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Abstract

Evidence exists that a brief period of wakeful rest after learning supports memory retention, while interference after learning weakens
memory retention. We tested this so-called resting effect for second language learning material. In two counterbalanced within-subject
designs, participants were involved in two identical successive learning phases. In each phase, they learned one of two second language
stories, immediately followed by a recall phase in the first language. The critical manipulation took place after the immediate recall.
Here, participants either rested or worked on a distractor task for 8 min. In Experiment 1, participants worked on a spot-the-difference
task (visual distractor condition), and in Experiment 2, they read a New York Times article (verbal distractor condition). After 7 days, all
participants were again invited to a second experimental session, where a surprise free recall test took place. Our results showed that
second language story retention over a period of 7 days was not supported by a brief period of wakeful rest following learning and
recall, independent of the distractor condition. Our findings contribute to an important characterization of the wakeful resting effect in
younger adults, which is discussed in the light of existing studies.
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Introduction

Studies show that resting can support memory retention
(Cowan et al. 2004; Della Sala et al. 2005; Dewar et al.
2012a; for a different view see Varma et al. 2017). A brief
period of rest after learning new information leads to better
delayed recall performances than switching to another task,
termed resting effect. Explanations for the resting effect can
be found in retroactive interference and consolidation theories.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s12144-017-9760-z) contains supplementary
material, which is available to authorized users.

< Markus Martini
markus.martini @uibk.ac.at

Benjamin Riedlsperger
benjamin.riedlsperger @ gmail.com

Thomas Maran
thomas.maran@uibk.ac.at

Pierre Sachse
pierre.sachse@uibk.ac.at

University of Innsbruck, Innrain 52, 6020 Innsbruck, Austria

Retroactive interference states that memory formation is dis-
turbed by material encoded after learning of a memorandum —
leading to a loss of the memory content (Botvinick and Plaut
2006; Brown et al. 2007; Farrell and Lewandowsky 2002;
Miiller and Pilzecker 1900; Oberauer and Kliegl 2000).
Accordingly, longer time lags between learning and distrac-
tion result in better recall performances than shorter time lags
(e.g. Brown et al. 2007; Dewar et al. 2009; Ecker et al. 2015).

With respect to consolidation theory (Wixted 2004; Wixted
and Cai 2013), new information takes time to stabilize, i.e. to
be transformed into longer lasting memories, and consequent-
ly to become less vulnerable to interference (Robertson 2012).
Memory consolidation describes the post-encoding stabiliza-
tion process of memory representations (Dudai 2004, 2012).
Studies with animals and humans show that forgetting takes
place when consolidation is impaired through different inter-
ventions after learning, such as administration of neurotrans-
mitters, hormones, electrical or magnetic stimulation, reward,
and shifting cognitive resources away from the consolidation
process (Dewar et al. 2012a; Fischer and Born 2009;
McGaugh 2015). Neuroscientific studies revealed that consol-
idation processes are associated with a post-learning height-
ened activity of brain areas that were active during the learning
process itself. The strength of the post-learning rest activity is
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thereby positively related to the delayed recall perfor-
mance (Tambini et al. 2010). The hypothesis is that a
heightened post-learning activity during rest represents a
passive “replay” of learned memory contents (Foster
and Wilson 2006; Wilson and McNaughton 1994).
This passive replay stabilizes the memory content mak-
ing it longer lasting and probably less prone to distrac-
tion (Wixted 2004). It is assumed that a passive replay
takes place during sleep and even states of quiet wake-
ful rest (Deuker et al. 2013; Peigneux et al. 2006;
Staresina et al. 2013). Electrophysiological studies indi-
cate that a replay during a state of sleep and quiet rest
may show similar oscillatory patterns (Brokaw et al.
2016). A phase of quiet wakeful rest supports consoli-
dation of newly learned memory contents by low
amounts of external stimulus input and learning material
related interference (Dewar et al. 2007, 2009, 2012a).

The resting effect was replicated several times with differ-
ent (i) populations (Alber et al. 2014; Cowan et al. 2004,
Dewar et al. 2009, 2012a, b), (ii) post-learning activities
(Craig et al. 2014; Mercer 2015), (iii) study materials (Craig
et al. 2015, 2016; Dewar et al. 2012a), and (iv) temporal
intervals between immediate and delayed recall tests
(Brokaw et al. 2016; Cowan et al. 2004; Dewar et al.
2012a). However, emerging evidence suggests that resting
may not always be associated with beneficial effects in terms
of memory retention with relevant studies showing similar
memory performances over time in rest and distractor condi-
tions (e.g. Varma et al. 2017). In this light, identifying the
limits under which resting supports memory retention is es-
sential for its purposed application.

