“How Helpful is this Observation?”: Children’s Evaluations of Scientific Evidence
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Abstract

Being able to identify causally relevant evidence is essential in
order to evaluate scientific claims, yet doing so can be
challenging, especially for children. In some cases, identifying
causally relevant evidence can involve recognizing similarities
in context and causal mechanisms underlying seemingly
different observations. Two studies explore how children ages
7-10 (n = 98) judge the relevance of different observations for
evaluating the accuracy of a scientific explanation.
Observations varied based on topic (i.e., the same animal as the
explanation or a different species) and the presence or absence
of the same underlying causal mechanism as the target
explanation. All children recognized that observations
involving the same process in the same animal would be
helpful. However, children ages 7-8 held a more fragile
understanding than children ages 9-10 that observations
involving a different animal but the same causal mechanism
would be more helpful than observations involving the same
animal but a different causal mechanism. Implications for
conceptual development and scientific reasoning are discussed.

Keywords: conceptual development; evidence; explanation;
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Introduction

Collecting evidence and using it to evaluate hypotheses or
explanations is at the heart of the scientific process. For
example, the explanation that bears hibernate in the winter
because food is scarce could be supported by the observation
that bears in the wild hibernate, while bears in captivity
(where food is always available) do not. Being able to
evaluate explanations in light of available evidence is
important not only for scientists constructing theories and
models (e.g., Haack, 2007), but also for children who are
forming new concepts and learning about the world around

them (Duncan, Chinn, & Barzilai, 2018; McNeill & Berland,
2017; Rinehart, Duncan, Chinn, Atkins, & DiBenedetti,
2016).

Causal explanations are a powerful means of supporting
children’s understanding of a phenomenon (Keil, 2006;
Legare, 2014), but simply receiving an explanation is not
enough; children must also be able to evaluate whether an
explanation is likely to be correct. One way they can do so is
by judging whether the source of the explanation is reliable.
As early as the preschool years, children take into account a
source’s personal characteristics (e.g., age, area of expertise)
and their prior history of accuracy when determining whether
the information the source provides is likely to be valid (see
Harris, 2012 for a review). Young children also consider how
a claim fits with their existing knowledge (see Lane, 2018 for
a review), to the point that they sometimes reject accurate
claims that do not align with what they already know (e.g.,
Shtulman & Carey, 2007). By early elementary school,
children can sometimes recognize when an explanation is
weak or illogical (e.g., Mills, Danovitch, Rowles, &
Campbell, 2017; Ruffman, 1999). However, as children gain
exposure to more complex phenomena, they are likely to
encounter explanations from reliable sources that seem
reasonable in terms of their causal structure and fit with prior
knowledge, but that may still be inadequate or incorrect, as
is sometimes the case in the sciences.

Although children are capable of evaluating information
sources and recognizing weak explanations, linking evidence
with explanatory claims in different contexts may be
particularly challenging (Sandoval, Sodian, Koerber, &
Wong, 2014). Part of the challenge is that evidence can be
complex and “messy” — it does not always perfectly align
with the explanation at hand (Haack, 2007; Duncan et al.,
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2018). For example, eastern box turtles hibernate when food
is scarce — does this support the explanation that bears’
hibernation is related to food scarcity? Or is this observation
irrelevant because turtles are a different species than bears?
There are many instances in which animals of different
species engage in similar behaviors, yet identifying the
instances that are informative for building a strong
explanation of a behavior requires looking past the animal
involved and focusing on the underlying causal mechanisms
instead. The current study explores how effectively
elementary school age children identify whether evidence is
relevant to an explanation. Deciding whether evidence is
relevant as support for a particular explanation entails
looking past superficial aspects of the context (e.g., animal
species) and identifying the underlying causal process in
order to determine its potential relevance.

