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Abstract: Feedback is an important factor to enhance subsequent memory, showing that memory performance increases after the feed-
back than after the no feedback condition during retrieval practice. However, most studies have provided answers as feedback and only
examined memory accuracy. It is unclear whether memory is enhanced over time when other types of feedback (e.g., correct/incorrect) is
given. In addition, during retrieval practice, participants’ responses differ in correctness and confidence level. To what extent these initial
memory features interact with feedback type to influence subsequent memory accuracy and confidence level remains unclear. In this
study, to address these questions, participants learned a series of sentences, then during the retrieval practice phase, different types of
feedback—feedback with correct/incorrect and answer (CA-feedback), feedback with answer (A-feedback), feedback with correct/
incorrect (C-feedback), and no feedback—were given after they performed a cued-recall test and rated the confidence. After retention
intervals of 5 min, 1 day, and 7 days, they took final tests, followed by the confidence rating. The results showed that different types of
feedback influenced subsequent memory and forgetting by different mechanisms. The CA-feedback and A-feedback enhanced memory
performance by correcting initial errors and increasing the confidence of correct trials, but the corrected memory was more easily forgot-
ten from 5 min to 7 days. Compared to A-feedback, the CA-feedback maintained the corrected memory after 1 day. The C-feedback did
not correct initial errors but slowed the forgetting rate and reduced the confidence of incorrect trials. This study highlighted the interaction
between feedback type and initial memory features (correctness, confidence) to influence subsequent memory performance, including

memory accuracy and confidence level.
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Many studies have shown that retrieval practice is an effi-
cient way to enhance memory performance. The information
that was practiced beforehand is finally better remembered
than that which was only restudied. This phenomenon is
called the “testing effect” (Kornell & Vaughn, 2016;
Roediger & Butler, 2011; Roediger & Karpicke, 2006;
Rowland, 2014). The testing effect has been identified
steadily with different experimental materials (e.g., word
lists, pairs, pictures, and proses) and different test forms
(e.g., free recall, paired association, and recognition)
(Roediger & Butler, 2011; Roediger & Karpicke, 2006;

Rowland, 2014). An important feature of the testing effect is
that the longer the delay time (e.g., days or weeks later), the
higher the testing effect is (Roediger & Karpicke, 2006; Spi-
tzer, 1939; Wheeler, Ewers, & Buonanno, 2003). Compared
to the restudy condition, the retrieval practice induces stron-
ger reactivation of the target item (Antony, Ferreira, Nor-
& Wimber, 2017; Dudai, 2004; Roediger &
Butler, 2011) and triggers the reconsolidation process, which

man,

leads to the enhancement of memory representations
(Carpenter, 2011; Roediger & Butler, 2011) and the connec-
tions with contextual information (Karpicke, Lehman, &
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Aue, 2014; Kornell & Vaughn, 2016), especially after a lon-
ger delay.

Feedback is one of the important factors to enhance the
testing effect. Compared to the condition of no feedback, giv-
ing feedback during retrieval practice further improves subse-
quent memory accuracy, and this improvement is maintained
for 2 to 7 days (Butler, Karpicke, & Roediger, 2008; Butler &
Roediger, 2008; Pashler, Cepeda, Wixted, & Rohrer, 2005). In
addition, feedback can correct the individual’s confidence of
memory in the final test. The confidence level is a meta-
cognitive index to reflect individuals’ cognition of their own
memory abilities and the vividness of recalling memory con-
tents (Chua, Schacter, & Sperling, 2008; Dunlosky &
Metcalfe, 2009; Yonelinas, 1994). People usually have high
confidence for correct responses and low confidence for incor-
rect responses. The metacognition of memory is biased if indi-
vidual’s confidence for the correct response is low (Roediger,
Wheeler, & Rajaram, 1993) or the confidence for the incorrect
response is high (Butterfield & Metcalfe, 2001, 2006). Studies
have shown that feedback can correct metacognitive bias
(Butler et al., 2008; Roediger & Butler, 2011). For example,
in a study by Butler et al. (2008), after participants responded
to the general knowledge questions and rated their confidence,
they received feedback with correct answers or no feedback.
Two days later, they took the final test and again made a con-
fidence rating for every question. The results showed that
memory accuracy was significantly improved after answer
feedback in the final test, and the correlation between the final
confidence and final accuracy was high. This suggests that
answer feedback helps participants better discriminate between
correct and incorrect responses and improves confidence level.

Previous studies have mainly applied feedback with correct
answers (A-feedback) (Butler et al., 2008; for a review, see
Butler & Woodward, 2018). Knowing whether the responses
are or are not correct is another type of feedback, but there is
feedback
(C-feedback) has similar effects to feedback with answer
(A-feedback) (Fazio, Huelser, Johnson, & Marsh, 2010;
Marsh, Lozito, Umanath, Bjork, & Bjork, 2012; Pashler
et al., 2005), especially after longer intervals. For example,

no consensus on whether correct/incorrect

after participants learned a series of Luganda—English pairs,
they performed a cued-recall practice with A-feedback,
C-feedback, or no feedback (Pashler et al., 2005). The results
showed that in the final test on the same day and 7 days later,
compared to the no-feedback condition, memory accuracy
was significantly improved after A-feedback, but not after
C-feedback. Differently, Marsh et al. (2012) asked participants

Interaction of feedback type and initial features

to answer multiple-choice questions, then gave A-feedback,
C-feedback, or no feedback. After 5 min and 2 days, the par-
ticipants took the final short-answer test. The results
showed that memory accuracy was improved by both A-
feedback and C-feedback. Thus, it is necessary to clarify
whether the effects of A-feedback and C-feedback differ
on subsequent memory. In addition, it is unclear whether
presenting CA-feedback simultaneously would further
enhance memory performance. Clarifying this question is
important because it helps us understand whether the
effects of different feedback types could be additive to
influence subsequent memory over time.

