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Abstract

In the present study, the ROCF test was initially conducted involving 30
healthy young individuals, in a quiet environment as Experiment 1 to examine
variations in the score among different methods to memorize the figure. In
such an environment, no significant differences were observed in the score
between the copying and outer speech groups, which suggested the possibil-
ity of some of the former groups having used outer speech in a voice too low
to be heard or moving their lips without vocalization, achieving the same
effect as outer speech, and consequently leading to the absence of differenc-
es from the outer speech group. On the other hand, the score markedly va-
ried between the mouthpiece and copying or outer speech groups. As lip
movements were suppressed in the former case, the unconscious use of out-
er speech was also prevented, possibly leading to poor results. Based on
these findings, it may be possible to enhance the effects of rehabilitation in a
clinical setting by promoting patients’ memorization using outer speech to
vocalize the contents of training.
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1. Introduction

The Rey-Osterrieth complex figure test (ROCFT) is one of the most commonly
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used neuropsychological tests for assessing visuospatial construction ability and
visual memory [1]. Lu ef al described recognition scores of the ROCFT [2]. This
test involves copying a complex geometric figure and then reproducing it from
memory, either immediately or after a delay, in patients with brain injury. It is
widely used in a clinical setting.

Studies using the ROCFT have revealed visual memory disturbance in indi-
viduals with schizophrenia [3]. Similarly, individuals with Alzheimer’s disease
(AD) and Korsakoft’s syndrome have shown poorer copy and recognition on the
ROCFT than controls [4]. Cuyas, Verdejo-Garcia, Fanundo, et al attempted to
clarify the association between 3, 4-methylenedioxymethamphe-tamine (MDMA)
cumulative use and cognitive dysfunction [5]. They found that lifetime cumula-
tive MDMA use was significantly associated with poorer performance on vi-
suospatial memory by ROCFT.

In addition, Theppitak, Lai, Izumi, ef al. reported that visual recognition and
memory performance for elderly persons were improved by extending the en-
coding time and performing repeated test trails [6]. Moreover, Yamashita (2008)
reported that repeated administration of the ROCFT continued significant prac-
tice effects for 12 months. In conclusion, a more careful attitude was required for
repeated administration of the ROCFT and interpretation of the results [7].

A few reports have described that the effectiveness of strategies to promote
immediate visual memory and delayed recall is measurable using the ROCEF test.
The results of ROCFT have been reported to vary depending on the memoriza-
tion method or environmental conditions. For example, the effects of outer
speech in a quiet environment were confirmed by Lezak (2004), with “outer
speech” referring to a method of expressing one’s own behavior by vocalizing it
[8]. We hypothesized that the performance of visual memory is reduced by
blocking outer speech.

Two experiments were conducted using the ROCF test. In Experiment 1, the
figure was copied under 3 conditions prior to its reproduction: copying it as
usual; using outer speech; and holding a mouthpiece in the mouth to prevent
such speech. The figure was reproduced and assessed in a quiet environment 3
minutes and 3 days after copying.

In Experiment 2, the test was also conducted under the same conditions, but
with noise. As the clinical rehabilitation setting tends to involve various types of
noise, the necessity of examining the influence of noise on these conditions was

considered.

2. Methods of Experiment 1
2.1. Subjects

Thirty (6 males and 24 females with a mean age of 21.20 + 1.80 years) students
belonging to the study university, Kanazawa University, were examined with
their consent. All the students were high level university students. They have no
mental disorders. They were divided into 3 groups: copying, outer speech, and

mouthpiece groups. Each group was made up of 10 members, at the same sex ra-
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tio.
This study was conducted with the approval of the Medical Ethics Committee
of Kanazawa University.

2.2.Method 1

The test was conducted on a face-to-face basis in a quiet, private room without
noise (quiet environment) in all cases. The ROCF figure was reproduced 3 mi-
nutes and 3 days after copying it under 3 conditions for memorization: copying
as usual; using outer speech; and holding a mouthpiece in the mouth. The outer
speech group copied the figure while vocalizing the process of copying, while the
mouthpiece group copied it with a mouthpiece held in their mouths.

