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Abstract

The increasing demands of modern work environments necessitate strategies to enhance

employee productivity and well-being while maintaining energy efficiency. This disserta-

tion investigates the potential of systematic micro-refresh interventions to address these

competing demands.

By incorporating brief, strategic breaks into the work time, we aimed to improve cog-

nitive performance, reduce stress, and enhance overall well-being. To achieve this, we

conducted a series of controlled experiments that involved exposing participants to vari-

ous micro-refresh interventions, including auditory and visual stimuli.

Our findings demonstrate that systematic micro-refresh interventions can significantly

improve cognitive performance, particularly during extended tasks. These interventions

not only enhance task accuracy and efficiency but also contribute to a more positive work

experience. By reducing perceived workload and promoting feelings of recovery and re-

laxation, micro-refresh strategies can help mitigate the adverse effects of prolonged work.

Furthermore, the timing of micro-refresh interventions plays a crucial role in maxi-

mizing their benefits. Strategic placement of these breaks can help prevent performance

decline and maintain sustained attention.

The results of this dissertation have important implications for workplace design,

employee well-being, and organizational productivity. By incorporating micro-refresh

strategies into daily work routines, organizations can create more supportive and effi-

cient work environments. Future research should explore the optimal implementation of

micro-refresh interventions, including the ideal duration, frequency, and content of stim-
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uli. Additionally, investigating the long-term effects of these interventions on cognitive

performance, well-being, and job satisfaction is essential.
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Chapter 1

Introduction

1.1 Background

In a current modern work environment, prioritizing both environmental responsibility by

incorporating energy-efficient acts and workers’ well-being becomes crucial. Several ac-

tions to save energy, such as designing energy-efficient buildings or energy-efficient smart

appliances in the office, often utilize strategies like reducing excessive energy use, such

as reducing the energy consumption of electronic devices used when working. However,

these actions in which are aimed at minimizing energy consumption, could also become

a drawback to workers’ cognitive performance or might be harnessed to intensify their

performance. Therefore, it is still unclear whether several actions correlated with energy

efficiency practices, especially in the workplace, might hinder or enhance the potential

benefits for human cognition in the workplace.

The International Energy Agency (IEA) in their report for future ”Buildings” high-

lights the importance of following energy efficiency acts in buildings, as their emissions

have increased 1% per year since 2015 on average and contribute to around a third of

overall energy emissions [1]. Figure 1.1 shows the ”Net Zero Scenario 2010-2030” corre-

lates to the global CO2 emissions from the operation of buildings.
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Figure 1.1: IEA Net Zero Scenario 2010-2030 for global CO2 emissions from the operation

of buildings [1]

Therefore, massive acts promoting ”Green Buildings” such as ”Net Zero Buildings”

(i.e. efficient energy operations in buildings to become zero energy consumption), ”Elec-

trification of Buildings” (i.e. buildings powered by sustainable energy, shifting from fos-

sil fuel to more renewable energy-based) and Smart Building Technologies (i.e., utilizing

automation systems to optimize energy usage) are intensively implemented and will be-

come a trend for the future [2, 3].

The growing promotion of designing and constructing energy-efficient buildings could

impact the occupants or workers who live or work inside the buildings. The implemen-

tation of energy-saving measures in the design of a room can correlate with the workers’

performance, and thus needs to be investigated further. Will this positively or negatively

impact the workers who work in it.

The reverse approach is also imperatively implemented. By increasing the produc-

tivity performance of workers, it’s expected that workers can complete their work faster
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and optimally, thus the energy consumption in the office can be saved. In addition, ap-

proximately a third of the current workforce in progressive economies is employed in the

office and has become a significant asset for organizations and companies [4].

Workers are important assets in an organization and company, and their well-being

must be considered. In a fast-paced work environment in which workers are required

to be productive despite many factors that could become their stressors, it becomes chal-

lenging to maintain their productivity and well-being. Several related works and theories

describe things that correlate to human performance management during work which are

explained in the following section.

1.2 Related Works and Theories

1.2.1 Intellectual Performance

Intellectual abilities carried several properties that were taken into account at their level,

stimulation, and potential development capabilities in the psychology domain. In con-

nection with intellectual terms, intellectual concentration is attributed to the ability of an

individual to think, understand things, and focus attention on some tasks or information.

Although it is difficult to quantify intellectual concentration quantitatively, one of the

quantitative approaches to measure intellectual concentration is called the concentration

time ratio (CTR) [5–7].

In the CTR, the three states model is considered: the working state, short-term rest

state, and long-term rest state. A working state is defined as the working condition for

performing a task without problems. In the working state condition, as the task takes

place during the time the mental fatigue escalates. Short-term rest is determined as a

very short pause during cognitive work. In the short-term rest state, the task does not

progress and increases mental fatigue. The condition in the short-term state might also

be called blocking in mental work, which refers to short termination during mental work

when people cannot perform the cognitive task for a short period of time [8]. As the
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number of the task increased or continued over time, the appearance of the “blocking”

assured more frequently especially if the task was considered homogenous and constant,

however individual differences might be influenced in terms of blocking duration and

frequencies during the mental work [8]. The long-term rest state is defined as a condition

when people consciously take a long time break and then terminate the cognitive task,

which then can reduce mental fatigue. Figure 1.2 illustrates the three states in the CTR

model.

Figure 1.2: The three-state concentration model.

Mental fatigue influenced the probability of the transition state between the working

state and the long-term rest state, while the transition between the working state and the

short-term rest state transition is a fixed value [7]. The distribution of the cognitive work

which correlates with the concentration states and rest cognitive states follows the log-

normal distribution as described in Figure 1.3 [5–7, 9]. The parameters of the cognitive

states are obtained from the sum of two log-normal distributions of the working state

4



and the short-term rest state (concentration state) and the working state, short-term rest

state, and long-term rest state (non-concentration state).

Figure 1.3: The distribution of concentration state.

1.2.2 Recovery Enhancement Theory

In the work environment, constant stimulation, distractions, and workloads could de-

grade the cognitive performance of workers, and in the long run, it could affect the well-

being of workers leading to more serious problems such as health problems and burnout.

In the following sections, several key theories correlated to cognitive restoration and en-

hancement will be describes. By understanding the cognitive function that helps workers

recover, a work environment that supports workers’ focus, productivity, and well-being

is expected to be more easily achieved.
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Effort Recovery Model

The effort recovery model describes the harmony between job demands and recovery

sources [10]. Degradation in working performance occurs due to lacking recovery, which

could lead to further compensatory work effort resulting in stress and fatigue [10]. Thus,

when workers do some recovery acts and the workload are non exist, the recovery po-

tency could occur as a form of break [11]. Based on the effort recovery model, it is impor-

tant to provide recovery elements in the workplace to forbid workers’ stress, fatigue, and

burnout.

Attention Restoration Theory (ART)

The attention restoration theory emphasizes the importance of nature elements to pro-

mote recovery from fatigue and stress, thus restoring the directed attention capacity [12].

Based on the attention restoration theory, there are four fundamental elements of restora-

tive settings of nature: 1) Being away (i.e., detaching from attention loads), 2) Fascination

(i.e., enthusiasm features), 3) Extent (i.e., a sense of broader aspects that still connected),

4) Compatibility (i.e., harmony between natural elements and human affection) [12]. Fur-

thermore, it can be said that ART is a model of psycho-sociological that most impor-

tantly recovery is not just simply a matter of time, but also determined by the place am-

biance [13].