Relevance is a key component of effective communication
(Grice, 1975; Sperber & Wilson, 1996), and even young
children seem to be sensitive to it when evaluating other
people. Eskritt, Whalen, and Lee (2008) found that children
ages 3-5 preferred to consult informants who had previously
provided relevant information over those who had provided
irrelevant information for help solving a simple problem. In
fact, Eskritt et al. found that violations of the Gricean maxim
of relevance seemed more salient to young children than
violations of other Gricean maxims such as quality. More
recently, Johnston, Sheskin, and Keil (2019) explored the
development of children’s ability to identify whether a piece
of evidence (independent of an informant) was relevant for
generating a causal explanation. In a series of experiments,
children ages 4-8 and adults rated the helpfulness of
observations about cars for understanding a mechanical
process (i.e., how cars go). Children ages 4-6 had a
rudimentary sense that some kinds of evidence (e.g., cars
have engines that turn gasoline into power) were more helpful
than other kinds of evidence (e.g., cars have radios that play
music), yet not until ages 7-8 did children systematically
recognize that causally relevant information was more
helpful than causally irrelevant information for building a
conceptual understanding. In Johnston et al.’s experiments,
all of the evidence that participants evaluated involved the
same target topic (e.g., cars). In reality, though, information
about similar processes in other entities (e.g., trains have
engines that turn fuel into power) can also be a powerful
means of forming a causal understanding. Children tend to
gravitate towards clustering information according to topics
(e.g., Danovitch & Keil, 2004), but when it comes to
understanding complex scientific processes, this strategy is
not always effective: an off-topic piece of evidence involving
a similar process or characteristic can sometimes be more
causally relevant than an on-topic piece of evidence
involving a different process or characteristic.

Study Design

Evaluating evidence is important not only for building new
explanations or models, but also for evaluating the quality of
a proposed or existing model. Here, we examine what kinds

of evidence children consider helpful for judging the
accuracy of an explanation of an unfamiliar animal behavior.
We focus on explanations involving animals because animals
are inherently interesting to children (Lobue, Bloom Pickard,
Sherman, Axford, & Deloache, 2013), yet the biological
mechanisms underlying their behavior are often complex and
nonobvious. Because children may not be familiar with the
terms “relevance” or “evidence,” we frame the experimental
task as a rating of the “helpfulness” of “observations” for
determining whether a speaker’s claim is correct. To ensure
that children’s ratings are not influenced by their own
opinions about whether the evidence is accurate, children are
informed up front that all of the evidence is true. In addition,
the statements of evidence are described as observations
made by groups of scientists to signal the presence of
expertise and consensus, which should reinforce children’s
belief that the information is accurate (see Corriveau &
Harris, 2010).

Our studies focus on children ages 7 to 10 for three reasons.
First, children in this age range are capable of evaluating the
strength of different kinds of single explanations, although
their ability to do so is still improving (e.g., Mills et al.,
2017). Second, children in this age range have experienced
formal science instruction and are likely to be familiar with
fundamental biological concepts such as survival tactics or
reproductive mechanisms, yet their conceptual understanding
may still be relatively weak (see Kelemen, 2019). Third, as
their reading ability improves and they develop other
information-seeking skills, children gain access to a wider
variety of evidence in multiple formats. For example,
elementary school age children can read about evidence in
books or on websites, hear about evidence from other people,
or gather evidence on their own through observation and
experimentation, yet even children older than age 10 need
substantial training and support in order to sort through
different pieces of evidence and determine which ones are
causally relevant to a proposed model of a biological process
(Rinehart, et al., 2016; Duncan et al., 2018).

Study 1

Participants

A power analysis using G*Power 3.1 (Faul, Erdfelder, Lang,
& Buchner, 2007) indicated that, assuming a medium effect
size with power = .95 and o = .05, an appropriate sample size
would include a minimum of 18 children per age group.
Twenty-four children ages 7 and 8 (Mage = 7.88; 13 males and
11 females) and 24 children ages 9 and 10 (Mage = 9.96; 13
males and 11 females) participated at their school or a
university laboratory in the Louisville, Kentucky area.
Parents identified 85 percent of the children in the sample as
White, 2 percent as Black/African American, 4 percent as
Asian American and 6 percent as more than one race (parents
of 2 percent of participants chose not to indicate their child’s
race.) Ninety-four percent of the sample were identified as
non-Hispanic, 4 percent were Hispanic, and the remaining 2
percent chose not to identify their ethnicity. Children were
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tested individually by a female experimenter in a session
lasting approximately 15 minutes.