To explore the role of feedback type in the testing effect,
one important factor is whether the responses are correct
during the retrieval practice phase (i.e., initial response)
(Butler et al., 2008; Fazio et al., 2010; Marsh et al., 2012;
Pashler et al., 2005). The correctness of the initial response
reflects memory strength of a specific stimulus (Halamish &
Bjork, 2011; Kornell, Bjork, & Garcia, 2011). If the initial
response is correct, the A-/CA-feedback and C-feedback
should have similar effects on subsequent memory enhance-
ment. However, if the initial response is incorrect, the
A-/CA-feedback could provide
C-feedback could not, which may lead to different effects on

correct answers, but
subsequent memory. Current studies have inconsistent find-
ings on this issue. For example, Pashler et al. (2005) showed
that the final accuracy of initially correct trials was not sig-
nificantly different between feedback and no-feedback con-
ditions. However, the final accuracy of initially incorrect
trials was significantly improved after A-feedback rather
than that after C-feedback and no-feedback. In contrast, in a
study by Butler et al. (2008), after choosing an answer to a
general knowledge question, participants received
A-feedback or no feedback. The results showed that not only
the accuracy of initially incorrect trials but also the accuracy
of initially correct trials was improved after A-feedback.
In addition, some studies have found that errors that were
corrected after A-feedback gradually recovered as incorrect
after 7 days (e.g., Butler, Fazio, & Marsh, 2011; Metcalfe &
Miele, 2014), but it is unknown whether the recovery also
happens after other feedback types. Therefore, it is necessary
to differentiate the trials that are initially responded to
correctly and incorrectly, and examine their memory perfor-
mance after different types of feedback.

In addition to initial correctness, another factor
that should be taken into consideration is the confidence

of responses in the retrieval practice phase (Butler
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et al., 2008; Fazio et al., 2010). Only a few studies have
considered this factor and have found that the effect of
feedback was influenced by confidence level during the
retrieval practice. For example, Butler et al. (2008) found
that compared to the no-feedback condition, the accuracy of
initially correct trials with low confidence was significantly
improved after A-feedback whereas that with high confidence
remained relatively stable. Then in a study by Fazio
et al. (2010), after participants learned a series of Luganda—
English pairs, they performed a cued-recall practice, rated the
confidence, and received A-feedback, C-feedback, or no feed-
back. Their results showed that compared to the no-feedback
condition, the accuracy of initially correct trials with low con-
fidence was improved after A-feedback and C-feedback
whereas that with high confidence remained similar. Note that
although some studies had required participants to rate their
confidence in the final test, to our knowledge, none of them
had analyzed the confidence in the final test, so it is unknown
whether feedback type and confidence level during retrieval
practice play roles in the final confidence.

In sum, the main objective of this study was to explore
to what extent the initial correctness and confidence level
influence the effect of feedback type on subsequent mem-
ory performance. Participants learned a series of sentences
that described features of unfamiliar objects. Then during
the retrieval practice phase, participants were asked to
recall by cues and rate their confidence, followed by differ-
ent types of feedback, including CA-feedback, A-feedback,
C-feedback, and no feedback. The final tests were per-
formed 5 mins, 1 day and 7 days later. According to cor-
rectness and confidence level during the retrieval practice
phase, the initial trials were divided into four levels: ini-
tially incorrect trials with low or high confidence, and ini-
tially correct trials with low or high confidence. Both
memory accuracy and confidence in the final test were ana-
lyzed. Furthermore, forgetting rates after different types of
feedback were estimated with memory accuracy at 5 min
as baseline, and both forgetting rates of 5 min to 1 day and
5 min to 7 days were analyzed. It is generally accepted that
memory consolidation goes through different stages (Dudai
et al., 2015; Moscovitch, Cabeza, Winocur, & Nadel, 2016;
Walker et al., 2003). The initial consolidation occurs within
5 min to 6 hr after memory acquisition, during which the
interference of competitive memory is resisted. The second
stage of consolidation occurs at the first night of sleep, dur-
ing which the memory is protected against subsequent
interference or decay and restored. After that, memory enters
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a longer period of stabilization. Therefore, three different
retention intervals of 5 min, 1 day, and 7 days are used to
determine memory performance at different consolidation
stages and have been widely applied in studies of retrieval
practice (for reviews, see Roediger & Karpicke, 2006;
Rowland, 2014) and feedback (e.g., Pashler et al., 2005).
We hypothesized that feedback type would interact with
initial correctness and confidence level to influence subse-
quent memory accuracy and confidence. When the initial
trials are correct, different types of feedback have similar
effects on memory performance. When the initial trials are
incorrect, different types of feedback would influence sub-
sequent memory by different mechanisms. As feedback
provides correct answers, memory accuracy is increased by
correcting errors after A-feedback and CA-feedback
(Butler et al., 2008; Marsh et al, 2012; Pashler
et al., 2005). In this case, the descriptions are reactivated
during retrieval practice and have to be recombined with
the corrected information to form a unitized episode. How-
ever, as the corrected information is only presented once
and does not undergo a sufficient reconsolidation process
(Dudai, 2012), the corrected information would recover to
be incorrect after 7 days (Butler et al., 2011), and memory
accuracy after A-feedback and CA-feedback declines sig-
nificantly, which leads to a significant decrease in overall
memory accuracy after A-feedback and CA-feedback. In
contrast, although C-feedback has little effect on correcting
errors, the overall memory accuracy is mainly derived from
the initially correct trials, which would be maintained over
time, leading to less forgetting after C-feedback. As confi-
dence represents memory vividness and recollection, when
A-feedback and CA-feedback provide the correct informa-
tion, the final confidence of initially correct trials with
low confidence would increase. At the same time, as
C-feedback provides the information of correctness, the
final confidence of initially correct trials with low confi-
dence would increase, and the final confidence of initially
incorrect trials with high confidence would decrease.

Materials and methods

Participants

Twenty-six participants (8 males; M age = 21.69 &+
2.43 years) were recruited for the study. The overall sample
size was based on a prior power analysis (G*Power 3.1.9.6;

University of Kiel, Germany). To obtain adequate power (i.e.,
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a=.051—p = .95) and detect a moderate effect size (i.e.,
f = .25) for the interaction of feedback type (4) and retention
interval (3), we would need a total sample of at least 18 partic-
ipants for the experiment. All participants were native Chinese
speakers, were right-handed, and gave written informed con-
sent in accordance with the procedures and protocols, which
were approved by the Review Board of School of Psychologi-
cal and Cognitive Sciences, Peking University.

Materials

Two within-subjects factors were included in the study: type
of feedback (CA-feedback, A-feedback, C-feedback, no
feedback), and retention interval (5 min, 1 day, 7 days).

Forty-eight sentences that described 48 unfamiliar words
were used as materials (Chen et al., 2018). To confirm that
the words were unfamiliar and that the familiarity was mat-
ched across conditions, 19 participants (11 males; M
age = 22.6 + 2.58 years) who did not participate in the
experiment rated to what extent they were familiar with the
words (1 = most unfamiliar, 7 = most familiar). The mean
word familiarity was 2.93 £ 0.65.

