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ABSTRACT

Testing of previously studied information potentiates subsequent learning of
new information, a phenomenon referred to as the forward testing effect (FTE).
The current study aimed to investigate the developmental trajectory of the FTE
and whether the reset-of-encoding process contributes to the FTE. Younger
children, older children, and adults were instructed to study four lists of unre-
lated words, then either restudied or were tested following studying each of
Lists 1-3, and took an interim test on List 4. Results demonstrated that interim
testing on Lists 1-3 enhanced learning of List 4 for younger children, older
children, and adults. Importantly, this enhancement varies with items’ serial list
position in both younger children and older children. Early List 4 items at list
primacy positions benefited more from interim testing than later ones at non-
primacy positions. Overall, this is the first study demonstrating that (1) the FTE
generalizes to younger children, older children, and adults, suggesting the FTE
emerges quite early in human life; (2) the reset-of-encoding process contributes
to the FTE in both younger and older children.
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KEYWORDS Forward testing effect; developmental trends; reset-of-encoding

Introduction

The forward effect of testing (FTE) is the ironic finding that interim testing
of previously studied information potentiates subsequent learning of new
materials (for reviews, see Pastotter & Bauml, 2014; Yang et al., 2018). In
a standard FTE experiment, participants study several lists of items in
anticipation of a final cumulative recall test. Participants are asked to
either retrieve what they remember from the just-studied set of materials
(interim test condition), complete an unrelated task between studying
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each set of material (no test control), or restudy the just-studied set of
materials (restudy control) before they study the target (new) materials.
Critically, all participants are tested on the target set after studying. The
classic finding, derived from this research paradigm, is that interim testing
of previously studied materials potentiates subsequent learning of new
materials (e.g., with more items correctly recalled from the target new
set), relative to the control counterparts.

The FTE has been proven as a robust phenomenon by using a variety of
study materials in different experimental settings (Chan, Meissner, et al,,
2018; Pastotter & Bauml, 2014; Yang et al., 2018), and this effect gener-
alizes across different populations, including college students with vary-
ing levels of working memory capacity (Pastotter & Frings, 2019) and test
anxiety (Yang et al., 2020), older adults (Pastotter & Bauml, 2019), and
individuals with severe traumatic brain injury (Pastotter et al, 2013).
However, the majority of previous studies explored the FTE in adults,
and it remains largely unknown whether the FTE generalizes to young
children and what its developmental trajectory is. Thus, the current study
aims to determine the developmental trend of the FTE, and unravel the
mechanisms underlying the effect. Specifically, the current study focuses
on a reset-of-encoding account which ascribes the FTE to a reset of the
encoding process (Pastotter et al., 2018, 2011).

FTE in children

The majority of previous studies on the FTE have been carried out with
college students as participants, with its generalizability to young children
and its developmental trajectory largely underexplored. To our knowl-
edge, only one study has evaluated the FTE in children (Aslan & Bauml,
2016). In this study, younger (average age = 6.7 years) and older (average
age = 8.8 years) elementary school children and adults studied four lists of
items in anticipation of a final cumulative recall test. Following the pre-
sentation of each of the first three lists, participants either completed
a cued recall test on the respective list, or restudied that list. All partici-
pants engaged in a free recall test on the last target list. Results demon-
strated that the FTE generalizes to older children and adults but not to
young children.

Obviously one study is insufficient to draw a firm conclusion. Indeed,
other research (Otgaar et al., 2019) suggests that even younger children’s
learning can benefit from interim testing. In Otgaar et al’s (2019)
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Experiment 1, young children (mean age = 7.32) viewed a lecture video,
and then half of them were interviewed while the other half were not
interviewed. After that, children received misinformation and attended
a final memory test. This study found that retrieval practice increases
children’s suggestibility to subsequently presented misleading informa-
tion. As suggested by Otgaar et al.’s (2019), retrieval practice can enhance
new learning by reducing inattention (Pastotter et al,, 2011; Szpunar et al.,
2013), such that children who had encountered an earlier retrieval prac-
tice (i.e., the interview) were more likely to sustain their attention for the
subsequent misleading information. This may make the misleading infor-
mation learning as effective as prior video learning, inducing suggestibil-
ity to the misleading information in young children. This rest-of-encoding
process (see the next section for more details) may be responsible for
both the finding of Otgaar et al. (2019) and the FTE, suggesting the FTE
might generalize to young children.

