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Abstract

Children gain insight from trying to explain events, in part because self-explaining leads children to focus on broad general
patterns. This study examines how children come to discover these broad patterns. We propose that generating explanations
invokes comparison, which reveals commonalities that feed into a broad explanation. In three experiments, 4- to 6-year-olds
(N=138; 61 girls; M, ge =5;30; predominantly White; data collected 2023-2024) explained a pattern of outcomes that could
result either from a single broad cause or from several specific causes. Children were more likely to arrive at the broad expla-
nation when comparison was available than when it was not (E1: d=1.67; E2: d=1.08). The degree of required comparison
support lessoned with age. Comparison and self-explanation combined to generate satisfactory explanations (E3: d=-0.91).
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Lay summary

Children often gain insight from trying to explain events. We suggest that this is because the effort to explain leads children (and adults)
to seek comparisons across the items to be explained. This process of comparison can reveal important commonalities, which leads
children to focus on broad general patterns instead of local details. This claim found support in three experiments. 5- and 6-year-old
children were more likely to arrive at a broad explanation when comparison was readily available than when it was not; and 4-year olds
were more likely to arrive at a broad explanation when comparison was encouraged than when it was not. Explanation and comparison

may work together to spur learning and curiosity.

Children are avid learners. They seek understanding both by ask-
ing questions like “Why is the sky blue?” and by framing their own
explorations—for example, experimenting with towers of blocks
to understand what makes them fall. Developmental research has
revealed key processes that support children’s learning, including
self-explanation, causal reasoning, and analogical comparison.
Self-explanation—the phenomenon whereby a child (or adult)
tries to explain an event or situation to themselves—has been
increasingly studied of late. There is considerable evidence that
engaging in self-explanation promotes learning, both in children
(Bisra et al., 2018; Chi et al., 1994; Rittle-Johnson, 2006; Rittle-
Johnsonetal.,2017; Walker et al., 2014; Walker & Lombrozo, 2017)
and adults (Chi et al., 1989; Lombrozo, 2016; Muldner et al., 2014;
Nokes-Malach et al., 2013). For example, in her pioneering stud-
ies, Chi and colleagues asked students to think aloud while read-
ing a physics text (Chi et al., 1989). The results showed that
students who actively explained the text to themselves as they
read did better on later tests of comprehension and inference.
One reason that generating explanations is beneficial to learn-
ing is that people tend to prefer explanations that invoke broad,

generalizable regularities (Legare et al., 2017; Lombrozo, 2006;
Walker & Lombrozo, 2017; Williams & Lombrozo, 2010). This
explanatory preference naturally benefits transfer by focusing
learners on generalizations that hold over a broad set of phenom-
ena (Busch et al., 2018; Lombrozo, 2016; Walker et al., 2014). This
raises a key question—how does explaining lead learners to dis-
cover broad patterns? We suggest that one key process invoked
during explanation is analogical comparison over instances of the
phenomenon to be explained. Comparison then fosters abstract-
ing common structure from the examples compared. Before pre-
senting evidence, we first briefly review the literature on the
learning benefits of explanation generation, with a focus on
development.

The learning benefits of explanation
generation

In their classic studies, Chi and colleagues showed that engaging
in self-explanation can help students grasp difficult science
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concepts (Chi, 2000; Chi et al., 1989, 1994). For example, Chi et al
(1994) asked eighth graders either to self-explain a passage on the
human circulatory system or to read the passage twice. The
self-explanation group showed a deeper understanding of the
topic than those who simply read the same text twice. Those who
self-explained were more likely to elaborate on the material and
to integrate the text content with their prior knowledge and were
better able to answer inference questions (Chi et al., 1994).

Since then, much research has demonstrated the benefit of gen-
erating explanations to oneself. For example, Legare and Lombrozo
(2014) showed 3- to 5-year-old children a set of gears that could be
arranged to turn a fan. Half the children were asked to explain how
it worked, while the other half merely observed the demonstration.
During testing, children were first asked to repair the same machine
that was missing a gear and then to construct a new one. Children
in the explanation group were more successful in both fixing the
machine and constructing their own machines than those in the
observation group. This suggests that explaining can foster chil-
dren’s discovery of nonobvious causal patterns (Busch et al., 2018;
Callanan & Oakes, 1992; Keil, 2006; Legare et al., 2017; Legare &
Lombrozo, 2014; Lombrozo, 2006; Walker et al., 2014). Interestingly,
in Legare and Lombrozo’s study, 3- and 4-year olds (though not
5-year olds) showed worse perceptual memory of the gear colors
when being asked to explain. Walker et al. (2014) replicated and
extended this finding, showing that this tendency occurred even
when children failed to generate a correct explanation. The authors
concluded that the attempt to explain was sufficient to trigger the
bias to attend to causal patterns at the expense of local properties.
Research has also shown that generating explanations can benefit
relational reasoning. Brockbank et al. (2023) presented 5- and
6-year olds a challenging analogy task, the Relational Match-
to-Sample (RMTS) task with an object competitor (Christie &
Gentner, 2007; Kroupin & Carey, 2021; Kroupin & Carey, 2021). In
this task, children see pairs of identical shapes (AA) and are asked to
choose which option is more similar, a relational match (BB) or a
partial object match (AC). Past findings suggest that even 8.5-year
old children do not spontaneously favor the relational match
(Christie & Gentner, 2007), consistent with research showing a
strong attraction toward object similarity in children (Gentner &
Toupin, 1986). Brockbank et al. modified the procedure so that the
experimenter demonstrated that the relational match should go
with the target. Half the children were asked to explain why this was
right; the other half simply described what happened. When chil-
dren were asked to do the RMTS task themselves, those who had
explained were more likely to respond relationally than those who
had described the events.

According to Lombrozo’s (2016; William and Lombrozo, 2010)
subsumptive constraint account, one reason that explanation-gen-
eration benefits learning is that people prefer explanations that
characterize things in terms of broad, general patterns. Thus, a key
property of explanation is to favor generalization—that is, to dis-
cover that a specific event can be subsumed under a general pat-
tern that also accounts for other cases. People find such
explanations informative and therefore satisfying. Consequently,
when constructing explanations themselves, people search for an
explanation that reveals a broader pattern. In short, this view pre-
dicts that the act of explaining tends to lead learners to seek broad
regularities rather than context-specific accounts. This explana-
tory preference has important implications for how we reason and
learn (Lombrozo, 2006, 2016; Lombrozo & Carey, 2006).

To test this claim, Williams and Lombrozo (2010) presented
adults with two groups of artificial robots. The categories were
designed such that most of the members within each category
shared a highly salient feature (body shape), but all membersin a
group shared a less salient property (foot shape). Specifically, the
four “Glorps” all shared the subtle feature of pointy feet but only
three of them had a round body; in contrast, the four “Drents” all
shared the subtle feature of flat feet but only three had a square
body. Thus, body shape constituted an imperfect, albeit salient,
rule with a 75% success rate, whereas foot shape was a less obvi-
ous 100% rule that best divided the robots. When people were
asked to explain why each robot belonged to its category, they
were more likely to identify the 100% rule than were those who
simply described the robots. These findings support the claim
that engaging in explanation seeking drives a search for unifying
broad patterns. Similar results have been found for children
(Walker et al., 2017; Walker & Lombrozo, 2017). Given the effec-
tiveness of self-explanation in learning, it is critical to understand
what mechanisms support its success.

