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Realizing Relevance: The Influence of Domain-Specific Information on
Generation of New Knowledge Through Integration in 4- to 8-Year-Old
Children

Patricia J. Bauer and Marina Larkina
Emory University

In accumulating knowledge, direct modes of learning are complemented by productive processes, including
self-generation based on integration of separate episodes. Effects of the number of potentially relevant epi-
sodes on integration were examined in 4- to 8-year-olds (N = 121; racially/ethnically heterogeneous sample,
English speakers, from large metropolitan area). Information was presented along with unrelated or related
episodes; the latter challenged children to identify the relevant subset of episodes for integration. In Experi-
ment 1, 4- and 6-year-olds integrated in the unrelated context. Six-year-olds also succeeded in the related con-
text in forced-choice testing. In Experiment 2, 8-year-olds succeeded in open-ended and forced-choice testing.
Results illustrate a developmental progression in productive extension of knowledge due in part to age-related

increases in identification of relevant information.

Building a knowledge base is one of the most
important tasks in development. Parents and other
caregivers support the process with stories and cau-
sal explanations of the way the world works (see
Gelman, 2009, for a review). As children enter
school, the force of facilitators expands to include
the teachers who impart information through for-
mal instruction as well as the docents and aids who
guide experiences in informal educational settings,
such as museums (e.g., Jant, Haden, Uttal, & Bab-
cock, 2014), for example. Critically, the information
that children experience directly represents only a
subset of their knowledge, owing to the productive
quality of semantic memory (see Bauer, 2009, 2012;
Bauer & Jackson, 2015, and Bauer & Varga, 2015,
for discussions). That is, semantic memory is
extended through logical processes such as analogy,
deduction, and induction (see Goswami, 2011, for a
review). Semantic memory also is productively
extended through self-generation based on integra-
tion of separate episodes of experience; the process
is more robust in older than in younger children
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(e.g., Bauer & San Souci, 2010). In this productive
process, identification of relevant information is a
necessary precursor to integration and self-genera-
tion of new knowledge and thus is a possible
source of age-related variability in self-generation.
In the present research, we tested the influence of
the amount of potentially relevant information on
the probability of integration and subsequent self-
generation of new knowledge by 4- and 6-year-old
(Experiment 1) and 8-year-old (Experiment 2) chil-
dren. The effects of the experimental manipulation
inform one potential source of observed age-related
increases in self-generation, namely, identification
of information relevant for integration.

In contrast to research on the productive pro-
cesses of analogy (e.g., Gentner, 1983, 1989; Gos-
wami, 2011; Goswami, 2013), deduction (e.g., Dias
& Harris, 1988), and induction (e.g., Gelman &
Markman, 1987), self-generation of new knowledge
based on integration of separate learning episodes
is only beginning to be explored. How the process
might be affected by challenges to identification of
information potentially relevant for integration has
not been addressed. Bauer and San Souci (2010)
conducted an initial investigation of self-generation
through integration by 4- and 6-year-old children.
In each of two passages of text, children learned a
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novel fact (i.e., a “stem” fact), such as how dolphins
talk (by clicking and squeaking) and the name of
the groups in which they live (pods). The pair of
related text passages was presented along with two
other passages that featured different characters,
actions, and concepts that were unrelated to dol-
phins (one passage each about kangaroos and vol-
canoes). Children then were asked a question that
could only be answered by integrating the separate
episodes about dolphins and using them to derive
a new fact (i.e.,, “integration” fact). The integration-
fact question first was presented in an open-ended
format, requiring that children self-generate the
integration fact, presumably through an inference
based on the presented information. In the case of
the dolphin example, the question was “How does
a pod talk?” The information that “pods talk by
clicking and squeaking” could be derived via infer-
ence from knowing how dolphins talk and that
they live in groups called pods. On trials on which
children failed to generate the integration fact, the
question then was presented in a forced-choice for-
mat, requiring that children select the integration
fact from among two distractors (three choices
total).

The 4-year-olds in Bauer and San Souci (2010)
self-generated the integration facts on only 13% of
the open-ended trials. Their total performance (the
sum of self-generation and forced-choice selection)
was higher (62%). The results of the 1-stem control
condition—in which the children were presented
only one passage in a domain (ie., one passage
about kangaroos and one about volcanoes)—made
clear that exposure to both members of the pair of
passages was necessary to support production of
the integration fact. On the 1-stem control trials, the
4-year-olds produced none of the integration facts
and selected them from among distractors 33% of
the time (i.e., chance-level performance). The 6-
year-olds self-generated the integration facts on
67% of the open-ended trials on which they were
presented with both stems (2-stem condition), com-
pared with only 17% of the 1-stem control trials.
Their total performance was even higher, reaching
93%, compared with 63%, in the 1-stem control con-
dition. Thus, both 4- and 6-year-olds productively
extended their semantic knowledge. Successful per-
formance was dependent on exposure to both mem-
bers of a stem-fact pair, indicating that integration
of the separate episodes was necessary for produc-
tive self-generation. Four-year-olds showed this
productive ability primarily through forced-choice
selection; 6-year-olds self-generated the new infor-
mation in an open-ended format.

In the present research, we investigated one
potential source of observed age-related variability
in self-generation through integration, namely,
identification of information relevant for integra-
tion. To date, studies of self-generation of new
knowledge through integration have been con-
ducted under relatively information-constrained cir-
cumstances, such that only a subset of the text
passages presented to the children were relevant to
the question posed. In the case of the dolphin
example, two of the four passages mentioned dol-
phins, pods, or talking; the other two passages fea-
tured content that was irrelevant to a question
about how pods talk. As a result, even in open-
ended testing, the work of selecting which pieces of
information to integrate in order to respond to the
question was relatively well supported for the
child. Under these conditions, 6-year-old children
were successful. In contrast, 4-year-olds were suc-
cessful primarily in forced-choice testing, in which
the correct answer was presented among distrac-
tors. In this circumstance, the correct response likely
served as a cue to the information that was relevant
to the question. The information-constrained cir-
cumstances of testing and the different conditions
of success for 4- and 6-year-olds raise two related
questions. The first is how 4- and 6-year-old chil-
dren would fare when challenged to identify a sub-
set of information relevant to a particular question
or task demand under less information-constrained
conditions. The second is whether identification of
relevant information is a source of age-related vari-
ability in self-generation of new knowledge through
integration. A direct manipulation of the require-
ment to identify relevant information from among
potential distractors can be expected to inform both
of these questions.