The unfamiliar words were used to generate sentences
that described their features. Each sentence contained the
name of the category to which the word belongs, two per-
ceptual feature descriptions, and two functional feature
descriptions (Table 1). Based on standards applied in the
study by McRae et al. (2005), the perceptual features were
defined as information that can be seen or perceived such
as color, shape, and odor, and the functional features were

Table 1
Examples of the Sentences and Descriptions in Different Phases

Sentences and Descriptions in Different Phases

Study phase

The skunk is a species of animal. The color of its fur is black and
white. Its ears are short and round. It is a nocturnal animal. It
has a lifespan of about 20 years.

Retrieval practice phase

The color of skunk’s furis ( ).

The skunk’s ears are ( ).

The skunk is a ( ) animal.

The skunk has a lifespan of about ( ) years.

Answer feedback

The color of skunk’s fur is black and white.

The skunk’s ears are short and round.

The skunk is a nocturnal animal.

The skunk has a lifespan of about 20 years.

Final test phase

The color of skunk’s fur is ( ).

The skunk’s ears are ( ).

The skunk is a ( ) animal.

The skunk has a lifespan of about ( ) years.

Interaction of feedback type and initial features

defined as information related to perceptual-irrelevant fea-
tures such as their usage and location. Position of the per-
ceptual and functional descriptions within the sentence was
counterbalanced across the sentences. For example, the
sentence that describes the word “skunk” was as follows:
“The skunk is a species of animal. The color of its fur is
black and white. Its ears are short and round. It is a noc-
turnal animal. It has a lifespan of about 20 years.” Each
sentence during the study contained 36.23 £ 4.22 Chinese
characters (including punctuation), and the average length
for each description was 8.25 &+ 1.64 characters.

Each sentence was divided into four short descriptions to
be used for the retrieval practice and final test phases. For
each description, one keyword was omitted. For example,
the descriptions of “skunk” to be retrieved were: “The color
of skunk’s fur is ( ).” “The skunk’s ears are ( ).” “The
skunk is a () animal.” “The skunk has a lifespan of about
( ) years.” The mean logarithmic frequency (Friederic &
Frisch, 2000) for the keywords was 8.48 £ 0.51, and the
mean word length was 1.85 £ 0.46 characters.

In addition, to control for the baseline level of the cue-recall
test, another 18 participants (6 males; M age = 22.67 +
1.53 years) who did not participate in the experiment filled in
the blanks of the sentences without the study phase. The aver-
age baseline accuracy was 0.18 + 0.11.

In total, 48 sentences were randomly divided into four
groups to be used as materials for four types of feedback.
Each group was then randomly divided into three sets to be
used as materials for three retention intervals. Each sen-
tence was divided into four descriptions during retrieval
practice (48 total for each feedback type). Thus, each con-
dition (e.g., CA-feedback at 5 min) had 16 descriptions for
analysis, which was similar to previous studies (e.g., Butler
et al., 2008; Butler & Roediger, 2008; Fazio et al., 2010;
Pashler et al., 2005). The four groups and three sets had no
significant differences in average baseline accuracy and var-
ious lexical-semantic features such as word familiarity, fre-
quency and number of strokes for the words, frequency and
word length of the keywords, and sentence length,
ps > .500. The groups and sets were counterbalanced; thus,
each group had an equal opportunity of being used at dif-
ferent types of feedback, and each set had an equal oppor-
tunity of being used at different retention intervals.

Procedure
The experiment included three phases: study, retrieval prac-
tice, and final test. During the study phase, participants
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learned all the sentences. They were presented with each of
the 48 sentences for 20 s, during which they read the sen-
tence silently and tried to remember it (Figure 1). After the
sentence disappeared, they rated to what extent they could
remember the sentence on a scale of 1 (not at all) to
6 (completely). The sentences were presented in a pseudo-
random order so that no more than three sentences under
the same condition were continuously presented to reduce
order effect and fatigue effect (e.g., Butler et al., 2008;
Fazio et al., 2010; Metcalfe & Finn, 2012). After the study
phase, participants were asked to perform a distractor task
for 2 min.

During the retrieval practice phase, each sentence was
divided into four descriptions. The category description
was not presented. Each description was presented for 5 s
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with one keyword omitted (Table 1). The participants were
asked to recall the omitted keyword, give an oral report,
and rate the confidence of their response ranging from
1 (lowest) to 6 (highest). Then each type of feedback was
presented for 3 s. For CA-feedback, according to the partic-
ipant’s response, a “correct” or an “incorrect” feedback and
the complete description were presented simultaneously.
For A-feedback, the complete description was presented
regardless of whether the participant’s response was correct
or incorrect. For C-feedback, according to the participant’s
response, a “correct” or an “incorrect” feedback was pres-
ented. For no feedback, only a fixation point was presented.
The descriptions for each feedback type were presented in
each of four blocks, and the four blocks were presented in
a Latin square design. The four feedback-type blocks were

0-day -//-- l-day  --//-- 7-day
I \ [ \ I
Study Retrieval practice Final test Final test Final test
& Feedback
Remember Remember
The skunk is a species of animal. Roewe is a kind of automobile
The color of its fur is black and brand. It is a Chinese brand. It
Smdy + white. lts.ears are short an.d 1 s 4 5 6 eee includes lh}'ex.e models. Its 1 2 3 4 5 6
round. It is a nocturnal animal. It R b trademark is in the shape of a R b
has a lifespan of about 20 years. Notatall emelm ?r shield. Its trademark is composed Not at all emember
completely of black, gold and red. completely
Is 20s 2s 20s 2s
Correct
CA-feedback
+ The clarinet is mostly made 3 The clarinet is mostly made eee
of () black wood. ! 4 5 6 of African black wood.
Unsure Sure
pletel letely
A-feedback .
+ Roewe includes () models. . s 4 s o Roewe includes three models. e
Unsure Sure
completely completely|
= s .
C-feedback + The color of skunk’s furis (). Correct oo
1 3 4 5 6
Unsure Sure
P 1 COmg 1 ‘.Y
Is S5s 2s 3s
: . . s .
Final test + Roewe includes () models. eee The color of skunk’s furis ().
1 3 4 5 6 1 2 3 4 5 6
Unsure Sure Unsure Sure
pl pletely letely completely
v s Self-paced 2s Self-paced 2s
Figure 1. Procedure of the study, practice, and final test phases in the experiment. During the study phase, participants were presented with sentences that

describe unfamiliar words, and were asked to read and remember them. During the retrieval practice phase, the participants were asked to recall the missing
keywords, then rate their confidence. Four types of feedback were presented in blocks. During the final test phase, the participants were asked to recall the
missing keywords, then rate their confidence again. The Chinese sentences were translated into English for illustration purposes.
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counterbalanced across descriptions and participants.
Descriptions within the same feedback type were presented
in a pseudorandom order so that no more than three
descriptions under the same condition were continuously
presented. After each feedback-type block, participants
were asked to perform a distractor task for 2 min.