Stress Reduction Theory (SRT)

The stress reduction theory highlights the importance of nature environments to stress

recovery by activating the parasympathetic nervous system to promote relaxation feeling

[14]. The important points of SRT encompass the evolutionary connection to nature and

its calming nuance, the stress minimization effects, and psychological advantages (e.g.,

lift the mood, diminish anxiety, and amplify further well-being) [14]. SRT is one of the
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main theories that correlate to relaxation and restoration improvement that become a

track to link urban green space to human health and well-being enhancement [15].

Conservation of Resources Theory (COR)

The conservation of Resources (COR) theory assumes that individuals are motivated to

acquire, protect, and sustain resources [16]. These resources can be tangible factors (e.g.,

money, possessions things, valuable objects) or intangible (e.g., self-esteem, social status,

work position, social support).

A fundamental assumption of COR theory is that individuals aim to maintain and

grow their resource assets. When resources are threatened or lost, stress and adverse psy-

chological outcomes can appear. Reciprocally, gaining or building resources can promote

individual well-being and resilience.

Building upon COR theory, the strategies to improve workplace well-being and pro-

ductivity could be achieved by implementing several strategies such as:

- Resource arrangement: The organization or company can provide resources such as

training, opportunities for growth, and supportive work environments to help employ-

ees maintain and build their resource assets.

- Job design: Designing challenging but not overwhelming jobs can help employees feel

a sense of accomplishment and avoid resource depletion.

- Work stress management: Implementing work stress management programs and pro-

moting work-life balance can help employees cope with potential resource loss and pre-

vent burnout.

- Social support: Encouraging social interaction and fostering positive relationships among

employees can provide a valuable source of social support.

Transactional Model of Stress and Coping

The Transactional Model of Stress and Coping proposes that stress is a dynamic pro-

cess involving a transaction between an individual and their environment [17, 18]. This
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transaction is influenced by the individual’s appraisal of the situation and their coping

strategies. The model emphasizes the role of cognitive processes in shaping emotional

responses and subsequent coping behaviors.

The important components of appraisal steps can be distinguished into three main

parts:

1. Primary Appraisal: In the initial appraisal stage, individuals assess the significance

of events, determining whether they are harmful, demanding, or inconsequential. For

example, several appraisals such as:

- Irrelevant situation: The situation is deemed unimportant or irrelevant to the individ-

ual.

- Favorable situation: The situation is perceived as positive or beneficial.

- Stressful situation: The situation is perceived as harmful, threatening, or challenging.

2. Secondary Appraisal: In the second appraisal stage, individuals assess their ability

to handle the situation, considering their available resources and coping mechanisms. For

example, several assessments such as:

- Evaluation of coping resources: Assessing one’s ability to cope with the stressful situa-

tion.

- Selection of coping strategies: Choosing appropriate coping strategies, such as problem-

focused coping (e.g., seeking information, taking action) or emotion-focused coping (e.g.,

seeking social support, relaxation techniques).

3. Reappraisal: The process of altering one’s interpretation of a stressful event to min-

imize its negative consequences. Reappraisal involves changing the way a situation is

perceived, from a negative to a more positive or neutral perspective. This can help indi-

viduals cope with stress more effectively and reduce the negative impact of challenging

situations.
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1.3 Proposal of the Experimental Study on the Effect of

Systematic Micro-refresh by Office Environment Con-

trol on the Workers’ Intellectual Concentration

1.3.1 Systematic Micro-refresh during Work

Micro-refresh (MR) was proposed as one of the methodologies to improve intellectual

cognitive performance during work by giving a very short stimulant non-voluntarily

within a few seconds with environmental stimuli [19]. The term micro-refresh is dif-

ferent from conventional micro-break during work. While the micro-break refers to the

initial break intentionally initiated or voluntarily done by the worker which might last

for minutes with several options of restoration activities such as stretching activities, tak-

ing a coffee break, strolling around, and others [20–22], the micro-refresh has a different

concept. MR has a very short time intervention during the works compared to the usual

micro break. The refresh stimuli in a micro-refresh mainly come from external factors

such as air flows, lighting, sounds, and others.

The idea of systematic micro-refresh appears as a way to induce the micro-refresh for a

short time to become more organized. The systematic micro-refresh during several inter-

vals of working time appears without sacrificing too much working time and preventing

goof-off acts so that the goal of achieving workers’ productivity is maintained. Figure 1.4

illustrates the concept of systematic micro-refresh.

1.3.2 Micro-refresh as Recovery Enhancement Strategy

During the work, several challenges could affect workers’ cognitive performance (e.g., job

demands, workload, stressors) [23, 24]. Especially for a certain job that demands work-

ers’ intellectual concentration, during a longer period, there will be a higher potential for

decreasing the workers’ attention. Thus, the concept of attention fatigue becomes a com-
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Figure 1.4: The micro-refresh concept.

mon finite nature of human attentional resources. Therefore, the recovery enhancement

strategy appears as a compound act to restore human cognitive performance.

Micro-refresh appears as one of the potential recovery enhancement strategies during

the work. The concept of micro-refresh aligns and becomes the manifestation of theories

of focused attention restoration [12] and part of the job control (i.e., the ability to man-

age the allocation of attentional resources) [25, 26]. An inducement of micro-refresh dur-

ing the work for a short amount of time will trigger an attentional shifting mechanism,

in which, there will be a short time of shifting attention from work focus to something

less demanding. Subsequently, it will influence the load effect which refers to the cir-

cumstances where the capability to pick relevant information decreases along with the
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increasing of the number of information to be processed [27]. The micro-refresh induce-

ment might indirectly influence the load effect by stimulating psychological detachment

(i.e., detached from current work demands) and recovery feelings. Previous studies cor-

related to psychological detachment from work highlighting its association with recovery

experience [28–30]. As a consequence, it will affect the worker’s performance output, fa-

tigue, and workload perceptions. Ultimately, by embracing the gleaned from the micro-

refresh concept, it is expected the creation of a productive working environment that also

supports workers’ optimized performance, and promotes their well-being by minimizing

fatigue and workload could be consistently created. Figure 1.5 shows the framework of

micro-refresh as a recovery enhancement strategy.

Job Control

Model Framework

Attentional Shifting Psychological
Detachment

Recovery Feelings

Performance Output

Fatigue

WorkloadMicro-refresh

Load Effect Consequences

Figure 1.5: The recovery enhancement micro-refresh model framework.

1.4 Objective

This research aims to investigate the possibility of employing energy-efficient practices

to maintain human cognitive performance in the workplace. Identifying specific design

and operational strategies within workplaces that can optimize workers’ performance

could lead to further workers’ well-being and environmental or energy responsibility. By

conducting experiment-based and data analysis-driven links between these goals, this
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research could bridge the gap in the design of future workspaces that promote both pro-

ductivity and sustainability.

First, this study explores the effects of applying micro-breaks during the work. This

action could halt the task by a short break which is inserted systematically within several

seconds during the work.

Secondly, this study explores the impact of incorporating several stimuli as a micro-

refresher during the work. Additionally, the stimuli induced in this study also incorpo-

rate natural elements by adopting the biophilic design and natural soundscape (for the

audio stimuli experiment). In the second study, one candidate stimuli were investigated,

namely the audio stimuli. The audio stimuli were induced systematically during the

work for several seconds.