In sum, there is a procedural difference between Aslan and Bauml
(2016) study (mismatched test format between prior nontarget list tests
and target list test) and the standard FTE experiment (matched test
format between prior nontarget list tests and target list test). In addition,
Otgaar et al. (2019) provided inconsistent findings suggesting that the
FTE may exist in young children. It is therefore difficult to draw any firm
conclusions regarding the developmental trajectory of the FTE at the
current stage, and further tests are called for. Going beyond Aslan and
Bauml (2016), the current study employed a consistent test format across
lists, unrelated word lists as principal stimuli, which have been widely
used in previous FTE studies (Bauml & Kliegl, 2013; Pashler et al., 2013;
Szpunar et al., 2008), and a larger sample size to further determine the
existence or absence of the FTE in young children.

Reset-of-encoding theory

The reset-of-encoding (ROE) theory has been recently proposed to
account for the FTE (Pastétter et al., 2018). It assumed that memory load
gradually increases with an increase in encoded lists. But testing of these
encoded lists, as opposed to additional study periods, promotes contex-
tual list segregation. Such enhanced segregation reduces memory load,
induces a reset of the encoding process for the subsequent new lists,
making the encoding of later new lists as effective as the encoding of
earlier ones (Pastotter et al., 2011).
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There is direct evidence illustrating that prior interim tests during
learning facilitate subsequent encoding of new information. In the
study of Pastotter et al. (2011), participants were instructed to study five
lists of 20 items and did either a test or a restudy task between the study
of the lists. The FTE was observed, with superior List 5 recall in the test
condition than in the restudy condition. Moreover, alpha power (8-14 Hz)
increases from List 1 to List 5 encoding in the restudy condition but no
such increase in the test condition. Considering increases of alpha power
reflect an impoverished encoding process caused by increased memory
load and inattention (Sederberg et al., 2006, Pastotter et al., 2008;
Pastotter et al., 2011), this result indicates that interim testing resets the
encoding process and provides greater memory capacity for storage of
subsequent list (Pastotter et al., 2011).

Apart from this neurocognitive work, a recent behavioural work also
supports the ROE view. Specifically, Pastotter et al. (2018) asked partici-
pants to study three lists of words in test and restudy conditions. Similarly,
participants in the test condition were tested after studying each list,
whereas in the restudy condition they restudied Lists 1 and 2 and were
tested on List 3. By using a serial position analysis, the results demon-
strated a FTE that changed with items’ serial list position, that is, a larger
recall enhancement was found in early List 3 items (i.e.,, Items 1-4)
compared to the middle (i.e., ltems 5-8) and late (i.e., [tems 9-12) items.
This study verified the ROE theory on an item-level basis.

However, the ROE process was only evident in the FTE in adults, and it
remains unknown whether this process is responsible for the FTE in
children. Therefore, the current study aims to fill this gap by investigating
the ROE process in the FTE in children. Since this ROE is induced by list
segregation processes that do not include strategic decisions, even
younger children should benefit from it.

Overview of the current study

To contribute to this growing literature, we firstly investigated whether
younger children, older children, and adults (as in Aslan & Bauml, 2016)
can benefit from the FTE using a matched test format (i.e., free recall)
across lists. Secondly, to unravel the mechanisms underlying the effect,
we conducted a serial position analysis (Pastotter et al., 2018) and eval-
uated whether the ROE process contributes to the FTE in children and
adults.
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Method
Participants

We conducted a power analysis to establish the required sample size
using G*Power (Faul et al., 2007). With a power set at 0.85, a two-tailed
value of a =0.05, and an effect size of Cohen’s d = 0.80, the power analysis
showed that we needed 30 participants per condition to obtain
a significant FTE. Sixty-four younger children (M = 6.38 years old,
SD = 0.49; 29 female), 64 older children (M = 8.35 years old, SD = 0.42;
30 female) and 64 adults (M = 20.75 years old, SD = 1.63; 32 female) took
part in the experiment.