Rating Scale Design

The rating scale for the evidence evaluation task consisted of
five sets of four concentric circles arranged in a bullseye
pattern. Arrows were placed at regular intervals ranging from
the exact center to the outside of each bullseye, and each
bullseye had a corresponding label ranging from “not helpful
at all” to “extremely helpful” (see Figure 1).
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Not helpful A little helpful Sort of helpful Very helpful Extremely
atall helpful

Figure 1: The helpfulness rating scale.

Procedure

Scale introduction Children were instructed that they would
be hearing some people explain why animals behave the way
they do, and that their job was to rate how helpful different
clues would be for figuring out if each person’s explanation
was right or wrong. The experimenter then placed a laptop
computer in front of the child, triggered the appearance of the
“extremely helpful” bullseye on the right side of screen, and
stated that “some observations are right on the mark, which
means that they are extremely helpful for figuring out if an
explanation is correct.” The experimenter then proceeded to
display the other points on the helpfulness rating scale and
describe them in terms of helpfulness for determining if an
explanation is correct.

Following the scale introduction, children completed three
practice items in which they were given the following
scenario: “Jane wants to go to the toy store today, but Jane’s
mom says that the toy store is closed today because it is a
holiday.” Children were then told about three observations
attributed to other groups of people and illustrated with
simple line drawings. The first observation involved causally
relevant information (“Some people observed a sign last
week that said the toy store is closed on holidays”), and the
subsequent observations involved irrelevant information
(“Some people observed that the toy store sells dolls, trucks,
and LEGOs”) and somewhat relevant information (“Some
people observed that the supermarket next to the toy store is
closed today”). Following each observation, children were
asked to use the rating scale to indicate how helpful the
observation would be for figuring out if Jane’s mom was
correct. Children received corrective feedback if their
response did not correspond to the appropriate area of the
scale.
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Explanation evaluation task After familiarization with the
scale, children were reminded that they would be hearing
about animals and different people’s explanations about what
each animal does, followed by some things that scientists
have observed, and that all of the observations were true and
accurate. For each trial, the experimenter began by reading a
statement about the animal out loud (e.g., “A snapping turtle
is a kind of turtle””) and presenting a color photo of the animal
on the screen, with a brief description of the animal’s
behavior printed underneath (e.g., “When a snapping turtle is
walking on land and a predator comes near, it will stand up
on its hind legs”; note that the behavior was not depicted in
the photo). The experimenter also read the brief description
out loud. The experimenter then presented a new slide that
had an image of a stick figure man or woman on the left and
a large speech bubble on the right containing the text of the
person’s explanation. The experimenter narrated this slide by
naming the individual and reading their explanation (e.g.,
“Sue says: The snapping turtle does this to make itself appear
larger and prepare to lunge to scare off the predator.”)

The presentation of the character’s explanation was
followed by four statements about scientists’ observations,
each of which was accompanied by an image intended to
represent the group of scientists who made the observation.
The image was a cartoon-style outline of four individuals of
diverse ethnicities and genders dressed in white lab coats and
holding a magnifying glass and a clipboard. To avoid
influencing children’s judgments, the image showed no facial
features. The scientists in each image wore the same color
shirts and pants, and their clothing colors varied between
trials to illustrate that each observation had been made by a
separate group of scientists.

For each animal behavior, children heard four
corresponding observations: same animal/relevant, same
animal/irrelevant, different animal/relevant, and different
animal/irrelevant. Same animal/relevant  observations
involved information that directly related to the causally
anticipated outcome in the proposed explanation (e.g.,
scientists have observed that predators who see a snapping
turtle standing up on its legs get scared and run away). Same
animal/irrelevant observations involved behaviors that had
no connection to the explanation (e.g., scientists have
observed that a snapping turtle prefers to live in lakes, rivers,
or streams that have a muddy bottom). The different animal
observations described the same member of a different
species and either involved a behavior relevant to the causally
anticipated outcome of the proposed explanation (e.g.,
scientists have observed that predators who see a blowfish
who has expanded to twice its usual size will swim away) or
a causally irrelevant behavior (e.g., scientists have observed
that a blowfish will swim closer to the surface of the ocean
when it is looking for a mate). After the experimenter stated
each observation, children viewed the rating scale on the
screen and were prompted to indicate how helpful that
observation was for figuring out if the character’s explanation
of the target behavior was correct.



