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material: an analysis of item-level effects

Oliver Kliegl and Karl-Heinz T. Bauml

Department of Experimental Psychology, Regensburg University, Regensburg, Germany

ABSTRACT

The forward testing effect (FTE) refers to the finding that retrieval practice of previously studied
material can facilitate recall of newly studied (critical) material. Such interim retrieval practice
can also lead to a differential FTE, i.e, a more pronounced FTE for items at early than later
serial positions in the critical material. The present study examined whether this differential
FTE also holds with interim semantic generation of extra-list items, and whether it is
influenced by study material. Consistent with prior work, the results of two experiments
showed that both interim retrieval practice and interim semantic generation induce the
general (list-level) FTE when unrelated study lists are applied, whereas retrieval practice only
creates the effect with categorised study lists. Critically, however, the differential FTE was
present in response to retrieval practice but absent in response to semantic generation. This
pattern held regardless of which material was studied, thus experimentally dissociating the
general (list-level) from the differential (item-level) FTE. The findings may suggest that
retrieval practice, but not semantic generation, induces a reset of the encoding process
which promotes attentional encoding such that a more pronounced FTE arises for early than
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middle and late serial positions in the critical list.

Both students and teachers generally view tests primarily
as a means of measuring performance (Karpicke et al.,
2009). However, tests can have tremendous benefits for
the long-term retention of the practiced information. In
fact, studies on this so-called testing effect have shown
that retrieval practice of previously studied information
often leads to improved retention of this information in
a later test than, for example, restudy of the information
does (e.g., Roediger & Karpicke, 2006). A myriad of labora-
tory studies has cemented the view that the testing effect
is a robust and general phenomenon that occurs across a
wide range of materials, age groups, and ability levels (for
reviews, see Karpicke, 2017; Roediger & Butler, 2011).
However, retrieval practice improves not only retention
of the practiced material itself, but also fosters the learning
and memory of subsequently encountered, new material.
For instance, Szpunar et al. (2008) asked subjects to
study five word lists in succession in anticipation of a
final cumulative retention test and to solve either simple
mathematical tasks immediately after the presentation of
lists 1-4 (distractor condition), study the word lists again
(restudy condition), or attempt to retrieve the words
from the immediately preceding list (retrieval-practice
condition). After learning list 5, all subjects were asked to
recall the words from this critical final list. The results
showed that subjects in the retrieval-practice condition

remembered more words from list 5 and showed fewer
intrusions of words from lists 1-4 than subjects in the
other two conditions. This effect, which is often referred
to as the forward testing effect (FTE), is a very general
effect that has been found in both lab-based studies and
educational settings. It has been shown to arise across a
variety of study materials, including word lists, paired
associates (Weinstein et al, 2011), prose material
(Wissman et al,, 2011), and videos (Szpunar et al., 2013);
and it has been shown to arise in a range of participant
groups, like college students, children (Aslan & Bauml,
2016), older adults (Pastotter & Bauml, 2019), and individ-
uals suffering from traumatic brain injury (Pastétter et al.,
2013; for reviews, see Pastotter & Bdauml, 2014; Yang
et al.,, 2018).

Two prominent FTE accounts

Two prominent accounts of the FTE are the context-
change explanation and the strategy-change explanation.
The context-change account is based on the widely held
belief that during study of to-be-learned material, individ-
uals also encode details about the mental context in which
that information is provided (Estes, 1955; Mensink & Raaij-
makers, 1988). Retrieval practice between the study of
single lists is assumed to change this mental context and
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thus create distinct temporal contexts for each study list,
which enables a more focused memory search for the criti-
cal final list at the time of test (Bauml & Kliegl, 2013;
Szpunar et al., 2008). Evidence for the view, for instance,
comes from research demonstrating that the FTE is
accompanied by shorter response latencies for the critical
final list (Bauml & Kliegl, 2013; Lehman et al., 2014).
Because shorter response latencies indicate a smaller
memory search set (Wixted & Rohrer, 1993; Rohrer,
1996), the finding is consistent with the context-change
account’s assumption of a more effective discrimination
between the prior lists and the critical list.

In contrast, the strategy-change explanation is based
on the view that interim retrieval practice can lead subjects
to consider new - and potentially more effective - strat-
egies for further learning. Retrieval practice can indeed
provide critical information about the learning task at
hand, and may enable subjects to build expectations
about the particular format of later tests or the presence
of retrieval cues on these tests. On the basis of such infor-
mation, encoding and/or retrieval strategies may be opti-
mised (Chan, Manley, et al., 2018; Davis & Chan, 2015;
Soderstrom & Bjork, 2014). Chan, Manley, et al. (2018), for
instance, found that the FTE was accompanied by an
improved semantic organisation of the critical list, as sub-
jects in the retrieval-practice condition showed a stronger
propensity to cluster their recall on the basis of the items’
category membership. Together with the fact that the FTE
can still arise when the retention interval prior to the test
of the critical list or the lag prior to study of this list is pro-
longed, the finding is consistent with the strategy-change
explanation. Critically, the context-change and strategy-
change explanations are not mutually exclusive. In particu-
lar, a recent two-factor account of the FTE argues that both
context change and strategy change can contribute to the
FTE (Kliegl & Bauml, 2021; see General Discussion).