Thirdly, other potential stimuli are being investigated as a micro-refresh, the visual

stimuli. The visual stimuli being induced several times during the work systematically.

The visual stimuli adopted also incorporate the natural elements as part of the biophilic

design concept.

By delving into these areas, this study strives to bridge the gap between a sustain-

able future and a workforce productivity that thrives in the modern era. Furthermore,

this study aspires to contribute to enriching productivity research areas and integrate it

through sustainable practices (e.g., creating energy-efficient workplaces) which further

strengthen the productivity-sustainability loop cycle.

1.5 Structure of this Paper

This dissertation consists of five chapters. Chapter 1 introduces the research, providing

background, objectives, and a literature review. Chapter 2 presents the initial investiga-

tion of systematic micro-breaks, focusing on timing and intervals. Chapter 3 explores the

effects of auditory stimuli, building upon the previous study. Chapter 4 extends the re-

search further by incorporating visual stimuli and longer task durations. Finally, Chapter
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5 summarizes the findings and suggests directions for future research. Figure 1.6 illus-

trates the overall structure and relationships between these chapters.

The detailed summary of each chapter is explained below:

Chapter 1 : Introduction

This chapter provides a brief overview of the background and problems found that

motivate the implementation correlates to the topics in this study. Several literatures cor-

relate to the previous work and theories that underlie this research are also presented

in this chapter. Additionally, the study proposal correlates to the micro-refresh concept

described in this chapter, along with the research objectives. Subsequently, several mea-

surement methods utilized in this study were specified.

Chapter 2 : Effect of Systematic Micro-break on Intellectual Work

This chapter describes the initial study that correlates to the investigation of systematic

micro-refresh. As the initial study, a systematic investigation of micro-refresh induction

during cognitive tasks within a certain duration and interval range becomes a special

concern. With a predetermined experimental design, involving some participants, tasks,

and methods, the performance output data in two different conditions (without micro

refresh and with micro refresh) are compared. Furthermore, the results of the data in two

different conditions are compared and analyzed to then draw objective conclusions.

Chapter 3 : Effect of Systematic Micro-refresh Auditory Stimuli on Intellectual

Work

This chapter follows up on the subsequent study of the micro-refresh investigation.

In this study, auditory stimuli micro-refresh were employed following established timing

protocols. By adopting the concept of biophilic and soundscapes, the nature sound is

chosen as the micro-refreshing auditory stimuli. Experimental studies involving several

participants, utilizing some measurement methods, and following certain designs of ex-

periments were described in this chapter. The output results of two conditions with the

micro-refresh and without micro-refresh were compared and analyzed. Conclusion cor-
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relates to the investigation of auditory stimuli micro-refresh and its effect on intellectual

concentration performance is generated and described.

Chapter 4 : Effect of Systematic Micro-refresh Visual Stimuli on Intellectual Work

In this chapter, to further investigate the effects of micro-refresh stimuli, the third

study extended the previous experimental design. Visual micro-refresh stimuli were em-

ployed, and the cognitive task duration was prolonged to incorporate multiple micro-

refresh inductions. This modification allowed for a more comprehensive evaluation of

the impact of visual micro-refresh on cognitive performance. The visual stimuli utilized

in this study adopt the biophilic concept of nature visualization and are induced several

times during the work. The design of the experiment, the participants recruited, and the

methods and data analysis methods are described. The analysis involving the data col-

lected from two different experimental conditions (i.e., with visual stimuli micro-refresh

and without visual stimuli micro-refresh). The discussion and conclusion obtained from

the experiment are discussed in the following section.

Chapter 5 : Conclusion

This chapter summarizes the general conclusions drawn from the study in Chapter 2,

Chapter 3, and Chapter 4. This chapter also discusses the limitations, implications, and

prospects for future research, where this study still has the potential to be developed in

the future.
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Figure 1.6: The summary and its connection between the chapters.
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Chapter 2

Effect of Systematic Micro-break on

Intellectual Work

The contents of this chapter are published on:

Dianita, O., Kitayama, K., Ueda, K., Ishii, H., Shimoda, H., & Obayashi, F. (2024). Sys-

tematic micro-breaks affect concentration cognitive comparison tasks: Quantitative and

qualitative measurements. Advances in Computational Intelligence, vol. 4(7), 1—10.

https://doi.org/10.1007/s43674-024-00074-6.

2.1 Introduction

Improving human intellectual attributes becomes an important concern in a fast pacing

work environment [31, 32]. The complex work environment factors (e.g., stressors, work-

load, conflicts) should be balanced by a recovery-enhancing process to create employee

well-being within the company [33, 34]. In general, some organizations and companies

apply the lunch break time during more than 6 hours to 8 hours of daily work [35–37].

However, it is hard to maintain optimal working performance for the 3-4 hours period be-

fore and after the lunch break time. Thus, the micro-breaks concept is offered to maintain

stable work performance without taking excessive working time.
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Micro-breaks are defined as short time breaks from work as a momentary work re-

covery [38]. Micro-breaks appear as an individual strategy to maintain or improved oc-

cupational well-being during work [22]. Even though there is no exact standard on how

long the duration of micro-breaks should occur [39], several literatures suggest a short

amount of time for a few seconds or minutes is sufficient for the micro-breaks duration

without countering the productivity [19, 40, 41]. Several activities can be referred to as

micro-breaks such as relaxation activities (e.g., listening to music, meditating, taking a

short nap), nutrition-intake activities (e.g., drinking water, snacking), socialization (e.g.,

chatting, contacting friends or family), and others activities (e.g., look outside the win-

dow, walking, stretching) [39, 42].

Previous studies investigated the micro-breaks impact on working performance. A

survey study involving 71 call operators resulted that cognitive micro-breaks improved

their positive affect which resulted in higher sales achievement [39]. Other survey stud-

ies involving 120 respondents show the desire for self-reward triggers the individual

to take the micro-breaks [20]. The attention of assembly workers improved by taking

micro-breaks during work shown by the EEG analysis [43]. Previous preliminary study

showed that on average the condition with systematic micro-break during work, gives a

positive impact on the performance of 3 participants compared to the condition without

break [19]. Previous study mentioned that a systematic break during work resulted in

more efficient in terms of work completion and has advantages to restore the mood com-

pared to self-regulated break [44]. Other studies supported the advantage result of taking

a micro-break during the work to restore the performance for both relaxation and exper-

tized activity than no micro-break condition [45]. Additionally, previous work of study

mentioned that utilizing the pause in a computerized simulation game for the medical

students resulted in a higher cognitive load and performance than without the pause [46].

It was also mentioned that without taking frequent break could accumulate the fatigue

symptom in the work-from-home officer cases [47]. Previous literature also suggest that
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taking more frequent short breaks than postponing the break to later time could promote

recovery better [48].

However, the investigation on systematic micro-break intervention in a cognitive work

under controlled experimental with quantitative and qualitative measurement condition

was rarely done. Thus, this study aims to contributes in the investigation of systematic

micro-breaks on intellectual concentration within intellectual work by controlled labora-

tory experiment objectively.

2.1.1 Systematic Micro-break and Micro-refresh

Micro-refresh (MR) is a concept to promote efficient recovery from fatigue and maintain

work performance by giving a short stimulus or break within a few seconds without sac-

rificing excessive work productivity. MR adopted a very short-time stimuli inducement

during work. Refresh stimuli in MR may have come in the form of object visualization,

sound, air flows, lighting, and others.