Children completed six sets of four trials, where each set
involved a different animal and four subsequent observations.
The target animal behaviors were presented in one of two
random orders, and the order in which the observations were
presented was also randomized and counter-balanced
between participants.

Results and Discussion

Children’s responses on the evidence evaluation task were
converted to scores of 0 to 4, where higher scores correspond
to ratings of greater helpfulness. Preliminary analyses
suggested no effects of participant gender or trial order so
these factors were excluded from further analyses.

A 4 (Observation type) x 2 (Age group: 7-8-year-olds, 9-
10-year-olds) mixed-measures ANOVA was conducted on
the average ratings. Using the Greenhouse-Geisser correction
for inhomogeneity of variance, the ANOVA revealed a main
effect of Observation type, F(1.92, 88.31) = 37.06, p < .001,
partial n?= .458. Children’s mean helpfulness ratings were
highest for same animal/relevant observations (M = 2.94, SD
= .47) and lowest for the different animal/irrelevant
observations (M = 1.30, SD = 1.28; see Figure 2). Post-hoc
pairwise comparisons revealed significant differences
between children’s ratings for all four types of observations,
p < .004, except for between the different animal/relevant

observation  ratings compared with the same
animal/irrelevant observation ratings, p = .154.
4
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Figure 2: Mean helpfulness ratings for each type of
observation by younger and older children. (Error bars
indicate standard error.)

There was no significant main effect of Age group, F(1,
46) = 1.60, p = .24, partial n?>= .034, but there was a
significant interaction between Observation type and Age
group, F(1.92, 88.31) = 4.11, p = .021, partial n?>= .082. Post-
hoc t-tests showed that older children assigned lower ratings
than younger children to same animal/irrelevant
observations, t(46) = 2.30, p = .026, but otherwise ratings for
each type of observation did not significantly differ between
age groups, ts < 1.67, ps > .100. Further supporting this
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finding, older children assigned ratings to the same
animal/irrelevant observations that were significantly lower
than the midpoint of the scale (rating of 2 or “sort of
helpful”), t(23) = 4.27, p < .001, but younger children’s
ratings did not differ from the midpoint, t(23) = .83, p = .413.

Within each age group, planned t-tests showed that 7- and
8-year-olds gave significantly higher ratings to same
animal/relevant observations than to the other three types of
observations, ts > 2.97, ps < .007, but otherwise their ratings
for the other types of observation did not significantly differ
from each other, ts < 1.76, ps > .092. Nine- and 10-year-olds
ratings significantly differed between all observation types,
ts > 4.47, ps < .001, except for between the same
animal/irrelevant and different animal/irrelevant
observations, t(23) = .891, p =.382.

Overall, children in both age groups recognized that
observations of the same animal that support the causal
outcome in the proposed explanation (e.g., observing
predators leaving) would be very helpful for evaluating the
explanation’s accuracy, and that observations of causally
irrelevant behaviors in a different animal would be less
helpful. However, when evaluating observations about the
same animal that were not causally relevant to the
explanation (i.e., because they involved a different biological
process), older children assigned lower helpfulness ratings
than younger children. Older children might have been better
able to look past the presence of the same animal topic word
(e.g., “snapping turtle”) in the same animal/irrelevant
observation and realize that the observation involved a
different biological process or causal mechanism. In addition,
older children also seemed more sensitive than younger
children to the fact that the different animal/relevant
explanation was more helpful than either type of causally
irrelevant explanation.

The differences between older children’s and younger
children’s responses on the same animal/irrelevant items
might also reflect a difference in calibration when using the
helpfulness rating scale. In making their ratings, younger
children may have believed that all observations that were
about the same animal and that involved the causal outcome
proposed in the explanation would be very helpful, and, thus,
any observations that did not meet both of these criteria
would only be somewhat helpful. Study 2 was designed to
explore this possibility.

