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Abstract: Japanese companies have been focusing on enhancing the knowledge creative activities
of older office workers in recent years. In addition, the way of working in the office has been
shifting from traditional divisional routine work to collaborative or creative work, and office spaces
are becoming quieter, with an increasing number of extremely quiet spaces (noise level < 40 dB).
A sound environment that is too quiet gives workers the impression that it is difficult to converse
with others, because they are worried about what people around them may think. The appearance
of the knowledge creative society in recent years has led to a desire for changes in the workplace
environment to improve the productivity of intellectual activities. To realize a sound environment
that encourages knowledge creative activities, study outcomes need to be accumulated. Therefore,
to clarify what kind of sound environment would be appropriate for knowledge creative activities
by multiple people, we conducted psychoacoustic experiments to examine the effects of sound
pressure level (signal-to-noise ratio), type of sound, and reverberation time in conference rooms
on the impression of a “good conversation”. In addition, we considered a causal model for the
psychological evaluation of a “good conversation” by conducting a multiple regression analysis
of psychological evaluations of the experimental participants. The results indicated that a sound
environment considered too quiet for multiple people to have discussions about knowledge creative
activities lowers the impression of a “good conversation”, whereas high levels of relaxation lead to

the impression of a “good conversation”.

Keywords: workplace; knowledge-creative activity; sound environment; psychological evaluation
model

1. Introduction

With the development of computer technology and financial engineering and the
spread of the Internet, industry has shifted from manufacturing to information and tech-
nology, telecommunications, and services. Thus, the transformation from an industrial
to a knowledge based society is currently underway [1], which means that intellectual
productivity in the office is a major factor influencing economic competition. Changes in
the workplace environment to improve the productivity of intellectual activities are needed
because of the recent appearance of the knowledge creative society. Creativity is a critical
factor of cognition that underpins innovative product design, the advancement of science
and technology, and effective advertising and marketing communications. As Japanese
companies are increasingly focusing on promoting the knowledge creative activities of
office workers, the mode of working in the office is shifting from traditional divisional
routine work to creative and collaborative work [2]. Creative work performed in the office
involves knowledge creative activities carried out both independently and by multiple peo-
ple, such as meetings for proposing ideas. Knowledge creative activities have traditionally
been divided into convergent and divergent thinking [3]. Convergent thinking is a process
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that enables connecting different ideas to achieve a single solution to a problem, whereas
divergent thinking is a process in which many creative ideas are created and evaluated in a
short period to find latent solutions to a provided task.

Several previous studies have focused on knowledge creative activities and examined
the influences of the sound environment on intellectual productivity [4-8]. Previous studies
examining the effects of noise (white noise and pink noise) on creative cognition tasks have
reported that high-intensity white noise (75 dB [4] or 90 dB [5]) impairs the performance of
creative tasks compared with no noise. Furthermore, another study involving a poetry writ-
ing task found that high-intensity intermittent noise (85 dB) inhibited creativity compared
with continuous pink noise [6]. By contrast, in another study, highly creative participants
demonstrated greater creativity when exposed to white noise at 80 dB than when exposed
to white noise at 60 or 100 dB [7]. Another study that examined more naturalistic ambient
noise (combination of distinct construction noise, babble noise, and road traffic noise), simi-
lar to restaurant noise, reported that noise of 70 dB improved performance in creative tasks
compared with that of 50 dB [8]. In terms of the influence of the sound environment on
creative cognitive processes, there have been contrasting findings, some reporting impaired
task performance and others improved task performance. In addition, previous studies
have focused on creative tasks performed alone using a typical task involving divergent
thinking, such as the Remote Associate Test (RAT) [9] and the Compound Remote Associate
Test (CRAT) [10]. Moreover, previous studies have examined the influence of the sound
environment on creative tasks at high-intensity noise levels; however, office spaces in
Japan are becoming increasingly quiet, with the number of extremely quiet spaces (<40 dB)
increasing.