The present study aimed at further testing the resting effect
with second language learning material in a non-native
English speaking student population. Since English can be
considered as a global language, it affects various aspects of
life in non-English natives, e.g. when reading scientific pa-
pers, visiting lectures, attending international conferences, or
perceiving daily web news, videos, and messages. However,
this information is often processed and shared in the first lan-
guage. Accordingly, in our study, participants were asked to
memorize stories in their second language (English) and recall
story details in their first language (German).

Experiment 1

In our study, each participant was involved in two learning
phases (Fig. 1). In the first phase, participants learned one of
two stories written in participants’ second language (English),
followed by an immediate recall in their first language
(German) and 8 min of wakeful resting. The second phase
was identical to the first, except that participants now learned
the second story and performed a visual distractor task. After

@ Springer

7 days, participants were invited for another experimental ses-
sion, where a surprise free recall took place. In line with the
majority of existing findings, we hypothesized to find a higher
7 days recall performance in the rest compared to the distractor
condition.

Methods
Participants

Twenty-eight students (19 female; mean age =23.46 years,
age range = 18-35 years) took part in the experiment in ex-
change for course credit (mean A level in English M =2.51,
SD = .14; approximation to the US system: A-; all participants
had at least 12 years of English lessons). Participants were
tested individually in in the first session (~ 40 min) and in
groups of maximum four in the second session (~ 5 min).

Materials and Procedure

The experiment consisted of two testing sessions (Fig. 1).
Session 1 included two story learning phases. Each learning
phase consisted of (i) a visual presentation of one of two
stories written in English with the instructions to remember
as many story details as possible for subsequent immediate
recall; (ii) immediate recall of the respective story in
German; (iii) an 8-min phase in which participants spent either
resting or working on a spot-the-difference task (visual
distractor condition); and (iv) 5-min spot-the-difference task
(Dewar et al. 2012a).

Session 1 In each learning phase, participants read a story
written in English. Participants’ first language was German.
Stories were generated based on the texts of Morris et al.
(1997) and Baddeley et al. (2014). Each story was about one
protagonist (a woman in one story and a man in the other) who
was involved in an accident and a crime scene (see supple-
mentary material). All paragraphs were equally structured,
had identical word counts, and consisted of the same number
of story details.

In a pre-study, stories were rated from seven university
students (mean age =21.27 years). Participants were asked
to read the two English stories once and recall as many details
as possible in German. After each story, participants answered
several questions on a Likert scale ranging from 1 to 5 (1=
very low/easy/short; 3 = optimal; 5 = very high/difficult/long).
Our results showed that both stories reached optimal ratings
and did not differ significantly from each other regarding (i)
amount of story details to remember (story 1: M =3.09,
SD = .831; story 2: M=3.09, SD=.688; p>.999), (ii)
imaginability (story 1: M=3.73, SD =.647; p =.414), (iii)
story length (story 1: M =2.00, SD = .447, story 2: M =2.18,
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Fig. 1 Experimental procedure. In Session 1, participants learned two
stories in English (second language). The critical manipulation occurred
after an immediate free recall of the respective story. Participants either
wakefully rested or performed a distractor task. The latter consisted of a
spot-the-difference task (visual distractor condition) in Experiment 1, and

SD=.603; p=.157), and (iv) language complexity (story 1:
M=2.82,SD=.982; story 2: M=2.64, SD =.924; p=.577).

Participants were informed that they have to read two
stories in English and recall details of the respective story in
German. Participants were instructed to read each story only
once, in a self-paced rate. Stories were presented on a com-
puter screen in white colour against a blue black background
(font: Arial, font size: 12, line spacing: 1.0). After reading the
story, participants pressed the “Next” button in the bottom
middle of the screen, thereby opening a window, in which
they typed all remembered story details as detailed as possible.
There was no time limit for free recall. Participants pressed the
“Next” button when they felt that they recalled all remem-
bered story details. The recall phase was followed by an 8-
min rest or distractor phase. In the resting condition, partici-
pants were asked to relax quietly with their eyes closed in the
darkened testing room, while the experimenter left the room.
In the distractor condition, participants performed a spot-the-
difference task. In this task, participants were required to
search for two errors in one of two pictures without time
constraint, but as fast as possible until the experimenter said
“stop” after 8 min. Participants marked errors with a red cir-
cle. One hundred eleven picture sets were prepared depicting
landscapes, buildings, objects, and means of traffic. Each
learning phase closed with a 5-min spot-the-difference task
(Fig. 1; Dewar et al. 2012a).