Previous studies have investigated the MR’s effect during the work. An experimental

study [19] shows that participants performing cognitive tasks under the condition with

the grey screen micro-refresh intervention have a better performance compared to non-

grey screen micro-refresh condition. Airflow modification as a microrefresh mechanism

was investigated and the resulted that stimulated airflow with mild speed improved cog-

nitive performance [9].

2.2 Investigation of Systematic Micro-break

To examine the effect of microbreaks (MB) on intellectual concentration work, a controlled

laboratory experiment was conducted with experiment participants. Two types of mea-

surement evaluations were employed (i.e., quantitative and qualitative) as mentioned [49]

that the combination of quantitative and qualitative measurement is effective in detecting

the shift correlates to the cognitive work task. The experiment was designed with certain
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procedures, specific tasks, and equipment. The details of the experiment procedure, cog-

nitive tasks, measurement, experiment environment, participants, and data analysis are

described in the following paragraph.

2.3 Methods

2.3.1 Experimental Procedure

In this study, the independent variable was the systematic MB intervention during cogni-

tive tasks. Answering time in each question, the intellectual concentration performance

such as CTR score, and the subjective rating questionnaire were set as the dependent vari-

ables. As the MB intervention, a blank grey screen appeared for 20 seconds repeatedly

just after answering the problem after 7.5 minute task, which pause the cognitive task.

All participants performed cognitive tasks under two conditions with the MB interven-

tion and without the MB intervention.

Figure 2.1 illustrates the experimental procedures. The experiment was conducted

where four sets of cognitive comparison tasks with 25 minutes duration were given to all

the participants. Set I and set II were executed in the same order for each participant, with

MB intervention in set I, then without MB intervention in the set II. Additionally, set III

and set IV are arranged with a counterbalanced design of the MB intervention between all

participants to minimize the ordering effect. Additionally, the learning effect considered

to have been reduced assumed that all the participants were already familiar with the

task after conducting set I and set II. Later, in the data analysis, only the data from the set

III and set IV were used.

Before and after each task set, the participants were given a subjective symptom ques-

tionnaire to measure subjective ratings for their level of fatigue, concentration, sleepiness,

blur, and dullness. Additionally, the participants also answered the NASA Task Load In-

dex (NASA-TLX) questionnaire after each set.
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Figure 2.1: The experimental procedures.

2.3.2 Cognitive Comparison Task

Previous studies used comparison tasks in human reasoning research that emphasized

similarities and differences between pairing words [50, 51]. The cognitive comparison

tasks [52] were utilized in this experimental study. The characteristics of cognitive com-

parison tasks are suitable in the aims to measure the intellectual concentration properties

due to its unified level of difficulties for each question and unobtainable to change the an-

swering strategies, and approximately portrays cognitive tasks during the work or study.

Figure 2.2 shows an example screen of the cognitive comparison task [52]. The half-left

sides of the screen show the task questions and the half-right sides of the screen show the

answering buttons. In the cognitive comparison task, two comparison categories should

be solved for each question which are semantic words comparison and numerical com-

parison. The semantic word comparison is given in a way of two different words being

compared whether these two words are classified into the same category or not. There are

four categories determined for each word that appears such as place name, animal, plant,

and artificial objects. For example, when given two words “dog” and “cat” it should be

20



responded as the “same” category as the “cat” and “dog” both belong to the animal cat-

egory. In the numerical comparison, two numbers with an inequality mathematical sign

between them are logically compared, whether the inequality formula is correct or false.

For example, given two numbers “2543” and “2354” connected with the “<” (less than)

sign of the math symbol, then it should answer as a “false” statement. Combining the an-

swer of semantic words comparison which is “same” and numerical comparison which is

“false”, the answer box should be tapped in the “same” – “false” intersection area. After

tapping the answer box, the next question appears. All the questions were designed to

have the same level of difficulty and presented in a pseudorandom order.

The cognitive comparison task was developed in the JavaScript software program [53]

and run on an iPad 2 tablet [54]. The answering time for each question was automatically

recorded in the program.

Figure 2.2: Illustration of the cognitive comparison task.
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2.3.3 Measurements

Answering Time

The performance output is measured in the form of answering time for each question

task. The answering time was recorded automatically in an experimental program and

can be downloaded in a .csv file at the end of the task. The answer time for each counted

question starts when the question appears until the participants touch the square box

of an answer area on the screen. The unit digit of answering time in the experimental

program is set in milliseconds denomination.

Concentration Time Ratio (CTR)

Intellectual abilities carry several properties given due consideration at their level, stim-

ulation, and potential capabilities of development in the psychology domain. In connec-

tion with intellectual terms, intellectual concentration is attributed to the ability of an

individual to think, understand things, and focus attention on some tasks or information.

Although it is difficult to quantify intellectual concentration quantitatively, one of the

quantitative approaches to measure intellectual concentration is called the concentration

time ratio (CTR), which represents the proportion of actual concentration time for total

task completion time [5–7].

The CTR obtained from the average response time of concentration state functions

multiplied by the number of task questions answered, divided by the total response time

from cognitive task work. In the CTR, three states model is considered which are the

working state, short-term rest state, and long-term rest state [5–7].

Subjective Ratings

The workload assessment instrument utilized in this study are the subjective symptoms

questionnaire [55], time lapse questionnaire and the NASA task load index (NASA-TLX)

questionnaire [56]. The subjective symptoms questionnaire was adopted in this study
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according to the research needs to grasp the distinction in the qualitative measurements

of the subjective alertness feeling during the work. On the symptom questionnaire, five

subscales were listed i.e. concentration, sleepiness, blurriness, dullness, and fatigue. The

concentration scores measure the ability to focus on one’s attention during the work. The

sleepiness scores measure the drowsiness level or the tendency to feel sleepy. The blurri-

ness scores grasp the perception of the vision’s haziness. The level of boredom is adapted

from the dull scores. Fatigue scores distinguish the weariness condition.

In the progress questionnaire, the sleepiness, blurriness, and dullness subscale con-

tain five question points ranging from 1 “low” to 5 “high”. The total score of sleepiness,

blurriness, and dullness subscale was obtained from the sum-up score from the ques-

tion points. The time lapse questionnaire includes subjective fatigue and concentration

subscale as scores ranging from 0 “low” to 100 “high”. The NASA-TLX questionnaire

consists of six subscales or load dimensions i.e. effort (EF), frustration level (FR), mental

demand (MD), physical demand (PD), the overall performance (OP), and temporal de-

mand (TD) [56, 57]. NASA-TLX brings an adequate sensitive index that could diversify

cognitive tasks and physical tasks of the overall workload [58] as cited in [59].

2.3.4 Experimental Environment

The experiment was conducted in an experimental room in Graduate School of Energy

Science, Kyoto University. A table was set in front of the participants with an iPad on top

of the table and a stand behind the iPad. A chair is placed in front of the table, where

the participants could perform the task while sitting. Figure 2.3 shows the layout of the

experimental room. Boards of partition were placed in front of the table, on the left and

right sides of the table to minimize distraction while participants performing the task.

The experimental room temperature was set around 23 ± 2ºC, with humidity level 50 ±

10% RH. The lighting level was set at 500 ± 50 lux. Additionally, the CO2 concentration

was around 550 ppm.
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Figure 2.3: Layout of the experimental room.