The role of comparison in explanation

How do people arrive at a broad explanation? Sometimes the rel-
evant knowledge can simply be retrieved—for example, when
applying a familiar conceptual framework to explain new cases.
But often a broad pattern needs to be identified on the spot. We
suggest that analogical comparison is one key mechanism that
allows learners to arrive at broad patterns. The idea that compar-
ison is implicated in generating explanations has received some
support (Chin-Parker & Bradner, 2017; Hilton & Slugoski, 1986;
Hoyos & Gentner, 2017; Landy & Hummel, 2010; Sidney et al.,
2015). According to structure-mapping theory, comparison entails
a process of structural alignment in which like relations are
aligned and objects are placed into correspondence based on
having like roles within the common relational structure (Forbus
etal.,2017; Gentner, 1983, 2010; Gentner & Forbus, 2025). There is
considerable evidence that structure-mapping renders common
relational structure more salient (Christie & Gentner, 2010;
Gentner, 2003, 2010; Gentner & Namy, 1999; Gick & Holyoak, 1983;
Loewenstein et al., 2003; Markman & Gentner, 1993).

Thus, we propose that comparison contributes to explanation’s
effects by revealing potentially relevant commonalities and foster-
ing them into a more general representation. This fosters knowl-
edge abstraction, in which a general idea subsumes specific
instances (Chen, 1999; Dixon & Bangert, 2004; Gick & Holyoak, 1983;
Markman & Gentner, 1993; Thompson & Opfer, 2010). The abstrac-
tion may already be known to the learner, but it need not be—struc-
tural alignment can reveal novel relational commonalities that
were not obvious in either of the separate items beforehand
(Christie & Gentner, 2010; Gentner & Hoyos, 2017; Gentner & Namy,
1999). In sum, we propose a general pattern in which (1) generating
explanations invokes comparison and (2) the comparison process
highlights potentially important commonalities (and sometimes
differences) that provide the basis for broad explanations.

A study by Edwards et al. (2019) provided evidence for this
claim. The researchers presented people with the two robot cate-
gories used by Williams and Lombrozo (2010). Again, the robots
could be differentiated using a 75% accurate salient feature (i.e.,
body shape) or a 100% accurate, less obvious property (foot
shape). Half the participants were asked to explain why a robot (or
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Training Garden

Test Garden

Figure 1 Training (left) and test (right) gardens used in Walker et al. (2017) and in the current experiment. Both training gardens that grow healthy
carrots have brown soil (top row), in which one contains a doghouse and the other contains rocks; both training gardens that grow sick carrots have red
soil (bottom row), in which one contains a shady tree and the other contains a broken sprinkler. For the test gardens, the combinations of objects and
soil types are reversed. The garden materials are used with permission from Walker et al. (2017).

robots) belonged to one category or the other. The other half were
asked to compare pairs or groups of robots, either within-category
or between-category or both. The results underlined the effective-
ness of explanation generation: participants in the explanation
conditions were more likely to discover the 100% rule than those
in the comparison conditions. However, participants’ self-reports
revealed a telling pattern. As expected, people in the explanation
condition reported engaging in more explanation than did those
in the comparison condition. But strikingly, people in the explana-
tion condition also reported engaging in more comparison than
did those in the comparison condition. Further, the results of
Experiment 3 showed that the success of the explanation instruc-
tions on rule discovery was partially mediated by the rate of
self-reported group comparisons. Edwards et al. concluded that
the prompts to explain led people to engage in spontaneous com-
parison, which then contributed to the effectiveness of explana-
tion in identifying a broad regularity. Here we ask whether this
pattern also occurs among children.

Current study

Thiswork tests the above claimsin three experiments. Specifically,
we asked whether comparison processes contribute to the effect
of explanation generation on children’s ability to discover broad
regularities. To do this, we adapted a study paradigm by Walker et
al. (2017). They showed that explaining can lead children to focus
on broad causal patterns. We first describe Walker et al.’s study
and then discuss a possible role for comparison.

Walker et al. (2017) tested the effect of explaining on children’s
causal reasoning by directly contrasting broad patterns versus
specific details. They showed 4-, 5-, and 6-year olds four training
gardens (Figure 1, left). Two of these had red soil, and two had
brown soil. Each garden also contained a unique salient feature,
such as a broken sprinkler or rocks. Children were told that some
gardens grew sick carrots, an outcome that could be attributed to

either a single cause or two independent causes. Children were
shown that the two red soil gardens grew sick carrots. This was
consistent with two hypotheses: a broad, common cause (i.e.,
both sick gardens had red soils) or a context-bound hypothesis
that posits two separate causes (one had a broken sprinkler, so it
lacked water, and the other had a shady tree, so it lacked sun-
light). Half the children were asked to explain why the two carrots
were sick, while the other half were simply asked to describe what
they saw. The key question was whether explaining would lead
children to prefer the broad (soil-based) hypothesis over the con-
text-bound hypothesis that focused on garden-specific explana-
tions such as “too shady” or “broken sprinkler.”

To test children’s preferred explanation, Walker et al. showed
children four test gardens that reversed the combinations of soil
types and specific objects (Figure 1, right). Children were asked to
predict whether each garden grew healthy or sick carrots. If chil-
dren endorsed the broad hypothesis, they should predict that the
two red soil gardens (now containing the doghouse and rocks)
would grow sick carrots, and the two brown soil gardens (now
containing the shady tree and broken sprinkler) would grow
healthy carrots. Their predictions would be the opposite if they
endorsed the context-bound hypothesis.

The results showed an interesting developmental trend.
Regardless of condition, 4-year olds did not consistently endorse
either the broad or the context-bound hypotheses, while 6-year olds
always endorsed the broad hypothesis. However, the 5-year olds
behaved differently in the two conditions. In the describe condition,
they were equally likely to choose the broad or context-bound
hypotheses; butin the explain condition, they showed a clear prefer-
ence for the broad hypothesis. As the authors suggested, this devel-
opmental shift could have resulted from gains in causal knowledge.
The 4-year olds might lack sufficient domain knowledge of plant
growth to think about the soil, while the 6-year-olds might know
enough to favor the soil-type hypothesis even when not being
prompted to explain. Critically, for the 5-year olds, the specific
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Table 1 Key design features in Walker et al. (2017) and in the current study.

Walker et al. (4-, 5-, and 6-year olds)

Experiment 1 (5- and 6-year olds)

Condition Explain Describe

Explanation + Comparison  Explanation + Comparison
Available Difficult

Training phase Training gardens shown simultaneously

Two healthy gardens introduced first, followed by

two sick gardens
Initial question
two carrots are sick?”
Memory phase N/A
Test phase Test gardens shown simultaneously
Training gardens visible on the side

Final explanation N/A

“Why do you think these “Were these two carrots
healthy or sick?”

Training gardens shown sequentially
Alternating between healthy and sick gardens

“Why do you think some carrots are sick?”

Gardens removed after
shown

Gardens remain visible after
shown

Test gardens shown sequentially

Training gardens visibleon  Training gardens not visible
the side

“Why do you think these carrots are sick?”

Experiment 2 (4-year olds)

Experiment 3 (5- and 6-year olds)

Explanation + Comparison

Condition Available (same as E1)

Explanation + Comparison Prompted

Comparison-Only (no initial explanation)

Training phase Training gardens shown
sequentially
Alternating between

healthy and sick gardens

Training gardens shown
simultaneously

(1) Two healthy gardens introduced
first, followed by two sick gardens

Training gardens shown sequentially

Alternating between healthy and sick
gardens

(2) further prompted for explicit

comparison
“Why do you think some carrots are sick?”
Gardens remain visible after shown
Test gardens shown sequentially
Training gardens visible on the side
“Why do you think these carrots are sick?”

Initial question
Memory phase
Test phase

Final explanation

N/A

Gardens remain visible after shown

Test gardens shown sequentially

Training gardens visible on the side

“Why do you think these carrots are sick?”

causes—lack of water and lack of sunlight—were often highly salient
atfirst, but explaining allowed them to overcome them and consider
the broad soil type alternative more thoroughly.