After copying the figure, all of the subjects were instructed to participate in a
discussion to prevent them from rehearsing the reproduction of the figure. They
were also instructed to reproduce it after 3 days without notification. The re-
produced figure was scored by the examiner based on appropriate criteria. The

maximum full score was 36.

2.3. Questionnaire Survey

A questionnaire survey was conducted after the completion of the task to ex-

amine the subjects’ reflection on each condition through free recall.

2.4. Statistical Analysis

To compare time-dependent changes in the score under each condition, a 2-way
factorial analysis of variance was performed, with the condition as an unpaired
factor and the time as a paired factor. This was followed by multiple compari-

sons using Tukey’s method.

3. Results of Experiment 1

3.1. Mean Scores under Each Condition

Table 1 shows the mean scores and standard deviations of each group at 3 mi-
nutes and 3 days after copying. The copying and outer speech groups showed the
highest scores at the former and the latter, respectively. The mouthpiece group
showed the lowest score at both time points. Furthermore, the score at the latter

was lower than that at the former under all conditions. There are significant dif-

Table 1. Mean scores and standard deviations of each group at 3 minutes and 3 days after
copying (without noise).

Mean (SD)
3 minutes later 3 days later
Copying group 28.95 (4.21) 24.55 (5.1)*
Outer speech group 27.95 (4.98) 25.2 (6.11)*
Mouthpiece group 23.55 (5.44) 21.2 (5.41)*
The maximum full score was 36. *p < 0.05.
284 ‘:g: Scientific Research Publishing
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No interactions were observed under each condition. The mean differences in scores between 3 mi-
nutes and 3 days after each group were tested *p < 0.05.

Figure 1. Time-dependent changes in the score of each group (without noise).

ference between copying group and mouth piece group, between outer speech
group and mouthpiece group, but not different between copying group and out-

er speech group.

3.2. Time-Dependent Changes in the Score under Each Condition

No interactions were observed under each condition. The score varied markedly
between 3 minutes and 3 days after copying (p < 0.05, Figure 1). There were also
significant differences between the copying or outer speech and mouthpiece
groups (p < 0.05), but such differences were not observed between the copying

and outer speech groups.

3.3. Questionnaire Survey

Seven out of the 10 outer speech group members made a positive evaluation of
outer speech, such as “Vocalization facilitated recall” and “The figure remained
in my memory”. In contrast, 5 out of the 10 mouthpiece group members made
negative comments, such as “The presence of the mouthpiece distracted me” and

“There was an uncomfortable feeling”.

4. Brief Discussion

In this experiment, the ROCF test was conducted, involving 30 healthy young
individuals copying the figure as follows: as usual, using outer speech, or holding
a mouthpiece in the mouth. Gallagher & Burke [9] pointed out IQ effects on the
ROCEFT score. But all the participants were all good level university students and

no IQ effect in these results.
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The figure was reproduced and scored after 3 minutes and 3 days to examine
delayed reproduction. There were no significant differences in the score between
the copying and outer speech groups, but they were observed between the copy-
ing or outer speech and mouthpiece groups. The results are discussed in detail in

the following paragraphs.