After all the feedback blocks, participants performed
final cued-recall tests at intervals of 5 min, 1 day, and
7 days. During each final test phase, the procedure was
similar to that during the retrieval practice phase. Each
description was presented with one keyword omitted, and
participants recalled and orally reported the omitted key-
word. Then they rated the confidence of their response.
Different from that during the retrieval practice phase, no
feedback was given. In each interval, there were 64 descrip-
tions, and the four descriptions for the same word
(e.g., “skunk”) were presented continuously. The descrip-
tions for different words were presented in a pseudorandom
order so that no more than three descriptions under the
same condition were continuously presented.

The participants had separate opportunities to practice
study, retrieval, and final test trials before the formal
phases.

Data analysis

Accuracy was calculated as the proportion of correct
responses to the descriptions of the total descriptions at
each retention interval and for each feedback type. The ini-
tial accuracy in the retrieval practice was analyzed using
repeated measures analysis of variance (ANOVA), with
feedback type (AC-feedback, A-feedback, C-feedback, no
feedback) as a within-subjects factor. The initial confidence
value in the retrieval practice was analyzed using repeated
measures ANOVA, with feedback type and initial correct-
ness (correct, incorrect) as within-subjects factors. The final
accuracy was analyzed using repeated measures ANOVA,
with feedback type and retention interval (5 min, 1 day,
7 days) as within-subjects factors. To control for the influ-
ence of the first test accuracy, the forgetting rates within
1 and 7 days were calculated as (accuracy at 5 min — accu-
racy at 1 day)/(accuracy at 5 min) and (accuracy at 5 min —
accuracy at 7 days)/(accuracy at 5 min), and were analyzed
using repeated measures ANOVA, with feedback type as a
within-subjects factor. The forgetting rates also were com-
pared with chance level (0) to determine whether memory
was significantly forgotten at 1 day or at 7 days.

Interaction of feedback type and initial features

To clarify the interaction of feedback type, initial cor-
rectness, and retention interval for memory accuracy, the
final accuracy was analyzed using repeated measures
ANOVA, with feedback type, initial correctness in the
retrieval practice (initially incorrect, initially correct), and
retention interval as within-subjects factors. The forgetting
rate was also analyzed using repeated measures ANOVA,
with feedback type and initial correctness as within-
subjects factors.

To clarify the interaction of feedback type and initial
performance for the final memory, the confidence of the
initial trials first was divided into two levels (1-3 as low
confidence and 4-6 as high confidence). The initial trials
then were divided into four levels (initially incorrect
trials with low or high confidence and initially correct trials
with low or high confidence). The retention interval was
not used as an independent variable in this analysis because
at each interval, some levels of initial trials had a small
number of items, especially for the levels of initially incor-
rect trials with high confidence and initially correct trials
(Butler et al., 2008;
et al., 2010). The data at three intervals were thus com-

with low confidence Fazio
bined and analyzed. The final high-confidence accuracy
(Butler et al., 2008) and final confidence were analyzed
separately using repeated measures ANOVA, with feed-
back type, initial correctness, and initial confidence (low,
high) as within-subjects factors.

One participant did not return for the 7-day final test, so
his data were excluded. Another participant’s confidence
levels were not recorded in the 5-min final test due to a
program failure, so his data of confidence were excluded.
After dividing the initial correctness and confidence, there
were some missing values. When there is a missing value
in one condition, the whole data of the participant had to
be excluded in the ANOVA analysis, which leads to a
smaller sample size and weaker analysis power. Therefore,
we used expectation maximization imputation to replace
the missing values (Rashid & Gupta, 2019; Schafer &
Graham, 2002) to ensure that a sufficient number of partici-
pants was included in the ANOVA analysis. The average
number of missing values was 1.7 for initially incorrect tri-
als with high confidence, 1.5 for initially correct trials with
low confidence when memory accuracy was analyzed, and
3 for initially correct trials with low confidence when the
final correct confidence was analyzed (see supplementary
materials, Tables S1-S3). The number of missing values
was similar to that in previous studies (Butler et al., 2008;
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Fazio et al.,, 2010). There were no missing data for the
other two levels (i.e., initially incorrect trials with low con-
fidence and initially correct trials with high confidence).
Note that the results were similar when the participants
with missing values were excluded from analysis (see sup-
plementary materials). To estimate the effect size of each
analysis, nf) was calculated. Post hoc pairwise comparisons

were Bonferroni-corrected. p <.050, two tailed.

Results

Initial performance during retrieval practice

For the accuracy of retrieval practice, the ANOVA with
feedback type as a factor showed that there was no signifi-
cant effect of feedback type, F(3, 72) = 2.03, p = .117,
nf) = .08 (Figure 2A). Further analysis also showed that
there was no significant difference between either of the
two feedback conditions, ps > .200. For the confidence
value of retrieval practice, the ANOVA with feedback type
and initial correctness as factors showed that there was only
a significant effect of initial correctness, F(1, 25) =
253.65, p<.001, ng = .91 (Figure 2B), showing that the
confidence value of initially correct trials was higher than
that of initially incorrect trials. There was no significant
effect of feedback type, F(3, 75) = 1.04, p = .380,
nf) = .04, or the interaction, F(3, 75) = 0.21, p = .889,
nﬁ = .01. Further analysis also showed that there was no
significant difference between either of the two feedback
conditions, ps > .400. The results suggested that the initial

A

1.00 1

0.90 A

0.80 A
% 0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Initial accurac

Figure 2. Results of initial accu-
racy (A) and confidence (B) in the
retrieval practice phase. There was
no significant difference between
either condition for initial accuracy
and initial confidence. The error
bars represent the SEs of the means.
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accuracy and confidence value of retrieval practice were
well-matched before feedback.

Interaction of feedback type and retention

interval for remembering and forgetting

For the accuracy of the final test, the ANOVA with feed-
back type and retention interval as factors showed that there
was a significant effect of feedback type, F(3, 72) = 51.31,
p <.001, nf) = .68. The accuracy after CA-feedback and
A-feedback was significantly higher than that after
C-feedback and no feedback, ps < .001. The accuracy after
C-feedback was also higher than that after no feedback,
p = .058. The results suggested that compared to the no-
feedback condition, different types of feedback improved
memory performance. In addition, the accuracy decreased
87.94, p<.001,
.79, and there was a significant interaction between

significantly over time, F(2, 48) =
N =
feedback type and interval, F(6, 144) = 8.07, p<.001,
ng = .25 (Figure 3A). Further analysis showed that the
accuracy decreased significantly from 1 day to 7 days after
different feedback conditions, ps<.001, but it did not
decrease significantly from 5 min to 1 day after
CA-feedback and C-feedback conditions, ps>.600. The
results suggested that feedback with correct/incorrect infor-
mation made memory forgotten less at 1 day.