Previous studies in Japan on creative task performance and the sound environment
have evaluated situations involving conversations between two people, simple calculation
tasks, memorization tasks performed alone, and essay writing [11-15]. These tasks require
convergent as opposed to divergent thinking. These studies have all found that high
noise levels reduce task performance. On the other hand, several previous studies have
investigated the influence of the sound environment on knowledge creative activities in
group settings, focusing on the relationship between intellectual productivity and the
sound environment in interpersonal spaces [16,17]. According to previous studies [18],
creativity was defined as “the interaction among aptitude, process, and environment by
which an individual or group produces a perceptible product that is both novel and useful
as defined within a social context”. The component theory [19] of creativity explains the
four components that an individual needs for creative work. They are domain-relevant
skills, creativity-related processes, task motivation, and conducive environments. These
suggest that creativity is influenced not only by intrinsic factors but also by extrinsic factors,
such as workplace environment. Regarding the quietness of the sound environment, it has
been reported that subjects start to perceive an environment as being noisy (not quiet) in
ambient noise of 50 dB and as having increased listening difficulties at 60 dB [16]. Moreover,
the ease of meeting received the highest evaluation in a condition of ambient noise of
50 dB for discussions requiring creative ideas. The results of a multiple regression analysis
suggested that a quiet sound environment was not necessarily desirable in discussions
requiring creative ideas [17].

These findings suggest that an extremely quiet sound environment reduces the per-
ceived ease of meeting in discussions requiring creative ideas by multiple people. These
previous studies have argued primarily that a sound environment perceived as being too
quiet gives workers the impression that it is difficult to have a conversation. However,
none of these studies have considered the influence of the sound source or the acoustical
characteristics of spaces on knowledge creative activities. To promote creative thinking
and enhance the workplace environment as a conducive space for knowledge creative
activities by multiple people, smooth and active communication is required in meeting
rooms and common areas. In recent years, as a result of changes in the physical workspace,
office workers are frequently engaged in knowledge creative activities in open areas with
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high ceilings. Knowledge creative activities are also carried out in general construction
companies; opportunities for discussions in common areas of the office are increasing.
There are some examples of designing office spaces with a sense of openness in general
construction companies. Consequently, the further accumulation of research outcomes is
needed to construct a sound environment that can enhance knowledge creative activities.

Therefore, the present study aimed to examine the relationship between intellectual
productivity and the sound environment in situations in which multiple people engage
in knowledge creative activities. In knowledge creative activities by multiple people, it is
important for the participants of the meeting to communicate actively and smoothly with
each other. In this study, “good conversation” was used as a comprehensive item to evaluate
the degree of active and smooth communication. To investigate the influences of sound
pressure level (i.e., the signal-to-noise ratio [SNR]), the kind of sound, and the reverberation
time in meeting rooms on the impression of a “good conversation”, and to clarify the
psychological factors that contribute to this impression, we conducted psychoacoustic
experiments and considered a causal model for the psychological evaluation of a “good
conversation” by performing a multiple regression analysis of data from psychological
evaluations.

2. Psychoacoustic Experiment

We conducted a psychoacoustic experiment on the sound environment in a situation
in which multiple people were performing knowledge creative activities in an office setting.
In the experiment, 5 groups of participants were created, with 2—4 individuals per group.
The experimental participants (n = 17) consisted of 6 office workers (5 men and 1 woman)
on the staff of a general construction company in their 20s and 30s (1 = 5) and 60s (n = 1)
and 11 students (5 men and 6 women) in their teens and 20s. All participants had normal
hearing that did not interfere with their daily lives. A participant group was created for
the 6 workers working at the company and the 11 younger students. Students and office
workers have different individual attributes that can affect the ease of conversation, and
so they were divided into separate groups. Then, the groups were instructed to hold a
conversation about knowledge creative activities for 30 s in various sound environment
conditions within a semi-anechoic chamber at the Kajima Technical Research Institute
Nishi-chofu Complex in Tokyo, Japan. In this experiment, one trial examining performance
on spatial ability tests was set to 30 s, referring to previous studies that examined whether
performance was improved when participants listened to music they rated as “like” [20].