An (additional) role of attentional factors for the
FTE?

In recent years, also attentional accounts of the FTE have
been proposed (e.g., Chan et al.,, 2020; Pastotter et al.,
2011, 2018; Szpunar et al, 2013; Yang et al, 2017).
Common to these accounts is the idea that, in the
absence of any interim retrieval practice, attentional
resources decline when several lists are studied in succes-
sion, assuming that it becomes more and more difficult to
keep the attention focused if more and more material is to
be encoded. Retrieval practice between study of the single
lists may prevent such increase in inattention. Consistently,
interim retrieval practice has been found to encourage
task-relevant activities like note-taking and discourage
task-irrelevant activities like mind wandering (Szpunar
et al., 2013). Similarly, interim retrieval practice can
prevent a reduction of study time across lists when encod-
ing is self-paced (Yang et al., 2017).

A variant of these attentional accounts assumes that
retrieval practice induces a reset of the encoding process
that may reduce the need to keep the previously studied
material in mind and help subjects to refocus their atten-
tional resources (Pastotter et al., 2011). Such an encoding
reset may arise because retrieval practice largely exhausts
the opportunities to review studied material (e.g., Chan,
Meissner, et al., 2018; Roets et al., 2006) — at least if the
recall phase is sufficiently long. Indeed, unlike an interim
restudy or distractor activity, interpolated retrieval practice
may provide the subject with a relatively fair assessment of
how well they are able to remember a list's items (for a
similar suggestion, see Roediger, et al., 2011). Critically,
even if the subject judges their retrieval performance to
be suboptimal, in the absence of feedback, they cannot
do much to improve the situation, so they may mentally
close with the task in the latter part of the retrieval-practice
phase. This proposal also fits with participants’ subjective
reports that, during the latter part of the recall phase,
they are often “finished with the list” or feel “ready for
the next task ahead”. ' Pastotter et al. (2018) recently
showed that a more fine-grained analysis of recall data
on the item level can provide critical insights about the
nature of the attentional processes contributing to the
FTE. These researchers had participants study three lists
consisting of 12 unrelated items each. Results showed a
typical FTE for the critical list, but analysis of the list
items’ serial position curves indicated that the size of the
FTE varied with the items’ serial position in the list. It
was more pronounced for the list's early items at list
primacy positions (items 1-4) than the list's middle and
late items (items 5-12). These findings suggest that a retrie-
val-practice induced encoding reset may particularly
benefit the encoding of the first few items of the study
list presented after retrieval practice and thus induce a
differential FTE.

The present study

The first goal of the present study therefore was to repli-
cate the Pastotter et al. (2018) finding that retrieval prac-
tice can induce a differential FTE, with greater recall
benefits for the early than the middle and late items of
the critical list. The second goal was to examine the gener-
alizability of the differential FTE. One factor that may play a
critical role for the presence of the differential FTE is type
of retrieval activity. Prior research has shown that the
general (list-level) FTE is not only induced following retrie-
val practice of a previously studied list, i.e., an episodic
type of test, but can result from various interim retrieval
activities, including a semantic type of test in which sub-
jects are asked to generate as many exemplars as possible
from various extra-list semantic categories (e.g., profession
or four-legged animal). Indeed, such semantic generation,
when conducted between the study of single lists, has
been found to create an FTE as well (Divis & Benjamin,
2014; Pastotter et al., 2011). Whether the differential FTE



also transpires when interim semantic generation is
applied instead of interim retrieval practice is unclear.
However, if an encoding reset mediated the differential
FTE, then the differential FTE should be restricted to retrie-
val practice and not generalise to semantic generation.
Indeed, retrieval practice, but not semantic generation,
may leave subjects with the feeling that they are
“finished with the list”, inducing an encoding reset.

Another factor that may influence the presence of the
differential FTE is type of study material. Recent research
in fact showed that the presence of the general FTE can
depend on study material. After both prolonged retention
interval between study and test of the critical list and pro-
longed lag prior to study of the critical list, Kliegl and
Bauml (2021) found the general FTE to disappear with
unrelated, but not with categorised lists. Furthermore,
the semantic-generation induced general FTE arose with
unrelated, but not with categorised lists. Although type
of material may thus be a potentially critical factor for
FTE findings, there is reason to expect that it may not
influence the differential FTE. Indeed, if an encoding
reset was the driving force behind the differential FTE,
then retrieval practice should induce such a reset regard-
less of whether the studied lists consist of unrelated or
categorised material.