Study 2

In order to ensure that children’s ratings of the observations
were not influenced by the presence of much stronger
evidence (e.g., the same animal/relevant observations) or
much weaker evidence (e.g., the different animal/irrelevant
observations), these trials were omitted from Study 2.
Additionally, four trials were added after the evaluation task
in order to check whether children were using the helpfulness
rating scale appropriately.

Participants



Participants were 24 children ages 7 and 8 (Mage = 8.05; 12
males and 12 females) and 26 children ages 9 and 10 (Mage =
9.94; 13 males and 13 females) who had not participated in
Study 1. Parents identified 84 percent of the children in the
sample as White, 4 percent as Black/African American, 2
percent as Asian American, 2 percent as Native Hawaiian and
4 percent as more than one race (parents of 4 percent of
children chose not to indicate their child’s race). Eighty-eight
percent of the sample were identified as non-Hispanic, 8
percent were Hispanic, and the remaining 4 percent chose not
to identify their ethnicity. Children were tested individually
in a university laboratory in the Louisville, Kentucky area.

Procedure

Scale introduction and evidence evaluation task Children
were introduced to the rating scale and the evidence
evaluation task in the exact same manner as Study 1. The
evidence evaluation task used the same animal stimuli
presented in the same two randomized orders as Study 1;
however, the same animal/relevant and different/animal
irrelevant observations were omitted, so there were only two
trials per animal.

Check questions Following the evidence evaluation task,
children heard about two additional familiar animal
behaviors (a squirrel burying nuts in the ground, a monkey
carrying bananas into a tree). After each behavior was
introduced with an accompanying photo, a character offered
an explanation for the behavior (e.g., the squirrel does this to
save food for the winter). Children then rated two
observations in terms of helpfulness for evaluating the
explanation: one that was about the same animal and causally
relevant to the explanation (e.g., scientists have observed that
squirrels dig up nuts from the ground to eat them during the
winter) and one that was about a different animal and was not
causally relevant to the explanation (e.g., scientists have
observed that beavers build dams across rivers using sticks
and trees).

Results and Discussion

As in Study 1, children’s responses on the evidence
evaluation task were converted to scores of 0 to 4.
Preliminary analyses suggested no effects of participant
gender or trial order. Thus, these factors were excluded from
further analyses.

A 2 (Observation type: same animal/irrelevant, different
animal/relevant) x 2 (Age group: 7-8-year-olds, 9-10-year-
olds) mixed-measures ANOVA was conducted on the mean
helpfulness ratings. The ANOVA revealed a main effect of
Observation type, F(1, 48) = 30.27, p < .001, partial n?= .387.
Children rated the different animal/relevant observations
more highly (M = 1.95, SD = .99) than the same
animal/irrelevant observations (M = 1.22, SD = 1.13; see
Figure 3). There was also a significant main effect of Age
group, F(1, 48) = 4.93, p = .031, partial n?>= .093, where
younger children (M = 1.88, SD = .19) gave higher ratings
than older children (M = 1.31, SD = .18). There was no
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significant interaction of Observation type X Age group, F(1,
48) = .39, p = .538, partial n?=.008.

Planned t-tests showed that both age groups gave higher
ratings to the different animal/relevant observations than the
same animal/irrelevant observations, ts > 2.99, ps < .007.
Compared with the results of Study 1, these findings suggest
that younger children were better able to recognize the
relative helpfulness of different animal/relevant observations
over same animal/irrelevant observations when they were
faced with a more limited set of observations that did not
include observations that were stronger on both dimensions
(i.e., same animal/relevant) or weaker on both dimensions
(i.e., different animal/irrelevant).
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Figure 3: Mean helpfulness ratings for each type of
observation by younger and older children. (Error bars
indicate standard error.)

Check items Overall, children gave high helpfulness ratings
to the same animal/relevant check items (M = 3.34, SD = .89)
and low helpfulness ratings to the different animal/irrelevant
check items (M = .82, SD = 1.31), suggesting that they were
using the rating scale appropriately. These ratings were much
higher and much lower, respectively, than the ratings for the
same animal/irrelevant items and different animal/relevant
items in the preceding evidence evaluation task.