2.1. Sound Environment Reproduction System

Figure 1 shows a diagram of the acoustical reproduction system used in our experi-
ment. Assuming a volume of 3000 m? (area 300 m?, ceiling height 10 m), binaural impulse
responses between the adjacent sound source and receiving point were calculated by ge-
ometrical acoustic simulation. This spatial scale can be seen as some design examples
of a general construction company with a sense of openness in Japan. The distance be-
tween the adjacent sound source and receiving point was 0.5 m. CATT-Acoustics software
(Acoustic Field Inc., Tokyo, Japan), which is based on the sound line method, was used
for the geometrical acoustic simulation. The sound absorption and scattering coefficients
in this acoustic simulation were uniformly distributed over the entire wall surface. The
reverberation times were 0.6 s, 1.5 s, and 2 s, with average sound absorption coefficients
of 0.44, 0.20, and 0.16, respectively. The parts of direct sound were cut from the obtained
impulse responses and adjusted in such a way that the delay times matched. The input
signal from the microphone was convoluted in real-time and reproduced binaurally based
on the 3-channel Optimal Source Distribution Technology (3ch-OPSODIS) principle [21,22].
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Figure 1. Diagram of the acoustic system used in this experiment.

2.2. Subjective Experiment Procedure

Previous studies have shown that a creative thinking process is intrinsic to normative
cognitive functioning and relies on fundamental cognitive processes [23,24]. Traditionally,
two kinds of creative thinking (convergent and divergent thinking) have been distin-
guished [3]. Divergent thinking is defined as a strategy in which many creative ideas are
formulated and evaluated in a short period to produce latent solutions for a given problem.
A representative task involving divergent thinking is the Alternative Uses Task. In this task,
participants are required to think of as many uses as possible for a daily life object, such as
a brick or paperclip [20]. A variety of means of increasing creativity, such as brainstorming,
have been developed and tested [25,26]. In brainstorming, it is important for participants to
have an impression that they can talk easily, because divergent thinking is considered to be
promoted when participants can express many opinions. Particularly, a dialogic approach
creates the situations in which new ideas are born. It is known that, through a dialogic ap-
proach, it leads to the creation and improvement of ideas, the repair of weaknesses in ideas,
and the discovery of new ways to avoid stopping ideas [27,28]. In addition, our previous
study [17] has shown that the impression of “ease of conversation” has the strongest effect
on meetings that require a knowledge-creative process. Therefore, referring to the findings
of these previous studies, in our experiment the experimental participants were made
to converse, not the actual knowledge-creative task. The experimental participants were
instructed to imagine a situation in which they were having a discussion with multiple
people that required knowledge creation to propose new ideas in a space with a high ceiling
and a feeling of spaciousness. They were instructed to have 30 s conversations in various
sound environments. The experimental conditions are shown in Table 1.

Background noise (BGN) recorded at a general construction company office was
reproduced at an A-weighted sound pressure level of 40 dB (Laeq,30s)- Different types
of sound stimuli were added to the BGN. Four types of sound environment conditions
were created in this experiment. The added sound stimuli were set to five kinds of sound
pressure levels in SNR from —3 dB to +9 dB for every 3 dB. The experimental conditions
for the reverberation times were about 2 s, 1.5 s, and 0.6 s. Our experiment consisted of
63 experimental conditions (4 kinds of sound stimuli x 5 SNR conditions x 3 reverberation
time conditions, and 3 levels of conditions with no additional sound stimulus for each
reverberation time).

Next, 63 types of sound experimental conditions were presented in random order.
The participants evaluated 10 psychological impressions using a five-step rating scale for
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each acoustical condition. Table 2 shows the psychological evaluation items used in the
psychoacoustic experiment. The five-step rating scale used modifiers (“not at all”, “slightly”,
“moderately”, “very”, and “extremely”) proposed by the International Commission on the
Biological Effects of Noise [29] and officially adopted by the International Organization for
Standardization/Technical Specification (ISO/TS 15666) [30].

Table 1. The sound environment conditions used in the present study.