This study reports the results of two experiments
designed to examine whether (i) the nature of the retrieval
activity between study of the single lists and (i) the type of
study material affect whether a differential FTE arises. Sep-
arately for unrelated item lists (Experiment 1) and cate-
gorised item lists (Experiment 2), we examined whether
the differential FTE is present after both interim retrieval
practice and interim semantic generation. In both exper-
iments, the three-list version of the typical FTE task was
applied (Bauml & Kliegl, 2013; Pastotter et al., 2018).
After study of lists 1 and 2, subjects were either asked to
study the immediately preceding list once again (restudy
condition), recall the words of the immediately preceding
list (retrieval-practice condition), solve simple arithmetic
problems (distractor condition), or generate as many
exemplars as possible from extra-list categories (seman-
tic-generation condition). In all four conditions, study of
the critical list 3 was followed by a free-recall test of the
items of this list. For this test, mean recall rates and serial
position curves were analyzed for each of the four study
conditions. According to the encoding-reset hypothesis,
the differential FTE should follow exclusively as a result
of a preceding retrieval-practice, and should therefore
not occur after preceding semantic generation of extra-
list items. Moreover, such pattern of results should arise
regardless of study material and thus be present in both
Experiment 1 and Experiment 2.

Experiment 1

The goal of Experiment 1 was to examine whether, for
unrelated study lists, retrieval practice but not semantic
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generation elicits a differential FTE - that is, a greater
FTE for early than middle and late critical items — or
whether both retrieval practice and semantic generation
can produce such an effect. On the basis of prior work
(Divis & Benjamin, 2014; Kliegl & Bauml, 2021; Pastotter
et al, 2011), a general (list-level) FTE was expected for
this material both when there was retrieval practice of
the previously studied lists (relative to the restudy base-
line) and when there was semantic generation of extra-
list items between study of the single lists (relative to the
distractor baseline).

2 We also anticipated that, for retrieval practice, the
differential FTE would arise (Pastotter et al.,, 2018), likely
reflecting an encoding reset. If an encoding reset was a
necessary precondition for the differential FTE, then
semantic generation should not induce the differential
FTE.

Method

Participants

The required sample size in Experiments 1 and 2 was cal-
culated using G*Power (Version 3.1.9.2; Faul et al., 2009).
Given a=0.05 and a desired power of 1 — =0.85 to
detect the critical interaction between condition and
serial position with a small to medium effect size of f=.2
or larger, a required sample of 65 subjects per experimen-
tal condition was calculated. Closely following this rec-
ommendation, we recruited 288 students at Regensburg
University for Experiment 1 (mean age =21.9 years), with
72 subjects in each of the four experimental conditions.
Participants took part in the experiments in return for
either partial course credit or a compensatory amount of
money. All subjects spoke German as their native
language. All reported experiments were carried out in
accordance with the provisions of the World Medical
Association Declaration of Helsinki. Participants in both
experiments were tested in person. Data collection was
finished before the COVID-19 outbreak.

Material

Seventy-two unrelated German nouns of medium fre-
quency were drawn from the CELEX database (Duyck
et al., 2004). For each participant, items were assigned ran-
domly to three lists consisting of 24 items each. The study
material was identical to the material applied in one of our
earlier studies (Kliegl & Bauml, 2021, Experiments 1a, 2a,
3a).

Design and procedure

Prior to the start of the experiment, participants were told
that they would be asked to study several lists of items.
They were also informed that they should anticipate
various activities that may follow the presentation of
each single list, which can include simple arithmetic
tasks, restudy of a list that they had just previously
studied, a free-recall test on all the words from a just
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studied list, or semantic generation of exemplars from a
semantic category unrelated to the words that they had
just studied. It was pretended that these interlist activities
would occur on a completely random basis when, in fact,
interlist activities differed between conditions. In particu-
lar, subjects engaged in the same interlist activities after
the encoding of lists 1 and 2 within each experimental con-
dition. Participants were also made aware that, regardless
of these interlist activities, all study lists would be tested in
a final cumulative test.

At the start of the experiment, the items of the three
lists were visually presented at the centre of a computer
screen, and the 24 words of each list were exposed indivi-
dually for 4.5 s with a 0.5 s interitem interval. After the
presentation of each single list, subjects counted back-
ward in steps of threes from a random three-digit
number for 30 s. Experimental conditions differed in the
type of interlist activity that followed this backward count-
ing after lists 1 and 2. Participants were either asked to (i)
restudy the immediately preceding list (each item was
again shown for 4.5 s per item with a 0.5 s interitem inter-
val; restudy condition), (ii) were given 120 s to write down
on a piece of paper as many words from the immediately
preceding list as they could (retrieval-practice condition),
(iii) solve simple arithmetic tasks for 120 s (distractor con-
dition), or (iv) spend the same amount of time on a seman-
tic-generation task (semantic-generation condition). In the
semantic-generation task, subjects were given 60 s to write
down as many German exemplars as possible from a first
of four categories (four-legged animals, sports, vegetables,
or professions), and then were given another 60 s to write
down as many German exemplars as possible from a
second of the four categories. Selection of categories
after list 1 was random; after list 2, the remaining two cat-
egories were tested. After study of the critical list and the
backward-counting task, participants in all conditions were
asked to write down as many items as possible from the
critical list on a piece of paper. They were given 120 s for
this free-recall task. Following recall of the critical list, par-
ticipants were also tested on lists 1 and 2. Again, partici-
pants had 120 s to write down as many of the list items
as they could. Test order of lists 1 and 2 was random.
Final-test performance of lists 1 and 2 is of no direct rel-
evance for the present study and will not be reported.