These findings underscore the value of explanation genera-
tion in prompting children to arrive at broad causal patterns.
But the question we raise is, to what extent did the learning
benefits of explanation stem from the availability of relevant
comparisons? For example, the four training gardens were dis-
played together and remained present throughout the study.
There is considerable evidence that children are more likely to
compare things when they are simultaneously present than
when they occur in sequence (Alfieri et al., 2013; Begolli &
Richland, 2016; Christie & Gentner, 2010; Gentner & Hoyos,
2017). Thus, seeing the four gardens together could have
allowed children to compare them, facilitating children’s dis-
covery of the common soil type.

In Experiment 1, we tested this possibility by repeating Walker et
al’s (2017) study with slight alterations designed to make compari-
son more difficult. We used the same materials and general proce-
dure as did Walker et al. and the same age group (5- and 6-year-old
children). One condition (Explanation+Comparison) was a close
replication of Walker et al’s Explain condition, with a few specific
changes as noted below (see also Table 1). The other condition
(Explanation Only) was matched to the Explanation + Comparison
condition except for one critical difference: we minimized children’s

opportunity to compare. Specifically, for both conditions, the train-
ing gardens were shown one at a time (unlike Walker et al., who
showed all gardens simultaneously). Children were told which gar-
dens had healthy carrots and which had sick carrots, and all were
asked to explain why some carrots were sick. We added a memory
check to rule out concerns about encoding errors or memory loss.
The critical opportunity for comparison was manipulated during
the memory check. Children were shown the gardens one by one
and asked to remember whether the garden had sick carrots or
healthy carrots. Critically, for the Explanation +Comparison group,
each garden remained in view after the memory question and
stayed visible for the rest of the study (as in Walker et al.’s study). For
the Explanation-Only group, the gardens were removed from sight
after each question. Therefore, only the Explanation+ Comparison
group had access to readily available comparisons. All children
then completed the Prediction task as in Walker et al.’s study. We
also added a final explanation task, in which all children explained
why they made their predictions. Table 1 summarizes the key
design similarities and differences between the current study and
Walker et al.’s (2017) study.

Our main prediction is that explainers who have access to read-
ily available comparisons will be more likely to identify the broad
pattern of common soil type—as reflected in their predictions and
final explanations—than those for whom comparisons are made
difficult.
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Experiment 1
Method

Participants

Fifty-two 5- and 6-year-old children were recruited for the study
(M=5;11 years, range =5;00 to 6;11 years; 20 girls; 63% White,
21% Asian, 4% Black, 4% Hispanic, 8% Mixed; data collected
2023-2024): 26 in the Explanation + Comparison Available [Comp-
Available] condition and 26 in the Explanation-Only [Comp-
Difficult] condition. Families were recruited through a psychology
department database from a midwestern city in the United States
with medium-to-high average socioeconomic status. Families
were compensated for participation. Assuming a power level of
80% and an alpha level of 95%, a total of 52 subjects were required
for the independent samples t-test to detect an effect size of 0.8.
One participant was excluded due to memory failure (see below).

Materials

Two sets of four gardens were used (Figure 1). Each garden was
printed on a 5.2 cmx 3.5 cm laminated paper. In both sets, the
four gardens each contained a unique feature: a doghouse, rocks,
a broken sprinkler, and a shady tree. Critically, the training set
paired the doghouse and the rocks with brown soil, and the sprin-
kler and the tree with red soil (Figure 1, left), while the test set
reversed this pairing (Figure 1, right). Green leaf clumps were used
to indicate the carrot locations. The leaves were identical for sick
and healthy carrots, so the child had to remember which gardens
were sick and which were healthy. There were also a laminated
picture of Mr. Farmer and two laminated pictures of carrots, one
healthy and one sick. The stimuli, data, and analytic code for this
study are available at https://osf.io/5zd36.

Procedure

After obtaining parental consent and the child’s verbal assent, the
experimenter brought the child into a quiet room. The experiment
consisted of three phases—Training, Memory, and Test. The
Training phase was identical between conditions. The critical
manipulation of comparison opportunity occurred at the Memory
and Test phases. The study took 10 minutes.

Training

The experimenter first showed the child the picture of Mr. Farmer.
They were told that he grows carrots, but that in some of his gar-
dens, the carrots are sick. Children were invited to “..help Mr.
Farmer figure out what makes the carrots healthy or sick.” All chil-
dren were then introduced to the four training gardens sequen-
tially. For each, they were told, “In this garden, there is an X, and
the soil is Y’ (The X is “a doghouse,” “rocks,” “a broken sprinkler,”
or “a huge tree and its shadow,” and the Y is “brown” or “red,”
respectively). The experimenter explicitly pointed to the objects
and the soil while labeling these features. Next, the experimenter
said, “Let’s pick a carrot to see if the carrots in this garden are
healthy or sick. Which one shall we pick?” After the child made a
choice, the experimenter placed a healthy or sick carrot picture
underneath a green leaf clump and said, “The carrots in this gar-
den are healthy” for each of the two brown soil gardens, or “The
carrots in this garden are sick” for each of the two red soil gardens.
The experimenter then removed the garden picture before laying
down the next one, so that the child could only see one garden at

” o«

atime. The order of the gardens was fixed and alternated between
healthy and sick gardens, so as to make the comparison less likely
across gardens of the same soil type.

At the last garden, the child was asked for an initial explanation
before the picture was taken away, “Mr. Farmer really wants to
know what makes carrots sick. Why do you think some carrots are
sick?” At this point, both hypotheses were compatible with the
gardens—one based on the individual features (the context-bound
hypothesis) and the other based on the common soil type (the
broad hypothesis).

To summarize, we altered Walker et al.’s training procedure in
two ways to minimize children’s tendency to compare: (1) we
showed gardens sequentially, whereas Walker et al. showed them
simultaneously and (2) we alternated between healthy and sick
gardens, whereas Walker et al. introduced the two healthy gar-
dens together, followed by the two sick ones. One other change is
that we used pictures of healthy carrots as well as sick carrots
(unlike Walker et al., who only showed pictures of sick carrots).
This was done to allow feedback when prompting children to
check both healthy and sick gardens.

Memory

All children were again shown the four training gardens, in the same
order as before. For each, children were asked, “Do you remember
this garden? Does it grow healthy carrots or sick carrots?” Wrong
answers were corrected. The exclusion criterion was a priori set to
be more than one error. Overall, the children’s memory was good.
For the Comp-Available condition, four participants each made a
single error; for the Comp-Difficult condition, one made an error
and another made three (and was therefore excluded).

The two conditions differed in one specific way. In the Comp-
Available condition, each garden was moved to one side of the
table after the memory question and remained in view. In the
Comp-Difficult condition, each garden was again taken away
before laying down the next one. Therefore, by the end of the
Memory phase, only the Comp-Available group could view all
the gardens simultaneously, and the gardens stayed visible dur-
ing the subsequent tasks. This is comparable to Walker et al’s
procedure in the Explain condition, in which children went
directly from training to test, with the gardens remaining in
view.

Prediction task

As in Walker et al’s study, the four test gardens reversed the asso-
ciation between soil type and concrete details. In the Prediction
Test, the experimenter randomly showed the four test gardens
one atatime. Foreach one, they asked, “This is one of Mr. Farmer’s
carrot gardens. If | pick a carrot from this garden, do you think it
will be healthy or sick?” The test garden was taken away after each
response. This was done to make comparison difficult and dif-
fered from Walker et al.’s procedure, in which all four test gardens
were shown together. The procedure was the same for both condi-
tions, except that only the Comp-Available condition had access
to the training gardens on the side.

