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Studies have shown a time-of-day of training effect on long-term explicit memory with a greater effect being shown in the
afternoon than in the morning. However, these studies did not control the chronotype variable. Therefore, the purpose of this
study was to assess if the time-of-day effect on explicit memory would continue if this variable were controlled, in addition to
identifying the occurrence of a possible synchronic effect. A total of 68 undergraduates were classified as morning, intermediate,
or afternoon types. The subjects listened to a list of 10 words during the training phase and immediately performed a recognition
task, a procedure which they repeated twice. One week later, they underwent an unannounced recognition test. The target list
and the distractor words were the same in all series. The subjects were allocated to two groups according to acquisition time:
a morning group (N = 32), and an afternoon group (N = 36). One week later, some of the subjects in each of these groups were
subjected to a test in the morning (N = 35) or in the afternoon (N = 33). The groups had similar chronotypes. Long-term explicit
memory performance was not affected by test time-of-day or by chronotype. However, there was a training time-of-day effect
[F (1,56) = 53.667; P = 0.009] with better performance for those who trained in the afternoon. Our data indicated that the
advantage of training in the afternoon for long-term memory performance does not depend on chronotype and also that this
performance is not affected by the synchronic effect.
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Introduction
There are various studies showing the modulation of
circadian rhythmicity in different cognitive processes, including memory (1-3). Among the forms of assessing how
biological rhythms may influence memory, the most classic is to study the time-of-day effect on the performance of
subjects in different memory tasks (4-6). Regardless of
which methodology is applied, it must be remembered that
memory is not a unitary system, which makes investigations that attempt to understand how this modulation occurs much more complex. Memory can be divided into two
large systems according to subjacent neural substrate and
behavioral aspects: declarative or explicit memory and
non-declarative or implicit memory (7). The first system
depends on the hippocampus for the consolidation pro-
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cess and memory recall occurs consciously, i.e., recalling
episodes of our life. The second system is independent of
the hippocampus and is expressed unconsciously, i.e.,
habits, associative learning, non-associative learning, etc.
(7,8).
Folkard et al. (4,5) studied the time-of-day effect on the
explicit memory of young individuals using recognition and
free recall tests. They reported better performance in the
morning tests than in those performed in the afternoon in
cases in which recall occurred a short time after training,
that is, for short-term memory. When recall occurred a long
time after training, there was a training time-of-day effect.
In this case, the subjects who acquired information in the
afternoon had better performance than those who acquired it in the morning. Interestingly, there was no test
time-of-day effect, which suggests circadian modulation
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only in the acquisition or consolidation processes, or in
both.
An important aspect in the study of circadian rhythmicity modulation in memory is the chronotype of the participants. Chronotype represents an individual difference in
temporal organization of the sleep-wake cycle, i.e., goingto-sleep and wake-up times and the phase of greatest
arousal (9-12). There are different instruments to classify
individuals according to their chronotype, among them,
one developed by Horne and Östberg (9). In this questionnaire, the subjects are classified according to scores relative to questions into five different categories: extreme
morning type, moderate morning type, intermediate type,
moderate afternoon type, and extreme afternoon type. It is
suggested that the chronotype of a subject may change
over the course of life and studies indicate that in childhood
(between 8 and 12 years) there is a tendency to being a
morning type, whereas in adolescence and in the early
adult phase, there is a tendency to being an afternoon
type, returning to the morning type tendency in old age
(12,13).
Studies that used memory tasks with a short retention
interval have shown a so-called synchronic effect, which
consists of better performance when subjects of a determinant chronotype perform the task at their optimal time-ofday (13-16). An important implication of these chronotype
studies is that perhaps the training time-of-day effect on
long-term explicit memory reported by Folkard et al. (4)
may have been, in fact, a consequence of the sample that
was used. The subjects in these studies were adolescents
or young undergraduates, a population with a greater
tendency to being afternoon types. Thus, the better afternoon performance may have been a synchronic effect, that
is, a better acquisition of information in the afternoon owing
to the larger number of afternoon types in the sample.
Testu and Clarisse (6) repeated this research with children, adding to the investigation a possible influence of
day of the week on which the test occurred (Monday or
Thursday). However, they arrived at different results. Shortterm memory performed better when the test took place in
the afternoon, only on Thursday, and they found no acquisition time-of-day effect on long-term memory. They did,
however, find a recall time-of-day effect, which was better
in the morning. Interestingly, the sample used in their study
was younger, composed of children between 8 and 10
years of age, which is a population likely consisting of more
morning types. Perhaps the different results obtained in
the two studies are due to the difference in age of the two
samples.
Considering the importance of chronotype in the study
of circadian rhythmicity modulation, the main purpose of
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the present research was to determine if the reported timeof-day of training effect on explicit memory is due to the
chronotype of the subjects, that is, evaluate a possible
synchronic effect of chronotype on long-term explicit memory.