Session 2 In Session 2, participants were required to freely
recall as much details as possible from both stories of
Session 1, without time constraint. Participants typed all re-
membered details from story 1 and 2 in German language into
a text box displayed on the screen. Recall was followed by
questions on expecting a recall test in Session 2 (yes/no),
thinking about the stories during the rest condition 7 days
ago (yes/no), and thinking about the stories during the last
7 days (yes/no).

reading a New York Times (NYT) article (verbal distractor condition) in
Experiment 2. The order of the stories and post-learning conditions (rest,
distractor task) was fully counterbalanced across participants in
Experiment 1 and 2. After 7 days, in Session 2, a surprise free recall test
took place

Results

Descriptive statistics can be found in Table 1. A graphical
depiction of our results can be found in Fig. 2. We conduct-
ed a repeated-measures ANOVA with the factors time of
recall (immediate, 7 days) and post-learning condition
(rest, visual distractor). Results revealed a significant main
effect for time of recall (T), F(1,27)=106.07, p <.001,
n2 =.797, BF10=6.363¢ + 16, and a non-significant main
effect for post-learning (PL) condition, F(1,27)=2.39,
p=.134, ¥ =.081, BF10=0.309. The interaction T*PL
was non-significant, F(1,27)=.23, p=.638, n2 =.008,
BF10 for the T+ PL model=3.856e+ 16, BF;, for the
T+ PL + T*PL model =1.088e-16. These results indicate
that depending on recall performance in Session 1, recall
performance after 7 days dropped to a similar extent in the
rest and visual distractor condition.

Post-experimental questions revealed that 9 participants
expected a recall after 7 days. Five participants thought about
the stories in the 7 days since Experiment 1, 2 participants
indicated that they repeated the words during the resting phase
in Session 1, and 1 participant indicated not to remember
whether he/she had repeated the story details during the rest-
ing phase. Exclusion of these participants (n=17) from

Table1  Descriptive statistics of the recalled story details (max = 37) for
the respective time of recall (immediate, 7 days) and post-learning con-
dition (rest, visual distractor)

Time of recall Post-learning condition Mean SD N

Immediate Rest 22.46 4.73 28
Visual distractor 23.25 5.48 28
7 days Rest 14.39 595 28
Visual distractor 15.64 5.61 28

SD, standard deviation; N, number of participants

@ Springer



302

Curr Psychol (2020) 39:299-306

26 A

24 -

22 A

20 -

Story units recalled
%

Immediate

—O—Rest

—@— Visual distractor

7 days

Time of recall

Fig. 2 Recalled story details. Depicted are the immediate and 7 days mean raw recalled story details in the rest and visual distractor condition (max =37

items). Error bars represent standard errors of the mean

analyses did not change results of the repeated-measures
ANOVA for time of recall (p <.001), post-learning condition
(p =.402), and time of recall*post-learning condition interac-
tion (p =.512).

Results of Experiment 1 cannot confirm that a short period
of post-learning wakeful rest supports the retention of second
language stories over a delay of 7 days. It is unclear, however,
whether the distractor task used might have modulated this
finding.

Experiment 2

Theoretical and behavioural evidence exists that any men-
tally effortful task after learning can disrupt memory con-
solidation leading to a decrease in delayed memory per-
formance (e.g. Dewar et al. 2007, 2012a). The results of
Experiment 1 did not support this view, but showed that
post-learning wakeful rest was no prerequisite for suc-
cessful memory consolidation (see also Varma et al.
2017). In Experiment 2, we tested whether the visual
distractor task might have modulated our findings in
Experiment 1. Therefore, we implemented a verbal
distractor task in Experiment 2. We assumed that increas-
ing the similarity between learning and distractor task
leads to higher interference (e.g. McGeoch 1931, 1933;
Miiller and Pilzecker 1900) and subsequently greater dif-
ferences in 7 days memory performances in the rest and
distractor condition.

@ Springer

Methods
Participants

Thirty-six students (24 female; mean age =25.67 years, age
range = 21-36 years) took part in the experiment in exchange
for course credit (mean A level in English =2.30, SD =.27;
approximation to the US system: A-; all participants had at
least 12 years of English lessons). Participants were tested
individually in Session 1 (~ 40 min) and in groups of maxi-
mum four in Session 2 (~ 5 min).