Last, the experimenter showed each child all the test gardens
that the child had predicted to grow sick carrots and asked, “Why
do you think they grow sick carrots?” If all test gardens were pre-
dicted to be healthy, the experimenter asked, “Why do you think
they grow healthy carrots?” These responses constituted the
child’s final explanation.
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Scoring and coding

Prediction task

For each test garden, a child was given one point if the response
was in accord with the broad hypothesis (i.e., that the two red soil
gardens would produce sick carrots, and the two brown soil gar-
dens would produce healthy ones) and zero otherwise. The max
total score was 4. As in Walker et al. (2017), we classified children’s
responses into six categories based on the patterns—“All Soil” if
the score was 4, indicating all predictions were aligned with the
broad hypothesis; “All Context-Bound” if the score was 0; “Sick
Bias”/“Healthy Bias” if children predicted all gardens to be sick/
healthy; “Sick+1” if children predicted sickness for the two red
soil gardens and one more brown soil garden; and “Others” for all
other responses.

Initial and final explanations

We coded children’s explanations according to their causal con-
tent. Four coding categories were specified—whether an explana-
tion mentioned (1) soil, (2) lack of water (or a broken sprinkler), (3)
lack of sunlight (or a shady tree), or (4) any other reason. For each
category, the scoring was binary: “present” if the explanation
mentioned the corresponding cause or “absent” otherwise. In
reporting the results, we retained the “Soil” (the broad explana-
tion) and “Other” categories but combined the “Water” and
“Sunlight” into one category “Individual Feature,” since both
invoked context-specific features of the sick training gardens. This
category was scored as “present” if either or both of the featural
causes were present. One explanation instance could be scored in
multiple categories (see Table 2).

All instances of verbal explanation (including those from
Experiments 2 and 3) were compiled together, with participant
and condition information hidden. The first author coded all the
verbal responses, and two research assistants, who were not told
the hypotheses, each coded half of the responses. Cohen’s Kappa
was calculated for interrater agreement: (1) “Soil”, k=0.87; (2)
[lack of] “Water”, k=0.92; (3) [lack of] “Sunlight”, k=0.96; (4)
“Other Reasons”, k=0.80. The average Kappa agreement was
0.89. Given the high agreement, we opted to use the first author’s
scores as the final codes.

Table 2 Experiment 1: sample explanations and codes.

For the analysis, we focused on two measures: the relative fre-
quency of mentioning each cause (“Soil type,” “Individual
Feature,” and “Other”) and the frequency of mentioning soil type
as the sole cause. The former reveals which hypothesis children
preferred, and the latter reveals the extent to which children
focused on the broad hypothesis of soil type.

Experiment 1 results

All analyses were conducted in R (Version 4.4.1; R Core Team,
2024). For the verbal analysis on the explanation codes, we used a
Chi-square test whenever all cells had count frequencies above or
equal to 5 and a Fisher’s exact test whenever any cell had a low
count (<5).

For the prediction task, we first carried out an omnibus ANOVA
including condition (Comp-Available or Comp-Difficult), age
group (5- or 6-year old), and their interaction as independent var-
iables. The results showed that neither age, F(1,47)=1.66,p=.2,
nor its interaction with condition, F(1,47)=5.5, p=.08, was signif-
icant. Importantly, the two conditions differed significantly on the
number of choices in favor of the broad hypothesis, F(1,
47)=37.84, p<.001. This simple effect was followed up by an
independent t-test as reported below. Given the reported age
trend in Walker et al., we also examined each age group sepa-
rately. The results showed similar patterns between 5- and 6-year
olds on both the prediction task and the verbal explanations.
These results are reported in the supplementary materials.

Prediction task

(Figure 2) A t-test revealed a significant effect of condition,
t(45)=5.94,p <.001,d=1.67. Children in the Comp-Available con-
dition were more likely than those in the Comp-Difficult condition
to choose according to the broad hypothesis—that is, to predict
that the test gardens with red soil were sick and those with brown
soil were healthy (M, .=3.41, SD, .=117; Mp,=1.16,
SDp;=1.52). One-sample t-tests compared group performance to
a chance level of 2. The Comp-Available group produced the
broad pattern of choices at above-chance rates, t(25)=6.19,
p<.001, d=1.21, while the Comp-Difficult group did so at below-
chance rates, t(24)=—2.77, p=.011, d=—0.44. Table 3 shows the

Explanation Codes
Because red soil* Soil
Because the red soil is infecting it* Soil

Red grows sick carrots because of dry dirt; this [pointing to the sprinkler garden] because no water; this

[tree] because it has shadow. Sun will not get in.
It’s sick without water because water is making them hydrated.
Because this tree is blocking the sunlight to get to the carrots

because they didn’t get treated that good—water them every single day and give them sunlight
Carrots can be sick because they don’t get enough water, sunlight; sometimes seeds are not good

Because they have doghouse and rocks
Because germ makes you sick
I don’t know

Soil, Individual feature

Individual feature
Individual feature
Individual feature
Individual feature, Other
Other

Other

Other

*Mentioning soil type as the sole explanation.
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classification of children’s responses. The modal response for the
Comp-Available group was to make prediction choices solely
based on the common soil type, while that for the Comp-Difficult
group was to endorse the context-bound hypothesis.

Verbal explanation task

We looked first at the relative frequency of mentioning each cause
in children’s explanations. In the initial explanation (Figure 3, left),
the frequency distribution did not significantly differ between
conditions, Fisher’s exact test, p=.064. This was expected since
the training procedure to that point was identical for the two

All Soil 3.42
2.15
1.16
All Context
-Bound
E1: Comp E1: Comp E3: Comp
Available Difficult Only

Figure 2 Results of Experiments 1 and 3: average number of predictions
in accord with the broad (soil-based) hypothesis (all soil=4; all
context-bound =0). Error bars represent standard errors.

Table 3 Experiments 1 and 3: frequency of the prediction pattern by
condition.

All

All  context Sick Healthy

groups. In contrast, as predicted, in the final explanation (Figure 3,
right), there was a significant condition difference, Fisher’s exact
test, p<.001. Only the Comp-Available group predominantly
explained by the soil type. Table 4 gives a sample of children’s
explanations.

One concern was the higher initial proportion of soil-based
explanation for the Comp-Available group than for the Comp-
Difficult group (27% vs. 11%). We reran the above analyses among
children who did not mention soil type in the initial explanation
(N i =1T7; Npe=21). The same patterns held: the Comp-Available
group was more likely than the Comp-Difficult group to favor the
soil-type hypothesis in the prediction task (M, =329,
D= 1.36;M,,=0.90, SD .= 1.34), t(34) =5.43,p < .001,d = 1.77,
as well as to explain by the soil type in their final explanation.

We also calculated the rate of mentioning soil type as the sole
cause. In the initial explanation, a Fisher’s exact test revealed no
difference between the Comp-Available group (9 out of 26) and
the Comp-Difficult group (3 out of 25) in their tendency to do so,
p=.10. In the final explanation, the Comp-Available group (18 out
of 26) was significantly more likely than the Comp-Difficult group
(4 out of 25) to name soil type as the sole cause of sick carrots,
Fisher’s exact test, p<.001. Thus, the Comp-Available group, for
whom comparisons were readily available, showed a marked shift
in explanatory preference from having no particular preference to
strongly preferring the common soil as the cause of sick carrots.
Without such comparison opportunities, the Comp-Difficult group
showed no such shift. In sum, whether children had comparisons
readily available was a strong predictor of whether they shifted to
the broad explanation.