Background Noise Type of Added Sound Source Signal-to-Noise Ratio Reverberation Time
. About2.0s
Urb. d t _
Background noise recorded at a foan sound environmen ( =0.16)
general construction company Conversation noise (“Human speech-like noise” as -3 dBto+9dB About1.5s
office babble noise) every 3 dB (@ =0.20)
Brown noise About 0.6 s
Classical music (Arabesque No. 1, Claude Debussy) (v =0.44)
Table 2. The 10 psychological evaluation items used in the experiment.
Rating Classification Items of Psychological Evaluation
Ease of talking Comfort
Ease of communicating own voice to others Quietness
Five-step rating scale Ease of listening Liveliness
Good conversation Mental calmness
Distracting to the surroundings Relaxation
3. Results

3.1. Results of a Three-Way Analysis of Variance

According to the results of analysis of variance based on the difference in attributes
between students and office workers, no statistically significant difference was shown in
their evaluations. Therefore, in this study, we conducted statistical analysis with a sample
size of 17 without considering the difference in these attributes of experimental participants.
To investigate the influence of the sound stimuli, SNR, and reverberation time on the
psychological evaluation items used in our experiment, a three-way analysis of variance
(ANOVA) was conducted using JMP ver. 14.2 (SAS Institute Inc., Tokyo, Japan). The results
are shown in Table 3. The results indicated that the main effect of kinds of sound stimuli
was significantly recognized in all psychological evaluation items used in the experiment.
The main effect of SNR was significant in nine items, except for “ease of talking”. On the
other hand, the main effect of reverberation time was not significant except for “distracting
to the surroundings”. Regarding two-factor interaction, the interaction between the type of
sound source and SNR was significantly recognized in “comfort” and “quietness”.

Table 3. Results of the three-way analysis of variance; “n.s.” in the table represents an abbreviation
for “no significant difference”.

Type of . Type of Added Type of Added Signal-to-
Signal-to- . . . . .
. cpe as Added . Reverberation Sound Stimulus x Sound Stimulus Noise Ratio x
Rating Classification Noise . . . . .
Sound . Time Signal-to-Noise x Reverberation = Reverberation
. Ratio . . .
Stimulus Ratio Time Time
Ease of talking ** n.s. n.s. n.s. n.s. n.s.
Ease of communicating own . x . ns. s, ns.
voice to others
Ease of listening ** ** n.s. n.s. n.s. n.s.
Good conversation ** * n.s. n.s. n.s. n.s.
Distracting to the surroundings ** ** * n.s. n.s. ns.
Comfort ** o n.s. ** n.s. n.s.
Quietness ** ** n.s. * ns. n.s.
Liveliness ** ** n.s. ns. n.s. ns.
Mental calmness x ** n.s. n.s. n.s. n.s.
Relaxation ** ot n.s. n.s. n.s. n.s.

* p < 0.01, *: p < 0.05.
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3.2. Relationship between Sound Environments and Psychological Evaluations

Figure 2 shows the relationship between SNR and the evaluation of a “good conversa-
tion” for each sound environment. The influence of the sound environment on a “good
conversation” was greater depending on the type of sound stimulus compared with the
SNR. A “good conversation” was as high as 2 out of 5 evaluation grades under any sound
environment condition. Regarding the types of sound sources, conversational noise (“hu-
man speech-like noise” as babble noise) and classical music resulted in a higher impression
of a “good conversation” than did the other sound sources.

c 5.0
.g oUrban sound environment
3
a; oConversation noise
2 4.0 -
Q OBrown noise
© T T L7 A $
8 QA <> i 4 AClassical music
o 3.0 o i
5 | SUTREC L SR 5 N A S
0 I S S O S (R A R O A R
9 2 0 [ i - H i o { | | H ) )
5o i O Arithmetic mean
S i
§ . 4 _gD.
W 1.0 L L ! l
BGN -3dB 0dB +3 dB +6 dB +9 dB

Signal—to—noise ratio

Figure 2. Evaluation of a “good conversation” for each sound environment. The plots in this figure
represent the arithmetic mean, and the error bars indicate the standard deviation.