Prior research has not provided a direct test of
whether identification of the relevance of separate
episodes to one another is a source of variance in
self-generation of new knowledge, though results
are suggestive. One source of suggestive evidence
is Bauer, King, Larkina, Varga, and White (2012), in
which the level of surface similarity between to-be-
integrated text passages was manipulated by
changing the main character in the passages. In the
high-similarity condition, the same character (e.g., a
ladybug) “learned” a novel stem fact in each pas-
sage. In the low-similarity condition, different char-
acters (e.g., ladybug and rabbit) were featured in
each passage. In this condition, 6-year-old chil-
dren’s self-generation performance suffered, relative
to the high-similarity condition (37% vs. 63%,
respectively). A logical explanation of the effect is



that the high surface similarity between related pas-
sages emphasized the common features across the
episodes, making it easier to identify the relevance
of the passages to one another and to the question
posed. In contrast, low surface similarity between
conditions made it more difficult to appreciate the
relatedness of separate episodes to one another,
thus lowering the probability that they would be
integrated. Similar findings have been obtained in
other knowledge extension paradigms, such as ana-
logical problem solving (e.g., Brown & Kane, 1988;
Brown, Kane, & Echols, 1986; Gentner & Toupin,
1986; Holyoak, Junn, & Billman, 1984).

Hints and suggestions also seemingly change the
probability of identification of the relevance of sep-
arate episodes to one another and thus successful
integration and self-generation of new knowledge
(e.g., Bauer et al., 2012). Specifically, when deliv-
ered immediately prior to a test prompt, hints to
“Think about the stories we read,” facilitate self-
generation of new knowledge for both 4- and 6-
year-old children. In contrast, hints delivered
between presentation of pairs of related passages
(e.g., “Think about the story we read about dol-
phins”) do not facilitate performance. Bauer, Varga,
King, Nolen, and White (2015) interpreted this pat-
tern as evidence that when delivered just before the
test prompt, the hints highlighted the relevance of
the passages to one another and to the question
being posed (i.e., through explicit reference to the
stories). Critically, for the 6-year-olds, hints deliv-
ered immediately prior to the test prompt facilitated
performance even under low surface similarity con-
ditions (see also Bauer et al.,, 2012). Hints and sug-
gestions also facilitate performance in analogical
problem solving (e.g., Brown et al., 1986; Crisafi &
Brown, 1986).

In the present research, we addressed the ques-
tions of the effects on self-generation through inte-
gration of less information-constrained testing
circumstances and whether identification of mate-
rial that is relevant for integration and self-genera-
tion is a source of age-related variance in this
productive means of knowledge extension. To do
so, we experimentally manipulated the amount of
potentially relevant information provided to 4- and
6-year-old (Experiment 1) and 8-year-old (Experi-
ment 2) children. Specifically, we tested the children
under three conditions, in which they were pro-
vided one, two, or four text passages that were
potentially relevant to questions posed. The one-
passage condition was a control for the necessity
for integration of separate passages in order to
respond to the question (i.e., similar to the 1-stem
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control condition described above). In the 2-stem
condition, as in prior research (e.g., Bauer & San
Souci, 2010), two passages were related to one
another and could be integrated to support genera-
tion of new knowledge, whereas the other two pas-
sages were unrelated. In the 2-stem plus related
condition, four text passages were potentially rele-
vant to the questions posed. Specifically, two pas-
sages could be integrated to support generation of
new knowledge (as in the 2-stem condition). The
other two passages concerned the same conceptual
domain but did not provide information that was
useful for self-generating an inferential response to
the question posed. As such, they were potentially
distracting to integration.

We expected the larger body of related informa-
tion to pose a challenge to identification of the sub-
set of information relevant to integration of
separate episodes and self-generation of new
knowledge from them. We reasoned that if children
failed to productively extend their knowledge in
the less information-constrained, 2-stem plus related
condition—yet succeeded when provided fewer
conceptually related items within the target domain
(2-stem condition)—the outcome would suggest
that the source of limitation on performance was
failure to identify the information relevant for inte-
gration. In Experiment 1, we tested this hypothesis
with children 4 and 6 years of age. We selected
these age groups based on prior research that has
demonstrated age-related improvements in self-gen-
eration of new knowledge through integration in
this period (Bauer & San Souci, 2010). To the extent
that identification of relevant material is a source of
challenge to productive extension of knowledge
through integration, we expected lower levels of
performance in the less information-constrained, 2-
stem plus related condition relative to the more
information-constrained 2-stem condition. To the
extent that identification of relevant material is a
source of age-related variance, we expected age dif-
ferences in the 2-stem plus related condition in par-
ticular, with 6-year-olds providing stronger
evidence of integration, relative to 4-year-olds.

To anticipate the results of Experiment 1, we
found that among the 4-year-olds, the additional
domain information had a detrimental effect on
performance. Among the 6-year-olds, the manipula-
tion had a detrimental effect on open-ended task
performance. The negative effect was neutralized
when children were permitted to select integration
facts from among distractors. In light of the devel-
opmental difference between 4- and 6-year-olds,
and the finding that even the older age group
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apparently was challenged to identify the relevant
subset of information from among a larger body of
information, in Experiment 2, we extended the age
range of the study to 8-year-old children. Children
of this age have not previously been tested for self-
generation of new knowledge through integration
of separate text passages. We predicted that they
would be more likely to identify the subset of infor-
mation that was relevant to the questions posed,
even in the less information-constrained, 2-stem
plus related condition.

In summary, in these two experiments, we tested
4- and 6-year-old (Experiment 1) and 8-year-old
(Experiment 2) children’s self-generation of new
knowledge through integration of information pre-
sented in separate passages of text. We tested the
processes in contexts in which there were more and
fewer potential targets for integration. We predicted
that additional information within a domain would
present a challenge to identification of relevant epi-
sodes for integration. The results stand to inform
whether identification of relevant episodes for inte-
gration is one of the cognitive processes involved in
self-generation of new knowledge through integra-
tion, and whether it is a source of age-related vari-
ability in this productive process. The results also
have the potential to inform the applied question of
the conditions of formal and informal education
under which self-generative processes may be facili-
tated versus impaired.

Experiment 1

Method
Participants

The participants were forty-one 4-year-olds (21
girls and 20 boys, M =4 years 6 months;
range = 4;,04;10) and forty-one 6-year-olds (18 girls
and 23 boys, M = 6 years 5 months; range = 6,0
6;11). Children were pseudorandomly assigned
(constrained by approximate gender balance) to one
of three conditions: two experimental conditions
and one control condition (ns =16, 16, and 9,
respectively; see below). The children were
recruited between 2012 and 2013 from a volunteer
pool consisting of English-speaking families from a
large metropolitan area in the southeastern United
States who had expressed interest in participating
in child development research. Based on parental
report, the sample was 27% African American, 13%
bi- or multiracial, and 60% Caucasian; one parent
did not respond to the request for racial

self-classification. Six percent of the sample self-
identified as Hispanic. Although no specific infor-
mation on parental income or occupation was col-
lected, the pool consists of families from middle- to
upper-middle socioeconomic status. Two additional
4-year-olds were tested but were excluded from
data analyses due to severe developmental delay
(n = 1) and experimenter error (n = 1). Parents pro-
vided informed written consent and 6-year-olds
gave verbal assent at the beginning of the session.
For this and the subsequent experiment, a univer-
sity Institutional Review Board approved the proto-
col and procedures. At the end of the hour-long
session, children received an age-appropriate toy to
acknowledge their participation and their parents
were given a $5 gift card.

