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Temporal order memory was analyzed using a spontaneous object recognition (SOR) paradigm in rats. In SOR, animals

were allowed to explore freely two or five different objects sequentially in the sample phase, and then, two different

objects shown in the sample phase were simultaneously presented, and exploration time of object shown earlier compared

with that shown later was regarded as a discrimination index. Here we investigated the effects of (1) number of sample items,

(2) sample exposure interval, and (3) retention time between the sample and test phases on temporal order memory in SOR.

In experiment 1, rats showed significant discrimination between the objects presented earlier and later under five-item, but

not two-item, condition. In experiment 2, using the five-item condition, longer retention time (between sample and test

phases) induced lower discrimination and longer sample exposure interval produced higher discrimination. In experiment

3, using the two-item condition, longer sample exposure interval produced higher discrimination and longer retention time

tended to make rats’ discrimination worse. Taken together, these results indicate that rats’ performance in this test paradigm

was better with more sample items and longer exposure intervals as well as shorter retention time, suggesting that the fa-

miliarity to items and the temporal distance from the present to the occurrence of events affect temporal order memory.

Temporal order memory is defined as memory for the order in
which items/events have been experienced (Hannesson et al.
2004). It also includes another important form of memory, which
in its simplest application supports the ability to discriminate the
relative recency of stimuli/events, i.e., how long ago an item was
encountered (Barker and Warburton 2011a), although we cannot
differentiate between temporal order memory and recency or
familiarity discrimination in most studies on this topic. It has
been shown that normal rats can integrate “what,” “where,” and
“when” information to remember the order of a sequence of events
(Ergorul and Eichenbaum 2004). However, whether nonhuman
animals are able to consciously recollect past experiences and
whether they have a sense of time are still under debate: episodic-
likememory in rats was based on how long ago it occurred and not
on when (Roberts et al. 2008), while there is evidence for remem-
bering when an event occurred that does not depend on the judg-
ments of familiarity (Zhou and Crystal 2009; Crystal 2018).

In rodents, previous studies have investigated temporal order
memory using spatial locations in a radial maze (Kesner andNovak
1982; Chiba et al. 1994; Sugita et al. 2013), odor stimuli (Fortin
et al. 2002), or spontaneous explorations for objects (Mitchell
and Laiacona 1998; Hunsaker et al. 2008; Barker and Warburton
2011b; Tam et al. 2014; Barker et al. 2017). In temporal ordermem-
ory tasks using spatial locations or odor stimuli, rats encountered
five to eight different spatial locations or odor stimuli sequentially
in the study phase, and then, two different familiar items of the
study phase were simultaneously presented. The animals had to
choose the item presented earlier, which required extensive train-
ing and the use of reinforcement. In the task using spontaneous ex-
plorations for objects, animals were allowed to explore freely two
to four different objects sequentially in the sample phase, and
then, two different familiar items of the sample phase were simul-

taneously presented. The animals tended to explore old familiar
than recent familiar objects, although any task trainings and the
use of reinforcement were not required. Thus, use of spontaneous
explorations for objects is beneficial since it avoids confounds that
could be introduced by using other tasks described above.

It is thought that successful performance of temporal order
memory may depend on three factors: (1) number of items in the
sample/study phase, (2) interval of each sample exposure in the
sample/study phase, (3) retention time between the sample/study
and test phases. In previous studies using a radial maze, it was sug-
gested that the number of items presented in the sequencewas crit-
ical for successful temporal order memory, but not the interval
length between items in the study phase (Sugita et al. 2013). On
the other hand, in spontaneous object explorations, it was suggest-
ed that the sample exposure interval, as well as the retention time,
was important for successful temporal ordermemory (Mitchell and
Laiacona 1998; Tam et al. 2014). However, the involvement of
number of items in temporal order memory still remains unclear.
Furthermore, in humans using temporal order judgment with nat-
uralistic stimuli such as movies or video clips, temporal order judg-
ment retrieval times were negatively correlated with the temporal
separation between events in the movie (Kwok and Macaluso
2015), suggesting that larger sample exposure interval makes hu-
man subjects easier to remember temporal order of event stimuli.
However, in rats using spontaneous object explorations there has
been no direct investigation on the relationship between effects
of sample exposure interval and retention time.