Data from 7 participants were excluded because 2 younger children
did not follow the instructions, one older child in the restudy condition
was an outlier whose correct List 4 recall was more than three standard
deviations above the mean recall, and four adults’ data were unsaved due
to a programming error. The final sample included data from 185 partici-
pants: 62 younger children (M = 6.37 years old, SD = 0.49; 27 female), 63
older children (M = 8.34 years old, SD = 0.48; 30 female), and 60 adults
(M = 20.6 years old, SD = 1.48; 30 female), with 31 younger children, 32
older children and 30 adults in the test condition, and 31 younger
children, 31 older children and 30 adults in the restudy condition.

All children were native Chinese speakers recruited from an elementary
school in Jiangxi province of China, and participated voluntarily. The
adults were students recruited from Beijing Normal University. They had
a normal or corrected-to-normal vision and were without neurological or
psychiatric diseases (based on self-reports for adults and caregivers'’
reports for younger and older children). The children knew they partici-
pated in an experiment, and informed consent was obtained from either
participant themselves (for adults) or their caregivers (for younger and
older children). The study was approved by the ethics committee of
Beijing Normal University. Adult participants received 15 RMB and chil-
dren received a set of stationery as compensation.

Materials

Four study lists were constructed, each consisting of six unrelated con-
crete Chinese nouns (see the Table A1) drawn from word norms for
children developed by Liu et al. (2011).
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Experiment design and procedure

The experiment employed a 3 (age: younger children vs. older children vs.
adults) x 2 (interim task: test vs. restudy) between-subjects design.
Participants were individually tested in a sound-proofed room.

Participants were initially informed that the experiment was designed
to test their memory and mathematical abilities. Specifically, they would
learn four lists of words, and they were encouraged to remember as many
words as they could, in preparation for a final cumulative recall test in
which all words from all lists would be tested. They were also informed
that, after studying each list and solving maths problems for 30 sec, the
computer programme would randomly decide whether to give them
a short test or offer them a restudy opportunity.

Following the initial instructions, the study words in each list were
presented in a random order, 5 sec each, and with a 1-sec inter-stimulus
interval. After studying each list, participants solved as many maths
problems as they could in 30 sec. Immediately following, participants in
the test condition took a free-recall test (i.e., orally recall as many words as
they could from the just-studied list in any order they wished) within
30 sec. While those in the restudy condition restudied the 6 words in
a new random order on each of Lists 1-3, but took a free-recall test on List
4. Thus, the procedure for the target List 4 was same between the two
conditions, but it was different for Lists 1-3. Participants’ verbal responses
were automatically recorded by the computer programme. The cumula-
tive test was not implemented to keep the experiment short and to
reduce task demands on children.

Results
List 4 interim test results

We examined whether the FTE exists in younger children, older children
and adults. The corresponding descriptive statistics were depicted in
Figure 1a and Table 1. A 3 (age: younger children vs. older children vs.
young adults) x 2 (interim task: test vs. restudy) between-subjects analysis
of variance (ANOVA) revealed a main effect of age on List 4 interim test
recall, F(2, 179) = 161.56, p < .001, n,”> = .64. Correct recall increased with
age (younger children: M = 0.27, SD = 0.17; older children: M = 0.31,
SD = 0.26; adults: M = 0.80, SD = 0.19). Bonferroni corrected pairwise
comparisons showed numerical or significant differences between
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Table 1. Proportion (SD) of Lists 1-4 interim test recall.