Results

For all experiments, we provide Bayes factors (By;) — which
reflect the odds in favour of the null hypothesis over the
alternative hypotheses — when a finding did not reach con-
ventional level of statistical significance (i.e., a=.05). For
general orientation, a By; ranging from 1-3 can be con-
sidered as anecdotal evidence for the null hypothesis, a
Bo: ranging from 3-10 as moderate evidence for the null
hypothesis, and a By, ranging from 10-30 as strong evi-
dence for the null hypothesis (Masson, 2011; Raftery,
1995).

List-level analysis of critical-list recall

Correct recall

On the list level, the percentage of correctly recalled criti-
cal items is shown for each of the four experimental con-
ditions in Figure 1a. An overall ANOVA of the four
conditions (restudy, retrieval practice, distractor, semantic
generation) showed a significant effect of CONDITION, F
(3,284) = 14.749, MSE = .035, p < .001, partial n®=.135. Pair-
wise comparisons revealed that the difference of 15.6%
between the restudy and retrieval practice condition was
reliable, F(1,144)=35.283, MSE=.025, p<.001, partial
n?=.199, as was the difference of 13.4% between the dis-
tractor and semantic generation condition, F(1,144) =
14.507, MSE = .046, p < .001, partial n®=.093, thus demon-
strating both retrieval-practice induced and semantic-gen-
eration induced FTEs. In contrast, the difference of 2.7%
between the retrieval-practice and semantic-generation
conditions was not significant, F(1,144) < 1, By; =8.088, as
was the difference of 0.7% between the restudy and dis-
tractor conditions, F(1,144) < 1, By; = 11.675.

Intrusions

All list-1 or list-2 items that participants produced during
the recall test of the critical list were counted as intrusions.
An overall ANOVA of the four conditions (restudy, retrieval
practice, distractor, semantic generation) showed a signifi-
cant effect of CONDITION, F(3,284) =7.852, MSE=.728, p
<.001, partial n?=.077. Pairwise comparisons revealed
that neither the difference of 0.18 intrusions between
the restudy and retrieval-practice condition were signifi-
cant, F(1,144)=3.379, MSE=.347, p=.068, partial
n?=.023, By; = 2.206, nor the difference of 0.16 intrusions
between the distractor and semantic-generation con-
dition, F(1,144) < 1, By;=8.178. The significant main
effect of CONDITION primarily arose from a higher
number of mean intrusions in both the distractor and
semantic-generation conditions than either the restudy
and retrieval practice conditions (see Table 1).

Item-level analysis of critical-list recall

On the item level, proportion of correct recall was analyzed
as a function of CONDITION and the within-participants
factor of SERIAL POSITION. To this end, the critical list
was broken into eight bins spanning three items each
(bin 1, items 1-3; bin 2, items 4-6; etc.). > In Figure 1b,
recall rates of the critical list are depicted as a function
of CONDITION (restudy, retrieval practice, distractor,
semantic generation) and SERIAL POSITION (1-3, 4-6, 7-9,
10-12, 13-15, 16-18, 19-21, 22-24). A 4x 8 ANOVA with
the two factors revealed a main effect of CONDITION, F
(3,284) = 14.700, MSE=.282, p<.001, partial n®=.134,
which is consistent with the list-level analysis above, as
well as a main effect of SERIAL POSITION, F(7,1988)=
10.900, MSE=.089, p <.001, partial n2=.037, reflecting
that recall performance generally declined from the
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Figure 1. Recall rates of the critical list 3 in Experiment 1. a) On the list level, recall rates are shown for each of the four conditions (restudy, retrieval
practice, distractor, semantic generation). (b) On the item level, recall rates are plotted as a function of CONDITION and SERIAL POSITION (1-3, 4-6, 7-9,

10-12, 13-15, 16-18, 19-21, 22-24). Error bars reflect standard errors.

earlier to the later bins. Critically, there was also a signifi-
cant interaction between factors, F(21,1988) =2.101, MSE
=.089, p=.002, partial n°=.022. To examine this inter-
action in more detail, two separate 2 x8 ANOVAS were
conducted, in each of which we included the same eight
bins (i.e., 1-3, 4-6, 7-9, 10-12, 13-15, 16-18, 19-21, 22-24)
as in the above analysis, but either included (i) restudy
and retrieval practice, or (ii) distractor and semantic
generation.