Thus, in the present study using spontaneous object recogni-
tion (SOR) paradigm, first we investigated the effect of number of
items in the sample phase (two or five items) on the temporal order
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discrimination in experiment (Exp.) 1. In the five-item condition
of this experiment, the first and fifth presentation stimuli in the
sample phase were not used in the test phase to exclude the possi-
bility that primacy and recency effects could affect performance.
Second, we investigated the effects of retention time and sample
exposure interval on temporal order discrimination using five
items (Exp. 2) and two items (Exp. 3). Taking these considerations
into account, we discussed the involvement of number of items,
inter-exposure interval in the sample phase, and retention time
in temporal order memory performance.

MaleWistar-Imamichi rats (n=60) were used as subjects. They
were housed individually and kept on a 12 h light–dark cycle with
continuous access to food and water. All behavioral testing was
conducted during the light phase (08:00–20:00). Animal experi-
ments were approved by the University of Tsukuba Committee
on Animal Research.

Temporal order memory test using the SOR was conducted in
an open-field arena (90×90×45 cm) made of polyvinylchloride.
The walls of the arena were colored in black, while the floor was
gray. An overhead camera and a video recorder were used to mon-
itor and record the animals’ behavior for the analysis. The illumi-
nation of the center of the arena was 65 lx. The stimulus objects
were copies of 15 different objects made of glass, metal, or plastic
and varied in height between 9 and 15 cm. All the objects were
heavy enough or fixed on the heavy metal plate so that the rats
could not move them during testing.

Prior to the SOR test, rats received 5min of handling andwere
habituated to the arena without any objects for 10 min for three
consecutive days. The SOR test consisted of a sample phase (two
or five exposures), retention time, and a test phase (see Fig. 1).
For instance, in the first exposure of the sample phase, a pair of

identical objects was placed diagonally in the arena (the center of
each object was 22.5 cm from adjacent two walls), and the rat
was released in the center of the arena. Each rat was allowed to ex-
plore freely these objects for 5 min. After the exposure, the rat was
removed and returned to its home cage. In the second exposure,
another pair of identical objects was presented. This procedure
was repeated two or five times, and then after the retention time,
the test phase started, in which two objects were placed at the
same positions as in the sample phase. One object was the old ob-
ject thatwas exposed earlier in the sample phase, and the otherwas
the recent object that was exposed recently. The positions of the
old/recent objects in the test phase were counterbalanced. The an-
imal was placed into the arena and allowed to explore the objects
for 5 min.

In both the sample and test phases, wemeasured time rats ex-
plored the objects. Exploration was defined as the rat directing its
nose toward the object within a distance of 2 cm. Touching the ob-
ject with other parts of the body or climbing over the object was
not included. The analysis was conducted on the first 2 min of
the test phase. As a measure of discrimination, “discrimination in-
dex (DI)” was calculated by dividing the difference in exploration
time between the two objects (old object− recent object) by the to-
tal amount of exploration for two objects (old object + recent ob-
ject). The arena was wiped with a wet cloth containing sodium
hypochlorite solution and the objects were cleaned up with 70%
ethanol to eliminate odor cues.

In Exp. 1, effects of number of itemswere investigated (Fig. 1).
Different pairs of objects were presented in each sample exposure.
The inter-exposure interval was 3 min in five-sample exposure
condition, and 11 min in two-sample exposure condition. After
the retention time of 3 min, the test phase started. In the five-
sample exposure condition, rats were exposed to the second and
fourth objects, while in the two-sample exposure condition, they
were exposed to the first and second objects. Twelve rats were
used, and they experienced both two- and five-sample exposure
conditions with an interval of 2 d. The order of experiences was
counterbalanced.

In Exp. 2, using five items effects of retention time and sample
exposure interval were investigated. First, we investigated how
long rats can retain temporal order memory using five items (Fig.
2A: Exp. 2–1). The sample phase consisted of five sample exposures
with different objects, and the sample exposure interval was 3min.
After the retention time of 3, 10, or 30 min, the test phase started,
in which the second and fourth objects were presented. Twelve
rats experienced all retention times with an interval of at least
2 d, and they were counterbalanced with the order of experiences.
Second, using the retention time (10 min) in which rats could not
retain the temporal order memory in Exp. 2–1, we investigated the
effects of sample exposure interval (Fig. 2B: Exp. 2–2). The proce-
dure was the same as in Exp. 2–1 except that the sample exposure
interval was 3, 10, or 30 min and the retention time was fixed with
10 min. Twelve rats experienced all sample exposure interval con-
ditions with an interval of at least 2 d. The order of conditions was
counterbalanced.