Figure 3 shows the relationship between the SNR and “quietness” for each sound
environment. The evaluation of “quietness” tended to decrease with increases in the SNR in
all types of sound stimuli. The evaluation of “quietness” declined more slowly in classical
music than in the other sound stimuli. In classical music, even with a SNR of +9 dB
(under this SNR condition, Laeq was about 49 dB), it did not fall below “2: slightly quiet”,
indicating that the impression of “quietness” was not lost. Meanwhile, in conversation
noise (“human speech-like noise” as babble noise), the impression of “quietness” tended
to be lost under a SNR of +6 dB (under this SNR condition, Laeq was about 46 dB). In
a previous study [17] in which the same conversation noise (babble noise that could not
be heard) as that in the present study was used, it was reported that the impression of
“quietness” was not lost if the noise level was 45 dB or lower.

5.0
OUrban sound environment
[] * i 1 @Conversation noise
£ 407 Fo i —
5 i DBrown noise
o
Y " "
o] 3.0F AClassical music
c
§ i 11 O { Tv- = +S.D.
3 | ! i i &0 i
L%S &0 : i <> i QQD O Arithmetic mean
i + 5D,
| | | |
1.0

BGN -3dB 0dB +3 dB +6 dB +9 dB
Signal-to—noise ratio

Figure 3. Evaluation of “quietness” for each sound environment condition. The plots in this figure

represent the arithmetic mean, and the error bars indicate the standard deviation.

Figure 4 shows the relationship between the SNR conditions and “liveliness” for
each sound environment. The impression of “liveliness” was higher than that of the
BGN condition under all sound environment conditions and tended to be higher with
a larger SNR. Conversation noise (“human speech-like noise” as babble noise) gave the
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participants a lively impression when the SNR was 0 dB (Laeq was about 43 dB) or higher.
Conversation noise is, therefore, considered easier to convey “liveliness” compared with
the other sound stimuli used in our experiment. Meanwhile, regarding classical music and
urban noise, under a SNR of +9 dB, the evaluation value was “3: moderately feel liveliness”.
Conversation noise (“human speech-like noise” as babble noise) is, therefore, considered
easier to convey “liveliness” than the other sound stimuli used in our experiment.

5.0
oUrban sound environment

(7]
8 ¢Conversation noise
£ 407 | ¢
g ; <> . DBrown noise
5 ¢ 5 o s
[e] L ! Pl |- AClassical music
g 30 T a6 ia
= PEA Q |
© Lo ] -
3 4 Lo 5 v +8.D.
1| X i o Lo L O Arithmetic mean

1.0 S Al i Al Al

BGN -3dB 0dB +3 dB +6 dB +9 dB

Signal—to—noise ratio

Figure 4. Evaluation of “liveliness” for each sound environmental condition. The plots in this figure
represent the arithmetic mean, and the error bars indicate the standard deviation.

Figure 5 shows the relationship between the SNR and “relaxation” for each type of
sound stimulus. For all types of sound stimulus, the evaluation of “relaxation” tended to
decrease with increases in the SNR. The evaluation was lower than BGN when the SNR
was +3 dB or higher, aside from classical music. With regard to classical music, even a SNR
of +9 dB was judged higher than “3: moderately feel liveliness.”

5.0
OUrban sound environment
5 T @ Conversation noise
® 4.0 | H -
X ITTA A A
© Pl A D Brown noise
o S P A
- QQ i P
9 P Y L AClassical music
g 3.0 X i [j OOD I i usi
5 ‘ ] 41 ||+ +sD.
20 | | - AT I | E O
u>J L J s P O Arithmetic mean
i i -sD.
1.0 | 1 | |
' BGN -3 dB 0dB +3 dB +6 dB +9 dB

Signal—-to—noise ratio

Figure 5. Evaluation of “relaxation” for each sound environment. The plots in this figure represent
the arithmetic mean, and the error bars indicate the standard deviation.