Experiment 1 discussion

The results of Experiment 1 provide clear evidence for the power
of comparison processes in explanation generation. When com-
parison was readily available, children who explained made pre-

soil_Bound Soil+1 bias bias  Other ictjons according to the broad hypothesis (soil type) and were
E1: Comp-Available 19 2 3 1 0 1 hlgfllly llr'ely to Svnhdorse the common soil (tjyfr;e |r:tthe|r:'{ljnal verl:;\al
E1: Comp-Difficult 3 14 3 exp a'na |ons'. en comparison was difficu L ,C i ren w' o
explained failed to endorse the broad hypothesis in their predic-
E3: Comp-Only 8 6 1 1 1 9 . . .
tions and explanations. Thus, having an explanatory goal led to
. Soil . Individual Feature Other
Initial Explanation Final Explanation
0
3 76%
€ 75% 1
g- 67% 64%
0
Q
& 50%-
-
o 39% 38%
c 3% 32%
o 27% 9%,
§25%' 2% 20% 7o 9%
3 11%) "
Oo/o'
E1: Comp E1: Comp E3: Comp E1: Comp E1: Comp E3: Comp
Available Difficult Only Available Difficult Only

Figure 3 Experiments 1 and 3: 5- and 6-year olds’ rates of mentioning each cause in explanations.
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Table 4 Children’s verbal explanations in Experiments 1 and 3.

Final explanation

Child Initial explanation

E1l: Comp-Available

1 Bad soil and not enough sun, not enough water
2 Soil isn’t watered and it needs shades and sun
3 No water

E1: Comp-Difficult

4 I know why this one is sick. Plants need sun, water and
food because it’s under the tree. It doesn’t have sun

5 Because it’s too hot

6 They need water

E3: Comp-Only

7 N/A

8 N/A

9 N/A

Because red soil*

Because soil is red*

They have different colors (pointing between red test gardens
and brown training gardens)

It has litter so it stops the root from getting food. That one has
shades, so it doesn’t have enough sun

(referring to the garden with tree) stuff don’t grow in shade; (the
garden with rocks) bad bacteria were in the sand; (the garden
with sprinkler) broken sprinkler probably making the sand bad
It doesn’t have water; need to fix the hose

This one has a broken sprinkler; the other one has red soil
because this tree looks like it’s falling down; this broken
sprinkler the carrots just don’t want to grow

(referring to the garden with rocks) maybe | don’t know; (the
garden with sprinkler) definitely because there is broken
sprinkler. Need to grow plant

“Mentioning soil type as the sole explanation.

the broad hypothesis only when children could readily compare
the items—suggesting that comparison was critical in allowing
children to arrive at a broad explanation.

A possible reservation concerning the findings is that our
manipulation of whether the gardens were shown simultaneously
might have created an extra memory load for the Comp-Difficult
group, thus impeding their capacity to understand the task. We
think this is unlikely because both groups showed excellent mem-
ory performance; they remembered the individual training gar-
dens and whether they had sick or healthy carrots.

We are suggesting that in our Experiment 1 (and in Walker et
al’s (2017) study), when 5- and 6-year olds were asked to explain
the pattern, they spontaneously drew comparisons when such
comparisons were readily available and that this enabled them to
perceive commonalities that supported their shift to the broad
explanation. These results link with prior findings (Edwards et al,
2019; Hoyos & Gentner, 2017) in providing support for the claim
that comparison is integral to the power of explanation in reveal-
ing broad explanatory patterns.

In Experiment 2, we extend our logic to younger children. We ask
whether younger children will arrive at the broad hypothesis if
encouraged to make comparisons. As reviewed above, the 4-year
olds in Walker et als (2017) study failed to show a preference for
broad explanations when given the same comparison-available
condition that led 5- and 6-year olds to adopt the broad hypothesis.
The authors speculated that the 4-year olds might have lacked suffi-
cient domain knowledge about plant growth. We agree and suggest
further that this lack of knowledge might have prevented 4-year olds
from recognizing the comparison opportunity despite its availabil-
ity. This is consistent with findings that domain knowledge plays a
key role in driving spontaneous comparison (Gentner & Hoyos, 2017;
Gentner & Rattermann, 1991; Goldwater & Gentner, 2015; Paik & Mix,
2006; Rottman et al., 2012). There is also considerable research

showing that comparison can be explicitly encouraged to benefit
learning, both in adults (Edwards et al., 2019; Gentner et al., 2009;
Gick & Holyoak, 1983; Goldwater & Gentner, 2015; Kurtz et al., 2013;
Kurtz et al., 2001; Loewenstein et al., 2003) and children (Alfieri et al.,
2013; Begolli & Richland, 2016; Gentner et al., 2011; Gentner & Namy,
1999; Honomichl & Chen, 2006; Mason, 2004; Mix et al., 2018; Murphy
et al., 2021; Rittle-Johnson & Star, 2009).

In Experiment 2, we prompted 4-year olds to engage in compar-
ison and asked whether this increased their likelihood of identify-
ing the common soil type pattern. We did this both by directly
inviting children to compare the healthy and the sick gardens and
also by creating perceptual conditions favorable to comparison:
specifically, by showing the training gardens simultaneously and
by aligning them spatially, such that gardens of the same soil type
were juxtaposed (Matlen et al., 2020; Zheng et al., 2022). The con-
trol group completed the same procedure as the Comp-Available
condition from E1.

Experiment 2

Method

Participants

Sixty children participated in the study (M =4;6 years, range = 4,00
to 5;00 years; 28 girls; 53% White, 25% Asian, 8% Black, 7%
Hispanic, 7% Mixed; data collected 2024): 29 in the
Explanation + Comparison Available condition [Comp-Available]
condition and 31 in the Explanation + Comparison Prompted con-
dition [Comp-Prompted]. Families were recruited for a Zoom
study through Instagram advertisements and compensated with
gift cards. The participation criteria were set to be based in the
United States with English as the primary language. We did not
collect information about families’ socioeconomic status. Two
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children in the Comp-Prompted condition and one in the Comp-
Available condition were excluded due to memory failure (more
than one error on the memory task), resulting in a final N, =28
and N =29.

Prompt

Materials and procedure

The materials from E1 were digitized as PowerPoint slides for
Zoom. The procedure for the Comp-Available condition was iden-
tical to that for the same condition in E1, except for minor adapta-
tions noted below. The Comp-Prompted differed from the
Comp-Available condition in the Training phase, where the critical
manipulation of the comparison prompt occurred. The Memory
and Test phases were the same between conditions.

Training

The conditions differed in how they received the training gardens.
As in E1, the Comp-Available children saw the four gardens
sequentially, each on a different slide (alternating between
healthy and sick gardens). For each, the experimenter said, for
example, “In this garden, there is an X, and the soil is ¥,” and then
the picture of a healthy or sick carrot was revealed. For technical
reasons, children did not select which leaf clump to examine.
Instead, they were guided to check a prespecified clump. The
healthy or sick carrot picture appeared upon click. Thus, children
learned that the two brown soil gardens grew healthy carrots, and
the two red soil gardens grew sick gardens. At the last garden, the
experimenter asked the child for their initial explanation, “Why do
you think some carrots are sick?”

The Comp-Prompted children saw all four gardens together
arranged as quadrants of a bigger rectangle (Figure 1, left). In
addition, the experimenter first described the two brown soil gar-
dens and then the two red soil ones. Both procedures were the
same as in Walker et al. (2017) and different from those in the
Comp-Available condition in E1 and E2 (Table 1). Importantly,
after learning about each garden, children received an explicit
prompt to compare. The experimenter said, “Let’s put all the
healthy ones together!”, and the two brown soil gardens then
moved to the left side of the screen. The experimenter then asked,
“What’s alike about these two gardens?” Any response from the
child was accepted, as the goal was to encourage comparison. The
same steps were then repeated for the two sick gardens, which
were on the right side of the screen. Last, the experimenter asked
for the child’s initial explanation (with all four gardens present,
just asin Walker et al.).