First, when including the restudy and retrieval-practice
conditions only, ANOVA showed significant main effects of
CONDITION, F(1,142) =35.148, MSE =.199, p <.001, partial
n?=.198, and SERIAL POSITION, F(7,994)=9.269, MSE
=.092, p<.001, partial n®=.061, reflecting overall lower
recall in the restudy than retrieval-practice condition and
an overall decline in recall rates from the earlier to the
later bins. Critically, there was also a significant interaction
between factors, F(7,994)=2.889, MSE=.092, p=.005,
partial n?=.020, suggesting a more pronounced FTE for
early than middle and late critical items. Indeed, when
bins 1 and 2 (i.e., serial positions 1-6) were removed from
the analysis, the interaction between factors was no
longer evident, F(5,710)=1.357, MSE=.094, p=.238,
partial n*=.009, Bo; > 30, thus supporting the view that
recall performance of the early critical items was crucial
for the interaction effect.

Second, when including the distractor and semantic-
generation conditions only, ANOVA showed significant
main effects of CONDITION, F(1,994) = 14.465, MSE = .365,

Table 1. Mean number of list-3 intrusions for Experiments 1 and 2
(standard errors in parenthesis).

Retrieval Semantic

Condition Restudy Practice Distractor Generation

Experiment  0.33 (0.09) 0.15 (0.05) 0.78 (0.13) 0.62 (0.12)
1

Experiment 1.32 (0.17) 0.68 (0.10) 1.50 (0.30) 1.61 (0.21)
2

p <.001, partial r12=.092, and SERIAL POSITION, F(7,994)
=3.658, MSE=.085, p=.001, partial n2=.025, reflecting
overall higher recall in the semantic-generation condition
than the distractor condition, and an overall decline in
recall rates from the earlier to the later bins. There was,
however, no significant interaction between factors, F
(7,994) = 1.100, MSE=.085, p=.360, partial n>=.008,
Bo1 > 30, suggesting that the magnitude of the semantic-
generation induced FTE did not vary reliably with serial
position.

Discussion

The results of Experiment 1 replicate prior work by
showing that, for unrelated study lists, a general (list-
level) FTE can arise both when interim retrieval practice
and when interim semantic generation are applied (Divis
& Benjamin, 2014; Kliegl & Bauml, 2021; Pastotter et al.,
2011) and by showing a differential FTE, i.e., a greater
FTE for the critical list's early items than its middle and
late items (Pastotter et al., 2018). However, the differential
FTE arose in response to retrieval practice but was absent
in response to semantic generation, which induced an FTE
that did not vary in size with the items’ serial position in
the list. The findings of Experiment 1 thus align with the
view that retrieval practice, but not semantic generation,
can induce an encoding reset.

Intrusions during recall of the critical list were numeri-
cally lower in the retrieval-practice and semantic-gener-
ation conditions, relative to their control conditions, i.e.,
the restudy and distractor conditions. However, those
reductions were not statistically significant, which deviates
from some prior studies (e.g., Divis & Benjamin, 2014;
Szpunar et al,, 2008) but aligns with our recent study,
which applied the same study material (Kliegl & Bauml,
2021). The absence of significant differences in the
present study and our earlier study may be due to the
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fact that the number of intrusions was already quite low in
the restudy and distractor (control) conditions, so that
there was not much room for a reliable reduction in the
number of intrusions in response to retrieval activity.

Experiment 2

The goal of Experiment 2 was to examine whether the
result of a differential FTE in response to retrieval practice
generalises from unrelated lists to categorised lists. If an
encoding reset mediated the differential FTE in Experiment
1, the effect should not be restricted to unrelated lists.
Indeed, if an encoding reset arises because retrieval prac-
tice exhausts the opportunities to review studied material,
it should arise for different types of study material. Analo-
gously, the absence of a differential FTE in response to
semantic generation as found in Experiment 1 with unre-
lated lists should generalise to categorised lists. With
regard to semantic generation, however, there should
also not be a general (list-level) FTE, given that the seman-
tic-generation induced general FTE has been found with
unrelated, but not with categorised study lists (Kliegl &
Bauml, 2021).°

Methods

Participants

On the basis of the estimate reported in Experiment 1, 288
students at Regensburg University were recruited for
Experiment 2 (mean age =21.9 years) with 72 subjects in
each of the four experimental conditions.

Material, design, and procedure

All experimental details were identical to Experiment 1,
with the exception of study material: For Experiment 2,
three interrelated lists with 24 words each were con-
structed (set A, set B, set C). Each list contained four
German exemplars from six categories (Van Overschelde
et al., 2004). The six categories were building parts,
kitchen utensils, body parts, musical instruments,
weather phenomenons, and types of fabric. Items’
average taxonomic frequencies neither differed between
categories, F(5,66) < 1, nor between lists, F(2,69) < 1. List
order was counterbalanced across subjects. Presentation
order of the items was random within lists. The study
material was identical to the material applied in one of
our earlier studies (Kliegl & Bauml, 2021, Experiments 1b,
2b, 3b).