In Exp. 3, using two items effects of sample exposure interval
and retention time were tested. First, we investigated whether rats
can discriminate the temporal order of two items when longer in-
tervals than 11 min were inserted between exposures (Fig. 2D:
Exp. 3–1). In Exp. 2–2 we confirmed that, with a longer sample ex-
posure interval (30 min), rats could explore the old (second) object
more than the recent (fourth) object even after longer retention
time of 10min. Thus, herewe investigated the effects of sample ex-
posure interval on temporal order memory in SOR with two items.
The sample phase consisted of two sample exposureswith different
objects. The sample exposure interval was 11, 65, or 125min. After
the retention time of 3 min, the test phase started, in which the

Figure 1. Effects of number of items on the discrimination performance
in the test phase (Exp. 1). Schematic drawings of the SOR test and the
results are shown. Capital letters in squares represent objects, and
numbers between squares show sample exposure interval (min). Rats ex-
plored different objects for 5 min each (A→B→C→D→ E, or F→G).
Then, after the retention time of 3 min, the test phase (5 min) was con-
ducted (B versus D or F versus G). Mean discrimination indexes ± SEM
are shown. (†) P<0.1 versus chance (0). (#) P<0.05.
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first and second objects were placed. Twelve rats experienced all
sample exposure interval conditions with an interval of at least
2 d. The order of conditions was counterbalanced. Second, we in-
vestigated how long rats can retain the temporal order memory us-
ing two items (Fig. 2C: Exp. 3–2). The procedure was the same as in
Exp. 3–1, except that the sample exposure interval was fixed
with 125 min and the retention time was 3, 15, or 75 min.
Twelve rats experienced all retention times with an interval of at
least 2 d. The order of experiences was counterbalanced.

In the sample phases of all experiments, exploration time of
sample objects in each sample exposure (5 min) and statistical re-
sults are shown in Table 1.

In Exp. 1, mean DIs of five- and two-item conditions in the
test phase are shown in Figure 1. DI of five-item condition was

higher than that of two-item. A paired
t-test revealed that there was a significant
difference (t(11) = 2.25, P< 0.05). In com-
parison with expected chance level of DI
(0), DI of five-item condition tended to
be higher than chance (t(11) = 1.99, P<
0.10) and DI of two items was not signifi-
cantly below zero.

In Exp. 2–1, meanDIs of three reten-
tion time conditions in the test phase
are shown in Figure 2A. A one-way repeat-
ed analysis of variance (ANOVA) show-
ed no main effect. In comparison with
chance level (0), DI of 3 min condition
tended to be higher than chance (t(11) =
1.88, P<0.10), but not 10 and 30 min
conditions. In Exp. 2–2, mean DIs of
three inter-exposure interval conditions
in the test phase are shown in Figure 2B.
A one-way repeated ANOVA showed a
significant main effect (F(2,22) = 3.68, P<
0.05). A post hoc Bonferroni test revealed
that DI of 30 min condition was signifi-
cantly higher than that of 3 min (P<
0.05). In comparison with chance level
(0), DI of 30 min condition was higher
than chance (t(11) = 7.70, P<0.01), but
not 3 and 10 min conditions.

In Exp. 3–1, mean DIs of three inter-
exposure interval conditions in the test
phase are shown in Figure 2D. A one-way
repeated ANOVA showed a significant
main effect (F(2,22) = 19.52, P<0.01). A
post hoc Bonferroni test revealed that DI
of 125 min condition was higher than
those of 11 min (P<0.01) and 65 min
conditions (P<0.05), and DI of 65 min
condition tended to be higher than that
of 11 min (P< 0.10). In comparison with
chance level (0), DI of 125 min condition
was higher than chance (t(11) =9.63, P<
0.01). Also, DI of 65 min condition tend-
ed to be higher than chance level (t(11) =
2.00, P<0.10), but that of 11 min condi-
tion tended to be lower than chance
(t(11) = 1.95, P< 0.10). In Exp. 3–2, mean
DIs of three retention time conditions in
the test phase are shown in Figure 2C. A
one-way repeated ANOVA showed that
there was not a significant main effect.
In comparison with chance level (0), DI
of 15 min condition was higher than

chance (t(11) = 2.21, P<0.05), but not in the 3 min and 75 min
conditions.