Stimuli

The stimuli were two novel “stem” facts and
three novel “nonstem” facts from each of three dif-
ferent domains: dolphins, palm trees, and deserts
(see Table 1). Within each domain, the two novel
stem facts were related and could be combined to
generate a novel integration fact. Within each
domain, the three novel nonstem facts were about
the same concept (e.g., all facts about dolphins), but
they could not be combined to generate the target
integration facts. The stem fact and integration fact
stimuli from the domain of dolphins had been used
in prior related research (Bauer & San Souci, 2010;
Bauer et al., 2012; Bauer, Varga, et al., 2015; Varga
& Bauer, 2013); the nonstem facts were novel to this
study. All of the stimuli from the domains of palm
trees and deserts were new to this study. All facts
were accurate and determined by pilot testing to be
novel for children in the target age range.

Each stem fact and nonstem fact was presented
in the context of a text passage read aloud by an
experimenter (see Bauer & San Souci, 2010, for an
example text passage). The passages were 81-89
words in length, distributed over four pages. Each
page consisted of a hand-drawn color illustration
depicting the main actions of the text; the text was
not featured on the page. The passages were similar
in structure: In each passage, a character (e.g., lady-
bug) learned a new fact in the course of an “adven-
ture.” Within a domain, the characters were the
same across the passages; across the domains, the
characters were different. Only the stem and non-
stem facts were included in the passages; the inte-
gration facts were not presented.

Because of the highly verbal nature of the task
and the between-subjects design, there is the
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Stem Facts, Integration Facts, and Nonstem Facts Used in Experiments 1 and 2

Domain
Item Dolphins Palm trees Deserts
Stem Fact 1 Dolphins talk by clicking and squeaking  Palm tree leaves are used to Largest desert in the world is Sahara

make baskets

Stem Fact 2 Dolphins live in groups called pods

Integration fact ~ Pods talk by clicking and squeaking

Nonstem Fact 1 Dolphin’s tail is called a fluke

Palm tree leaves are called fronds

Fronds are used to make baskets
Palm trees lived at the same

Largest desert in the world is
located in Africa
Sahara is located in Africa
Deserts get < 10 inches of rain a year

time as dinosaurs

Nonstem Fact 2 Dolphins swim while they sleep

Nonstem Fact 3 Dolphin teeth are shaped like cones

Palm tree flowers are white
Dates come from palm trees

There are hot deserts and cold deserts
Deserts could be of five different kinds

Note. See Bauer and San Souci (2010), for an example of the facts as presented in story passage context.

potential for concern that group differences might
result from uncontrolled variability in verbal com-
prehension. As a means of test for uncontrolled dif-
ferences between the groups of children
pseudorandomly assigned to each of the experi-
mental conditions, we administered four subscales
of the Woodcock-Johnson III Test of Verbal Com-
prehension (Woodcock, McGrew, & Mather, 2001):
picture vocabulary, synonyms, antonyms, and verbal
analogy.

Procedure

The procedure was modeled after that used in
the previous related research (Bauer & San Soudi,
2010; Bauer et al., 2012; Varga & Bauer, 2013). Chil-
dren were tested individually in a laboratory room
by one of three female experimenters. The sessions
were video recorded and were regularly reviewed
by the experimenters with one another to ensure
protocol fidelity. The 1-hr session was divided into
two phases: (a) exposure to stem and nonstem facts
and (b) test for self-generation of new knowledge
through integration.

Exposure to stem and nonstem facts. Children par-
ticipated in one of three conditions: 2-stem, 2-stem
plus related, and 1-stem plus related control. In
each condition, children were exposed to four text
passages. The experimenter read each passage twice
in succession. After presentation of the first two
passages, children were engaged in approximately
15 min of buffer activities unrelated to the purposes
of the present research. The experimenter then pre-
sented the remaining two passages, followed by
approximately 15 min during which we adminis-
tered the Woodcock—Johnson III Test of Verbal
Comprehension (Woodcock et al., 2001).

The 2-stem condition has been used in all prior
research. Children were read four passages of text.
Two of the passages featured stem facts from the
same domain. For example, for the domain of dol-
phins, the two stems facts were “dolphins talk by
clicking and squeaking” and “dolphins live in
groups called pods.” When integrated with one
another, these two stem facts supported generation
of the integration fact that “pods talk by clicking
and squeaking.” In the 2-stem condition, the other
two passages of text were unrelated to the target
domain: they featured one of the stem facts from
each of the other two domains (palm trees and
deserts). Because children were exposed to only one
stem-fact passage from each of these domains, they
were not expected to produce integration facts from
these domains.

In the 2-stem plus related condition, children
were exposed to a pair of related stem-fact pas-
sages, just as in the 2-stem condition. In addition to
the two passages of text that featured stem facts
that could be integrated with one another to gener-
ate a novel integration fact, children were exposed
to two other passages of text that featured facts
from the same domain, but which could not be
combined to generate the integration fact (nonstem
facts). For example, in the dolphin domain, the non-
stem facts could be “a dolphin’s tail is called a
fluke” and “dolphins swim while they sleep” (see
Table 1). Thus, in the 2-stem plus related condition,
all facts were from the same domain (e.g., all four
passages of text featured facts about dolphins); two
of the facts could be combined to generate the tar-
get integration fact.

In the 1-stem plus related control condition, chil-
dren were exposed to four passages of text, all fea-
turing information from the same domain. One of
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the passages featured a stem fact and the other three
passages featured nonstem facts. The 1-stem plus
related condition was included as a control for spon-
taneous generation of the integration facts. Prior
related research has made clear that children do not
produce the novel integration facts unless they are
exposed to both members of a stem-fact pair (e.g.,
Bauer & San Souci, 2010). We included this control in
the present research to test whether self-generation
of novel integration facts was possible when exposed
to only one stem fact but in the context of other infor-
mation about the same concept.

In the 2-stem and 2-stem plus related condi-
tions, one stem-fact passage was read before the
15 min of buffer activities and the other stem-fact
passage was read after the buffer activities, thus
ensuring a delay of approximately 15 min between
presentation of the stem facts. In the 1-stem plus
related control condition, presentation of the single
stem-fact passage was counterbalanced, such that
it was provided before and after the buffer activi-
ties approximately equally often across children.
Across children, each domain was used approxi-
mately equally often in each of the three condi-
tions. Also across children, order of presentation
of the stem facts was counterbalanced, such that
each stem-fact passage was presented approxi-
mately equally often before and after the buffer
activities. In addition, in the 2-stem conditions,
across children, each nonstem fact was used
approximately equally often.

Test for self-generation of integration facts in open-
ended and forced-choice selection formats. Approxi-
mately 15 min after presentation of the final pas-
sage of text (interval filled by the language
assessments), children were tested in open-ended
and forced-choice formats. The testing procedures
were identical across the three conditions. There
were four phases of testing. First, using open-ended
questions, we tested for production of the integra-
tion facts. For all children, regardless of condition,
the experimenter asked each of three integration-
fact questions, one from each of the three domains:
“How does a pod talk?” (dolphin domain), “What
are fronds used to make?” (palm tree domain), and
“Where is the Sahara located?” (desert domain).