Results

List-level analysis of critical-list recall

Correct recall. On the list level, the percentage of correctly
recalled critical items is shown for each of the four exper-
imental conditions in Figure 2a. An overall ANOVA of the
four conditions (restudy, retrieval practice, distractor,
semantic generation) showed a significant effect of

CONDITION, F(3,284) = 17.705, MSE =.028, p <.001, partial
n?=.158. Pairwise comparisons revealed that while the
difference of 15.5% between the restudy and retrieval
practice condition was reliable, F(1,142)=51.272, MSE
=.017, p<.001, partial n2=.265, the difference of 3.8%
between the distractor and semantic-generation condition
was not, F(1,142)=1.298, MSE=.039, p=.256, partial
n?=.009, By; = 6.231, thus demonstrating that only retrie-
val practice, but not semantic generation, induced a
general FTE.

Intrusions. An overall ANOVA of the four conditions
(restudy, retrieval practice, distractor, semantic gener-
ation) showed a significant effect of CONDITION on
number of intrusions, F(3,284)=3.990, MSE=3.121, p
=.008, partial n?=.040. Pairwise comparisons revealed
that the difference of 0.64 intrusions between the
restudy and retrieval-practice condition was significant, F
(1,142) =10.263, MSE=1.432, p=.002, partial n?=.067,
but the difference of 0.11 intrusions between the distractor
and semantic-generation condition was not, F(1,144) < 1,
Bgs = 11.452 (see Table 1).

Item-level analysis of critical-list recall

In Figure 2b, recall rates of the critical list are depicted as a
function of CONDITION (restudy, retrieval practice, distrac-
tor, semantic generation) and SERIAL POSITION (1-3, 4-6, 7-
9, 10-12, 13-15, 16-18, 19-21, 22-24). A 4 x 8 ANOVA with
the two factors revealed a main effect of CONDITION, F
(3,284) = 17.495, MSE=.224, p<.001, partial n®=.156,
which is consistent with the list-level analysis above, as
well as a main effect of SERIAL POSITION, F(7,1988)=
9.143, MSE=.087, p<.001, partial n2=.031, reflecting
that recall performance generally declined from the
earlier to the later bins. Critically, there was a significant
interaction between factors, F(21,1988)=2.097, MSE
=.087, p=.003, partial n?=.022. Like in Experiment 1,
two separate 2 x 8 ANOVAS were conducted to examine
the interaction in more detail, comparing (i) restudy and
retrieval practice, and (i) distractor and semantic
generation.

First, when including the restudy and retrieval-practice
conditions only, ANOVA showed significant main effects of
CONDITION, F(1,142) =50.382, MSE =.134, p <.001, partial
n?=.262, and SERIAL POSITION, F(7,994)=8.418, MSE
=.088, p<.001, partial n?=.056, reflecting overall lower
recall in the restudy than retrieval-practice condition and
an overall decline in recall rates from the earlier to the
later bins. Critically, there was also a significant interaction
between factors, F(7,994)=2.666, MSE=.088, p=.010,
partial n”>=.018, suggesting a more pronounced FTE for
early than middle and late critical items. However, when
bins 1 and 2 (i.e., serial positions 1-6) were removed from
the analysis, the interaction between factors was no
longer evident, F(5,710) < 1, By, > 30, thus supporting
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Figure 2. Recall rates of the critical list 3 in Experiment 2. a) On the list level, recall rates are shown for each of the four conditions (restudy, retrieval
practice, distractor, semantic generation). (b) On the item level, recall rates are plotted as a function of CONDITION and SERIAL POSITION (1-3, 4-6, 7-9,

10-12, 13-15, 16-18, 19-21, 22-24). Error bars reflect standard errors.

the view that recall performance of the early critical items
was crucial for the interaction effect.

Second, when including the distractor and semantic
generation conditions only, there was a main effect of
SERIAL POSITION, F(7,994) =3.085, MSE=.086, p=.003,
partial n=.021, reflecting an overall decline in recall
rates from the earlier to the later bins. There was,
however, no main effect of CONDITION, F(1,142) =1.257,
MSE =314, p =.264, partial n?=.009, By, =6.361, and no
interaction between factors, F(7,994) < 1, By, > 30. ©

Discussion

The results of Experiment 2 generalise the findings of
Experiment 1 by showing that retrieval practice induces
both a general (list-level) FTE and a more pronounced
FTE for early than middle and late critical items, thus indi-
cating that the two effects do not depend on study
material. These findings are consistent with the view that
an encoding reset mediates the differential FTE and does
so largely independent of study material. In contrast,
semantic generation did not induce a general FTE and
did also not induce a differential FTE. While the list-level
result replicates prior work, which already indicated that
semantic generation induces a general FTE with unrelated
lists but not with categorised lists (Kliegl & Bauml, 2021),
the item-level result generalises the analogous finding of
Experiment 1. Together, the results support the view that
an encoding reset operates in response to retrieval prac-
tice but not in response to semantic generation.
Intrusions during recall of the critical list were signifi-
cantly lower in the retrieval-practice than the restudy con-
dition, but did not differ much between the semantic-
generation and distractor conditions. Our recent study
(Kliegl & Bauml, 2021) showed similar effects of retrieval
activities on number of intrusions when categorised lists
were applied. However, this earlier study found no

statistically significant difference between the retrieval
practice restudy condition, probably due to study’s lower
statistical power.