2.3.5 Participants

In this study, fifty-two participants were recruited. All the participants are Kyoto Uni-

versity students with a range of ages between 18–28 years old. From a total of fifty-two

participants recruited, thirty-one participants’ data (male = 20, average age = 21.2 ± 2.54

years old) were used in the analysis procedures who followed the experimenter’s instruc-

tion without slacking off and completed all four sets of the experimental procedures,

while twenty-one participants’ data were excluded. The data from 31 participants per-

forming 2 conditions in a set with MB intervention and no MB intervention resulted in a

statistical power of 0.97, α = 0.05 and σ = 5 which fulfilled the statistical sufficiency. For

this experiment, ethical approval was granted by the Graduate School of Energy Science

Ethics Committee at Kyoto University. Figure 2.4 shows a scene when participants were

performing the experiment task.
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Figure 2.4: Participants performing the experiment task.

2.4 Data Analysis

The quantitative data from the cognitive comparison task to be analyzed is the answering

time collected by the task software and the CTR score. The data to be analyzed were

extracted from set III and set IV which portrays the condition with MB intervention and

without MB intervention sets in counterbalanced design.

The CTR scores were calculated by the CTR analyzing software from answering time

data in each set. In the analysis, the CTR score in set III and set IV are being compared to

discover the effect of MB intervention in intellectual concentration performance.

To grasp more intuitive accuracy for the cognitive performance in each set, and to fa-

cilitate more details comparable performances in a set with MB intervention and without

MB intervention, the answering time was divided into seven time blocks for every four

minutes in a time series horizon. Figure 2.5 shows the detailed time frame grouping in

a set with MB intervention and without MB intervention. Later in the analysis section,

these four minutes time frame grouping then stated as the phase factors. In the phase

factor, to grasp the intuitive comparable data align with the MB effect, the phase included

starts from the block number 3 until 7 for the condition with MB intervention and block

number 3 to 7 in no MB condition. The actions to correct the previous answer by partici-
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pants which indicated by the undo movements were removed in the answering time data

analysis.

Figure 2.5: Time frame grouping for set with micro-break and without micro-break inter-

vention.

Statistical analysis was used to compare the quantitative data of the answering time

and the qualitative data from the questionnaire results. The Repeated Measures ANOVA

(RM-ANOVA) was performed to analyze each factor’s significance in the quantitative data

and qualitative data. Minitab statistical software is utilized for the analysis tools [60].

2.5 Results

2.5.1 Analysis of Answering Time

The answering time in each block shows a significant difference in the condition with MB

and without MB intervention (p < 0.001). The details of answering time in each block

and statistically significant difference indicators are shown in Figure 2.6. Tukey’s post-hoc

analysis was performed to indicate which block contributes to the significant difference.

The contrast significant difference was found in block 3 with micro-breaks condition to

block 4 with no micro-breaks condition. This result indicates that the first micro-break

induction for 20 seconds after 7.5 minutes of intellectual work could help to improve the
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performance and result in contrasting performance after 12 minutes of work without the

micro-break condition. A significant difference was also found in block 5 with micro-

breaks condition to block 5-7 with no micro-breaks condition. In block 5 with micro-

breaks, the second micro-break was induced for 20 seconds. It restored the intellectual

performance and resulted in a significant difference in answering time after 16 minutes

of intellectual work without micro-breaks.

Figure 2.6: The average answering time for each block and indicators of significant dif-

ference.

2.5.2 Analysis of Concentration Time Ratio

The CTR score in the condition with MB intervention then being compared with the con-

dition without MB. Figure 2.7 shows the average CTR score of 31 participants’ data with

MB intervention and without MB intervention. The CTR scores in a set with MB inter-

vention and in a set without MB intervention follow the normal distribution based on the
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Anderson-Darling normality test with follow p-value 0.076 in a MB condition and 0.254 in

a condition without MB. As the CTR score for both conditions follows the normal dis-

tribution, the statistical two-sample t-test was conducted. The t-test resulted there was

no significant difference between the set with MB intervention and the set without MB

intervention (p = 0.721). Even though there was no significant difference comparing the

CTR scores in both conditions, the CTR score with MB was not reduced despite it taking

a total 1-minute break under MB condition.

Figure 2.7: The average CTR scores of 31 participants’ data in a set with MB intervention

and a set without MB intervention.

From 31 participants’ data, 17 participants showed better CTR scores in a condition

with MB intervention compared to the no MB intervention. The results showed that more

than half of the participants obtained a higher concentration level in a condition with MB

intervention.
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2.5.3 Subjective Ratings

Subjective Symptoms Questionnaire

The subjective symptoms questionnaire scores are shown in Figure 2.8 and Figure 2.9.

The ANOVA analysis shows a significant difference for the questionnaire time factor (p <

0.001). Meanwhile, the intervention factor has no significant difference (p = 0.773), as well

as the interaction between factors (intervention*questionnaire time, p = 0.962).

Figure 2.8: Subjective symptoms questionnaire pre- and post-task in both conditions with

and without MB.

NASA Task Load Index (NASA-TLX)

The average of NASA-TLX weighted scores are shown in Figure 2.10. The paired t-test

analysis indicates that there is a significant difference between conditions with MB inter-

vention and without MB intervention (p < 0.05). This result has pinpointed the partic-
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Figure 2.9: Subjective symptoms questionnaire results for each subscale.

ipants’ feeling that in the cognitive comparison task, the mental workload was signifi-

cantly higher in the condition without MB intervention.

2.6 Discussion and Conclusion

In terms of the answering time analysis, the intellectual performance between the inter-

vention with MB and without MB showed a significant difference (p < 0.001). On average,

the performance under MB intervention demonstrates lesser performance degradation

compared to the performance without MB intervention shown by the sequences of an-

swering time pattern. When the MB was induced, the performance slightly improved

from the previous block (e.g. answering time was improved in block 5 in the MB condi-

tion compared to block 3 in the MB condition and block 7 in the MB condition compared
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Figure 2.10: The NASA-TLX score between conditions with and without micro-break.

to block 6 in the MB intervention). However, the improvement effect might decay over

time. On the other hand, the set without MB intervention showed an increasing trend of

the answering time gradually from block 3 to block 7 which indicates a cognitive perfor-

mance degradation throughout the time.

Nonetheless, there was no significant difference in the CTR scores in the set with MB

intervention and without MB intervention, the scores were slightly higher for a condition

with MB than without MB. Additionally, more than half of the participants show higher

CTR scores in the condition with MB intervention than without MB intervention. The

difference in significant results between the total 31 participants’ data in CTR analysis

and answering time analysis could be due to the indulgence of micro-breaks time in the

formulation. While answering time analysis, does not include the pause break time in the

MB condition calculation, CTR is obtained from the average answering time of the con-

centration state multiplied by the number of questions answered divided by total time.
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However, the CTR score under the MB condition was not decreased regardless of the

inclusion of a total break time of 1 minute (i.e., 3 times MB was given with 20 seconds

each).

Generally, the performance during the time was 25-minute more stable in a condition

with MB intervention, compared to the condition without MB. In the 25 minutes task

set, the answering time performance under the MB intervention resulted in slight im-

provement after the MB induced in block 3, block 5, and block 7. On the other hand, the

performance in a condition without the MB intervention was getting slower gradually

from block 3 to block 7.

The contrast significant difference was found between block 3 in the condition with

MB condition to block 4, block 5, block 6, and block 7 in the condition without MB. There

is a possibility that the first intervention of MB was too early to be induced after a 7.5-

minute task. It is advisable to start inducing an MB after the minute of thirteenth at

the start of block 4 in a condition without MB intervention, which might obstruct the

performance degradation.