Material and Methods
A total of 68 undergraduate students (28 men and 40
women) aged 18 to 25 years (21 ± 2) took part in the study
after giving written informed consent to participate without
financial remuneration. The project was approved by the
Institutional Ethics Committee. The subjects were allocated to three groups according to their score on the
Horne-Östberg (HO) Portuguese version questionnaire
(17). The moderate and extreme morning types were classified as morning types and the moderate and extreme
evening types were classified as evening types. Twentythree subjects (9 men and 14 women) were classified as
morning types (HO score: 66 ± 6), 23 (9 men and 14
women) were classified as intermediate types (HO score:
51 ± 4), and 25 (10 men and 12 women) were classified as
evening types (HO score: 37 ± 4).
Task procedure
The task was applied individually. In the acquisition
phase (training), each subject listened to a list of ten words
through a set of headphones. Immediately afterwards,
they were given the recognition test, in which the subject
listened to 20 words, 10 from the target list and 10 distractor
words in random order. The subjects responded “yes” if the
word was on the list they had just heard; otherwise, they
responded “no” if the word was a distractor. The subject
had 5 s to respond. Both target and distractor words were
concrete Portuguese language nouns and both sets contained a similar number of syllables and semantic categories. After the first recognition test, the procedure (acquisition test) was repeated twice, in sequence, in order to
permit the subjects to learn the target list. One week later,
the students returned to the laboratory for an unexpected
long-term memory (LTM) test. They were presented with
twenty words, and again they answered a recognition test.
The target and distractor words were the same in all series.
The use of the same distractor words in the series was
done in order to create proactive interference in the recognition test after a one-week interval. The responses of all
tests were recorded by the same evaluator.
Experimental design
The subjects were allocated to two groups according to
the training phase: one group in the morning (M), between
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7:30 and 9:30 h (N = 32) and the other in the afternoon (A),
between 16:30 and 18:30 h (N = 36). One week later some
of the students in each group took the LTM test in the
morning (N = 35, groups MM and AM) or in the afternoon (N
= 33, groups MA and AA). Each group consisted of 3
chronotypes and a similar number of subjects from all
chronotypes (Table 1).
Statistical analysis
The subject’s performance in the LTM test was used as
a dependent variable. The measure of performance was
obtained by subtracting the total number of false alarms
from the total number of hits, a common measure of
recognition memory (18). “Yes” responses to items belonging to the list were considered hits while false alarm
was considered for “yes” answers to distractor words. We
used ANOVA with 3 factors: 3 (chronotype) x 2 (training
time) x 2 (LTM test time). The t-test for independent samples
was the post hoc test used and the significance level was
P ≤ 0.05 for all analyses.

Results
The LTM performance variation of the subjects did not
show a main effect of test time-of-day or of chronotype [F
(1,56) = 0.249, P = 0.620; F (2,56) = 0.238, P = 0.789,
respectively]. However, we found a main effect of training
time-of-day [F (1,56) = 7.376, P = 0.009]. Post hoc analysis
indicated better performance in the afternoon than in the
morning (P = 0.009). The interactions between the factors
were not statistically significant [chronotype x test time-of-

day: F (2,56) = 0.425; P = 0.656; chronotype x training
time-of-day: F (2,56) = 0.837, P = 0.438; test time-of-day x
training time-of-day: F (1,56) = 1.014, P = 0.318; chronotype
x test time-of-day x training time-of-day: F (2,56) = 1.509, P
= 0.230; Table 1].

Discussion
The main findings in this study were: 1) training time-ofday effect on long-term explicit memory, the afternoon
being better than the morning, regardless of chronotype; 2)
no interaction between LTM test time-of-day and chronotype, indicating the absence of a synchronic effect.
The main purpose of this study was to determine if the
training time-of-day effect on explicit memory previously
reported by Folkard et al. (4,5) could be explained, at least
in part, by the chronotype of the participants. The subjects
of these studies were mostly young, a population with a
greater tendency to being afternoon types (13,14). In this
case, it could be suggested that the better performance of
individuals who trained in the afternoon was a result of a
synchronic effect and not related to training time-of-day
(13-15). However, even when the chronotype variable was
controlled, the result was the same. The subjects who
acquired information in the afternoon performed better,
even though one-third of the sample consisted of subjects
classified as morning types. A plausible explanation for
this result is that most studies that show an interaction
between chronotype and cognitive task time-of-day applied memory tests with a short interval between training
and the test (13-15). Perhaps, previously consolidated