The effect of C-feedback would be underestimated due
to stronger effects of CA-feedback and A-feedback. There-
fore, we did another repeated measures ANOVA with only
C-feedback and no feedback included in the levels of feed-
back type. The results showed that the accuracy after

B
CA-feedback B CA-feedback
@ A-feedback 6.00 - é:g:ddg:gll:
0 C-feedback m No-feedback
B No-feedback 5.00 -

5

£ 4.00 -

o

=

5

S 3.00 4

=

£ 2.00 1

1.00 1

0.00 -
Correct

Incorrect

Initial trials
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Figure 3. Results of accuracy (A) and forgetting rate (B). CA-feedback and A-feedback improved the memory accuracy, and this improvement remained
7 days later. The forgetting rate was slower after C-feedback. The error bars represent the SEs of the means.

C-feedback was significantly higher than that after no feed-
back, F(1, 24) = 791, p = .010, 11123 = .25. There was no
significant interaction between feedback type and retention
interval, F(1.99, 47.68) = 0.69, p = .507, 11]23 = .03, and
the improvement after C-feedback remained for 7 days,
p= .042. The results suggested that compared to the no-
feedback condition, the improvement after C-feedback was
also maintained for 7 days.

To further explore the effect of feedback type on forgetting,
the forgetting rates of 1 day and 7 days were analyzed. For
the forgetting rate of 1 day, there was a significant effect of
feedback type, F(2.14, 51.30) = 5.82, p = .004, ng = .20.
The forgetting rate after CA-feedback, p= .073, and A-
feedback, p = .022, was higher than that after no feedback
whereas any of the other two had no significant difference,
ps > .150. The forgetting rate was at chance level (0) after
CA-feedback, p= .555, but higher than chance level after
A-feedback, p= .095 (Figure 3B, left). For the forgetting
rate of 7days, there was also a significant effect of feed-
back type, F(3, 72) = 9.06, p<.001, nﬁ = .27. Further
analysis showed that the forgetting rate after CA-feedback
and A-feedback was significantly higher than that after C-
feedback and no feedback, ps < .030, whereas the former
two and the latter two both had no significant difference,
ps = 1.00 (Figure 3B, right). The forgetting rate was higher

than chance level (0) after each feedback type with answer
and/or correct/incorrect information, ps < .001. The results
suggested that compared to the no-feedback condition,
although CA-feedback and A-feedback improved subse-
quent memory performance, the memory decreased signifi-
cantly over time whereas the memory after C-feedback
remained relatively stable.

Interaction of feedback type, retention interval,
and initial correctness on remembering and
forgetting

We next included initial correctness as a factor to explore its
effect and interaction with feedback type and retention interval
on the final memory accuracy. The results showed that there
was a significant three-way interaction, F(6, 126) = 6.72,
p <.001, ﬂ;z) = .24. For the accuracy of initially incorrect
trials, there were significant main effects of feedback type,
F(3, 63) =74.27, p<.001, n% = .78, and retention interval,

F(2, 42) = 66.65, p<.001, nf) = .76. Their interaction was
significant as well, F(6, 126) = 12.08, p<.001, nf, = .37
(Figure 4A). Further analysis showed that from 5 min to
7 days, the accuracy after CA-feedback and A-feedback
was significantly higher than that after C-feedback and no
feedback, ps < .030. There was no significant difference
between CA-feedback and A-feedback, ps > .500, or
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between C-feedback and no feedback, ps > .290. However,
when CA-feedback and A-feedback were directly com-
pared, the accuracy of initially incorrect trials was signifi-
cantly higher after CA-feedback than that after A-feedback
at 1 day, p = .052, whereas they were comparable at 7 days,
p = .720. In addition, the CA-feedback and A-feedback
conditions differed in their time comparisons. The accuracy
after CA-feedback only decreased significantly from 1 to
7 days, p<.001, whereas the accuracy after A-feedback
decreased significantly from 5 min to 1 day, and from 1 to
7 days, ps<.030. The accuracy after C-feedback and no
feedback did not decrease significantly over time, ps>.200.
Accuracy of initially correct trials decreased significantly
over time, F(1.60, 38.43) = 32.28, p<.001, nlz) = .57, but
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there was no significant effect of feedback type, F(2.48,
59.44) = 1.35, p = .268, n% = .05, or their interaction, F'
(3.03, 72.71) = 1.01, p = .395, nf, = .04 (Figure 4B). The
results suggested that CA-feedback and A-feedback could
correct initially incorrect trials during retrieval practice. In
addition, the CA-feedback
remained stable from 5 min to 1 day whereas that after A-

corrected memory after

feedback decreased from 5 min to 7 days. Different types
of feedback had no significant difference on memory of ini-
tially correct trials.

For the forgetting rate of 1 day, ANOVA with feedback
type and initial correctness as factors showed a significant
effect of feedback type, F(2.42, 53.14) = 3.09, p = .045,
nf) = .12, and a marginally significant interaction, F(2.30,
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Figure 4. Results of accuracy (A, B) and forgetting rate (C, D) for initially incorrect and correct trials. The CA-feedback and A-feedback enhanced mem-
ory performance by correcting initial errors, but the corrected memory was easier to forget at 7 days. Compared to A-feedback, the CA-feedback
maintained the corrected memory after 1 day. The error bars represent the SEs of the means.
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50.65) = 2.81, p = .062, ng = .11. Further analysis showed
that for the initially incorrect trials, there was no significant
difference between either feedback condition, ps>.100;
however, the forgetting rate of A-feedback was significantly
higher than chance level, p = .052, and the forgetting rates
of the other three feedback conditions were at chance level,
ps>.200 (Figure 4C, left). When an outline (>3 SD) was
excluded, the results showed that the forgetting rate after
A-feedback was higher than that after no feedback,
p = .024, C-feedback, p = .009, and CA-feedback,
p = .095, whereas the latter three had no significant differ-
ences, ps>.350. This was consistent with the results of
time comparisons of memory accuracy (Figure 4A). For
the initially correct trials, there was no significant differ-
ence between either of the two conditions, ps>.100
(Figure 4D, left). The forgetting rate of each feedback type
was comparable to chance level, ps>.050. The results
suggested that although A-feedback could correct initial
errors, the corrected memory representations were more
easily forgotten at 1 day whereas feedback with correct/
incorrect information maintained the corrected memory at
shorter intervals.