The present study investigated the effects of (1) number of
sample items, (2) sample exposure interval, and (3) retention
time between the sample and test phases on rats’ temporal order
memory in the SOR. Experiment 1 investigated the effect of num-
ber of sample items on temporal order memory, showing that the
performance in five-sample condition was better than that in two-
sample condition. Using the five-sample condition of Exp.1, Exp. 2
investigated the effects of retention time and sample exposure in-
terval, and showed that the performance became worse as the re-
tention time was extended (Exp. 2–1), but with longer sample
exposure intervals, the performance improved even after the reten-
tion time of 10 min (Exp. 2–2). Using the two-sample condition of

A B

C D

Figure 2. Effects of retention time and sample exposure interval on the discrimination performance in
Exp. 2 (A,B) and Exp. 3 (C,D). Schematic drawings of the SOR test and the results are shown.Capital letters
in squares represent objects, and numbers between squares show sample exposure interval (min).
(A) Effects of retention time in Exp. 2–1. Rats explored different objects (A→B→C→D→ E, F→G→H→
I→ J, or K→ L→M→N→O). Then, after the retention times of 3, 10, or 30 min, the test phase started
(B versus D, G versus I, or L versusN).Mean discrimination indexes (DI) ± SEM in three retention time con-
ditions are shown. (†) P<0.1 above chance (0). (B) Effects of sample exposure interval in Exp. 2–2. Rats
explored different objects (A→ B→C→D→ E, F→G→H→ I→ J, or K→ L→M→N→O), and the
sample exposure intervals were 3, 10, or 30 min. Then, after the retention time of 10 min, the test
phase was conducted (B versus D, G versus I, or L versus N).Mean DIs ± SEM in three inter-exposure inter-
val conditions are shown. (**) P<0.01 versus chance (0). (#) P<0.05. (C ) Effects of retention time in
Exp. 3–2. Rats explored different objects (A→ B, C→D, or E→ F). Then, after the retention time of 3,
15, or 75 min, the test phase was conducted (A versus B, C versus D, or E versus F). Mean DIs ± SEM in
three retention time conditions are shown. (*) P<0.05 versus chance (0). (D) Effects of sample exposure
interval in Exp. 3–1. Rats explored different objects (A→B, C→D, or E→ F), and the sample exposure in-
tervals were 11, 65, or 125 min. Then, after the retention time of 3 min, the test phase was conducted (A
versus B, C versus D, or E versus F). Mean DIs ± SEM in three inter-exposure interval conditions are shown.
(**) P<0.01 versus chance (0). (†) P<0.1 versus chance (0). (§) P<0.1. (#) P<0.05. (##) P<0.01.
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Exp. 1, Exp. 3 investigated the effects of sample exposure interval
and retention time, and showed that the performance became bet-
ter as the sample exposure intervals was extended (Exp. 3–1), but
with longer retention time, the performance was deteriorated
even when the sample exposure interval was long enough (125
min, Exp. 3–2).

In the present study, it was shown that maintaining the tem-
poral order memory performance was easier in the five-sample
item condition than in two-sample item condition (Exp. 1). This
finding supports Sugita et al. (2013), but there are two differences
ofmain procedures between these two studies in comparing the ef-
fect of number of sample items. First, in the test phase of five-
sample item group, Sugita et al. (2013) used two items that were
presented first and last in the study phase. It can be speculated
that these two items strongly reflected both the primacy and recen-
cy effects. In the present study, on the other hand, to reduce these
effects, the test phase of five-sample item condition used two items
that were exposed second and fourth in the sample phase. Second,
the present study used the SOR task to avoid confounds that could
be introduced by using a task inwhich spatial information process-
ing, reference memory, and hunger motivation are required. Thus,
it seems that the behavior tested in the present study reflects purer
temporal order memory.