General discussion

The results of the present experiments show a greater FTE
for early than middle and late items of the critical list in
response to retrieval practice, both when unrelated
study material (Experiment 1) and when categorised
study material (Experiment 2) were employed, indicating
that type of study material is not a critical factor for the
differential FTE. In contrast, no differential FTE was
observed when interim semantic generation was applied,
in both Experiment 1, in which the FTE was present on
the list level, and Experiment 2, in which the FTE was
absent on the list level. This pattern of results indicates
that the differential (item-level) FTE is a retrieval-practice
specific effect, whereas the general (list-level) FTE, at
least with unrelated material, is not. The two FTEs can
thus be dissociated experimentally.

The present results are consistent with the encoding-
reset hypothesis, which holds that interim retrieval prac-
tice can abolish inattention and memory load and thus
enable a more focused encoding of subsequently
studied items. The critical assumption of this hypothesis
is that the encoding reset arises in response to interim
retrieval practice, because retrieval practice can leave sub-
jects with the feeling that they are “finished with the list”".
In contrast, no such feeling should arise in response to
interim semantic generation and thus no encoding reset
should emerge. Our finding of a retrieval-specific differen-
tial FTE aligns with this assumption, although no direct
measurement was provided of whether retrieval practice
elicited a more pronounced feeling of closure or “being
done” with the immediately preceding study list than
semantic generation.
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Prior work on the FTE suggested also roles of context
change and strategy change for the FTE. Very recent
work even alluded to the possibility that both mechanisms
contribute to the FTE but play different roles in different
experimental situations: whereas context change may be
the critical mechanism underlying the general FTE with
unrelated lists, strategy change may be the critical mech-
anism mediating the general FTE with categorised lists
(Kliegl & Bauml, 2021). In line with this two-factor
account, it was shown that, with unrelated lists, the
general FTE disappeared after both prolonged retention
interval and prolonged lag, and was still present in
response to interim semantic generation; these findings
agree with the context-change explanation because
context-change effects have been shown to be relatively
short-lived but to arise in response to both retrieval prac-
tice and semantic generation (Divis & Benjamin, 2014; Pas-
totter et al., 2011). In contrast, with categorised study lists,
the general FTE arose independent from the length of
both retention interval and lag, and did not emerge in
response to semantic generation; this finding aligns with
the strategy-change explanation, if it is assumed that
changes in encoding and/or retrieval strategy are lasting
and interim semantic generation provides no information
on the learning task that might promote the application of
new and more effective encoding strategies (Chan,
Manley, et al., 2018).

The present results support the two-factor account of
the FTE by replicating the finding that, on the list level, a
semantic-generation induced general FTE arises with unre-
lated study lists but not with categorised study lists.
However, the present results go beyond the two-factor
account by additionally demonstrating that, although
both retrieval practice and semantic generation induce a
general FTE with unrelated lists, retrieval practice - but
not semantic generation - induces a differential FTE. This
pattern is difficult to reconcile with the two-factor
account because if context change mediated both the
list-level and the item-level FTE with unrelated lists,
semantic generation should not only induce the list-level
FTE but also the item-level FTE, which was not the case.
An encoding reset may thus provide an additional contri-
bution to the FTE that goes beyond context change and
strategy change. Consistent with this suggestion, Chan
et al. (2020) found evidence that, with categorised lists,
interim retrieval-practice can independently induce
enhancements in both strategic and attentional
processing.

An alternative explanation for the differential FTE is the
output-order account, which holds that the differential FTE
is the result of retrieval processes manifesting at test (Yang
etal., 2021). Yang et al. found that while participants in the
retrieval-practice condition tended to initiate their recall of
the critical list with early list items, participants in the
restudy condition tended to initiate their recall with late
list items. Because first recalled items can impair recall of
other items (Smith, 1971), recall of early list items in the

retrieval-practice condition may have hindered recall of
the later list items, and recall of late list items in the
restudy condition may have impaired recall of the earlier
list items, thus leading to a differential FTE. Such differ-
ences in output order, however, should not only
enhance the FTE for early relative to middle and late
items, but should also reduce the FTE for late relative to
middle items, which is not what the results show. More-
over, Yang et al. (2021) found that the differential FTE sur-
vived when output order was controlled, suggesting that
the differential FTE is not primarily attributable to differ-
ences in output order between practice conditions.

Aside from encoding reset, context change and strat-
egy change, further processes may contribute to the diver-
ging effects of interim retrieval practice and interim
semantic generation on recall of the last studied list.
While, naturally, interim retrieval practice should lead to
a comprehensive reactivation of the immediately preced-
ing study list, interim semantic generation may in some
cases also lead to reactivation of some items from the
prior list (e.g., Hintzman, 2004), and the probability of
such remindings could vary with type of study material.
In the present study, such potential dynamics were not
directly examined. Future research may address the issue
and come up with predictions about whether and how
such dynamics might affect recall performance of the
last studied list.