For the forgetting rate of 7 days, ANOVA with feedback
type and initial correctness as factors showed a significant
effect of feedback type, F(1.90, 41.56) = 9.07, p = .001,
n% = .29, and a significant interaction, F(1.91, 41.94) =

5.26, p = .010, nf) = .19. The forgetting rate of initially

incorrect trials was
of initially correct trials after CA-feedback and A-feed-
back, ps<.001. Further analysis showed that for the ini-

significantly higher than that

tially incorrect trials, the forgetting rate after CA-
feedback and A-feedback was higher than that after no
feedback, ps<.020, and C-feedback, ps<.075, whereas
the former two and the latter two both had no significant
difference, ps = 1.00 (Figure 4C, right). The forgetting
rates after CA-feedback and A-feedback were both sig-
nificantly higher than chance level, ps<.001, whereas
after C-feedback and no feedback, they were at chance
level, ps>.200. For the initially correct trials, the feed-
back type had no significant effect on forgetting rate,
ps = 1.00, and the forgetting rates of each feedback con-
dition were significantly higher than chance level,
ps<.050 (Figure 4D, right). Thus, the memory for the
initially correct trials remained stable at 1 day, but was
forgotten at 7 days. The results suggested that although
CA-feedback and A-feedback could correct initial errors,

Interaction of feedback type and initial features

the corrected memory representations were more easily
forgotten at 7 days whereas the forgetting of C-feedback

was relatively slow.

Interaction of feedback type, initial correctness
with confidence on remembering

In addition to initial correctness, the confidence level in the
retrieval practice phase also influenced the effect of feed-
back type on memory accuracy. To ensure that the final
memory was remembered, we first analyzed the accuracy
of trials with final high confidence. The results showed
that there was a significant three-way interaction, F(3,
69) = 5.68, p = .002, ng = .20. For the initially incorrect
trials, the ANOVA with feedback type and initial confi-
dence as factors showed a significant effect of feedback
type, F(2.48, 57.02) = 65.56, p<.001, nﬁ = .74. The accu-
racy after CA-feedback and A-feedback was significantly
higher than that after C-feedback and no feedback,
ps < .001, but there was no significant difference between
CA-feedback and A-feedback, p= .552, or between C-
feedback and no feedback, p = 1.00 (Figure 5A). The accu-
racy of high confidence was higher than that of low confi-
dence, F(1, 23) = 3.88, p = .061, nf) = .14. There was no
significant interaction between feedback type and confi-
dence level, F(2.39, 55.03) = 2.20, p = .111, nf) = .09.

The result suggested that CA-feedback and A-feedback
corrected initially incorrect trials, regardless of the initial
confidence level.

For the initially correct trials, the ANOVA showed signifi-
cant effects of feedback type, F(2.45, 5631) = 7.67,
p = .001, ng = .25, and confidence level, F(1, 23) = 86.15,
p<.001, ng = .79. There was also a significant interaction
between them, F(2.25, 51.65) = 3.11, p = .047, nﬁ =.12.
For the condition of low confidence, the accuracy after
CA-feedback, Myitrerence = 0.26, p = .029, and A-feedback,
Myitterence = 0.21, p= .034, was significantly higher
than that after no feedback, and the accuracy after
CA-feedback, Myifrerence = 0.26, p = .051, and A-feedback,
Myifference = 0.21, p = .298, uncorrected p = .049, was
also higher than that after C-feedback. There was no signif-
icant difference between CA-feedback and A-feedback or
between C-feedback and no feedback, ps = 1.00. For the
condition of high confidence, the accuracy after CA-feed-
back, Mgitrerence = 0.05, p = .166, uncorrected p = .026,
and A-feedback, Mgitference = 0.09, p= .013, was
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Figure 5. Results of final high-confidence accuracy for initially incorrect (A) and correct (B) trials. The final high-confidence accuracy of initially incor-
rect trials and initially correct trials improved after CA-feedback and A-feedback. The error bars represent the SEs of the means.

significantly higher than that after no feedback, and the
accuracy after CA-feedback, Myiference = 0.04, p = .553,
uncorrected p = .096, and A-feedback, My;srerence = 0.08,
p= .006, was also higher than that after C-feedback
(Figure 5B). There was no significant difference between
CA-feedback and A-feedback or between C-feedback
and no feedback, ps = 1.00. Note that although the
accuracy after CA-feedback and A-feedback was higher
than that after no feedback and C-feedback for both con-
ditions of low and high confidence, the difference was
much larger for the high-confidence condition,
Mgitterence > 0.20,  than  for  the
M gifference <0.10, condition. We further analyzed the

low-confidence,

accuracy difference between CA-/A-feedback and no
feedback, and between CA-/A-feedback and C-feedback
in low-confidence and high-confidence conditions by
ANOVA (see supplementary materials), and the results
showed that the difference with low confidence was sig-
nificantly larger than that with high confidence
(Figure S1). Therefore, the results suggested that CA-
feedback and A-feedback both improved the accuracy of
initially correct trials, but the improvement with low
confidence was better than that with high confidence.

We also analyzed the accuracy of trials with final low confi-
dence. The ANOVA showed that there was no significant
effect of feedback type, F(3, 69) = 1.91, p = .136, 1112) = .08,
or three-way interaction, F(3, 69) = 1.52, p = .218,
ng = .06. This suggested that the type of feedback had no

significant difference on the accuracy of trials with final

low confidence, regardless of initial correctness and
confidence.

Interaction of feedback type, initial correctness
with confidence on final confidence

In addition to memory accuracy, the final confidence was
influenced by feedback type and initial memory features.
For the initially incorrect trials, about 60% of them was
corrected after CA-feedback and A-feedback, and most
corrected trials were high confidence in the final test (72—
92%). On the other hand, although C-feedback could not
correct errors, C-feedback may affect their final confidence,
and this effect may be influenced by initial confidence
level. Therefore, we performed the ANOVA with two feed-
back types (C-feedback, no feedback) and initial confi-
dence level (low, high) as factors. The results showed that
the initially incorrect trials with high confidence were rated
higher in final confidence than those with low confidence,
F(1, 23) = 39.36, p <.001, ng = .63, and there was a sig-
nificant interaction, F(1, 23) = 5.49, p = .028, nﬁ =.19
(Figure 6A). Further analysis showed that for the initially
incorrect trials with high confidence, the final confidence
after C-feedback was significantly lower than that after no
feedback, p = .050. For those with low confidence, how-
ever, the final confidence between C-feedback and no feed-
back had no significant difference, p = .188. The results
suggested that C-feedback decreased the final confidence of
the initially incorrect trials with high confidence.
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Figure 6. Results of final confidence for initially incorrect (A) and correct (B) trials. The confidence of initially incorrect trials with high confidence was
lower after C-feedback than after no feedback. The confidence of initially correct trials with low confidence was higher after CA-feedback and A-feedback.