Second, the experimenter asked five fact-recall
questions: two stem-fact questions and three non-
stem-fact questions (see Table 1). All questions were
from the domain in which the children had been
exposed to both stem-fact passages (2-stem and 2-
stem plus related conditions) or to the single stem-
fact passage (1-stem plus related control condition).
Note that no child was actually exposed to all five

stem and nonstem facts within a domain. Rather, as
a function of condition, they were exposed to 2
stem facts and 0 nonstem facts (2-stem condition), 2
stem facts and 2 nonstem facts (2-stem plus related
condition), or 1 stem fact and 3 nonstem facts (1-
stem plus related control condition). To ensure
comparable testing experiences across experimental
conditions, all children were tested on 2 stem and 3
nonstem facts.

Third, for each integration-fact question not cor-
rectly answered in open-ended format, the experi-
menter administered forced-choice questions. Each
forced-choice question had three response options,
one of which was correct. For example, for the
question, “how does a pod talk?” the three answer
choices were: (a) by clicking and squeaking, (b) by
splashing and jumping, and (c) by rubbing noses.

Finally, children were asked forced-choice ques-
tions for the stem and nonstem facts that they did
not accurately recall in open-ended testing. As for
the integration-fact questions, all forced-choice
questions had three alternatives, one of which was
correct.

To ensure that children had some success during
open-ended and forced-choice questioning, in each
test phase, we included three questions to which
children were likely to know the answers, such as
“what sound does a duck make?” and “what color
is snow?” These questions were not scored. Testing
for the integration facts and stem and nonstem facts
was administered in the fixed order just described.
For each domain, two orders of presentation of the
test questions were created and each was used
approximately equally often across participants.

Scoring

The experimenters recorded the children’s
responses as they were made. In open-ended test-
ing, children received a score of 1 or 0 (correct or
incorrect) for production of the integration fact in
the domain to which they had been exposed to
both stem-fact passages (2-stem and 2-stem plus
related conditions) or to the single stem-fact pas-
sage (1-stem plus related control condition).

We also derived a weighted total score that was
the number of forced-choice selection questions
answered correctly added to the number of open-
ended questions answered correctly, with 1 point
awarded for correct forced-choice selection and 2
points awarded for self-generation in open-ended
testing, for a total range of 0-2. In prior related
research, a total score that was the simple sum of
correct responses in open-ended and forced-choice



testing was derived (e.g., Varga & Bauer, 2013). In
the present research, we adopted the weighted scor-
ing procedure for two reasons. First, children who
generated the novel integration facts in open-ended
testing were not permitted the opportunity to earn
credit in forced-choice testing yet could reasonably
have been expected to make the correct selection in
forced-choice testing. Thus, had they participated in
both phases of testing, they would have earned 2
points. Second, open-ended performance is gener-
ally acknowledged to be more challenging than
forced-choice selection, making it reasonable to
award a higher score to children who met the
greater challenge. Assigning different point values
to different phases of testing also explicitly
acknowledges that children earned their total score
in different ways: through self-generation versus
forced-choice (see Ghetti, Goodman, Eisen, Qin, &
Davis, 2002; Gluckman, Vlach, & Sandhofer, 2014;
Neisser & Harsch, 1992, for similar approaches).

Finally, in both 2-stem conditions, we noted the
number of trials on which children recalled both
members of the pair of stem facts to which they
had been exposed. We used this information to
examine the relation between recall of the stem
facts and self-generation of the novel integration
facts.

Results
Preliminary Analyses

We conducted one-way between-subjects analy-
ses of variance to test whether, within an age
group, children pseudorandomly assigned to the
different experimental conditions differed in their
general language abilities (Woodcock et al.,, 2001).
The within-age-group analyses revealed no signifi-
cant differences between conditions, for either age
group: F(2, 38) = 0.13 and 0.66, ps > .55, n* = .007
and .034, for 4- and 6-year-olds, respectively.

Main Analyses

Depictions of children’s performance in (a) open-
ended testing and (b) across open-ended and
forced-choice selection (i.e., total performance) are
provided in Figure 1, Panels a and b, respectively.
In two conditions, namely, the 2-stem and 2-stem
plus related conditions, children had both of the
stem facts necessary to generate the novel integra-
tion facts in the target domain. The 1-stem plus
related condition served as a control to test whether
integration of the pair of related stem facts was
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necessary for production, even in the domain-infor-
mation-rich condition: Children were not expected
to successfully produce the integration facts in this
condition. For the open-ended phase of testing,
because of the dichotomous nature of the data (chil-
dren either did or did not generate the integration
fact in open-ended testing), we conducted between-
group comparisons using chi-square or Fisher’s
exact tests (when one or more of the cells in a fre-
quency table had an expected frequency of 5 or
less). For weighted total performance (which had a
range of 0-2 for each child), we used parametric
statistics.

We first examined group differences in children’s
open-ended performance in each 2-stem condition
(2-stem, 2-stem plus related) relative to the 1-stem
plus related control condition, for each age group
separately. For the 4-year-olds, levels of open-ended
performance were low, in all conditions and did
not differ by condition (ps > .24, Fisher’s exact test).
As reflected in Figure 1, Panel a, in the 2-stem con-
dition, only 13% (1 = 2) of the 4-year-olds produced
the novel integration facts (this percentage is identi-
cal to the analogous testing condition in Bauer &
San Souci, 2010). In the 2-stem plus related and 1-
stem plus related control conditions, none of the 4-
year-olds produced the novel integration facts in
open-ended testing.

As in prior related research (Bauer & San Souci,
2010), greater evidence of 4-year-old children’s pro-
ductive extension of knowledge was apparent in
their total performance (weighted sum of correct
responses in open-ended [2 points] and forced-
choice [1 point] testing formats). In the 2-stem con-
dition, the 4-year-old children’s mean weighted
total score was 0.63 (SD = .72); the percentage of
children who either self-generated the novel inte-
gration fact or selected it from among distractors in
forced-choice testing is reflected in Figure 1,
Panel b (50%; n = 8). In contrast, in the 1-stem plus
related control condition, the 4-year-olds’” mean
weighted total score was 0.11 (SD = .33); only one
child (11%) selected the novel integration fact in
forced-choice testing. The difference between the
conditions was statistically significant, t
(22.497) =243, p=.02, and large, Cohen’s
d = 0.928. In the 2-stem plus related condition, none
of the 4-year-olds generated the integration facts in
open-ended testing; only 4 (25%) of the children
selected the novel integration fact in forced-choice
testing (M = .25, SD = .47). Four-year-old children’s
performance in the 2-stem plus related condition
did not differ from that in the 1-stem plus related
control condition, #(23) =0.81, p = .43, Cohen’s
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Figure 1. For Experiment 1, percentages of 4- and 6-year-old children who self-generated novel integration facts in open-ended testing
(Panel a) and across open-ended and forced-choice testing (i.e., total performance; Panel b). For Experiment 2, percentages of 8-year-old
children who self-generated novel integration facts in open-ended testing (Panel c) and across open-ended and forced-choice testing
(i.e., total performance; Panel d). In open-ended testing (Panels a and c) the means were 0 for all age groups in the 1-stem plus related

condition, and for the 4-year-olds in the 2-stem plus related condition.

d = 0.355, indicating a small effect size. Overall, 4-
year-old children showed evidence of self-generation
of new knowledge through integration in the 2-stem
condition only (the condition used in prior related
research; e.g., Bauer & San Souci, 2010). The evidence
was derived primarily from their performance in the
forced-choice selection phase of testing.