The questionnaire results have shown a significant difference in terms of the MB in-

tervention factor for the NASA-TLX with a tendency that in a condition without the MB

intervention, the mental workload was higher than the condition with MB intervention.

However, generally, the subjective symptom questionnaire did not show a significant dif-

ference between conditions with MB and without MB intervention. It might be that the

insertion of 20 seconds MB 3 times during the task, did not significantly affect the subjec-

tive symptoms feeling among the participants. Whereas, the pre and post-questionnaire

have significant differences which indicate that the participants were more likely to feel

the symptoms effect of before and after taking 25 minutes cognitive task.

To conclude, this study showed that a systematic MB has the potential benefit of stabi-

lizing worker performance and hindering performance degradation over time. A quanti-

tative result from the answering time analysis portrayed the significant difference in var-

ious time blocks concerning the induction of systematic MB in the 25-minute cognitive
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task. Additionally, a qualitative result of the NASA-TLX showed the mental workload in

the conditions with MB was significantly lower than that without MB. As further studies,

it is necessary to investigate various types of stimuli for MB intervention has potential

benefits as a way to improve intellectual concentration. Additionally, incorporating the

assorted possibilities of MB duration and interval might enrich the exploration of research

correlates to the resource replenishment strategy.
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Chapter 3

Effect of Systematic Micro-refresh

Auditory Stimuli on Intellectual Work

The contents of Study 1 in this chapter are published on:

Dianita, O., Higashimaki, T., Abe, R., Ueda, K., Ishii, H., Shimoda, H., & Obayashi, F.

(2024). The effect of systematic auditory stimuli micro-refresh on intellectual work per-

formance and subjective measurement. Results in Engineering, 24, 1—10.

https://doi.org/10.1016/j.rineng.2024.103259.

3.1 Study 1: Effect of Systematic Micro-refresh Auditory

Stimuli on 25 Minutes Intellectual Work

3.1.1 Introduction

In a current rapid and fast-moving work environment, workers are required to be able to

complete their work quickly, precisely, and efficiently. The intellectual work performance

is one of the important factors to be considered to achieve the expected work results [61,

62]. However, the complex dynamic system of the work environment such as excessive

stress and workload, can be an obstacle to achieving good work productivity in which

further strategies for work recovery are needed [33, 34].
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Several theories have become the basis for topics related to work recovery. The effort-

recovery model stated that the fatigue experience could be divided into four: the psycho-

logical pressure, weakening the desire to perform, dwindling performing capacity, and

the state of exhaustion [63, 64]. Furthermore, fatigue could be carried over or become a

cumulative aftermath that can increase load consequences after work [63, 64]. Previous

study proposed the attention restoration theory where this theory promotes the role of

nature elements in creating recovery conditions from fatigue [12]. Additionally, previous

work of study composed the stress reduction theory which reveals that nature settings

can strengthen the effect of restoration on attention [65].

Micro-refresh

Micro-refresh (MR) is a concept to promote an efficient recovery from fatigue and main-

tain work performance by giving a short stimulus or break within a few seconds without

sacrificing excessive work productivity. MR adopted a very short-time stimuli induce-

ment during work. The refresh stimuli in MR may have come in the form of object visu-

alization, sound, air flows, lighting, and others.

Previous studies have investigated the MR’s effect during the work. Previous work

of study shows that participants performing cognitive tasks under the condition with the

grey screen micro-refresh intervention have a better performance compared to non-grey

screen micro-refresh condition [19]. The airflow modification as a micro-refresh mecha-

nism was investigated and resulted that stimulated airflow with mild speed improved

the cognitive performance [9].

Auditory Stimulation on Cognitive Functions

Several works of literature mention the importance of auditory stimuli as a medium in

promoting recovery enhancement and better performance. Auditory selective attention

supports the process of explaining a human’s cognitive mechanism that mainly focuses

on explaining its role as a stimulus [66]. Acoustic environments could affect students’
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learning competence which could suggest a better acoustic environment to improve a

better learning efficiency [67, 68].

The type of sound related to the nature ambiance is more endorsed and has great po-

tential for recovery enhancement effect. A review study mentioned that the sound of

nature has a good impact on student performance and can be utilized to create a bet-

ter classroom soundscape [69]. The sounds of nature also exert a positive influence to

boost recovery from stress which was carried out on a group of participants after taking

a stress test [70]. Nature sounds effectively help reduce stress and have been proven to

better physiological aspects and mood responses through participants while performing

an experimental task of attention [71]. Natural sound can be a therapeutic medium to

help people with anxiety disorders with the proof of tranquility perceiving, emotional

reactiveness, and arousal indicators [72]. Auditory stimuli deliver the greatest long-term

reduction in stress levels compared to visual stimuli [73].

3.1.2 Investigation of Systematic Micro-refresh Auditory Stimuli

This study aimed to investigate the potential of auditory stimuli as a micro-refresh in-

tervention to enhance recovery during work. To achieve this, we systematically manip-

ulated the duration and frequency of auditory stimuli presentation, which represents a

novel approach compared to previous research primarily focused on absolute auditory

stimuli during or post-work [70, 71, 74, 75]. By incorporating quantitative measurements

and conducting controlled experiments, this study offers a more objective and compre-

hensive analysis of the effects of auditory stimuli on intellectual work and recovery.

The experiment was divided into two primary studies. Study 1 investigated the in-

duction of auditory stimuli as a micro-refresh technique following the established timing

protocol of the experiment design from the previous study. Study 2, on the other hand,

focused on the effectiveness of auditory stimuli micro-refresh during prolonged work

durations.
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3.1.3 Methods

Experiment Procedure

In this study, repeated measures or within-group experiment design were applied. The

participants performed experiment tasks under both conditions with and without au-

ditory stimuli intervention and their measurements were compared. The illustration of

the experiment design is shown in Figure 3.1. The experiment is divided into two days,

where the first day is an explanation and practice day, meanwhile, the second day is the

measurement day. We assume that by providing an explanation and practice day, partic-

ipants will have quite a similar understanding in carrying out the experimental test and

minimize the learning curve on the second day.

On the first day (i.e., practice day), at the beginning of 30 minutes, the experimenter

explained the experimental procedures and the consent form to the participants. Then,

simulate 3 sets of 25-minute experiment task with 10 minutes breaks in between the sets

without auditory stimuli intervention. On the second day (i.e., measurement day), partic-

ipants performed 4 sets of experiment tasks for 25 minutes in each set, except set 4 for 10

minutes. Twenty-minute breaks were given in between sets. In set 1, the auditory stimuli

were inserted. In set 2 and set 3, the auditory stimuli were given in a counterbalanced

design. Then in the set 4, no auditory stimuli were inserted. In a set with auditory stimuli

intervention, the sound was played for 20 seconds every 7.5-minute intervals from the

start. Thus, for the 25-minute task, the auditory stimuli will occur three times. Only the

data from set 2 and set 3 on the second day will be used in the analysis where the inter-

vention was given in a counterbalanced design, thus we assume that the ordering effect

of auditory stimuli insertion in set 2 and set 3 can be minimized.

Before and after each set, the subjective symptoms questionnaire was given. NASA

task load index (NASA-TLX) was given after each set. Lastly, the attentional control scale

(ATTC) questionnaire and a survey interview were given at the end of the fourth set.
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Figure 3.1: The illustration of the experiment design.