List Interim task Younger Children Older Children Adults
List 1 Test 0.45 (0.22) 0.52 (0.26) 0.84 (0.19)
List 2 Test 0.40 (0.20) 0.42 (0.23) 0.88 (0.12)
List 3 Test 0.28 (0.21) 0.44 (0.23) 0.84 (0.13)
List 4 Test 0.35 (0.15) 0.47 (0.25) 0.87 (0.16)
Restudy 0.18 (0.14) 0.16 (0.15) 0.73 (0.20)

groups: younger children vs. older children: p = .47; d = 0.26; older
children vs. adults: p < .001, d = 2.67; younger children vs. adults:
p <.001;d=293.

The main effect of interim task was significant, F(1, 179) = 60.68,
p < .001, n,* = .25, with higher recall in the test (M = 0.56, SD = 0.29)
than in the restudy condition (M = 0.35, SD = 0.31), reflecting the FTE.
Importantly, there was a significant interaction between the two factors, F
(2,179) = 4.12, p = .018, np2 = .04. A 2 (age: younger children vs. older
children) x 2 (interim task: test vs. restudy) between-subjects analysis of
variance (ANOVA) revealed a significant interaction between the two
factors, F(1, 121) = 4.39, p = .038, npz = .04. Older children (p < .001,
d = 1.71) had a larger FTE than younger children (p < .001, d = 0.98). A 2
(age: older children vs. adults) x 2 (interim task: test vs. restudy) between-
subjects analysis of variance (ANOVA) revealed a significant interaction
between the two factors, F(1, 119) = 6.36, p = .013, n,° = .05. Older
children had a larger FTE than adults (p = .01, d = 0.67). This result may
be due to the fact that this task was too easy for adults, producing
a celling effect driven by the higher levels of correct recall in the free-
recall test in both the test and restudy conditions.

Interim test recall across lists

This section focuses on interim test recall evolvement across Lists 1-4.
Because participants in the restudy condition did not take interim tests on
Lists 1-3, their data were not included in the below analyses. Recall
performance across lists for participants in the test condition was ana-
lysed by a 4 (Lists 1-4) x 3 (younger children vs. older children vs. adults)
mixed ANOVA. The corresponding descriptive statistics were depicted in
Table 1. Recall performance across lists differed significantly among the
three groups, F(2, 90) = 129.66, p < 0.001, npz = .74. Bonferroni corrected
post-hoc tests showed that recall performance increased with age:
younger children vs. older children: p = .016, d = 0.76; older children vs.
adults: p < 0.001, d = 3.30; younger children vs. adults: p < 0.001, d = 4.10.
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Recall performance across lists differed significantly among the four
lists, F(3, 270) = 3.07, p = .028, n,,z = .03. Bonferroni corrected post-hoc
tests showed that there was a significant difference between List 1 and
List 3: p = .03, d = 0.42, and there was no other significant difference
between other lists, with ps ranging from .51 to .99 and ds ranging from
0.01 to 0.26.

There were no significant interaction between list and age (F(6,
270) = 1.52, p = .17, n,> = .03). A repeated measures ANOVA revealed
recall across lists remained stable in the test condition for older children: F
(3,93) =1.14, p= 34,0, = .04, and adults: F(3, 87) = 045, p = .72, n,° = .02,
but test performance significantly varied across lists for younger children:
F(3, 90) = 4.23, p = .008, npz =.12. Specifically, interim test recall linearly
decreased across lists for younger children, F(1, 30) = 8.30, p = .007, r)p2
=.22, suggesting that interim testing cannot fully prevent the decrease of
learning efficiency across lists for younger children.

List 4 recall as a function of items’ serial position

We examined whether participants in the three age groups recalled more
List 4 primacy items than for the List 4 non-primacy items in the test
condition compared to the restudy condition. The corresponding descrip-
tive statistics were depicted in Figure 1b and Table 2. A 2 (interim task:
test vs. restudy) X 2 (serial position: primacy items vs. non-primacy items)
% 3 (age: younger children vs. older children vs. adults) mixed ANOVA
revealed the main effects of interim task, F(1, 179) = 60.68, p < .001, n,’
= .25, serial position, F(1, 179) = 222.73, p < .001, n,*> = .55, and age, F(2,
179) = 161.56, p < .001, np2 = .64.