In contrast to the 4-year-olds, 6-year-olds enjoyed
more success in open-ended testing. As reflected in
Figure 1, Panel a, in the 2-stem condition, 50%

(n = 8) of the children self-generated the integration
facts. The level of performance was significantly
different from performance in the 1-stem plus
related control condition, in which none of the chil-
dren produced the novel integration facts in open-
ended testing (p = .02, one-tailed Fisher’s exact test,
¢ = .514, indicating a large effect size). In the 2-
stem plus related condition, 31% (1 = 5) of 6-year-
olds self-generated the integration fact. The level of
performance was not statistically different from that



in the 1-stem plus related control condition, how-
ever (p <.09, one-tailed Fisher’s exact test), even
though the effect size would be considered medium
(¢ = .375). Thus, 6-year-olds showed evidence of
productive extension of new knowledge through
integration in open-ended testing in the 2-stem
condition but not in the 2-stem plus related
condition.

Six-year-olds’ total performance (across open-
ended and forced-choice testing) was strong in both
2-stem conditions. Specifically, their mean weighted
total scores were 1.19 (SD = 91) and 1.13 (SD = .72)
in the 2-stem and 2-stem plus related conditions,
respectively. As reflected in Figure 1, Panel b, 69%
(n=11) and 81% (n =13) of the children either
self-generated the novel integration fact or selected
it from among distractors in forced-choice testing in
the 2-stem and 2-stem plus related conditions,
respectively. In contrast, in the 1-stem plus related
control condition, the mean total weighted score
was .44 (SD = .53); 44% (n = 5) of 6-year-old chil-
dren selected the novel integration facts. Their level
of performance was significantly different from that
of children in both the 2-stem and 2-stem plus
related conditions: ts(23) = 2.23 and 2.48, ps = .04
and .02, Cohen’s ds = 1.007 and 1.091, respectively,
indicating large effect sizes. In summary, 6-year-
olds showed evidence of self-generation of new
knowledge through integration in the 2-stem condi-
tion in both open-ended and forced-choice testing.
In the 2-stem plus related condition, evidence of
self-generation of new knowledge was apparent
when both open-ended and forced-choice selections
were considered jointly.

The patterns of performance just described imply
age-related differences in children’s success on the
task before them. The differences were confirmed
through direct comparisons of performance in the
two age groups. For the open-ended phase of test-
ing, the levels of performance differed between the
4- and 6-year-olds in the 2-stem and 2-stem plus
related conditions (p =.03 and .02, respectively,
Fisher’s exact test, ¢ = .405 and .430, indicating
medium effect sizes). In the 1-stem plus related con-
trol condition, neither 4- nor 6-year-olds generated
any integration facts. Weighted total scores (across
open-ended and forced-choice testing) differed sig-
nificantly between the 4- and 6-year-olds in the 2-
stem plus related condition, #(30) = 4.13, p <.001,
Cohen’s d = 1.462, indicating a large effect size. In
the 2-stem condition, the difference between the
groups approached statistical significance, ¢
(30) = 1.94, p = .06, Cohen’s d = 0.685. Performance
did not differ between the groups in the 1-stem
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plus related control condition #(16) = 1.60, p = .13,
Cohen’s d = 0.755.

Finally, we examined children’s recall of the stem
facts and the relation between stem-fact recall and
open-ended performance. For this examination, we
did not consider the performance of children in the
1-stem plus related control condition, given that
they were exposed to only one of the pair of stem
facts. We also confined the examination to perfor-
mance in open-ended testing, because it is most
clearly indicative of self-generation based on inte-
gration. The examination is descriptive only, given
the small number of observed and expected obser-
vations per cell. Inspection of the values in Table 2,
Panel a, makes clear that for the 4-year-olds, there
was not a strong relation between recall of the stem
facts and self-generation of the integration facts in
open-ended testing. In the 2-stem condition, of the
two 4-year-olds who self-generated the novel inte-
gration fact, one recalled both members of the stem
fact pair in open-ended testing and one did not. Of
the two 4-year-olds who recalled both members of
the stem-fact pair, one had self-generated the novel
integration fact and one had not. Among the 6-
year-olds, seven of the eight children who self-gen-
erated the novel integration fact also recalled both
members of the stem-fact pair in open-ended test-
ing. As well, seven of the eight 6-year-olds who
recalled both members of the stem-fact pair also
had self-generated the novel integration fact. Thus,
for the 6-year-olds in the 2-stem condition, there
was a tight coupling between recall of both
members of the stem-fact pair and productive self-
generation.

In the 2-stem plus related condition (see Table 2,
Panel a), none of the 4-year-olds self-generated the
novel integration fact in open-ended testing, even
though two of them recalled both members of the
stem-fact pair. Among the 6-year-olds, four of the
five children who self-generated the novel integra-
tion fact also recalled both members of the stem-
fact pair in open-ended testing. However, only four
of the seven 6-year-olds who recalled both members
of the stem-fact pair also had self-generated the
novel integration fact, whereas three had not. Thus,
in the 2-stem plus related condition, there was not
a strong relation between recall of both members of
the stem-fact pair and productive self-generation
for either age group. Importantly, the fact that com-
parable numbers of children in both age groups
recalled both members of the stem-fact pairs in the
two 2-stem conditions (2 in the 2-stem and 2-stem
plus related conditions for the 4-year-olds; 8 and 7
in the 2-stem and 2-stem plus related conditions for
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Table 2

Descriptive Relations Between Recall of Stem Facts and Self-Generation of New Knowledge Through Integration

Self-generated integration fact

Recalled stem-fact pair

Total Recalled Did not recall Total Self-generated Did not
Condition/Age group N pair (N/%) pair (N/%) N (N/%) self-generate (N/%)
Panel a: Experiment 1
2-Stem condition
4-year-olds 2 1 (50) 1 (50) 2 1 (50) 1 (50)
6-year-olds 8 7 (88) 1(12) 8 7 (87) 1 (13)
2-Stem plus related condition
4-year-olds 0 NA NA 2 0 2 (100)
6-year-olds 5 4 (80) 1 (20) 7 4 (57) 3 (43)
Panel b: Experiment 2
2-Stem condition
8-year-olds 12 10 (83) 2 (17) 12 10 (83) 2 (17)
2-Stem plus related condition
8-year-olds 13 12 (92) 1(8) 13 12 (86) 1 (14)

the 6-year-olds) means that, within an age group,
the difference in self-generation performance
between the conditions cannot be attributed to dif-
ferential likelihood of recall of the stem facts.