Auditory Stimuli in Experimental Design

In this study, the auditory stimuli constitute as a micro-refresh during the cognitive task

performed by participants. The aim of inducing the auditory stimuli as a micro-refresh

is to promote a short recovery improvement during the work and maintain work perfor-

mance in the long run. Additionally, including natural elements in auditory stimuli could

drive the restoration moments based on attention restoration theory [12].

Several elements of consideration in creating auditory stimuli as a micro-refresh are:

1) the element that signals the beginning of micro-refresh; 2) the element that promotes

relaxation feeling; and 3) the element that signals the end of micro-refresh. Considering

the aforementioned elements, the natural sound of the waves and seagulls chirping at the

beginning and end of the sound is chosen. The sound of waves and seagulls chirping

which brings to mind a beachside situation hopefully could deliver a relaxing nuance.

The auditory stimuli were created using Studio One 5 Professional version 5.5.2.86528

with a Mac operating system [76]. The sound was created by combining several copyright-
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free sound sources included in the software. The sound pressure was set at 42 dBA and

considered an appropriate level for the indoor area [77]. The auditory stimuli were played

using the speaker [78]. There are four speakers placed in the corner of the experiment

room. To create a monaural sound reproduction, an amplifier is utilized [79] and con-

nected to a PC via a mixer audio interface [80].

The auditory stimuli were played for 20 seconds in every playback. Auditory stimuli

were inserted in a condition with the micro-refresh intervention induced during the task.

For one experiment task set of 25 minutes, there will be three times auditory stimuli in-

serted and given every 7.5-minutes. The duration of stimuli playback and intervals are

adopted from previous methodological designs associated with the micro-refresh [9, 19].

Participants

Forty-seven Kyoto University students (undergraduates and master’s degree students,

aged 18–26) participated in the study. After applying exclusion criteria (discussed in the

Data Analysis section), 25 participants were included in the analysis. The average age of

the included participants was 21.6 years (SD = 2.4), with 17 males and 8 females. All par-

ticipants’ personal data is guaranteed to be kept confidential, and only data used in the

analysis without mentioning the participant’s identity will be displayed. Ethical approval

was admitted by the Graduate School of Energy Science Ethics Committee at Kyoto Uni-

versity before the experiment.

Experiment Task

In this study, participants were asked to answer questions within a predetermined period

by experimental design procedures. The experiment tasks were adopted from Ueda et al.

[52] which were then called comparison tasks. In the comparison tasks, two comparison

statements will appear in the form of a comparison of two words and a comparison of

two numbers.
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The experimental task required participants to compare randomized pairs of words

and numbers. Word pairs were drawn from various categories: plants, animals, inan-

imate objects, and place names. For example, participants might be asked to compare

‘grasshopper’ and ‘Tokyo’ and determine whether they belonged to the same category.

Number pairs were presented with mathematical symbols (e.g., ‘4209 < 4092’), and par-

ticipants were tasked with verifying the accuracy of the statement. To answer, partici-

pants selected the appropriate intersection on a 2 x 2 grid on display, choosing between

the ‘same words’ or ‘different words’ category and ‘correct math statement’ or ‘incor-

rect math statement’. After the participant answers the first task, the next task appears

on the display with other random word categories and random numbers. Furthermore,

answering time was measured to assess cognitive performance, providing insights into

participants’ information processing speed and decision-making abilities.

The comparison task was developed in a JavaScript program [53] and run on an iPad

[81]. The answering time for each task was automatically recorded in the experiment

program in a .csv format.

Experiment Environment

The experiment was carried out in an experiment room at the Graduate School of Energy

Science, Kyoto University. Figure 3.2 shows its layout. The room temperature was ad-

justed around 23 ± 2ºC and the humidity level around 50%–60%. Each participant sat on

a chair with a table set in front of them. An iPad with an iPad standing set on each table.

The working area of each participant was separated by a partition in front of them and on

the left and right sides of them. The speakers were positioned in the corners of the room.

There are a total of four speakers in the room.
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Figure 3.2: Layout of the experiment room.

3.1.4 Outcome Measurement

Answering Time

The performance appraisal in completing comparison tasks is measured by the result of

answering time. The answering time for each question was recorded automatically in

the experiment program during 25-minute tasks. The answering time for one question

was constituted since the task’ question appeared on the screen until the participants

answered that question by touching the screen in the specific designated answering box

on the screen.

Concentration Time Ratio (CTR)

The concentration time ratio is a quantitative measurement approach of the proportion of

actual time used to devote concentration while working on a task compared to the total

time to complete the task [5–7]. The time of concentration that is dedicated is attained by
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calculating the average response time when people are devoted to the concentration state

multiplied by the number of questions answered. Therefore, the CTR units appear in the

form of percentages. Zero percentages indicate that an individual is not in a concentration

state at all, and vice versa. The advantages of CTR compared to another quantitative

measurement (e.g., answering time) [7] are 1) CTR is less altered to learning effect due

to its proportions measurement approach among actual concentration time toward total

completion time; 2) CTR indirectly portrays intellectual productivity (i.e., a product of

knowledge processing through period of time) instead of just a speed muscular response.

An increase in the percentage of the CTR score indicates that the concentration phase is

becoming more dominant during the total time span to complete the task.

Error Rate

The error rate is one of the important considerations when evaluating human perfor-

mance that could indicate the influence of interventions [82]. The error rate is essential

to 1) evaluate how someone undergoes a task; 2) dispose of if an improvement might re-

quired; 3) amplify the effectiveness of intervention; 4) contribute to transparency of the

ease of use. In this study, the error rate is measured to investigate how accurately partici-

pants perform the task in a condition with and without auditory stimuli intervention [82].

NASA Task Load Index (NASA-TLX)

The NASA task load index is a pluridimensional scale that measures a human’s workload

during or after work [58]. The usage of NASA-TLX in a research field or organizational

practice has been proven to be quite robust [56]. Six subscales consisted in the NASA-TLX

questionnaire, namely effort (EF), frustration level (FL), mental demand (MD), physical

demand (PD), overall performance (OP), and temporal demand (TD) [58]. In this study,

we adopted the NASA-TLX questionnaire to measure the subjective mental workload of

the participants after performing the task under a condition with and without auditory

stimuli intervention. The NASA-TLX was measured at the end of each set on day 2 (the
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measurement day). The NASA-TLX questionnaire was displayed on the touchscreen,

allowing participants to answer directly. Responses were automatically saved. The ques-

tionnaire used a 0–100 slider scale to assess workload, with 0 being the lowest and 100

the highest. Details of the NASA-TLX questions and response format are provided in the

appendix.

Subjective Symptoms Questionnaire

The subjective symptoms questionnaire is a questionnaire to measure fatigue feelings

developed by the Industrial Fatigue Research Group of the Japan Society for Occupational

Health [55]. The questionnaire consists of five factors (drowsiness feeling, instability,

unease feeling, dullness feeling, and eyestrain), each represented in five questions. In

total, there are twenty-five questions listed in the subjective symptoms questionnaire. The

answer options for each question are provided in a five-point Likert style with ’strongly

disagree’ (1 point) to ’strongly agree’ (5 points). The subjective symptoms questionnaire

was measured before and after each set on day 2 (the measurement day). Subjective

symptoms were used in this study to understand the feeling of physical symptoms of

the participants that appeared before and after performing the task according to the self-

report rating.

