counter the child’s beliefs, they
make the activities age-appropriate and foster pedagogical objectives
while allowing the child to maintain agency over their activities
(Weisberg et al., 2016; Yu et al., 2018). Conceptual explanations pro-
vide an alternative theory for children to help explain anomalous evi-
dence, leading to increased domain knowledge and scientific literacy.
This is important since research shows that children’s knowledge in
the preschool years is one of the strongest predictors of their later sci-
ence learning (Morgan et al., 2016) and that their prior knowledge con-
strains their interpretation of evidence (Bonawitz et al., 2012; Penner &
Klahr, 1996). Thus, addressing prior beliefs and beginning to build a
strong foundation of knowledge in the early years is imperative.
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