3.3. Investigation of the Psychological Evaluation Model Using Multiple Regression Analysis

To clarify the psychological factors that influenced the impression of a “good conver-
sation”, a psychological evaluation model using the perception of a “good conversation”
as the objective variable was constructed. First, a correlation analysis was conducted for
all evaluation items shown in Table 2, and the candidates for explanatory variables to
be incorporated into the psychological evaluation model were selected. The correlation
coefficient between “relaxation” and “mental calmness”, “relaxation” and “comfort”, and
“mental calmness” and “comfort” were 0.96, 0.94, and 0.94, respectively. These results
indicated a strong correlation between “relaxation”, “mental calmness”, and “comfort”.

Additionally, a strong correlation was found between “ease of communicating own
voice to others” and “ease of listening” (r = 0.97). Considering the effects of multicollinearity,

a7 a7

six items (“ease of talking”, “ease of communicating own voice to others”, “distracting to
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v

the surroundings”, “quietness”, “liveliness”, and “relaxation”) were selected as candidates
for explanatory variables to be incorporated into the psychological evaluation model.
Using JMP ver. 14.2 (SAS Institute Japan Ltd., Tokyo, Japan), stepwise selection was
conducted with the forward selection method among the candidates for the above six
explanatory variables. Next, the evaluation items to be adopted as explanatory variables
were extracted. Consequently, the main effects of “quietness”, “liveliness”, “relaxation”,
“ease of communicating own voice to others”, and “ease of talking” were found to be
significant (p < 0.05). From the above, a multiple regression model that included these
five items as explanatory variables was considered. The results are shown in Table 4.
Equation (1) expresses the results in Table 4 by a multiple regression equation. Here, the
objective variable y represents “good conversation”, and the explanatory variables x1, x,

Vai

x3, x4, and x5 represent “ease of talking”, “ease of communicating own voice to others”,

/A7,

“quietness”, “liveliness”, and “relaxation”, respectively.

y = 0.183-x; + 0.376-x; — 0.612-x3 4 0.438-x4 -+ 0.400-x5 1)

Table 4. Results of the multiple regression analysis.

. . . Standardized
Objective Variable Adjusted C(?efﬁ‘aent Explanatory Variable Partial Regression
of Determination .o,
Coefficient
Ease of talking 0.183 *
Ease of
Good conversation 0.907 communicating own 0.376 **
voice to others
Quietness —0.612 **
Liveliness 0.438 **
Relaxation 0.400 **

* p<0.01,**: p <0.05.

The results from calculating the Variance Inflation Factor (VIF) between explanatory
variables to examine the effects of multicollinearity on the psychological evaluation model
are shown in Table 5. The results show that since the VIF is less than 1.5 among all evaluation
items in the model, the effect of multicollinearity was considered to be very small.

Table 5. Variance inflation factors of the evaluation items in the psychological model.

Ease of Com-

"lléaali(eil(:; On:\:i\ni;jit:%o Quietness Liveliness  Relaxation
Others
Ease of talking - - - - -
Ease of

communicating own 1.44 - - - -

voice to others
Quietness 1.00 1.33 - - -
Liveliness 1.12 1.00 1.11 - -
Relaxation 1.18 1.37 1.21 1.01 -

4. Discussion

Based on the results of the ANOVA in Section 3.1 (shown in Table 3), the influence of
reverberation time on knowledge creative activities by multiple people was small in the
3000 m? space within a reverberation time from about 0.6 s to 2 s (average sound absorption
coefficient from 0.16 to 0.44). Claude Debussy’s “Arabesque No. 1”, which was used as the
classical music in our study, has been shown to reduce oxygenated hemoglobin (Oxy-Hb)
concentrations in the cerebral bloodstream and to be effective for relieving stress [31].
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Considering this and the results shown in Figure 5, the classical music used in our study
gave the participants a relaxing feeling.