Discussion

The present experiment provided suggestive evi-
dence that identification of relevant episodes for
integration is a source of challenge in self-genera-
tion of new knowledge through integration, and
that it is a source of age-related variability in this
productive process. No 4-year-old child self-gener-
ated the novel integration facts in the 2-stem plus
related condition, and only 4 children selected the
novel integration facts in forced-choice testing.
Four-year-olds’ performance in the 2-stem plus
related condition did not differ from that in the 1-
stem plus related control condition. In contrast, a
number of 4-year-olds either generated (n =2) or
selected (1 = 6, for a total n = 8) the novel integra-
tion facts in the 2-stem condition; performance in
the 2-stem condition was significantly higher than
in the 1-stem plus related control condition. The
fact that performance with additional domain infor-
mation did not differ from performance in the con-
trol condition, whereas performance in the
“standard” 2-stem condition did differ is consistent
with the suggestion that under less information-
constrained conditions, the 4-year-old children had
difficulty identifying information that was—and
was not—relevant to productive extension.

Like the 4-year-olds, the 6-year-olds had diffi-
culty identifying information that was relevant to

productive extension of knowledge through integra-
tion. Yet in contrast to the younger children, the 6-
year-olds “recovered” when given the opportunity
to select the integration facts from among distrac-
tors in forced-choice testing. Under forced-choice
conditions, 6-year-olds’ performance in the 2-stem
plus related condition was significantly greater than
in the l-stem plus related control condition. It
seems that faced with the correct answer to the
integration fact question in the forced-choice for-
mat, the 6-year-olds no longer were challenged to
identify relevant information. Notably, because in
both age groups, comparable numbers of children
recalled both members of the stem-fact pairs in the
2-stem and 2-stem plus related conditions, the dif-
ference in self-generation performance between the
conditions cannot be attributed to differential likeli-
hood of recall of the stem facts (see General Discus-
sion, for discussion of the role of memory for the
stem facts in explaining age-related differences in
performance).

Experiment 1 indicated that especially in
open-ended testing, additional domain-specific
information was detrimental to performance by 4-
and 6-year-old children. The pattern of performance
is consistent with the suggestion that in less informa-
tion-constrained conditions, the 4-year-olds failed to
identify the textual material that was relevant to the
test probes, even when presented with the strong
cues provided by the forced-choice options. With the
support provided in the forced-choice context, the 6-
year-olds overcame the ambiguity of the numerous
potential options for integration and selected the rel-
evant pair of related passages of text. In Experiment



2, we extended the research to 8-year-old children.
The study is the first test of self-generation of new
knowledge through integration of text passages in
this age group. We tested whether the older children
would integrate the separate yet related passages of
text, such that even in open-ended testing, they
would show evidence of self-generation of new
knowledge both without and with additional
domain information.

Experiment 2

Method
Participants

The participants were 39 eight-year-olds (22 girls
and 17 boys, M = 8 years 6 months; range = 8;1—
8;11). Children were pseudorandomly assigned (with
approximately equal gender balance) to the 2-stem,
2-stem plus related, and 1-stem plus related control
conditions (s = 16, 15, and 8, respectively). The chil-
dren were recruited in 2014 from the same source
and represent the same population as in Experiment
1. None of the children had participated in Experi-
ment 1. Based on parental report, the sample was
23% African American, 3% Asian, 5% biracial, and
67% Caucasian; one parent did not respond to the
request for racial self-classification. Ten percent of
the sample self-identified as Hispanic. At the end of
the hour-long session, children received an age-
appropriate toy to acknowledge their participation
and their parents were given a $5 gift card. Parents
provided informed written consent and children
gave verbal assent at the beginning of the session.

Stimuli, Procedure, and Scoring

The stimuli were the same as in Experiment 1.
The children were tested by one female experi-
menter, who also served as an experimenter in
Experiment 1. The procedure was identical to that
used in Experiment 1. The scoring procedure was
identical to that used in Experiment 1.

Results

As in Experiment 1, we conducted a one-way
between-subjects analysis of variance to test
whether children pseudorandomly assigned to the
different experimental conditions differed in their
general language abilities (Woodcock et al.,, 2001).
There was not a significant difference between
groups, F(2, 36) = 1.73, p = .19, n* = .090.
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Graphic depictions of children’s performance (a)
in open-ended testing and (b) across open-ended
and forced-choice testing are provided in Figure 1,
Panels c and d, respectively. Even in open-ended
testing, children demonstrated high levels of perfor-
mance in both conditions in which they received
both stem facts from the target domain. In the 2-stem
and 2-stem plus related conditions, 75% (n = 12) and
87% (n = 13) of 8-year-olds self-generated the inte-
gration facts, respectively. The children did not pro-
duce any integration facts in the 1-stem plus related
control condition. The difference in performance
between the 1-stem plus related control and 2-stem
conditions was significant for both two 2-stem condi-
tions (ps < .001, one-tailed Fisher’s exact tests) and
large in magnitude (¢ = .707 and .833).

Eight-year-olds’ average weighted total scores
(across open-ended and forced-choice testing)
reached 1.63 and 1.80 (SDs = .72 and .56) in the
2-stem and 2-stem plus related conditions, respec-
tively; 88% (n = 14) and 93% (n = 14) of the chil-
dren either self-generated the novel integration fact
or selected it from among distractors in forced-
choice testing in the 2-stem and 2-stem plus related
conditions, respectively. In contrast, in the 1-stem
plus related control condition, the average weighted
total score was 0.50 (SD = .53); 50% (n =4) of 8-
year-old children selected the novel integration facts
from among distractors. Their level of performance
was significantly different from that of children in
both the 2-stem and 2-stem plus related conditions:
t(22) =390 and #21)=5.38, ps <.001, Cohen’s
ds = 1.787 and 2.384, respectively, indicating large
effect sizes.

As in Experiment 1, we examined children’s
recall of the stem facts and the relation between
stem-fact recall and open-ended performance. As
reflected in Table 2, Panel b, in the 2-stem condi-
tion, 10 of the 12 eight-year-olds who self-generated
the novel integration facts also recalled both mem-
bers of the stem-fact pair in open-ended testing. Of
the twelve 8-year-olds who recalled both members
of the stem-fact pair, ten had self-generated the
novel integration fact and only two had not. In the
2-stem plus related condition, 12 of the 13 eight-
year-olds who self-generated the novel integration
facts also recalled both members of the stem-fact
pair in open-ended testing. Of the 13 children who
recalled both members of the stem-fact pair, 12 had
self-generated the novel integration fact and only 1
had not. Thus, for the 8-year-olds, there was a tight
relation between self-generation of the novel inte-
gration facts and recall of both members of the
stem-fact pairs.
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Discussion

The 8-year-old children in the present experiment
were successful in extending their knowledge
through integration of information acquired in sep-
arate passages of text. They were successful both
when the pair of related passages was presented in
the context of unrelated passages of text and when
the other passages featured additional information
within the target domain. The fact that 8-year-old
children’s  performance was not negatively
impacted by the less informationally constrained
context, even in open-ended testing, suggests that
the children successfully identified the pairs of
related stem facts necessary for derivation of new
knowledge.