Our findings suggest a parallel between the FTE and
list-method directed forgetting. List-method directed for-
getting refers to the observation that a cue to forget pre-
viously studied material can promote learning and
memory of subsequently studied material. In a typical
list-method directed forgetting task, participants study
two item lists and, after study of list 1, they are either
asked to forget the list (forget condition) or to keep
remembering the list for a later test (remember condition).
After study of list 2 — which is always to-be-remembered -
participants are asked to recall the two lists’ items irrespec-
tive of original cuing (Bjork, 1989). Forget-cued subjects
typically show impaired recall of list 1 but increased
recall of list 2. Moreover, analysis of items’ serial position
curves revealed that the forget cue induces a larger
increase in recall for early list-2 items than for middle
and late list-2 items (Pastotter et al., 2012; Pastotter &
Bauml, 2010). The presence of similar serial position
effects in the list-method directed forgetting and FTE
tasks may indicate that both a cue to forget previously
studied material and retrieval practice of previously
studied material induce an encoding reset. An encoding
reset may thus constitute a more general phenomenon
and be present over a wider range of experimental
situations.

Conclusions

Prior work has demonstrated that both interim retrieval
practice and interim semantic generation induce the



general (list-level) FTE when unrelated study lists are
applied, whereas retrieval practice only creates the effect
with categorised study lists. This study replicates these
findings as well as the finding that a differential FTE -
with a larger FTE for early than middle and late items in
the critical material - arises in response to retrieval practice
when unrelated material is studied. The present results cri-
tically extend the prior work by showing that the differen-
tial FTE is present in response to retrieval practice but is
absent in response to semantic generation. Moreover,
this pattern held regardless of which material was
studied, thus experimentally dissociating the general
(list-level) from the differential (item-level) FTE. The
findings are not easily captured by context-change or
strategy-change explanations of the FTE and point to an
additional role of an encoding reset for the FTE.

Open practices statement

The data and materials for all experiments are available at
https://osf.io/duts3/, and none of the experiments was
preregistered.

Notes

1. Certainly, retrieval practice will not always induce a feeling of
closure. For instance, subjects may sometimes be experiencing
a “tip-of-the-tongue” phenomenon, i.e., a feeling that retrieval
is imminent (e.g., Brown & McNeill, 1966), which may motivate
them to continue with their retrieval attempts.

2. The restudy condition is usually considered the appropriate
control condition for the retrieval-practice condition, since
both conditions involve repetition of immediately preceding
study material; the distractor condition is usually considered
the appropriate control condition for the semantic-generation
condition, since neither condition involves repetition of pre-
viously studied material (e.g., Divis & Benjamin, 2014; Kliegl
& Bauml, 2021; Pastotter et al., 2011).

3. Critically, size of bins did not affect results, leading to the same
conclusions regardless of whether data were analyzed with a
six-bin selection (bin 1, items 1-4; bin 2, items 5-8; etc.) or a
four-bin selection (bin 1, items 1-6; bin 2, items 7-12; etc.).

4. There was also a condition x serial position interaction when
including retrieval practice and semantic generation con-
ditions only, F(7,994)=2.269, MSE=.084, p=.027, partial
n?=.016 suggesting that retrieval practice induced a more
pronounced primacy effect for critical items than semantic
generation. Indeed, removing bins 1 and 2 from the analysis
eliminated the interaction effect, F(5,710) < 1, By, > 30.

5. A differential FTE may arise even in the absence of a general
FTE since a differential FTE that transpires only for early, but
not middle and late, items of the critical list in itself may not
have sufficient leverage to induce a significant general FTE
(see Pastotter & Bauml, 2010).

6. Like in Experiment 1, there was also a CONDITION x SERIAL
POSITION interaction when including retrieval practice and
semantic generation conditions only, F(7,994) =2.744, MSE
=.085, p=.008, partial n?=.019, suggesting that retrieval
practice induced a more pronounced primacy effect for critical
items than semantic generation. Indeed, removing bins 1 and
2 from the analysis eliminated the interaction effect, F(5,710) <
1.006, MSE =.084, p =.413, partial n2=.007, Boy > 30.
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7. Yang et al. (2021) also conducted a mediation analysis which
revealed that the steepness of the serial position curve does
not mediate the magnitude of the general FTE. While the
researchers interpreted this result as evidence against the
view that an encoding reset contributes to the general FTE
at all, it is unclear whether the steepness of the serial position
curve can be used as a pure indicator for the contribution of an
encoding reset. Indeed, as noted above, there is evidence that
further mechanisms may independently contribute to the
general FTE, such as context change or strategy change,
which may also affect the steepness of the curve - in particular
by increasing recall rates of all study items and thus limiting
the latitude for the curve's steepness. We therefore argue
that the results of this mediation analysis simply show that
an encoding reset is not the sole mechanism contributing to
the FTE.
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