Materials and Procedure

The present experimental design was identical to
Experiment 1, except that participants were required to
read a New York Times (NYT) article in the 8 min
distractor condition (Fig. 1; http://www.nytimes.com/
2013/01/22/science/earth/seeking-clues-about-sea-level-
from-fossil-beaches.html). Content of the to-be-
remembered stories and the NYT article differed. The
NYT article dealt with how records of past climate change
can help to predict sea level rise in a world of global
warming. A printed version of the article was handed out
to the participants directly after the immediate recall test.
The text was selected in such a way that finishing it within
8 min was not possible. Participants were asked to careful-
ly read the article in a self-paced rate, to remember as much
details as possible, and to mark their last read word when
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the experimenter said “stop”. The order of the stories and
post-learning conditions (rest, verbal distractor task) was
fully counterbalanced across participants. For a better dis-
tinction from Experiment 1, we defined the ‘NYT article
phase’ as verbal distractor condition, even though we are
aware that both the NYT article and the spot-the-difference
task are visual in nature.

Results

Descriptive statistics can be found in Table 2. A graphical
depiction of our results can be found in Fig. 3. We conducted
a repeated-measures ANOVA with the factors time of recall
(immediate, 7 days) and post-learning condition (rest, verbal
distractor). Results revealed a significant main effect for time
of recall (T), F(1,35)=177.57, p<.001, 1’ = .835, BFI10=
9.886e + 19, and a non-significant main effect for post-
learning (PL) condition, F(1,35)=.07, p=.794, 772: .002,
BF10=0.203. The interaction T*PL was non-significant,
F(1,27)=.07, p=.791, ¥ =.002, BF10 for the T + PL mod-
el=1.834e+ 19, BF10 for the T+ PL + T*PL model =
4.695¢ + 18. This result indicates that depending on recall
performance in Session 1, recall performance after 7 days
dropped to a similar extent in the resting and verbal distractor
condition.

Post-experimental questions revealed that 14 participants
expected a recall after 7 days. Four participants thought about
the stories in the 7 days since Experiment 1, another 4 partic-
ipants indicated that they repeated the words during the resting
phase in Session 1, and 1 participant could not remember
whether he/she had repeated the story details during the rest-
ing phase. Exclusion of these participants (n = 23) from anal-
yses did not change results of the repeated-measures ANOVA
for time of recall (p <.001), post-learning condition
(p=.643), and time of recall*post-learning condition interac-
tion (p =.689).

Results demonstrate that an 8-min period of wakeful rest-
ing had no memory supporting effect on story retention over
7 days.

Table2 Descriptive statistics of the recalled story details (max = 37) for
the respective time of recall (immediate, 7 days) and post-learning con-
dition (rest, verbal distractor)

Time of recall Post-learning condition Mean SD N

23.19 5.40 36
22.83 4.38 36
14.50 5.96 36
14.42 6.59 36

Immediate Rest

Verbal distractor
7 days Rest

Verbal distractor

SD, standard deviation; N, number of participants

Discussion

The results of our study demonstrate that wakeful resting after
learning had no beneficial effect on the retention of informa-
tion over the long term. These findings stand in contrast to a
number of previous studies investigating the resting effect
under different experimental conditions (Brokaw et al. 2016;
Cowan et al. 2004; Craig et al. 2014, 2015; Della Sala et al.
2005; Dewar et al. 2009, 2012a, b; Mercer 2015), but support
the results of recent studies, which showed that resting is no
prerequisite for successful memory consolidation (e.g. Varma
et al. 2017). In the following, we address possible arguments
for our findings.

One explanation is that information was processed more
elaborated. ‘More elaborated’ is a weakly defined umbrella
term subsuming various task-, situation- and person-
specific conditions, which affect the way information is
processed (Craik 2002; Craik and Lockhart 1972). In the
present study, such factors might have been (i) no time
constraint for reading and recalling the stories; (ii) unusual
experimental requirements, i.e. reading a story in the sec-
ond language and recalling it in the first language (Paivio
1986; Sadoski and Quast 1990); (iii) emotional arousing
learning material (crime and accident scene; LaBar and
Cabeza 2006); and (iv) familiar story contents that were
relatable to pre-existing long-term memory knowledge
(Ericsson and Kintsch 1995). Accordingly, more elaborat-
ed story processing may have led to more stable memory
representations less prone to distraction (Robertson 2012),
which in turn resulted in similar delayed recall scores in the
rest and distractor condition.