General Discussion

One major purpose of the present research was to
investigate the influence of an information-rich con-
text on 4-, 6-, and 8-year-old children’s productive
extension of knowledge through integration of sep-
arate episodes of text. By experimentally manipulat-
ing the amount of information provided within a
target domain, we were able to test how effectively
children identified the subset of information that
was relevant for integration, a necessary prerequi-
site to successful self-generation of new knowledge.
This in turn advanced the second major purpose of
the present research, namely, to test the hypothesis
that identification of relevant material is one source
of age-related variance in self-generation of new
knowledge through integration.

Performance in open-ended testing provided
clear evidence of a developmental progression in
self-generation of new knowledge through integra-
tion of separate yet related episodes, as well as
suggestive evidence that the progression was due
at least in part to the requirement to identify infor-
mation relevant for integration. Among the 4-year-
olds (Experiment 1), performance was essentially
at floor levels, with only two children generating
the novel integration facts in open-ended testing.
Both children were in the more information-con-
strained, 2-stem condition in which only two of
the four passages of text to which they were
exposed were relevant to the integration questions
posed. In contrast, 6- (Experiment 1) and 8-year-
old (Experiment 2) children productively extended
their knowledge through self-generation in open-
ended testing. Among the 6-year-olds, in open-
ended testing, self-generation was observed only

in the more information-constrained 2-stem condi-
tion; in open-ended testing, performance in the
less information-constrained 2-stem plus related
condition did not differ from that in the control
condition in which children were provided with
only one of the two passages of text necessary for
self-generation (though the effect approached sig-
nificance and was of medium size). Among the 8-
year-olds, self-generation was observed in both of
the conditions in which they were exposed to both
passages necessary for self-generation. The pattern
of findings for the 4- and 6-year-olds in the more
information-constrained 2-stem condition is a repli-
cation of prior research (e.g., Bauer & San Souci,
2010; Varga & Bauer, 2013). The present research
represents the first test of productive extension
through integration of text passages in 8-year-old
children. The finding indicates that 8-year-old chil-
dren not only self-generate new knowledge
through integration of separate episodes, they do
so even when challenged to identify the specific
information that will lead to productive extension
from among potential distractors.

Comparison of open-ended performance in the
two conditions in which the children were provided
both of the text passages necessary for self-genera-
tion sheds light on a source of age-related improve-
ment in productive self-generation of new
knowledge in this paradigm. We suggest that a
source of change is the extent to which children
engage in processes that are necessary (though not
sufficient) precursors to self-generation. Specifically,
we propose that self-generation of new knowledge
through integration requires that children (a) iden-
tify the subset of episodes of experience that are rel-
evant to the question or problem at hand, (b)
integrate the episodes with one another, and (c) use
them as a basis for inferential self-generation of the
novel understanding that informs the question. This
first step in this process is complicated in informa-
tion-rich contexts in which there are several epi-
sodes that are potentially relevant to self-
generation. It seems that 4-year-olds are challenged
to identify relevant information even when it is pre-
sented among episodes that are poor candidates for
informing the question at hand. Six-year-olds seem-
ingly succeed when there is a low level of ambigu-
ity as to what material is relevant to the question
posed (as evidenced by high levels of self-genera-
tion in the more information-constrained 2-stem
condition), but not under conditions of higher levels
of ambiguity. Eight-year-old children demonstrate
high levels of self-generation (and thus, integration)
even when they were required to identify relevant



material from among a larger pool of potentially
relevant information.

Consideration of performance across open-ended
and forced-choice testing indicated the latent poten-
tial for integration of separate passages of text
among 4-year-olds in the more information-con-
strained 2-stem condition and among 6-year-olds in
the less information-constrained 2-stem plus related
condition. When given the opportunity to select the
novel integration facts from among distractors, fully
50% of 4-year-olds capitalized on the opportunity
in the more information-constrained condition. In
contrast, in the less information-constrained condi-
tion, forced-choice selection performance was low
and did not differ from that in the control condition
in which there was no opportunity for integration
(since only one of the two relevant text passages
was presented). We interpret this pattern to suggest
that the 4-year-olds did not recognize the opportu-
nity for integration of related passages of text when
they were presented among potential competitors
for integration. In contrast, the 6-year-olds capital-
ized on the opportunity to select the novel integra-
tion facts from among other potentially relevant
material, such that across open-ended and forced-
choice testing, fully 81% of the 6-year-olds self-gen-
erated or selected the novel integration facts in the
less information-constrained 2-stem plus related
condition.

Substantial additional research will be required
to fully understand the process involved in correct
forced-choice selection of a response alternative that
was never previously experienced. Although seem-
ingly the most obvious candidate is the process of
recognition, we suggest that characterization is not
accurate, owing to the fact that the correct alterna-
tive had not previously been experienced and thus
could not, technically, be recognized. It is reason-
able to speculate that conceptual priming played
some role, given that the correct choices had words
in common with the stem-fact text passages,
whereas the incorrect choices did not. For example,
the response options for the question, “how does a
pod talk?” were (a) by clicking and squeaking, (b)
by splashing and jumping, and (c) by rubbing
noses. Yet conceptual priming alone cannot explain
performance because the same options were pro-
vided in all three conditions, across which perfor-
mance differed systematically. Moreover, in an
event-related potential study with adults, Bauer
and Jackson (2015) demonstrated that conceptual
priming alone could not account for differential
responses to facts derived through integration
(which were treated as “well-known”) and equally
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novel facts that were not derived in this self-genera-
tive manner (which were treated as “novel”).

Based on the results of the present research, we
suggest that the correct choice alternative func-
tioned as an implicit hint or cue to the children that
they possessed information relevant to the ques-
tions being posed. In prior related research, deliver-
ing the hint to “think about the stories we just
read” just before presenting integration-fact ques-
tions significantly increased 4- and 6-year-old chil-
dren’s levels of self-generation performance (Bauer
et al.,, 2012; Bauer, Varga, et al., 2015). In the pre-
sent research, the forced-choice alternative “hints”
apparently suggested different things to the 4- and
6-year-olds. The correct alternative seemingly sug-
gested to 4-year-olds that they had information that
could be integrated to answer the question. In the
case of the more information-constrained 2-stem
condition, there were two—and only two—passages
of text to consider. In that case, they were success-
ful. In the case of the less information-constrained
2-stem plus related condition, there were four
potential passages to be considered. Under that cir-
cumstance, they were not successful—the hint was
not sufficient to highlight the relevant passages
among the competitors. For 6-year-olds, the correct
alternative seemingly suggested which specific
information they could integrate to answer the
question, thus enabling them to respond with high
levels of accuracy.

