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Abstract
Although the effects of retrieval-based learning may be affected by
factors such as relative spacing, absolute spacing, and feedback timing,
few studies have examined learners’ perceived effects of these factors on
second language (L2) vocabulary learning. With this limitation in mind,
the present study examined learners’ perceived effects of the above three
factors on L2 vocabulary learning. A questionnaire was administered to
226 Japanese college students. The results showed that the participants
(1) considered relative spacing not to affect learning, (2) perceived spaced
learning to be more effective than massed learning, and (3) considered
immediate and delayed feedback to be equally effective, all of which are
supported by earlier empirical research. The results suggest that L2
learners are able to make accurate judgments about the effectiveness of
retrieval-based vocabulary learning techniques.

1 Introduction
Research shows that retrieval enhances second language (L2) lexical
acquisition (e.g., Barcroft, 2007; Karpicke & Roediger, 2008). Retrieval refers to
recalling information about L2 words from memory. Earlier studies also suggest
that the effects of retrieval-based learning may be affected by factors such as
relative spacing, absolute spacing, and feedback timing (see below for definitions).
Relative spacing is defined as how retrieval attempts are distributed relative to one
another (Karpicke & Bauernschmidt, 2011). Existing studies have examined the
effects of two types of relative spacing schedules: equal and expanding. In the
former, spacing between retrievals of a given word is held constant (e.g., 4, 4, and 4
days). In the latter, spacing between retrievals is gradually expanded (e.g., 1, 4, and
7 days). Some researchers argue that expanding spacing is more effective than equal
spacing (e.g., Baddeley, 1997; Ellis, 1995; Hulstijn, 2001; Nation, 2001; Schmitt,
2007; see Roediger & Karpicke, 2010, for a review). Although some non-L2
vocabulary studies have found the advantage of expanding over equal spacing (e.g.,
Cull, Shaughnessy, & Zechmeister, 1996; Landauer & Bjork, 1978; Storm, Bjork, &
Storm, 2010), L2 vocabulary studies have found little difference between the effects
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of the two types of relative spacing schedules (Kang, Lindsey, Mozer, & Pashler,
2014; Karpicke & Bauernschmidt, 2011; Nakata, in press; Pyc & Rawson, 2007).
Not only relative but also absolute spacing is found to affect vocabulary
learning. Absolute spacing is defined as the total amount of spacing that intervenes
all retrieval opportunities of a given word (Karpicke & Bauernschmidt, 2011). For
example, if a given word is retrieved five times, and each retrieval is intervened by 4
minutes, absolute spacing is 16 minutes (4 minutes  4). There are two phenomena
regarding the effects of absolute spacing: spacing effect and lag effect. First,
according to the spacing effect, spaced learning, which introduces spacing between
retrievals of a given word, increases learning more than a massed schedule, which
does not involve any spacing (see Cepeda, Pashler, Vul, Wixted, & Rohrer, 2006;
Dempster, 1989, 1996; Janiszewski, Noel, & Sawyer, 2003, for meta-analyses).
Second, the lag effect refers to a phenomenon where larger absolute spacing
enhances learning more than shorter absolute spacing (e.g., Bird, 2010; Cepeda,
Vul, Rohrer, Wixted, & Pashler, 2008; Cepeda et al., 2006, 2009; Pashler, Rohrer,
Cepeda, & Carpenter, 2007; Rohrer & Pashler, 2007). Although the spacing effect
has been found to affect L2 vocabulary acquisition (e.g., Karpicke & Bauernschmidt, 2011; Nakata, in press), existing L2 vocabulary studies have produced
inconsistent results regarding the lag effect (e.g., Crothers & Suppes, 1967;
Karpicke & Bauernschmidt, 2011; Nakata, in press; Nakata & Webb, in press;
Pashler, Zarow, & Triplett, 2003; Pyc & Rawson, 2007).