Comparison between Copying and Outer Speech

In Experiment 1, the score did not markedly vary between the copying and outer
speech groups. This is similar to the results of a previous study by Tsutsui, et al.
[10] in which the absence of differences between inner and outer speech groups
was regarded to have resulted from the inclusion of healthy young individuals,
who had already established inner speech [10]. In fact, during reflection after the
experiment, most subjects stated that they had used inner speech. In contrast, in
the present study, such statements were not observed, suggesting the following
possibility: some of the copying group members used outer speech in too low a
voice to be heard, or they moved their lips without vocalization, with a view to
promoting memorization, and this produced the same effect as outer speech.
Kamoda [11] reported that the occipital lobe is bilaterally activated during visual
memory tasks to reproduce memorized figures, while Sugishita indicated that
the left precentral gyrus is responsible for articulation [12]. Based on these find-
ings, it is likely that brain regions involved in the reproduction of figures vary,
depending on the method of memorization, such as simply copying the figure or
copying it while vocalizing or executing lip or other articulatory movements. If
the subjects used articulation when copying the figure, the left precentral gyrus
may have been activated with memorization, consequently producing the same
effect as outer speech. This may explain the absence of significant differences in
the score between the copying and outer speech groups.

During reflection upon outer speech, 7 out of the 10 outer speech group
members made positive evaluations of outer speech, such as “Vocalization faci-
litated recall” and “The figure remained in my memory”. Regarding visual sti-
mulation, Ochi noted that memory is promoted through additional linguistic
encoding [13]. Although significant differences related to this were not observed
on statistical processing in the present study, outer speech was suggested to be
useful for memorization and reproduction even in healthy young individuals.

The mouthpiece group showed significantly lower scores than both the copy-
ing and the outer speech groups. The presence of a mouthpiece in the mouth not
only interferes with outer speech, but also prevents lip movements. As previous-
ly mentioned, lip movements facilitate memorization, and thus holding a
mouthpiece in the mouth may have suppressed such movements, leading to
poorer results.

On reflection after the experiment, 5 out of the 10 mouthpiece group mem-
bers made negative comments, such as “The presence of the mouthpiece dis-
tracted me”. The use of an unfamiliar object, such as a mouthpiece, thus may

have distracted their attention, and consequently lowered their scores. It may be
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necessary to improve this method, as it may not have been appropriate to sup-
press outer speech in such a manner.

In short, the results of this experiment support the effectiveness of outer
speech for visual memory tasks. Vocalizing the contents of such tasks may also
facilitate the maintenance of memory, and enhance the effects of rehabilitation

in clinical settings.

5. Methods of Experiment 2
5.1. Subjects

Thirty (6 males and 24 females with a mean age of 21.07 * 0.98 years) students
without hearing impairment, belonging to the study university, were examined
with their consent. They were divided into 3 groups: copying, outer speech, and
mouthpiece groups. Each group was made up of 10 members, at the same sex ra-
tio. Furthermore, the presence of a habit of learning while watching television or
listening to music was confirmed through a previous interview to allocate those
who were familiar with the task at the same proportion. This study was con-
ducted with the approval of the Medical Ethics Committee of Kanazawa Univer-
sity (approval number: HS27-12-1).

5.2. Method 2

The following noisy environment was created: the voice of a person reading out
news articles was previously recorded using an IC recorder, and it was replayed
during the test in a quiet, private room (length x width x height: 640 x 620 x
270 cm), with a speaker placed 70 cm in front of the subjects (Figure 2). Using a

digital noise meter, an acoustic pressure level of 60 dB or lower was maintained.

5.3. Questionnaire Survey

A questionnaire survey was conducted after the completion of the task to ex-

amine the subjects’ reflection on each condition through free recall.

5.4. Statistical Analysis

To compare time-dependent changes in the score under each condition, a 2-way

factorial analysis of variance was performed, with the condition as an unpaired

70 cm

I

Subject

Speaker O

tester

Size of the experiment room is 640 x 620 x 270 cm. A tester and subject sit down to 90 degree not a
meeting. Subject sits down 70 cm away from a speaker. From the speaker it flow news.

Figure 2. Experimental settings under the noise.
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factor and the time as a paired factor. This was followed by multiple compari-

sons using Tukey’s method.

6. Results of Experiment 2

6.1. Mean Scores under Each Condition

Table 2 shows the mean scores and standard deviations of each group at 3 mi-
nutes and 3 days after copying.