General Discussion

Two studies examined children’s judgments of the
helpfulness of different types of evidence for determining
whether a proposed causal explanation was accurate. When
the evidence involved the same animal along with the same
causal mechanism as the proposed explanation, children ages
7-10 consistently deemed it very helpful. Children also rated
observations involving the same causal mechanism as the
target explanation as relatively more helpful than
observations involving an unrelated process. However, when
the evidence involved the same animal and a causal
mechanism that was unrelated to the proposed explanation,
7- and 8-year-olds gave it higher helpfulness ratings than 9-
and 10-year-olds did.

As suggested by Study 2, the disparity between younger
and older children’s helpfulness ratings for the same
animal/irrelevant items did not seem to be related to



differences in understanding or using the rating scale. Rather,
younger children may have found it challenging to
distinguish between evidence that did not involve the same
animal and the same causal mechanisms when their ratings
were anchored by clearly superior or inferior observations.
These findings may seem surprising given that 7- and 8-year-
olds were capable of distinguishing between causally
relevant and irrelevant evidence about the same topic in
Johnston et al.’s (2019) studies. In Johnston et al.’s studies,
children evaluated how helpful pieces of evidence would be
for generating an explanation of a mechanical process, but
they did not have to actually develop or evaluate an
explanation, which may have allowed them to be fairly
selective about the evidence they chose. In contrast, in the
current studies, children evaluated how helpful each piece of
evidence was for determining if an explanation that already
existed was accurate. Seven- and 8-year-olds might have
found the latter task more challenging as it required
recognizing the underlying causal process involved in the
proposed explanation and then identifying the similarities
between it and the causal processes involved in each
observation. Thus, although 7- and 8-year-olds are capable of
evaluating evidence to some extent (i.e., they rated the same
animal/irrelevant observations lower than the same
animal/relevant ones in Study 1, and they rated the same
animal/irrelevant  observations lower than different
animal/relevant ones in Study 2), they may still be less adept
than their older counterparts at evaluating evidence when
faced with multiple possible mechanisms and multiple types
of observations.

We also found that younger children gave higher ratings to
the three weaker types of evidence than older children, and
that younger children’s ratings hovered around the midpoint
of the scale (corresponding to “sort of helpful”’) while older
children’s ratings were often below the midpoint (closer to
the “not helpful at all” end of the scale). This pattern of results
might reflect a positivity bias among younger children that
influenced them to label all types of observations as
somewhat helpful (see Boseovski, 2010). Younger children
may also have been influenced by the fact that each
observation was attributed to a group of scientists, and they
may have been reluctant to reject such “scientific evidence”
as unhelpful. Future research could explore this possibility by
varying the source of the evidence and the number of people
described as having made the observation. It would also be
informative to see if younger children assign lower ratings to
evidence involving entirely different types of information
(e.g., physical or chemical reactions), rather than information
involving a different, yet still somewhat taxonomically-
related entity (e.g., a different animal).

Taken together, the current findings suggest that
elementary school age children recognize when a piece of
evidence is clearly relevant to a proposed causal explanation,
but their ability to recognize that evidence involving the
same entity as the explanation can sometimes be causally
irrelevant may still be somewhat fragile or inconsistent.
Children in this age range are also capable of recognizing

1878

when information about a different entity is causally relevant
to an explanation, although younger children may find this
more challenging than older children. These data suggest that
the underpinnings of the ability to critically evaluate evidence
in relation to a proposed hypothesis or explanation are present
by age 7 or 8, yet elementary school age children would still
benefit from instruction in how to evaluate disparate types of
evidence. For example, providing a chart that children can
use to visually represent the relevance of different pieces of
evidence to a target explanation (as in Rinehart et al., 2016)
might enable children to more effectively compare
observations that vary on multiple dimensions. Ultimately,
science educators should keep in mind that although
understanding how complex and indirect pieces of evidence
inform explanations is essential for successful scientific
reasoning, children may require substantial time and
experience to develop this skill.
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