Memory

For both conditions, the Memory and Test phases were the same
as in the Comp-Available condition in E1. In the Memory task, the
training gardens were shown one after the other. For each, the
experimenter asked, “Do you remember this garden? Does it grow
healthy carrots or sick carrots?” Wrong answers were corrected.
Then the garden was moved to the side and remained visible until
the end of the study. The gardens were shown in a fixed order,
alternating between healthy and sick ones. At the end of the
Memory phase, the four gardens formed a column on the side.

Prediction task

With the training gardens visible on the side, children were shown
the test gardens one at a time, with the order randomized. For
each garden, the child was asked whether it would grow healthy

or sick carrots. Afterward, children were asked for their final
explanation with all four test gardens present. The experimenter
circled the gardens children had predicted to grow sick carrots
and asked, “Why do you think these grow sick carrots?”

Experiment 2 results

Prediction task

(Figure 4) A t-test revealed a significant effect of condition,
t(55)=4.08, p<.001, d=1.08. Children in the Comp-Prompted
condition were more likely than those in the Comp-Available con-
dition to choose according to the broad (soil-type) hypothesis
(Mpyompe=3-00,SDp, - =1.54; M, =129, SD, ., =1.63). Further,
one-sample t-tests showed that the Comp-Prompted group pro-
duced this broad pattern of choices at above-chance rates,
t(28)=3.51, p=.002, d=0.65, while the Comp-Available group did
so at below-chancerates, t(27) =-2.32, p=.028, d=—0.44. Table 5
shows the classification of children’s responses. The modal
response for the Comp-Prompted group was to choose based on
the broad hypothesis (i.e., the soil type), while that for the Comp-
Available group was to choose according to the context-bound
hypothesis of individual features. Thus, although all children were
asked to explain the pattern, only those who were encouraged to
engage in comparison arrived at the broad hypothesis.

Verbal explanation task

We looked first at the relative frequency of mentioning each cause
in children’s explanations. Fisher’s exact tests showed that the
two groups differed in their initial explanation (Figure 5, left),
p =.044. However, neither group mentioned soil type as the pri-
mary cause: the modal response of the Comp-Available group was
to mention irrelevant causes, and that of the Comp-Prompted
group was to mention lack of water or sunlight. The trend of a
higher proportion of soil-based explanations in the Comp-
Prompted group might have resulted from the fact that the Comp-
Prompted group had already been invited to compare across the
gardens before being asked for the initial explanation. We reran
the Prediction task analysis among children who did not mention
soil type in the initial explanation (NPmmpt=17; N i =24). The
same pattern held: the Comp-Prompted group was more likely to
favor the soil-type hypothesis than was the Comp-Available
group, t(39)=2.59, p=.014, d=0.82. However, contrary to our
hypothesis, the two conditions did not differ in the final explana-
tion (Figure 5, right), p =.33.

All Soil
3
..................... T
All Context
-Bound
E2: Comp E2: Comp
Available Prompted

Figure 4 Results of Experiment 2: average number of predictions in
accord with the broad hypothesis (all soil=4; all context-bound =0).
Error bars represent standard errors.
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We also calculated the rate of mentioning soil type as the sole
cause. There was no difference between conditions in either the
initial explanation (Comp-Available: 3 out of 28; Comp-Prompted:
7 out of 29), Fisher’s Eeact test, p=.3, or the final explanation
(Comp-Available: 8 out of 28; Comp-Prompted: 14 out of 29), Chi-
squared test, p=.21.

Thus, the planned analysis for verbal response failed to pro-
vide support for the claim that prompting comparison matters
for explanation. However, as indicated in Figure 5 and Table 6,
the high proportion of “Other” responses suggests that some
4-year-old children might have found the explanation task chal-
lenging. We further explored this issue by dividing children
based on their performance in the Prediction task. The pattern
was telling. Those who made “All Soil” predictions (N, .., =6;
NPrompt=18) predominantly mentioned soil type in the final
explanation (Comp-Available: 83% Soil, 17% Other; Comp-
Prompted: 71% Soil, 10% Feature, 19% Other). This is a marked
gain over these children’s initial explanations, in which 0% and
39% of the responses were soil type-based for the Comp-
Available and Comp-Prompted groups, respectively. In contrast,
for children who did not make “All Soil” predictions (N, ., =22;
Noompt = 11), their final explanations were far less likely to men-
tion soil-type (Comp-Available: 16% Soil, 38% Feature, 46%
Other; Comp-Prompted: 8% Soil, 33% Feature, 58% Other).
Indeed, half of their responses focused on irrelevant causes. In
sum, children’s verbal responses echoed their prediction perfor-
mance: those who showed a clear preference for the common
soil-type hypothesis in making predictions also mentioned soil-
type more in the final explanation. This was the case for the
Comp-Available group as well as the Comp-Prompted group

Table 5 Experiment 2: frequency of the prediction pattern by condition.

All
All  context- Sick Healthy

soil Bound Soil+1 bias bias Other

E2: Comp-Available 6 15 0 0 2 5

(who were three times more likely than the former group to
make “All Soil” predictions)

Experiment 2 discussion

The results of Experiment 2 provide further support for our main
hypothesis: that comparison processes are critical to explana-
tion’s effect in revealing broad general patterns. In our Comp-
Available condition, in which comparison was possible but not
encouraged, 4-year olds failed to arrive at the broad (soil-based)
hypothesis, replicating Walker et al’s (2017) findings for this age
group. But when comparison was encouraged, 4-year-olds in our
Comp-Prompted condition did form the broad hypothesis, as
reflected in their performance on the prediction task. The differ-
ence between the two groups is striking: the Comp-Prompted
group made over twice as many predictions consistent with the
broad hypothesis as did the Comp-Available group.

To put these results in perspective, recall that in Walker et al.’s
study (using what in our terms was a “Comparison Available” pro-
cedure), 5-6-year olds formed the broad hypothesis and 4-year
olds did not. In our Experiment 2, we found that increasing the
likelihood of comparison (as in Explanation+Comparison
Prompted) led to an increase in the proportion of 4-year old chil-
dren who formed the broad hypothesis (relative to Walker et al’s
results, as well as to the results of our control condition,
Explanation + Comparison Available). These results dovetail with
those of Experiment 1, in which we found that decreasing the
availability of comparison (Explanation-Only) led to a decrease in
the proportion of 5-6-year-old children who formed the broad
hypothesis (relative to Walker et al.’s results and to our replication
of those results, Explanation+Comparison Available). Overall,
these findings reveal an interesting developmental pattern and
provide strong evidence for the role of comparison in allowing
children to achieve broad causal insight in explanations.

In Experiment 3, we pose a further question. We have pro-
posed that the goal of explaining a phenomenon actively
engages a search for informative comparisons. However, it is
worth considering a more extreme possibility. Could it be that all
the benefits of explanation are due to comparison? This would

E2: Comp-Prompted 18 5 3 . -
P P mean that, as long as the comparison opportunity is present,
- Soil . Individual Feature Other
Initial Explanation Final Explanation
o 80%1
[} 53%
2 48%
2
o/ | 40%
3 40%
o 33%
Y 30% 30%
o
c
0 20% A 18%
=
[}
Q
o
a
0%
E2: Comp E2: Comp E2: Comp E2: Comp
Available Prompted Available Prompted

Figure 5 Experiment 2: 4-year-olds’ rates of mentioning each kind of cause in explanations.
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Table 6 Children’s explanations in Experiment 2.