The error bars represent the SEs of the means.

For the initially correct trials, only the final correct trials
were analyzed. The ANOVA with feedback type and
initial confidence level as factors showed that there was
a significant main effect of initial confidence level, F{(1,
23) = 90.99, p <.001, 11123 = .80, and feedback type, F(3,
69) = 13.46, p<.001, nf) = .37. Their interaction was sig-
nificant as well, F(3, 69) = 7.52, p<.001, ng = .25
(Figure 6B). Further analysis showed that for the initially
correct trials with high confidence, there was no significant
difference between either feedback type in the final confi-
dence, ps>.050. For those with low confidence, however, the
final confidence after CA-feedback and A-feedback was signif-
icantly higher than that after C-feedback, ps<.011, and no
feedback, ps<.050. There was no significant difference
between CA-feedback and A-feedback, p = .648, or between
C-feedback and no feedback, p = 1.00. The results suggested
that only feedback with answers improved the final confidence
of initially correct trials with low confidence.

Discussion

In this study, feedback type, retention interval, and initial
correctness with confidence were manipulated to explore their
influences on subsequent memory performance. Both final
memory accuracy and confidence level were analyzed as
dependent variables. There were three main findings. First, the
feedback containing answers significantly improved memory
accuracy, and the improvement was maintained for 7 days.
The C-feedback also improved memory performance, but

mainly slowed down the forgetting rate. Second, the

correctness during the retrieval practice phase interacted with
feedback type to influence subsequent memory performance.
For those initially incorrect trials, the feedback with answers
corrected errors, but the corrected memory was more easily for-
gotten, especially from 1 day to 7 days. The CA-feedback had
an advantage to maintain the corrected memory at shorter inter-
vals. Third, the confidence level during the retrieval practice
phase interacted with feedback type to influence subsequent
memory performance. The feedback with answers improved
the final accuracy, whether the initial confidence was low or
high. Furthermore, the feedback with answers improved the
final confidence of initially correct trials with low confidence,
and C-feedback reduced the final confidence of initially incor-
rect trials with high confidence. These results highlighted the
interaction between feedback type and initial correctness/
confidence to influence subsequent memory performance.

Influence of different feedback types on
remembering and forgetting

Previous studies have shown that memory advantage of
retrieval practice is mainly reflected in the retention of long-
term memory, such as 1 week (Roediger & Karpicke, 2006;
Rowland, 2014; Wheeler et al., 2003) or even 9 weeks
(Spitzer, 1939; Roediger & Butler, 2011). We consistently
found that memory enhancement after feedback had a long-
term advantage over 7 days. More importantly, we found a sig-
nificant effect of feedback type as well as the interaction
between feedback type and retention interval on memory
accuracy and forgetting rate. The memory accuracy was sig-
nificantly increased after the feedback with answers (i.e., A-
feedback, CA-feedback), although the forgetting rate was
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also higher. According to the reconsolidation theory
(Dudai, 2012; for review, see Metcalfe, 2017; Nader,
Schafe, & Le Doux, 2000), answer feedback provides an
opportunity for additional study (for reviews, see Butler &
Woodward, 2018; Jang & Marshall, 2018), which induces
stronger reactivation and reconsolidation processes. Partici-
pants could correct, update, and further strengthen the mem-
ory representations, making the difference between items
with and those without feedback larger (Halamish &
Bjork, 2011; Kornell et al., 2011). Therefore, the memory
enhancement after feedback, especially with answers, could
be maintained for a long time (for reviews, see
Metcalfe, 2017; Roediger & Butler, 2011).

When only correct/incorrect information (i.e., C-feedback)
was provided, the memory enhancement was smaller, but still
maintained for 7 days. As shown in previous studies
(e.g., Fazio et al., 2010; Marsh et al, 2012; Pashler
et al, 2005), memory enhancement was stronger after
A-feedback than after C-feedback. Different from these stud-
ies, though, we further explored the forgetting rate after differ-
ent feedback types and found that C-feedback slowed memory
forgetting. This suggests that although C-feedback does not
provide additional correct information, the reactivation and
reconsolidation processes after retrieval practice also strengthen
memory traces (Antony et al., 2017; Dudai, 2012; for reviews,
see Metcalfe, 2017; Nader et al., 2000).

In this study, the CA-feedback condition was included, during
which answers and correct/incorrect information were provided
together, to explore whether it had an advantage over A-feedback
on memory performance. Although there was no significant dif-
ference between the memory accuracy after CA-feedback and
A-feedback, the interaction between feedback type and retention
interval was significant. The accuracy decreased significantly
from 1 day to 7 days after each feedback condition, but it did
not decrease significantly from 5 min to 1 day after CA-feed-
back. In addition, only after A-feedback was the forgetting rate
of 1 day higher than chance level. This suggests that compared
to feedback with only answers, feedback with additional correct/
incorrect information could maintain the memory after 1 day
and lead to slower forgetting at shorter intervals.

Initial correctness interacted with feedback type

to influence remembering and forgetting

One novel finding of the study was that the memory perfor-
mance and forgetting rate were influenced by feedback type
and initial correctness. There was a significant interaction
between the two factors. For the initially correct trials,
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different types of feedback had similar accuracy (Butler
et al.,, 2008; Fazio et al., 2010; for a review, see
Metcalfe, 2017) and forgetting rates. For the initially incor-
rect trials, feedback with answers significantly corrected
these errors, thereby increasing the final accuracy, and this
improvement maintained for 7 days. According to the pre-
diction error model (Friston, 2005; for a review, see
Metcalfe, 2017), when there is a bias between the incorrect
response and correct answer, participants would pay more
attention to the feedback information. Thus, the correct
information could be re-encoded and updated into the orig-
inal memory, leading to improved subsequent memory
accuracy (Butler et al., 2008; Kornell et al., 2011).