Another line of research suggests that the timing of feedback after retrieval
attempts affects learning (e.g., Butler, Karpicke, & Roediger, 2007; Kulik & Kulik,
1988; Metcalfe, Kornell, & Finn, 2009; Nakata, 2015). For example, suppose that
the learner was asked to retrieve the meaning of a Japanese word inu (dog). Which
would be more effective, to provide the correct answer 3 seconds after the retrieval
attempt (immediate feedback) or 1 hour after (delayed feedback)? Some
researchers claim that delayed feedback increases learning more than immediate
feedback because the former introduces larger spacing than the latter, which
should facilitate learning according to the lag effect (e.g., Butler et al., 2007;
Metcalfe et al., 2009). Although some non-L2 vocabulary studies have found the
facilitative effects of delaying feedback (e.g., Butler et al., 2007; Kulik & Kulik,
1988; Metcalfe et al., 2009), L2 vocabulary research has failed to support this
finding (Nakata, 2015).
The findings of earlier research are useful because they allow us to
determine the optimal way to learn L2 vocabulary from retrieval. One limitation
of existing research, however, is that none of them examined learners’ perceived
effects of relative spacing, absolute spacing, and feedback timing on L2
vocabulary learning. Cognitive psychology literature on judgments of learning
(JOLs) suggests that learners are often unable to make accurate judgments about
the effectiveness of retrieval-based learning techniques (e.g., Karpicke &
Roediger, 2008; Kornell, 2009; Kornell & Son, 2009; Roediger & Karpicke,
2006). Examining learners’ perceived effectiveness of retrieval-based learning
techniques is of value because learners’ perceptions may encourage or discourse
the use of effective learning techniques. For instance, learners perhaps tend to
employ vocabulary learning techniques that they consider more effective than
those they consider less effective, as long as other variables (e.g., time or cost
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required) are held constant. With the above discussion in mind, the present study
examined learners’ perceived effects of relative spacing, absolute spacing, and
feedback timing on L2 vocabulary learning.

2 Method
A total of 226 Japanese college students participated in this study and studied
English-Japanese word pairs using flashcard software (e.g., Nakata, 2011, 2013)
developed by the author. One hundred and thirty-eight of them were randomly
assigned to one of the four groups: massed, short, medium, and long spacing. In all
four groups, the treatment involved typing the English target word corresponding
to a Japanese translation provided (e.g.,
 ____?). In the massed group, 20
target English-Japanese word pairs (e.g., apparition 
) were practiced four
times in a row without any spacing. In the short, medium, and long spacing groups,
four encounters of a given target word pair were separated by approximately 1, 2,
and 6 minutes on average, respectively. In the short, medium, and long spacing
groups, half of the target word pairs were studied in an expanding spacing
condition, and the other half were studied in an equal spacing condition. There was
no equal or expanding spacing condition in the massed group because all target
items were encountered four times in a row, and there was no spacing in this group.
After completing the treatment and posttests, a questionnaire was administered to
examine learners’ perceived effects of relative and absolute spacing schedules on
learning. The short, medium, and long spacing groups were asked to evaluate the
usefulness of the equal and expanding schedules for learning on a 7-point scale,
where 1 means Not helpful at all and 7 means Very helpful. Participants in the
massed group were asked to evaluate the usefulness of the massed schedule for
learning on the same 7-point scale.
The remainder of the participants studied 16 English-Japanese word pairs
using flashcard software. The treatment for these participants also involved typing
the English target word corresponding to a Japanese translation provided (e.g.,
 ____?). For a given participant, for half of the target word pairs, the target
English-Japanese word pair (e.g.,
 apparition) was provided as feedback
immediately after each retrieval opportunity (immediate feedback). For the other
half, feedback was not given until all other items were studied (delayed feedback).
After completing the treatment and posttests, the participants were asked to
evaluate the effectiveness of immediate and delayed feedback on a 7-point scale,
where 1 means I learned more with immediate feedback and 7 means I learned more
with delayed feedback.

3 Results
Regarding the perceived effects of relative spacing schedules, the average
rating (SDs in parentheses) on a 7-point scale (1: Not helpful at all; 7: Very helpful)
was 5.16 (1.08), 5.09 (1.30), 4.91 (1.78), 4.75 (1.88), 4.55 (1.59), and 4.65 (1.40) for
the short equal, short expanding, medium equal, medium expanding, long equal,
and long expanding conditions, respectively. (One participant in the long spacing
group did not provide responses.) When collapsed across the absolute spacing
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groups, the average rating was 4.87 (1.52) for equal spacing and 4.83 (1.55) for
expanding spacing. The responses were entered into a two-way mixed design 2
(relative spacing: equal/expanding)  3 (absolute spacing: short/medium/long)
ANOVA. None of the main effects or interaction was significant, main effect of
relative spacing: F (1, 92)  0.14, p  .706, g2p B:01; main effect of absolute
spacing: F (2, 92)  1.07, p  .349, g2p ¼ :02; interaction between the two
variables: F (2, 92)  0.47, p  .627, g2p ¼ :01. The results are also supported by
the small effect sizes (g2p 5:02). The findings indicate that (1) no statistically
significant difference existed between equal and expanding spacing in the ratings,
and (2) the three groups did not differ significantly from each other in their
responses regarding the effects of equal and expanding spacing.