Child Initial explanation

Final explanation

Comp-Prompted

1 Because the gardens are not doing very well Because they are not doing well

2 Because they are inside the dirt too long Because the dirt is not red right not; long time
ago dirtis red, and they will grow sick carrots

3 If sun makes them so hot, too much shade, or not much water Because they don’t go sick gardens

Comp-Available
4 Because it’s dirty it has dirty soil

Because they are not healthy; they are sick

6 Because they get bad food on the ground it makes it dirty, and you

can’teatit

Because they have dirty nature and dirty trash
and way too gross

Because it’s not healthy we can’t eat them
Because they grew on the ground

children would not need explanation to endorse the broad pat-
tern. Experiment 3 examines whether comparison by itself is
enough to drive children’s preference for broad regularities. A
new group of 5- and 6-year-olds, the Comparison-Only condi-
tion, completed the study in the same way as did the Comp-
Available condition in Experiment 1, except for one critical
difference: this group did not explain during training why some
carrots were sick.

Experiment 3
Method

Participants

Twenty-six 5- and 6-year-old children participated, all in the
Comparison-Only [Comp-Only; labeled in contrast to the Comp-
Available condition from E1] condition (M =6;00 years, range = 5;1
to 7;00 years; 13 girls; 61% White, 12% Asian, 27% Mixed; data col-
lected 2024). No one was excluded. Children were recruited using
the same methods as in Experiment 1.

Procedure

Children received the identical procedure as did the Comp-
Available condition from E1, except in one important respect:
they were not asked for the initial explanation during training.
Children were asked to help Mr. Farmer figure out what made the
carrots healthy or sick. They saw each of the training gardens one
by one (in a fixed sequence) and learned that the two brown soil
gardens (with a doghouse and rocks) grew healthy carrots while
the two red soil gardens (with a broken sprinkler and a shady
tree) grew sick carrots. After the last garden, the children heard,
“Let’s see how well you remember the gardens,” instead of being
asked to explain why the carrots were sick, as in E1. The rest of
the procedure was identical to that of the Comp-Available condi-
tionin EL.

Memory

The training gardens were shown one after the other, and the
child was asked to remember the state of the carrots for each
training garden. Children’s memory was good: only three children
each made a single error. Each garden was then pushed to the
side and remained in view; thus, comparisons were readily availa-
ble during the Prediction task.

Prediction task

Asin Experiments 1 and 2, the four test gardens reversed the asso-
ciation between soil type and specific features. For each of the
test gardens, the child was asked whether it would grow healthy
or sick carrots. Last, each child was shown the test garden(s) that
they had predicted would grow sick carrots and asked, “Why do
you think they grow sick carrots?” This constituted their final (and
only) explanation.

Experiment 3 results

Prediction task

Figure 2 shows children’s performance (labeled as Comp-Only
condition) (MC-On[y= 2.15, SDC—On[yz 1.59) along with the two condi-
tions from Experiment 1. For the prediction task, we again first
carried out an omnibus ANOVA including condition (Comp-Only,
Comp-Available, or Comp-Difficult), age group (5- or 6-year olds),
and their interaction as independent variables. The results
showed that neither age, F(1, 71) =0.31, p=.58, nor its interaction
with condition, F(2,71) =2.08, p =.13, was significant. Importantly,
there was an effect of condition, F(2, 71)=16.19, p<.001. A fol-
low-up t-test revealed that the Comp-Only group, who did not
engage in explanation, was significantly less likely to follow the
broad soil-type hypothesis in their predictions than was the
Comp-Available group from E1, t(45)=—-3.27, p=.002, d=—-0.91.
In addition, a one-sample t-test showed that the Comp-Only
group was at chance in predicting that the test gardens with red
soil were sick, p=.63. Table 3 shows the classification of children’s
responses. Children in the Comp-Only condition gave roughly the
same number of broad and context-bound predictions, suggest-
ing that this group did not form a strong bias to reason based on
the common soil type.

Verbal explanation task

We compared the performance of children in Experiment 3 on the
final explanation task with that of the two groups in Experiment 1
(Figure 3). The Fisher’s exact test showed that the Comp-Only
group and the Comp-Available group differed in the relative fre-
quency of mentioning each cause, p=.007. Only 10 out of 26 chil-
dren in the Comp-Only group (Experiment 3) reported soil type as
the sole cause for what made carrots sick, as compared to 18 out
of 26 in the Comp-Available group from E1, though this difference
was not significant, y=3.79, p=.052.
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Table 7 Children’s tendency to support the broad explanation when asked to explain, across age and comparison opportunity.

Comparison difficult

Comparison available Comparison prompted

Walker et al. (2017)

Present E1 X
Walker et al. (2017)

Present E2

5-and 6-year olds

4-year olds

v

v
X
X

Checkmarks denote success at arriving at the broad explanation.

We also explored the differences between the Comp-Only condi-
tion and the Comp-Difficult condition. One non-predicted result
was that the Comp-Only group was more likely to follow the broad
hypothesis in the Prediction task than was the Comp-Difficult
group, t(49)=2.28, p=.027, d=0.64. Likewise, the Comp-Only
group was more likely to mention soil type in their explanations
than was the Comp-Difficult, Fisher’s exact test, p =.009. However,
the two groups did not differ in reporting soil type as the sole cause,
Fisher’s exact test, p=.12. As suggested by Figure 3, the Comp-Only
group did not show a strong preference for any particular cause in
their verbal explanations, while the Comp-Difficult group tended to
explain by the features of lack of sunlight and lack of water.

Experiment 3 discussion

The results of Experiment 3 showed that without a prompt to
explain, 5-6-year-old children did not focus on the broad cause of
soil type in their prediction and final explanation, despite having
readily available comparisons. These findings argue against the
extreme possibility raised by Experiments 1 and 2, that the availa-
bility of comparisons is sufficient to allow children to arrive at the
broad explanation. Children must also have the desire to under-
stand the phenomena. Asking children to explain, as in our
Experiments 1 and 2 and in Walker et al.’s study, provides a moti-
vation to understand and therefore to engage in comparison.

General discussion

In three experiments, we found evidence for our two claims (1)
that generating explanations (often) recruits comparison and (2)
that the comparison process acts to improve explanation-based
learning by revealing broad common patterns. In Experiments 1
and 2, we replicated Walker et al.’s (2017) results by showing that
when asked to explain (with available comparisons), 5- and
6-year-old children reasoned by the common soil type pattern,
whereas 4-year-old children did not. We then assessed the role of
comparison in two ways: by reducing comparison likelihood for
the older group and by increasing it for the younger group. When
comparison likelihood was reduced (Experiment 1), 5- and 6-year
olds no longer endorsed the broad hypothesis. When comparison
likelihood was increased (Experiment 2), even 4-year olds arrived
at the broad causal insight in making predictions. Together, these
findings provide strong support for our claim that comparison is
critical to explanation’s success in leading to broad hypotheses.
Across our studies and those of Walker et al. (2017), we see a con-
sistent pattern (Table 7). Given an explanatory goal, older children
are more likely to arrive at the broad hypothesis than younger
children. But for both age groups, the availability of comparisons
matters in whether children reach this hypothesis.