It could be argued that wakeful resting has only a short-
lived effect (minutes to hours) for second language learning
material and diminishes after several days (Brown et al. 2007).
In this view, 7 days recall performance should be similar in the
rest and distractor condition. In our experiments, we did not
include a delayed surprise free recall at the end of Session 1, as
done in previous studies (e.g. Dewar et al. 2012a). The reason
for this was to reduce the memory enhancing effects of an
active retrieval (Roediger and Karpicke 2006), which may
support rapid memory consolidation (Antony et al. 2017),
and consequently would have confounded our results.
According to Dewar et al. (2012a), we should have found a
beneficial effect for resting, even without an intermediary
recall.

The findings above show that it is an open question how a
beneficial effect of resting develops over time, and to what
extent it is affected by the memory content and the investigat-
ed population (e.g. younger vs. elderly). The effects of wake-
ful resting on verbal learning material was primarily tested
over shorter retention intervals, i.e. minutes (e.g. Brokaw
et al. 2016; Mercer 2015). Long-term effects (several days)
of resting were found in healthy elderly adults who learned
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Fig. 3 Figure 2 Recalled story details. Depicted are the immediate and 7 days mean raw recalled story details in the rest and verbal distractor condition

(max = 37 items). Error bars represent standard errors of the mean

details of stories (Dewar et al. 2012a), and in younger adults
who were required to memorize spatial associative and tem-
poral order information (Craig et al. 2015).

Furthermore, it could be argued that a resting period of
8 min was too short. We assume that 8 min are adequate to
detect an existing effect, since various studies found the
resting effect over shorter (minutes to hours) and longer
retention intervals (days) with varying post-learning rest-
ing periods between 8 to 12 min (Brokaw et al. 2016; Craig
et al. 2014; Dewar et al. 2012a, b; Mercer 2015).
Furthermore, results of Dewar et al. (2009) indicate that
the first minutes after learning seem to be crucial for a
memory supporting effect of resting. The authors found
that distraction is more effective at the beginning of a 9-
min post-learning phase (first 3 min) than in the middle or
at the end (last 3 min). It seems that the longer a memory
content can exist under low interference conditions, the
more stable and resistant it becomes against interference
(Brown et al. 2007; Wixted 2004). This assumption is sup-
ported by earlier studies of Miiller and Pilzecker (1900)
showing that a 6-min interval between two word lists was
sufficient to protect memories of the first list from interfer-
ence of the second list.

It is an open question what causes higher rates of forgetting
in the post-learning interference condition. Existing studies
implemented different post-learning distractors like spot-the-
difference tasks (Dewar et al. 2012a), games (Brokaw et al.
2016), memorization of words and faces (Mercer 2015), all
showing a resting effect. However, only recently, results of a
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study by Varma et al. (2017) showed no beneficial effect of
resting. Over six experiments, the authors found similar de-
layed recall performances in the post-learning rest and
distractor condition, even when varying different study pa-
rameters like the difficulty of the distractor task. Varma et al.
argue that when the post-learning activity has minimal seman-
tic and hippocampally-based episodic memory processing de-
mands, consolidation in the distractor condition should be
equally effective as in the rest condition. Similarly,
Schlichting and Béauml (2016) found an absence of forgetting
with a passive wakeful rest period (hearing emotionally neu-
tral music or perceiving neutral pictures) between learning and
recall, but only when participants were required to directly
forget the word list after its presentation. However, when par-
ticipants were required to remember the word list, resting had
no effect.

Future research has to identify relevant conditions under
which resting is beneficial and interference is detrimental for
memory consolidation, respectively. Moreover, not only the
distractor, but also the resting state may affect the
effectiveness of a brief period of rest. It is assumed that
during resting processes like monitoring, mental
imagination, and mind wandering take place. Accordingly,
resting is not a passive cognitive state, but consumes mental
resources, which may be required for memory consolidation
processes. A study by Craig et al. (2014) indicates that inten-
sive mind wandering has a negative impact on memory con-
solidation, in that autobiographical thinking interferes with
episodic memories in the resting phase.
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Conclusion

The present study showed that a brief period of wakeful rest
after learning had no beneficial effect on memory retention
over the long term in non-native English speaking students.
Our results provide deeper insight into specific conditions
under which resting can support memory retention. Further
research is needed to derive practical implications for different
learning settings.
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