6.2. Time-Dependent Changes in the Score under Each Condition

No interactions were observed under each condition. While there were no sig-
nificant differences in the score between 3 minutes and 3 days after copying, it
markedly varied between the copying and mouthpiece groups (p < 0.05, Figure
3).

6.3. Questionnaire Survey
To the question “Did the noise weigh on your mind?”, 20 and 10 out of the 30

Table 2. Mean scores and standard deviations of each group at 3 minutes and 3 days after
copying (with noise).

Mean (SD)
3 minutes later 3 days later
Copying group 27.55 (3.90) 26.90 (4.01)*
Outer speech group 26.40 (5.27) 23.85 (4.13)*
Mouthpiece group 22.90 (6.77) 21.80 (7.20)*
The full score was 36. *p < 0.05.
30 -~
29 -
28 -
27 - —
~
26 - ~
0 een. N
% 25 - '--...\. Copying group
> ~ ~e., — = — = Outer speech group
§ 24 ~
2 34 < s Mouthpiece group
- - - - -
22 ~—ao -, Mean
21 -
20 T )
3 minutes 3 days
Time to reproduction

Figure 3. Time-dependent changes in the score of each group.
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subjects responded “No” and “Yes”, respectively. To the question “Did the noise
annoy you?”, 25 and 5 responded “No” and “Yes”, respectively.

To the question “What did you feel when holding a mouthpiece in your
mouth?”, 6 out of the 10 mouthpiece group members responded as follows: “It
was difficult to concentrate” or “I had an unpleasant feeling”, while 4 gave the

answer “I did not feel anything”.

7. Brief Discussion

The ROCF test was conducted, involving 30 healthy young individuals copying
the figure as follows: as usual, using outer speech, or holding a mouthpiece in
the mouth. The figure was reproduced and scored after 3 minutes and 3 days to
examine delayed reproduction. There were no significant differences in the score
between 3 minutes and 3 days after copying. On the other hand, it markedly va-
ried between the copying and mouthpiece groups at a significance level of 0.05.
Such differences were not observed between the outer speech and mouthpiece

groups.

7.1. Comparison of the Score between 3 Minutes and 3 Days after
Copying
In this experiment with noise, there were no significant differences in the score
between 3 minutes and 3 days after copying. In contrast, the score markedly va-
ried between them in a quiet environment. In the questionnaire survey, 10 and 5
out of the 30 subjects answered that the noise weighed on their mind and an-
noyed them, respectively. It should be noted that the habit of learning while
watching television or listening to music was present in 60% of all subjects, and
their familiarity with concentrating while listening to music may have influenced
their scores. For these reasons, it may be appropriate to consider that the pres-
ence of noise did not negatively affect task accomplishment in this experiment.
Takada compared learning with and without BGM, and noted a significant
decrease and increase in the activities of the prefrontal and Broca areas of the
brain, respectively, indicating that the memory of learned contents is maintained
for a longer period in the former. It has been reported that decreases in the ac-
tivity of the prefrontal area represent reduced stress, while increases in that of
the Broca area reflect verbal learning and memory. If this mechanism is also ap-
plicable to the present visual memory task, the presence of noise may have re-
duced stress, while facilitating memory maintenance. In short, upon comparing
noisy and quiet environments, the former is likely to influence subjects more
positively, which may explain the favorable reproduction-related score, main-
tained for 3 days after copying. Another point is that a meaningful noise was
used in this experiment, while Fujii et al reported that meaningful noises were
perceived as noisier than meaningless ones [14]. Based on this, meaningless
noises may be more effective to achieve the above-mentioned effect, compared
with meaningful noises. Further studies may be necessary to clarify appropriate

types of noise for this purpose.
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7.2. Comparison of the Score under the 3 Conditions

The copying group showed the highest score, with significant differences from
that of the mouthpiece group. Similar to the case of Experiment 1, none of the
copying group members used inner speech for memorization, suggesting the
possibility of some of them having used outer speech in too low a voice to be
heard, or moving their lips without vocalization. Considering that lip move-
ments are effective for memorization, as noted in Experiment 1, this may explain
the copying group’s score, which was markedly higher than that of the mouth-
piece group.