Experiment 3 tested the extreme possibility that comparison by
itself would be sufficient to support children’s arriving at the broad
explanation. We gave a new group of 5- and 6-year olds the same
opportunity to compare gardens as in our Experiment 1 (and
Walker et al., 2017) but did not ask them to explain. These children
performed at chance in the prediction task; they were significantly
less likely to adopt the broad (soil-type) hypothesis than were chil-
dren who had an explanatory goal as well as available compari-
sons. Likewise, when later asked to explain, they showed little
evidence of having formed a preference for the broad hypothesis.
We propose that having an explanatory goal plus an available set
of relevant comparisons may be the ideal state for achieving a
broad hypothesis. Without the goal of explaining, children may fail
to utilize available comparison opportunities (Sidney et al., 2015).
Similarly, when comparison is unavailable, children who are trying
to explain something may resort to salient object features (e.g., a
broken sprinkler; Cimpian, 2015).

These results dovetail with prior studies that have found a con-
nection between self-explanation and comparison (Chin-Parker &
Bradner, 2017; Edwards et al., 2019; Hilton & Slugoski, 1986; Hoyos
& Gentner, 2017; Landy & Hummel, 2010; Sidney et al., 2015). For
example, Hummel et al. (2014) note that both explanation and
analogy are inductive and knowledge-intensive processes and
suggest that models of analogical processing can be extended to
describe explanatory processes.

Further issues

One open question concerns the nature of the connection
between explanation and comparison processing. It may be that
children—especially older children—view comparison as a useful
learning strategy and actively deploy it when seeking to explain
something—for example, by comparing positive instances (e.g.,
the two healthy gardens) vs. negative instances (the two sick gar-
dens). This would fit with the results of the Edwards et al. (2019)
study, in which adults who were asked to explain a category rule
reported engaging in comparison to a greater extent than those
who were explicitly told to compare items. However, the connec-
tion between explanation and comparison might be less deliber-
ate. Perhaps the goal to explain arouses children’s curiosity,
leading them to attend more to the scene and to notice and pro-
cess comparisons. Consistent with this possibility, Baillargeon
and colleagues have suggested that even infants search for expla-
nations when encountering counterintuitive physical events
(Baillargeon & DeJong, 2017; Wang & Baillargeon, 2008). We con-
jecture that both these paths occur, at least for older children and
adults.

Our studies show that having an explanatory goal can lead to
invoking comparison processes. However, we suggest that the
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opposite path can also occur—comparison itself can excite curi-
osity and lead the child to investigate further. Consistent with
this idea, we found an interesting pattern in Experiment 3. As
noted earlier, 5-6-year olds who had available comparisons but
were not asked to explain (Experiment 3) were significantly less
likely to form the broad hypothesis than were the same-age chil-
dren who were given an explanatory goal as well as available
comparisons (Experiment 1)—evidence that the goal to explain
matters. However, there was a further intriguing finding: chil-
dren in Experiment 3 were significantly more likely to favor the
broad hypothesis than children in the Explanation-only group in
Experiment 1. In other words, children were more likely to form
the broad hypothesis when given comparison by itself than
when given an explanation task by itself. We speculate that
spontaneous comparison led children to notice commonalities,
making them curious to understand the whole pattern. Prior
studies have identified a number of factors that contribute to the
likelihood of spontaneous comparison, including high percep-
tual similarity (Gentner et al., 2017; Gentner & Hoyos, 2017,
Gentner & Rattermann, 1991), spatiotemporal juxtaposition
(Begolli & Richland, 2016; Christie & Gentner, 2010; Rittle-
Johnson & Star, 2009), and spatial alignment (Matlen et al., 2020;
Zheng et al., 2022). In addition, using the same label for two
things provides a strong incentive for children to compare them
(Christie & Gentner, 2010; Gentner & Namy, 1999; Zheng et al.,
2025). In the current study, labeling both red soil gardens as
being sick might have motivated comparison to some extent,
though the results show that this was not sufficient to shift chil-
dren’s preference.

Finally, although we have focused here on the role of compar-
ison in revealing common relational structures, the comparison
process can also contribute to explanation by rendering impor-
tant differences more salient (Chin-Parker & Bradner, 2017). For
example, Hoyos and Gentner (2017) tested whether explanation
and comparison can benefit learning of differences. They
showed 6-year-old children a pair of model buildings—one with
a diagonal brace (which was stable) and one with a horizontal
crosspiece (which was unstable). Children were asked to explain
why the stable building was stronger. For half the children, the
buildings looked similar and were easy to align. For the other
half, the two buildings were difficult to align. The results showed
that ease of alignment was a strong predictor of identifying the
correct relational difference: that the building with the diagonal
brace was stronger. Indeed, children who saw the hard-to-align
pair mostly explained by overall shape and surface differences.
The authors suggested that when given two highly similar build-
ings, children readily engaged in structural alignment, thus
highlighting both common relational structure and alignable
differences—that is, differences that play corresponding roles in
the aligned structure (Markman & Gentner, 1993; Sagi et al.,
2012)—in this case, the difference between the diagonal brace
and the horizontal piece. In sum, both contrastive comparison
and commonality-focused comparison can contribute to expla-
nation generation.

Implications for education

A wide range of research has supported the idea that compari-
son-based instructions can be highly effective in promoting
abstract knowledge acquisition (Alfieri et al., 2013; Begolli &

Richland, 2016; Gadgil et al., 2012; Goldwater & Gentner, 2015;
Honomichl & Chen, 2006; Jee & Anggoro, 2019; Mix et al., 2018;
Rittle-Johnson & Star, 2009). The benefits of comparison extend to
both classroom learning and everyday contexts. For example,
Goldwater and Gentner (2015) used comparison to train college
students to better understand the causal structures of diverse
everyday phenomena (e.g., a positive feedback loop in global
warming and economics). At baseline, students predominantly
sorted events in terms of concrete domain, rather than by the
underlying causal structures. Even with direct explications of how
examples fit the causal schemas, students mostly failed to trans-
fer this pattern to new cases. In contrast, analogical comparison
between parallel examples increased students’ propensity to
detect the common causal structures and allowed them to trans-
fer this insight across diverse events. This speaks to the power of
even a brief comparison training experience.

To inform effective teaching, it is important to empirically
establish how students can carry out comparisons fluently.
Through a meta-analysis, Alfieri et al. (2013) confirmed that case
comparisons generally led to improved learning outcomes over
other forms of classroom instruction. They further identified four
variables that reliably moderated this effect: instructional com-
parisons are most effective when (1) students are instructed to
search for commonalities, (2) abstract principles are provided
after the comparisons, (3) there is perceptual content to align, and
(4) testing is immediate.

An equally important question is whether and how learners
come to spontaneously recognize available comparison opportu-
nities. Indeed, recent research suggests that college students on
average miss half of comparisons in expository science texts, even
when being explicitly told to seek out comparisons (Mo et al., in
preparation). The current work suggests that imposing a goal of
explaining can actively motivate learners to seek relevant com-
parisons, thereby increasing the likelihood of noticing and learn-
ing from them. This idea dovetails with previous research that
links everyday elaborative wh-questions to a variety of develop-
mental benefits (Fivush et al., 2006; Willard et al., 2019). It is possi-
ble that through elaborative conversations, the habitual practice
of connecting self-explanation with comparison becomes a habit-
ual mindset and confers long-term cognitive and educational
benefits. Future research can look at the longitudinal relationship
between self-explanation and comparison.

Conclusion

Explanation generation is a productive learning process in both
children and adults. Our results suggest that its power stems in
part from invoking comparison processes. Engaging in explana-
tion can instill curiosity and motivate children to try to under-
stand phenomena. To achieve this, explainers often seek available
comparisons in the environment or in their own prior knowledge.
Through the structural alignment process of comparison, learners
come to notice common relational patterns that provide the
material for broad, satisfying explanations. In sum, we suggest
that explanation and comparison are mutually scaffolding learn-
ing processes.

Supplementary material

Supplementary material is available at Child Development online
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