Of critical interest, the interaction among condition, serial position, and
age was also significant, F(2, 179) = 8.22, p < .001, npz = .08. Specifically,
compared to recall in the restudy condition, primacy items benefited
more from interim testing than non-primacy items in younger children
(for primacy items: p < .001, d = 1.47; for non-primacy items: p = .57,
d =0.14) and older children (for primacy items: p < .001, d = 1.76; for non-

Table 2. Proportion (SD) of primacy and non-primacy items in List 4 interim test.

Interim task Serial Position Younger Children Older Children Adults

Test PI 0.68 (0.27); 0.74 (0.32) 0.98 (0.08)
NPI 0.03 (0.10); 0.20 (0.28) 0.76 (0.29)

Restudy PI 0.29 (0.28); 0.28 (0.32) 0.87 (0.21)
NPI 0.06 (0.16); 0.03 (0.10) 0.60 (0.31)

Note: Pl: primacy items 1 to 3, NPI: non-primacy items 4 to 6.
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primacy items: p = .004, d = 0.75), but not in adults (for primacy items:
p =.10, d = 0.42; for non-primacy items: p =.008, d = 0.69). It may due to
ceiling for primacy items in adults. Overall, these results expand on
Pastotter et al’s (2018) serial position findings, and can be taken as
evidence for the ROE explanation for the FTEs of both younger and
older children.

General discussion

Several important findings emerged from the current study. First and
foremost, the FTE was robust in younger children, older children, and
adults, as evidenced by the analyses of List 4 interim test recall. It is
a nontrivial finding in light of the potential educational applications of
the FTE. Second, serial list position significantly modulated the FTE in
both younger children and older children, with a larger enhancement
effect for the early List 4 items at list primacy positions compared to end
List 4 items at non-primacy positions. Together, the present study tests
and provides direct evidence for the ROE theory in younger and older
children, indicating that the FTE in children may be driven by the ROE
process. Below, we consider the theoretical implications of these
findings.

Interim testing boosts new learning for younger children, older
children, and adults

The finding that the interim testing of previously studied material
enhanced new learning performance in all age groups represents
a novel contribution to the literature: the FTE is efficient in the early
elementary school years. Previous findings that showed the FTEs exist in
young adults with varying levels of working memory capacity (Pastotter &
Frings, 2019) and test anxiety (Yang et al., 2020), older adults (Pastotter &
Bauml, 2019), and clinical populations (Pastotter et al., 2013), together
with the present results suggest that the FTE is broadly present in differ-
ent populations. It should be noted that compared to older children and
adults whose correct recall was stable across lists, younger children had
a linear downward trend in recall from Lists 1-4. Thus, although the
interim test promoted List 4 recall for all age groups, it cannot fully
prevent the decrease of learning efficiency across lists for younger
children.
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These results are inconsistent with Aslan and Bauml (2016) study,
which showed that the FTE generalizes to older children and adults, but
not to younger children. One procedural difference may contribute to this
divergence. In Aslan and Bauml (2016)’s study, the target list test (free-
recall) mismatched with and is more difficult (accordingly more effortful
retrieval required) than prior nontarget tests (cued-recall). Participants
who received prior cued-recall tests before attending to a target free-
recall test may be underprepared for the more difficult free recall test, due
to the perceived ease of the previous tests. Compared to older children
and adults, younger children might be more susceptible to this increased
test difficulty and required retrieval effort from prior cued-recall tests to
the critical free-recall test, resulting in that their FTE was not observed in
Aslan and Bauml (2016). However, when the target list test matched with
prior nontarget lists test (e.g., both the tests are free-recall tests in the
current study), participants, especially younger children, might be ade-
quately prepared for the type of the target test, which in turn resulted in
equivalent criterial test performance (Davis, 2018). This may lead to the
result that their FTE were observed in the current study.