On the other hand, the presence of a mouthpiece to suppress lip movements
may have been responsible for the mouthpiece group’s poor results. Further-
more, it is likely that the unpleasant feeling caused by it and reported by 6 out of
the 10 members in the questionnaire survey negatively influenced their scores.
Their scores were also markedly lower than those of the other groups in Experi-
ment 1 without noise. Therefore, it was demonstrated that the suppression of lip
movements with a mouthpiece affects memorization abilities, regardless of the
environment.

However, there were no significant differences in the score between the outer
speech and mouthpiece groups. This may be explained by the auditory masking
effect. Such an effect occurs when 2 sounds are heard simultaneously, and the
perception of one sound is affected by the presence of the other [15]. In Experi-
ment 2, the subjects’ voices may have been masked by the noise. The effective-
ness of lip movements for memorization, confirmed through Experiment 1, may

be reduced by the masking effect.

7.3. Clinical Environments

In a clinical setting, meaningful noises, such as surrounding people’s voices, tend
to be present. When performing memory tasks in such an environment, outer
speech may be ineffective for memorization, as it may be masked by the noises
that are present. The suppression of lip movements may also result in reduced
memorization abilities.

At the same time, in noisy environments, memory may be maintained for a
longer period, as suggested in the present study. However, it should be noted
that the study involved healthy young individuals who were familiar with con-
centrating while listening to music as a factor influencing the results. In short, in
the actual clinical setting involving a large number of elderly individuals, the ef-
fectiveness of memory tasks with noise is unclear, and therefore appropriate

subjects should be examined.

8. Methods of Experiment 3

In the present study, a 3-way factorial analysis of variance was also performed,
with the environment (presence/absence of noise) as the first factor (unpaired),
condition (copying as usual; using outer speech; and holding a mouthpiece in

the mouth) as the second factor (unpaired), and time (reproduction 3 minutes
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and 3 days after copying) as the third factor (paired).

9. Results of Experiment 3

The results of the 3-way factorial analysis of variance to examine interactions
among the environment, condition, and time are summarized as follows: Sec-
ondary interactions were not observed, and primary interactions were limited to
between the time and environment. Regarding the main effect, the values were
higher when copying as usual than when holding a mouthpiece in the mouth,
with @ = 0.05. The simple main effect was also confirmed by lower values at 3

days than at 3 minutes after copying with or without noise, with a = 0.01.

10. Overall Discussion

In the present study, the ROCF test was initially conducted in a quiet environ-
ment as Experiment 1 to examine variations in the score among different me-
thods to memorize the figure. In such an environment, there were no significant
differences in the score between the copying and outer speech groups, which
suggested the possibility of some of the former having used outer speech in too
low a voice to be heard, or moving their lips without vocalization, achieving the
same effect as outer speech, and consequently leading to the absence of differ-
ences from the outer speech group. On the other hand, the score markedly va-
ried between the mouthpiece and copying or outer speech groups. As lip move-
ments were suppressed in the former, the unconscious use of outer speech was
also prevented, possibly leading to poor results. Based on these findings, it may
be possible to enhance the effects of rehabilitation in a clinical setting by pro-
moting patients’ memorization using outer speech to vocalize the contents of
training.

On examining the influences of the method to memorize the ROCF on the
score in a noisy environment, it was revealed that, if memorization is performed
in the presence of noise, the memory is maintained for a longer period in
healthy young individuals who are familiar with concentrating while listening to
music.

When memorizing the figure while holding a mouthpiece in the mouth, the
score was markedly poor, regardless of the environment. On the 3-way factorial
analysis of variance to examine interactions among the environment, condition,
and time, the score did not vary between quiet and noisy environments, indicat-
ing the necessity of further studies to also examine appropriate volumes and

types of noise.
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