Table 1. Experimental design and performance of subjects in this study.
Test time

Chronotype

Training time
Morning

Morning

Afternoon

Total

Total
Afternoon

N

Mean ± SEM

N

Mean ± SEM

Morning
Evening
Intermediate
Total

6
5
6

5.167 ± 1.352
2.800 ± 1.158
3.000 ± 1.095

6
6
6

3.833 ± 0.703
4.500 ± 1.285
6.000 ± 1.033

Morning
Evening
Intermediate
Total

5
5
5
32

1.800 ± 0.969
3.400 ± 1.249
2.800 ± 0.800
3.219 ±

0.466*

6
6
6
36

N

Mean ± SEM

35

4.257 ± 0.466

33

4.000 ± 0.489

5.000 ± 0.856
4.667 ± 1.406
5.667 ± 1.282
4.944 ±

0.442*

Data are reported as mean ± SEM of performance (hits minus errors). Three-way ANOVA was carried
out. Post hoc t-test indicated subjects performed better in the afternoon than in the morning. *t-value =
-2.69 (d.f. = 66); P = 0.009.
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long-term memory recall is not affected by the synchrony
between time-of-day and best performance time of the
subject. To the best of our knowledge, the present study
was the first to evaluate a possible relationship between
chronotype and performance on a long-term explicit memory test. In addition to corroborating previous studies, our
data refined these findings by consistently indicating that
the training time-of-day effect seems to be independent of
chronotype and of the task used (4,5).
In accordance with Folkard et al. (5), the present study
also found no interaction between training time-of-day and
test time-of-day. Studies of rodents have found that memory recall at the same time of day in which it was acquired
favors the recall process. This phenomenon has been
shown more than once, both in positive and negative
modified reinforcement protocols (3,19,20) and was denominated “temporal stamp” by Ralph et al. (3). This may
occur because of a mechanism similar to that of statedependent learning (5). However, it seems that the acquisition time-of-day effect for LTM performance was greater
than that originating from the same state during the test, or
it could be that this effect is very subtle and could not be
detected in the present protocol.
The purpose of using the same distractor words in all
series was to create proactive interference in the long-term
recognition test. Since all words in this test had already
been codified in LTM, they were somewhat familiar (21).
This protocol enabled us to determine if the capacity to
resist proactive interference (22) could vary according to
both training time-of-day and test time-of-day. The results
reinforce the advantage of acquiring information in the
afternoon, considering that the performance measure used
was the number of hits minus the number of errors.
There are studies showing a positive correlation between measures of operational memory span and the
capacity of subjects to resist interference (22,23). One of
the theoretical implications of these studies is that good
operational memory function may lead to less interference.
This could occur through distinct mechanisms. One of
these might be through improved information integration
during learning, leading to better codification and, in turn,
less interference during long-term memory recall. A second mechanism would be that a less efficient operational
memory could have difficulty in controlling a large flow of
information during recall, creating interference (24).
Ramirez et al. (2) studied the components of operational
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memory in subjects submitted to a constant routine protocol and showed that performance improved over the course
of the active phase. It can, therefore, be suggested that the
higher number of errors is due to inefficient or non-optimized functioning of operational memory. One possibility
is that codification in the morning is more susceptible to
proactive interference, generating a mnemonic trace without a “signature” that indicates whether the item belongs to
the list or is a distractor word. Thus, better performance in
the afternoon than in the morning may be due to a circadian variation in the codification mechanisms of explicit
memory. Another mechanism, non-exclusive to the previous one, is better consolidation of explicit memory when it
is acquired in the afternoon. Ellenbogen et al. (25) showed
that sleep improves the performance of subjects in a cued
recall test compared to the control group. However, this
improvement was much better when an associative interference protocol was used. The authors propose that sleep
protects the declarative (or explicit) memory of the interference process. Thus, it is plausible to suggest that the
subjects who acquired information in the afternoon had a
shorter interval between the test and going to sleep, and
derived greater advantages from the role of sleep in memory consolidation. However, it could be expected that the
morning type subjects would be benefited more than the
afternoon types in the present study, since the interval
between information acquisition in the afternoon and going
to sleep is shorter in the morning types than in the afternoon types. However, we found no interaction between
chronotype and training time-of-day in long-term memory
recognition.
It can be concluded that there seems to be no synchronic
effect on long-term explicit memory, at least with the protocol used. Therefore, the training time-of-day effect on longterm explicit memory does not depend on the chronotype
of the subjects, given that this effect persisted even when
this variable was controlled. Further studies are needed to
determine if this effect is a result of a circadian variation in
the acquisition process or if it is due to differences in the
consolidation and storing mechanisms of explicit memory.
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