Other potential explanations for the differences in results between the
current study and Aslan and Bauml (2016)’s study arise from both retrieval
strategy and retrieval effort accounts (Cho et al., 2017) of the FTE.
According to the retrieval strategy account (Chan et al., 2020; Chan,
Manley et al., 2018; Cho et al., 2017), younger children in the current
study may gradually develop more effective retrieval strategies across the
interim tests, such as temporal clustering strategy (Yang et al., 2021), and
these strategies facilitate recall of subsequent target list. But this retrieval
strategy mechanism may not contribute to Aslan and Bauml (2016)’s
study because different formats of retrieval require different retrieval
strategies. According to the retrieval effort account (Cho et al., 2017),
retrieval failures in prior interim tests may motivate young children to
commit more effort to retrieve the words in the target list test in the
current study. As the cued recall test is easier than the free recall test,
younger children may experience fewer retrieval failures in prior nontar-
get tests in Aslan and Bauml (2016)’s study than in the current study,
resulting in less retrieval effort committed to retrieve the words in target
list test.

In sum, when keeping test formats and test difficulty consistent across
nontarget and target tests, the current findings contradict Aslan and
Bauml (2016) conclusion that the FTE is a relatively late-maturing
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phenomenon that develops over middle childhood (Aslan & Bauml, 2016).
Rather, the FTE develops quite early in life. Future studies should manip-
ulate the criterial test type (cued recall or free recall) and task type (e.g.,
cued-recall, free recall, or no-test) to further determine whether prior cud-
recall testing is not as potent as free-recall to produce the FTE in younger
children.

Testing potentiates new learning that varied with items’ serial list
position

The finding that serial list position significantly modulated the FTE in both
younger children and older children well parallels and extends earlier
research on the ROE account of the FTE. Prior research (Pastotter et al.,
2018) has found that in adults, interim testing induced a selective recall
enhancement for the primacy items when compared to the restudy
condition. We further showed that it occurred in both younger children
and older children, that is, compared to recall in the restudy condition,
primacy items benefited more from interim testing than non-primacy
items. It suggests that the FTE in children was driven by the ROE process.
Because the ROE is caused by contextual list segregation which does not
involve strategic decisions, not only older children but also younger
children benefit from it and present the FTE.

Specifically, interim testing rather than restudy promotes contextual
list segregation. Such enhanced segregation abolishes or at least
reduces memory load, induces encoding reset and makes subsequent
new learning as effective as earlier learning. Moreover, as new learning
goes on, memory load and inattention gradually increase, attenuating
these benefits at later phases of new encoding and resulting in a smaller
and even null effect for non-primacy items in older children and
younger children, respectively. The results are consistent with studies
which indicate that

contextual change influences young children’s memory performance
(e.g., Bartlett et al., 1982; Hala et al., 2013). Furthermore, the ROE account
is not restricted to the FTE in younger children but has been applied to
directed forgetting tasks (e.g.,, Hupbach et al, 2018), so the ROE may
similarly affect retrieval in young children. In addition, adults’ s List 4
recall for primacy items were nearly at the ceiling, making it impossible
to observe such enhancement effect in the current study.
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Because the ROE is caused by contextual list segregation which does
not involve strategic decisions, preschoolers may also benefit from it and
present the FTE. Future work should attempt to replicate the above
findings and to investigate whether the FTE exists in preschoolers by
using age-appropriate study materials and simplified experiment instruc-
tions. Moreover, others accounts of the FTE, such as retrieval strategy
account and retrieval effort account as we mentioned before may also
play roles in the FTE in children. Future studies could take into account
the possible contributions and interactions of the multiple mechanisms of
the FTE in children.

Conclusion

To summarize, immediate testing of studied lists enhanced correct
recall of new learning in three age groups. It suggests that the FTE
develops quite early in life and it generalizes to younger children, older
children, and adults. Critically, serial list position significantly modu-
lated the FTE in both younger children and older children, early List 4
items at list primacy positions benefited more from interim testing
compared to late List 4 items at non-primacy positions, suggesting
the ROE process contributes to the FTE in children. Educators can
build on these results by strategically implementing interim tests across
the course of a study session to promote young learners’ learning of
new information.
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Table A1. Twenty-four items used as stimuli in Chinese and

English translation.
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