The suggestion that developmental differences in
productive self-generation through integration are
due at least in part to increases with age in the
probability of identification of episodes of experi-
ence that are relevant for integration has potential
implications for the way information is presented in
formal and informal educational settings. Specifi-
cally, the less information-constrained 2-stem plus
related condition resembles the manner in which
children experience information in their everyday
lives in both deliberate and incidental learning situ-
ations. Standard nonfiction texts, as well as
museum exhibits, for example (Jant et al., 2014),
feature many facts about the subject domain. Some
of the information can be used to support produc-
tive extension beyond the material directly pro-
vided. Yet not all information on a given topic can
or should be integrated and used as the basis for
productive extension—some of it may even be con-
tradictory. Under these circumstances, absent hints,
cues, or explicit statements, younger children in
particular may be challenged to navigate the body
of information in order to make productive connec-
tions among individual items. Beyond hints or cues,
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when multiple facts within a given conceptual
domain are presented at once, it may be beneficial
to increase the surface similarity between items that
are intended to be integrated with one another, and
decrease the surface similarity with items that
should not be integrated. As in the larger literature
on productive extension of knowledge (e.g., Gos-
wami, 2011), in the case of self-generation of new
knowledge through integration, high surface simi-
larity facilitates performance relative to low surface
similarity (Bauer et al., 2012). Thus, the degree of
surface similarity among items can serve to support
integration or segregation, as appropriate.

Another means of promoting productive exten-
sion of knowledge under domain-information-rich
conditions may be to create the demand for integra-
tion of appropriate material before moving on to
material not intended for integration. In the present
and prior related research, the demand for integra-
tion came in the form of an integration-fact ques-
tion. Children who successfully self-generate novel
integration facts in response to a demand remember
them over delays of at least 1 week (Varga &
Bauer, 2013; Varga, Stewart, & Bauer, 2016). The act
of productive extension seemingly inoculates
against forgetting and interference. These and other
suggestions await direct test. Such a test would be
maximally informative in an educational setting.

Importantly, variance in the probability of identi-
fication of episodes of experience that is relevant
for integration is not the only source of variability
in self-generation of new knowledge through inte-
gration of separate episodes. Variability in perfor-
mance also can be accounted for in part by
differential recall of the to-be-integrated stem facts.
In Experiment 2 of Bauer and San Souci (2010), 4-
year-old children were brought to a criterion level
of learning of the stem facts prior to test for self-
generation through integration. With enhanced
recall of the stem-fact information, their self-genera-
tion performance increased, from 13% without crite-
rion learning (Experiment 1) to 33% with criterion
learning (Experiment 2). Although learning stem
facts to a criterion resulted in higher levels of per-
formance for 4-year-old children, their performance
still was not as high as that of 6-year-old children
(67% self-generation). Thus, increase in the accessi-
bility of the stem facts to memory reduced, but did
not eliminate, age-related differences. As noted ear-
lier, differences in recall of the stem facts also can-
not explain the variability in performance in the
more and less information-constrained conditions in
Experiment 1 of the present research. Both 4- and 6-
year-old children had comparable levels of recall of

the stem facts in the less information-constrained
conditions relative to the more information-
constrained conditions, yet they had lower levels of
self-generation. In future research, it would be desir-
able to evaluate the joint and shared contributions to
age-related variance of the requirements to identify
relevant information and recall the information. It
also would be desirable to explore the potential con-
tributions of other sources of individual variability,
such as executive function, for example.

Even as it informs basic process and shows
promising implications for applied settings, the pre-
sent research had certain limitations. One limitation
is that we were able to administer only one test
trial per condition. The story passage context in
which the work was conducted has the benefits of
being engaging for young children and of making
the processes of integration and self-generation
truly incidental. Yet the requirement that the stem
facts (and nonstem facts) be presented in the con-
text of stories about characters who have experi-
ences places limits on the number of trials that can
be administered in a given unit of time. In future
research, it would be beneficial to develop alterna-
tive paradigms that permit administration of a lar-
ger number of test trials. Steps in this direction
were taken in Bauer, Blue, Xu, and Esposito (2016),
in which 7- to 10-year-old children played a board
“game” during which they learned a number of
novel stem facts. They later were tested on up to 10
trials of self-generation based on integration of the
stem facts.

A second limitation of the present research was
that the 8-year-old children in Experiment 2 were
virtually at ceiling levels of performance, even in
open-ended testing. Importantly, the 8-year-olds’
performance in the 1-stem plus related control con-
dition made clear that their high levels of perfor-
mance were not due to prior knowledge of the
novel integration facts. In open-ended testing, none
of the children produced the novel integration facts
when given only one member of the pair of related
stem facts. Eight-year-olds also produced very few
of the novel integration facts in response to ques-
tions from the domains to which they were either
not exposed (2-stem plus related and 1-stem plus
related conditions) or were minimally exposed (2-
stem condition). That is, all children were asked
integration fact questions from all three of the
domains (dolphins, palm trees, deserts). Thus, in
addition to the data reported above, the 8-year-olds
had 78 no- or minimal-exposure trials (39 partici-
pants x 2 trials per participant) on which they
could, in principle, have produced the novel



integration facts. They produced the integration
facts on 10 of the 78 possible trials. This represents
13% of the trials on which they could not have gen-
erated the novel facts as a result of integration of a
pair of stem facts. In contrast, in the 2-stem and
2-stem plus related conditions, the percentages of
trials on which the 8-year-olds generated the
integration facts were 75% and 87%, respectively.
These data make clear that generation of the novel
integration facts in the absence of exposure to both
members of a stem fact pair was a low-frequency
event. They thus provide additional support for
the argument that the task provided a wvalid
measure of self-generation of new knowledge
through integration, even for the 8-year-olds. In
future research, efforts should be made to develop
a more sensitive test, thereby permitting examina-
tion of factors that may further facilitate older
children’s performance.

In conclusion, the present research allowed us to
elucidate a developmental progression in children’s
productive extension of new knowledge under more
and less domain-information-rich conditions; the
information conditions were experimentally manip-
ulated, thus affording substantial control. The work
also informed one of the sources of age-related
increases in productive knowledge extension,
namely, increases with age in the probability of
identification of episodes of experience that are rele-
vant for integration. At least under the conditions of
the present research, 4-year-old children seemingly
require the equivalent of implicit hints or cues to the
potential for integration in order to engage in this
step of productive extension. Six-year-old children
engage in identification and integrative processes
under conditions of high certainty as to which mate-
rials are relevant for integration. Under less certain
conditions, they too depend on the equivalent of
implicit hints or cues. By 8 years of age, children
readily engage in identification, integration, and
self-generation, both when it is relatively clear what
should be integrated with what, and when the cir-
cumstances are more ambiguous. The work thus
informs both the conditions under which children
4-8 years of age extend their knowledge through
integration of separate episodes and the cognitive
processes involved. It also sheds light on the sources
of age-related change in this productive process.
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