A previous study examining the impact of classical music (Antonio Vivaldi, Camille
Saint-Saéns, Samuel Barber, and Gustav Holston) on creative tasks reported that partic-
ipants who listened to “happy music” (i.e., classical music that produces arousal and
a positive mood) while conducting a divergent creativity task were more creative than
those who performed the task silently [20]. In addition, that study concluded that “happy
music” had no effect on convergent creativity. Another previous study comparing the
music of Mozart and Albinoni [32] reported that participants performed better on a test
of spatial abilities after listening to a Mozart sonata than after sitting in a quiet condition
and that a slow “sad” musical excerpt from Albinoni had no influence on a creative task.
Participants listening to Mozart showed significantly higher positive feelings and arousal
(e.g., enjoyment rating, mood rating, Profile of Mood States [POMS] arousal score) and
significantly lower negative feelings (e.g., POMS mood score) than did those who listened
to Albinoni. As mentioned above, some studies have shown that “happy music” has more
of an effect on creative work efficiency compared with a silent condition but that neither
“calm” nor “sad” music improves creative work efficiency. By contrast, although Debussy’s
“Arabesque No. 1” was used in this study as “calm (relaxing)” music in our experiments, a
significant positive effect on knowledge-creative activity was observed. The studies men-
tioned above examined the influence of classical music on a creative task performed alone,
but the present study focused on the effects on knowledge creative activities performed by
multiple people; this was considered the reason for the differences in the influence of music.
Our findings, therefore, clarified the effectiveness of using an evaluation structural model
of the sound environment to examine the effects of different sound stimuli on knowledge
creative activities performed by multiple people.

Regarding the urban sound environment, the results for conversational noise (“human
speech-like noise” as babble noise) and brown noise were comparable with those of previous
studies. It has been shown that high-intensity white noise of 75 dB [4] and 90 dB [5] impairs
creative task performance compared with a no noise condition. Furthermore, it has been
reported that intermittent noise of 85 dB reduces creativity compared with continuous pink
noise as measured in a poetry writing task [6]. By contrast, highly creative participants
were shown to exhibit greater creativity in other tasks when exposed to white noise of
80 dB compared with 60 or 100 dB [7]. A previous study using more natural ambient noise
reported that noise of 70 dB improved the performance of creative tasks compared with
50 dB [8]. In the present study, conversational noise (babble noise) exceeded a rating of “3:
moderately good conversation”, even with a SNR of +9 dB (Laeq was approximately 49 dB
under this condition). Considering this Laeq level, the noise levels in the present study
were 50 dB or less, suggesting that “liveliness” at these noise levels greatly contributes to
“good conversation” in knowledge creative activities with multiple people (See Table 4 and
Figure 4).

5. Conclusions

The adjusted coefficient of determination in this study was 0.907, indicating that high
explanatory power was obtained for the evaluation model. This result suggests that a
“good conversation” is most negatively affected by “quietness”. When the evaluation of
“quietness” increased, that of a “good conversation” tended to decrease. Meanwhile, the
evaluations of “liveliness”, “relaxation”, “ease of communicating own voice to others”,
and “ease of talking” had a positive influence on a “good conversation”, and a “good
conversation” tended to increase with increases in these evaluations. These findings suggest
that the impression of a “good conversation” decreases in a sound environment that is too
quiet when multiple people have discussions about knowledge creative activities and that
a lively impression enhances the impression of a “good conversation”. Moreover, these
results suggest that high “relaxation” also leads to the impression of a “good conversation”.
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As many people benefit from creative thinking, we hope that these results can be
applied as widely as possible. However, our experimental participants were all Japanese
and already engaged in creative work, and about 60% were adult university students.
The findings of a previous meta-analysis [25] revealed that enhancing creativity may be
more effective in organizational than in academic settings. However, in this study, no
statistically significant difference was found in the evaluations because of differences in
attributes between students and office workers. Therefore, it seems that the psychological
evaluation model of a “good conversation” obtained in this study appropriately represents
the evaluation structure of office workers. To enhance the generalizability of our findings,
future research will be required to investigate the impact of occupations other than general
construction and differences in official position, years of service, and cultural backgrounds.
In addition, it is also necessary to investigate the types of sounds that are highly evaluated
from the aspects of lively impression and relaxation.
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