Next, let us examine learners’ perceived effects of the four absolute spacing
schedules (massed, short, medium, and long) on learning. In the short, medium,
and long groups, the scores for equal and expanding spacing were averaged out and
compared with those for the massed schedule. For instance, if a participant in the
short spacing group gave 5 for equal and 6 for expanding spacing, 5.5 was used as
this participant’s rating for the short spacing schedule. Because there was little
difference between the ratings for equal (M  4.87, SD  1.52) and expanding
spacing (M  4.83, SD  1.55; see above), it was judged appropriate to use the
mean score of the two relative spacing schedules to represent a given absolute
spacing schedule. The average rating (SDs in parentheses) on a 7-point scale (1: Not
helpful at all; 7: Very helpful) was 3.78 (1.41), 5.13 (1.09), 4.83 (1.73), and 4.60 (1.44)
for the massed, short, medium, and long spacing schedules, respectively. A one-way
ANOVA found a statistically significant difference among the four groups, F (3,
123)  5.18, p  .002, h2  .01. According to the Bonferroni method of multiple
comparisons, the scores for the short and medium spacing schedules were
significantly higher than those for the massed schedule, producing medium to
large effect sizes (massed vs. short: p  .002, d  1.07; massed vs. medium: p 
.025, d  0.66). The difference between the massed and long schedules did not
reach statistical significance (p  .154), but a medium effect size was observed
(d  0.59). The differences were not statistically significant for all other comparisons
(p 5 1.000), and no more than small effect sizes were observed (0.15 5 d 5 0.42).
These results suggest that (1) the participants perceived the short and medium
spacing schedules to be more effective than the massed schedule, and (2) the short,
medium, and long spacing groups did not differ significantly from each other in
their responses.
As for the effects of feedback timing, the average rating on a 7-point scale
(1: I learned more with immediate feedback; 7: I learned more with delayed feedback)
was 3.85 (SD  2.01). The results indicate that learners tended to believe that they
learned equally well from the two types of feedback.

4 Discussion and Conclusions
The present study showed that the participants (1) considered equal and
expanding spacing to be equally effective, (2) perceived spaced learning to be more
effective than massed learning, and (3) considered immediate and delayed feedback
to be equally effective, all of which are supported by existing empirical research
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(e.g., Kang et al., 2014; Karpicke & Bauernschmidt, 2011; Nakata, 2015, in press;
Pyc & Rawson, 2007). The results suggest that contrary to the findings of earlier
research on judgments of learning (e.g., Karpicke & Roediger, 2008; Kornell, 2009;
Kornell & Son, 2009; Roediger & Karpicke, 2006), the participants in this study
were able to make accurate judgments about the effectiveness of retrieval-based
learning techniques. The inconsistent results were perhaps due to a difference in
participants. Although most existing studies on judgments of learning have been
conducted with American university students (e.g., Karpicke & Roediger, 2008;
Kornell, 2009; Kornell & Son, 2009; Roediger & Karpicke, 2006), this study was
conducted with Japanese college students. Because Japanese students tend to be
more experienced in and proficient at rote memorisation than American students
(Tinkham, 1989), the participants of the present research were perhaps more
familiar with effective learning strategies than suggested by earlier studies. This
may be partly the reason why the results of this study were at odds with those of the
existing literature on judgments of learning. However, due to the paucity of
metacognition research on Japanese students, further research is warranted.
Although the findings of this study are useful, the present study also suffers
from some limitations. One limitation is that the questionnaire was given only to
Japanese college students. Future research may replicate this study with participants from different backgrounds. Another limitation is that the current study only
examined learners’ perceived effectiveness of retrieval-based learning techniques
after the treatment. In future research, it would be useful to give a questionnaire
before and after the treatment.
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