However, the forgetting rate of initially incorrect trials after dif-
ferent feedback types was different. Even if memory for the ini-
tially incorrect trials was corrected after A-feedback and CA-
feedback, the 7-day forgetting rate was higher than that for the
initially correct trials. In addition, the forgetting rate was also
higher than that after C-feedback and no feedback. It nicely
explained why the forgetting rate after feedback with answers
was significantly higher, which suggests that the new memory
different from the
originally correct memory (Sadeh, Ozubko, Winocur, &
Moscovitch, 2014). The strength of the new memory after feed-
back may be weaker than the originally correct memory, because

obtained by feedback correction is

the new memory corrected after feedback is only learned once
and does not undergo sufficient reconsolidation processes
(Antony et al., 2017; Roediger & Butler, 2011). Thus, over time,
the memory obtained by the correction of answer feedback is
more easily forgotten than the initially correct memory, and the
incorrect memory is gradually restored (Metcalfe & Miele, 2014).

Compared to A-feedback, the memory accuracy of
initially incorrect trials after CA-feedback did not decrease
significantly from 5 min to 1 day. Only after A-feedback
was the forgetting rate of initially incorrect trials at 1 day
higher than chance level. It was not only higher than that
after C-feedback and no feedback, but also higher than
that after CA-feedback. Therefore, compared to feedback
with only answers, feedback with additional correct/incorrect
information could maintain the new corrected memory after
1 day and led to slower forgetting at shorter intervals.

Initial correctness with confidence interacted

with feedback type to influence memory
confidence

Another novel finding of the study was that the final mem-
ory confidence was influenced by the interaction among
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feedback type, initial correctness, and confidence level.
Previous studies have shown that memory accuracy was
improved after A-feedback for initially correct trials with
low confidence (Butler et al., 2008; Fazio et al., 2010), but
few studies have analyzed to what extent the final confi-
dence was influenced by the feedback type and initial mem-
ory features. Our study showed that compared to the no-
feedback condition, feedback with answers improved the
final accuracy of initially correct trials, especially for those
with low confidence. In addition, feedback with answers
improved the final confidence of initially correct trials with
low confidence. Memory confidence reflects metacognition
level and is an important memory feature in addition to
accuracy (Chua et al., 2008; Dunlosky & Metcalfe, 2009).
Even when memory contents are correct, the confidence
level may differ. The higher the degree of confidence,
the more details and vividness of the memory are, and
the more dependence on the recollection process is
(Eichenbaum, Yonelinas, & Ranganath, 2007; Yonelinas,
1994). In contrast, the memory with low confidence may
indicate fewer details, less vividness, and more dependence
on familiarity (Dunlosky & Metcalfe, 2009; Eichenbaum
et al., 2007; Yonelinas, 1994). Given answer feedback after
retrieval practice, participants could get the correct answer
and then add more details to the original memory, which
makes the memory more vivid and rely more on the recol-
lection process in the final test. Therefore, the feedback
with answer improves the final accuracy and confidence of
initially correct trials with low confidence.

In addition, the final confidence of initially incorrect trials
with high confidence was reduced after C-feedback. This is
the first study that clarifies the effect of C-feedback on the
final confidence and suggests that C-feedback also influ-
ences memory confidence, but in a different way. After
receiving correct/incorrect feedback, participants could real-
ize that their metacognition of the response was biased. By
the reactivation processing, the connection between the exis-
ting false memory and target cues is inhibited or eliminated
(Butler et al., 2008; for a review, see Metcalfe, 2017), which
leads to reduced confidence of incorrect trials.

However, contrary to our hypothesis, the confidence of
initially correct trials with low confidence was not
improved after C-feedback. This may be related to the fact
that we did not include retention interval as a factor in the
analysis of final confidence. It is possible that the vividness
of the participants’ responses for the correct trials increases
after C-feedback. However, as C-feedback did not provide

Interaction of feedback type and initial features

more details of answers, the confidence improvement after
C-feedback may last just for a short period. As there were
several missing values for initially correct trials with low
confidence at various retention intervals, the data at differ-
ent intervals were combined. We thus could not perform
the repeated measures ANOVA including retention interval
as a factor to clarify the effect of retention interval in final
confidence.

Limitations and future directions

This study has some limitations for future investigations to
consider. First, there were missing values in the analyses
including memory confidence. To explore the influence of
initial correctness and confidence level, we divided the tri-
als into four conditions. There were 48 sentences used in
this study and thus 16 descriptions in each condition (for
each interval). As also shown in previous studies
(e.g., Butler et al., 2008; Fazio et al., 2010), some partici-
pants had no responses for some conditions, especially for
the conditions of initially correct trials with low confidence
and initially incorrect trials with high confidence. Some
repeated ANOVA measurements could not be performed,
such as the interaction of feedback type and retention inter-
val on the final confidence of initially correct trials with
low confidence. Thus, we used expectation maximization
imputation to replace missing values in some analyses
(Rashid & Gupta, 2019; Schafer & Graham, 2002), and the
results were similar to those when the participants with
missing data were excluded. In future studies, researchers
could also consider using other types of materials and
increasing the number of materials to collect sufficient data
for complete analyses. Second, the results of interaction
between feedback type and initial confidence for the final
high-confidence accuracy (Figure 5B) had some non-signif-
icant p values after Bonferroni multiple comparisons,
although the direct ¢ tests were significant (e.g., the compar-
isons between CA-feedback and no feedback/C-feedback).
This happens when repeated measures ANOVAs include
two factors (e.g., feedback and retention interval/correct-
ness/confidence level), and each factor has at least two
levels (Perneger, 1998). Nevertheless, we are cautious
about this part of our results, and further studies with more
participants and materials are needed to verify this finding.
Third, our study did not include the condition of restudy,
which is typically the condition in studies of testing effect
(Kornell & Vaughn, 2016; Roediger & Butler, 2011;
Roediger & Karpicke, 2006; Rowland, 2014). As the
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answer feedback corresponds to the restudy after retrieval
practice, future studies could add the restudy condition to
explore the different stages of feedback.

Conclusions

By setting up four feedback types and three retention inter-
vals combined with initial correctness and confidence level
during retrieval practice, the results showed that memory
improvement after feedback was influenced by the interac-
tions of these factors. The CA-feedback and A-feedback
enhanced memory performance by correcting initial errors
and increasing the confidence of correct trials, but the
corrected memory representations were more easily forgot-
ten after 7 days. Compared to A-feedback, the CA-feed-
back maintained the corrected memory after 1 day. The
C-feedback did not correct initial errors, but slowed the for-
getting rate and reduced the confidence of incorrect trials.
The results emphasized the interaction between feedback
type and initial memory features (correctness, confidence)
to influence subsequent memory performance. Although
feedback is a strong factor to improve subsequent memory
performance, its effect was influenced by feedback type
and initial memory features. Thus, in educational practice,
improving initial memory accuracy and confidence is
important even when the feedback is applied.
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