The difference of performance depending on the number of
sample items can be interpreted according to an assumption of fa-
miliarity contrast by Sugita et al. (2013) in which they investigat-
ed the effect of number of study phase items using the temporal
order memory task in a radial maze. Both of two items presented
in the test phase were familiar to rats because they had already ex-
perienced these items in the sample phase. In the SOR test of the
present study, however, the rats’ familiarity to the items was
thought to decrease when other items followed in the sample
phase. That is, the more items were presented after the second ob-
ject in the sample phase, the weaker the familiarity with it in the
sequence became. On the other hand, the familiarity with the
item presented fourth in the sequence did not seem to change

so much regardless of the number of items in the sample phase,
since rats experienced only one more object before the test phase
had been conducted. Therefore, difference of familiarity between
the two items seems to be larger in the five-item condition than in
the two-item condition. If rats use this familiarity’s difference be-
tween two items when they encounter two objects simultane-
ously, this could explain why the temporal order discrimination
was higher when a larger number of items were presented in the
sample phase. Thus, in the present study, the difference of famil-
iarity between the five-sample item condition in which the sec-
ond and fourth were shown and the two-sample item condition
in which the first and second were shown may have affected the
temporal order memory performance. In order to conclude this
idea, further experiments in which times from the occurrence of
the old or recent items to its retrieval are controlled will be
needed.

We found that in both the five- and two-sample item condi-
tions, the temporal ordermemoryperformancewasworse as the re-
tention time was extended (Exp. 2–1 and 3–2). This finding
supports previous studies (Kesner and Novak 1982; Mitchell and
Laiacona 1998). For example, Mitchell and Laiacona (1998) using
a temporal ordermemory task of SOR showed that rats could retain
the temporal order memory for 24 h, but not more than 72 h. In
another report (Kesner and Novak 1982) temporal order memory
performance in a radial mazewith retention time of 20 sec was bet-
ter than that with 10min, although it was dependent on the paired
stimuli used for the test phase. Thus, regardless of the number of
sample items or the difference of task procedures, the retention
time generally affects the temporal order memory.

The present study showed the temporal ordermemory perfor-
mance in both the five- and two-sample item conditions was im-
proved with longer sample exposure intervals (Exp. 2–2 and 3–1).
This finding agrees with Tam et al. (2014) using the SOR in which
extended interval length between the first and second sample
items improved temporal order memory. However, Sugita et al.
(2013) demonstrated using a radial maze that the interval length

Table 1. Exploration time (sec) of sample objects in each sample exposure (5 min) of Exp. 1, 2, and 3

Experiment Condition

Exposure

1st 2nd 3rd 4th 5th

Exp. 1: effect of number of items (RT= 3 min) 5 items 53.9 (10.5) 53.9 (6.8) 58.1 (10.2) 47.5 (8.2) 50.1 (9.8)
2 items 33.5 (4.3) 44.3 (6.1)

Exp. 2–1: effect of RT (5 items; IEI = 3 min) 3 min 40.2 (5.9) 57.7 (7.6) 72.1 (8.6) 43.9 (6.1) 49.7 (10.6)
10 min 55.9 (7.9) 46.4 (4.2) 70.8 (13.7) 56.5 (11.4) 29.5 (5.5)
30 min 57.9 (6.9) 42.4 (4.7) 76.0 (5.6) 43.9 (6.4) 54.3 (7.4)

Exp. 2–2: effect of IEI (5 items; RT = 10 min) 3 min 60.5 (7.9) 41.0 (5.5) 56.2 (5.9) 50.0 (8.0) 56.7 (7.2)
10 min 51.8 (5.5) 52.7 (7.5) 59.1 (4.6) 52.7 (7.2) 70.7 (9.8)
30 min 47.4 (9.2) 54.0 (7.8) 77.9 (6.4) 53.1 (7.3) 57.1 (8.3)

Exp. 3–1: effect of IEI (2 items; RT = 3 min) 11 min 58.1 (5.2) 70.8 (8.6)
65 min 59.7 (6.6) 58.0 (8.3)
125 min 55.4 (6.4) 59.9 (5.9)

Exp. 3–2: effect of RT (2 items; IEI = 125 min) 3 min 46.9 (6.5) 36.7 (7.5)
15 min 59.0 (7.8) 56.4 (6.5)
75 min 50.1 (5.4) 50.1 (8.1)

Means (±SEM) are shown. IEI, inter-exposure interval in the sample phase; RT, retention time. In Exp. 1, in the five-item condition there was no statistical differ-
ence of exploration time among five sample exposures according to a one-way analysis of variance (ANOVA) with repeated measures. Similarly, in the two-item
condition there was no difference of the exploration time between two sample exposures according to a paired t-test. In Exp. 2–1, according to a two-way re-
peated ANOVA, there was a main effect of exposure (F(4,44) = 7.41, P< 0.01), as well as a significant interaction between RT and exposure (F(8,88) = 2.39, P<0.05).
However, a post hoc Bonferroni test revealed that there was not a significant difference of the exploration time between the second and fourth sample objects
that were used in the test phase. The main effect of RT was not significant. In Exp. 2–2, according to a two-way repeated ANOVA, there was a main effect of ex-
posure (F(4,44) = 5.03, P<0.01). The main effect of IEI and the interaction between the two factors were not significant. A post hoc Bonferroni test showed that
there was not a significant difference of exploration time between the second and fourth sample exposures. In Exp. 3, according to a two-way repeated ANOVA,
there were no significant main effects of IEI, sample exposures, and the interaction between the two factors (Exp. 3–1). Additionally, in Exp. 3–2 there was no sig-
nificant difference of the exploration time among RT conditions and among sample exposures. The interaction between the two factors was not found.
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between items in the study phase did not affect the acquisition of
temporal order memory. The discrepancy of the effect of the sam-
ple exposure interval between Sugita et al. (2013) and the present
studymay reflect distinct mechanisms for temporal order memory
in these two tests used. Sugita et al. (2013) demonstrated the tem-
poral order discrimination performance was not improved even af-
ter the interval length between items in the study phase
was extended, suggesting that the memory strength for each
item was not used by rats to perform the task. Additionally, in
Fortin et al. (2002) using odor stimuli, the hippocampal lesions
did affect remembering the sequential ordering, but did not affect
recognizing odors that previously occurred, indicating that differ-
ent memory strength for recent and earlier items did not necessar-
ily support the temporal order discrimination. Therefore, it can be
speculated that specifically in the SOR the sample exposure inter-
val is a critical factor that affects the performance, and that rats
may use the difference ofmemory strength in judging temporal or-
der in the SOR.

Experiments 2 and 3 in the present study showed that
the sample exposure interval and retention time affect temporal
order memory performance. This can be interpreted from the
scale-invariant memory, perception, and learning (SIMPLE) model
by Brown et al. (2007). According to this model, (1) traces of items
are represented in memory partly in terms of their temporal dis-
tance from the present, (2) similar mechanisms govern retrieval
frommemory overmany different timescales, and (3) performance
on a range of memory tasks is determined by interference from
near psychological neighbors. For example, two different memory
traces encoded five versus 25 sec in the past will be as confusable
with each other as two traces encoded five versus 25 min in the
past (5:25 for both cases). The actual temporal distances aremagni-

fied by 60 times, but the scale of similarity between the two events
in question is kept constant (Kwok and Macaluso 2015). In hu-
mans, the authors investigated whether a scale invariance pattern
might exist in retrieving the temporal order of events fromepisodic
memory, demonstrating that the performance required for order
judgment deteriorated with increasing temporal similarity be-
tween episodic events, and that this relationship held across a
wide range of temporal distances between events and retention in-
tervals between encoding and retrieval. In agreement with their
study, the present study showed that the shorter the sample expo-
sure interval, themore difficult the temporal order memory perfor-
mancewould be. Furthermore, using the data of Exp. 2 and 3 in the
present study, temporal ratiowas calculated by dividing the tempo-
ral distance from the occurrence to its retrieval (recent item) by the
other temporal distance (old item) (Fig. 3). It seems that DI decreas-
es as a function of temporal ratio value, whichmeans that discrim-
ination between two different events depends on their temporal
distance from the present to the occurrence of them. In terms of
a range of retention times, the present study used a narrow range
(3–75 min) but their study used a wider range (0.5 sec–24 h).
Thus, further studies need to extend the retention time to examine
whether a scale invariance might exist in retrieving the temporal
order memory in the SOR.

The present study revealed that the number of sample items,
sample exposure interval between items, and retention time
are important factors in temporal order memory in the SOR.
Results suggest that (1) a larger number of sample items exposed
improve the temporal order memory, (2) the longer retention
time, the worse the temporal order memory becomes, (3) with lon-
ger sample exposure interval, the temporal order memory is im-
proved. Research of the relationship between the retention time
and sample exposure interval may help us further understand
the mechanism underlying temporal order memory in the SOR.
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