Detachment and Recovery Questionnaire

In this research, the role of audio stimuli to induce a micro-refresh is expected to have an

effect on work performance. The presence of sound can cause alertness which changes

cognitive performance or the emergence of refreshment feeling. The experience of recov-

eries can be discern into four particularly psychological detachment, relaxation, mastery

experiences, and control during leisure [83]. Adapting to the research design of system-

atic auditory stimuli and experiment task, we suspect that the recovery experience that

might occur could be caused by psychological detachment and relaxation feelings due to

the presence of auditory stimuli. Meanwhile, mastery experience and leisure control are
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not suitable for this research because the recovery time has been determined systemat-

ically and no off-task activities to hone a mastering skill. Based on the aforementioned

reason, we asked simple questions to measure the level of detachment and recovery expe-

rience, each question with an answer rated on a five-point Likert scale from “not happen-

ing at all” (1 point) to “very much happening” (5 points). The detachment and recovery

questionnaire was questioned post set 1, set 2, set 3, and set 4.

Attentional Control Scale (ATTC)

The attentional control scale is an individual report to measure how well a person con-

trols their attention where this will further influence their information processing [84].

The ATTC questionnaire consists of twenty questions, and these questions fall into one of

the categories of attentional shifting or attentional focusing. Each question in the ATTC

questionnaire is rated using a four-point Likert style from “almost never” (1 point) to “al-

ways” (4 points). The ATTC questionnaire has proven reliable in measuring attentional

control in individuals of various ages and backgrounds [85–88]. The results of the ATTC

questionnaire will complement the descriptive statistics of the potential ability of the par-

ticipants to control their attention.

3.1.5 Data Analysis

The data of the quantitative measurement such as answering time is analyzed using the

Analysis of Variance ANOVA methods. Furthermore, The participants’ data that satisfy one

of the following criteria were excluded for the data cleansing; 1) misunderstood directed

instructions and did not follow instructions correctly, 2) absent from one or several ses-

sions of the scheduled experiment, 3) the concentration time ratio (CTR) score was below

40% which set as the lower limit [19] where a value below 40% indicates that those partic-

ipants did not carry out the task earnestly, 4) the difference of CTR score between two sets

with and without auditory stimuli intervention was falling below 5% in the lower thresh-

old or above 5% in the upper threshold of distribution where that area indicates as an
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outlier in which were eliminated from the data analysis to minimize bias and probability

of Type-I errors [89]. The independent variables included are the intervention of auditory

stimuli which is then divided into a condition with the intervention of auditory stimuli

and a condition without the intervention of auditory stimuli. Other independent vari-

ables are the stages’ time, which is divided into four stages named stage 0, stage 1, stage

2, and stage 3. The stage division is based on the time division concerning the timing

when the auditory stimuli were inserted. Stage 0 is a time period after the participants

start the task until the period before the first auditory stimuli are played (0 to 450 sec-

onds). Stage 1, stage 2, and stage 3 are periods when the participants perform the task at

451–900 seconds, 901–1350 seconds, and 1350–1500 seconds respectively. Subsequently,

the paired t-test was used to analyze the response difference of the concentration time

ratio (CTR), error rate, subjective ratings of NASA Task Load Index (NASA-TLX), de-

tachment, recovery, and subjective symptoms between conditions with auditory stimuli

intervention, and without auditory stimuli intervention.

3.1.6 Results

Of the 47 participants, 22 were excluded by the data cleansing criteria. The results shown

below were extracted from the remaining 25 participants’ data aged 18–26 years old (M =

21.6, SD = 2.4, male = 17 people, and female = 8 people). The statistical power for the 25

participants included in the analysis was 0.78.

Answering Time

A mixed-model ANOVA was used to analyze the effects of intervention and stage on an-

swering time. A significant main effect of the stage was found, F(3, 25992) = 52.25, p <

0.001. However, there was no significant difference in the intervention (with and without

the auditory stimuli), F(1, 25992) = 1.83, p = 0.176, nor a significant interaction between

intervention and stage, F(3, 25992) = 1.12, p = 0.338. The t-test revealed no significant dif-

ference in answering time between the groups whose auditory stimuli presented in SET 2
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and SET 3 (p = 0.648), indicating that the order of auditory presentation did not affect the

answering time performance. Figure 3.3 shows the graph of the average answering time

in each stage between conditions with and without the auditory stimuli intervention.

Figure 3.3: The answering time between conditions without auditory stimuli and with

auditory stimuli.

Concentration Time Ratio (CTR)

An independent sample t-test was conducted to compare the concentration time ratio

(CTR) scores between conditions under auditory stimuli intervention (M = 62.99, SD =

11.32) and without auditory stimuli intervention (M = 62.27, SD = 11.97). The results

revealed no significant difference between the groups, t(47) = -0.22, p = 0.828, Cohen’s d

= 0.631. The t-test revealed no significant difference in CTR score between the groups

whose auditory stimuli presented in SET 2 and SET 3 (p = 0.261), indicating that the order

of auditory presentation did not affect the CTR performance. Figure 3.4 shows the graph
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of the average CTR score between conditions with and without the auditory stimuli in-

tervention.

Figure 3.4: The concentration time ratio (CTR) between conditions without auditory stim-

uli and with auditory stimuli.

Error Rate

A statistical analysis t-test was conducted to compare the error rate between the no au-

ditory stimuli condition and the under auditory stimuli condition. The results revealed

no significant difference between the groups, t(46) = 0.13, p = 0.894, Cohen’s d = 0.039.

The error rate in a condition with auditory stimuli is slightly lower (M = 7.32, SD = 6.64)

compared to the error rate without the auditory stimuli intervention (M = 7.60, SD = 8.08).
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Subjective Ratings

NASA Task Load Index (NASA-TLX)

An independent samples t-test was conducted to compare the NASA-TLX score between

the no auditory stimuli group and the with auditory stimuli group. The t-test results

revealed no significant difference between the groups, t(46) = 0.03, p = 0.973, Cohen’s d =

0.01. The NASA-TLX score in a condition with auditory stimuli (M = 53.3, SD = 18.5) was

quite similar to the score without auditory stimuli (M = 53.4, SD = 15.6). This result might

indicate that in a condition with auditory stimuli, the participants felt their workload was

almost the same as the condition without auditory stimuli.

Subjective Symptoms

The subjective symptoms questionnaire scores were unity-based normalized by rescal-

ing raw data values and then leading all values into the range between 0–1 to equalize

the magnitudes on each subscale as shown in Figure 3.5. A mixed-model ANOVA was

conducted to examine the effects of intervention (with and without the auditory stimuli)

and questionnaire time (pre- and post-experiment) on subjective symptom scores in each

subscale (concentration, fatigue, haziness, sleepiness, and sluggishness). The statistical

results of the concentration subscale revealed a significant effect of questionnaire time,

F(1, 96) = 4.78, p = 0.031. However, there was no significant effect of the intervention, F(1,

96) = 2.03, p = 0.157, nor a significant interaction between intervention and questionnaire

time, F(1, 96) = 0.07, p = 0.794. The fatigue subscale exposed a significant effect of ques-

tionnaire time, F(1, 96) = 20.38, p < 0.001. However, there was no significant effect of the

intervention, F(1, 96) = 0.01, p = 0.903, nor a significant interaction between intervention

and questionnaire time, F(1, 96) = 0.17, p = 0.678. The haziness subscales statistical anal-

ysis results showed a significant effect of questionnaire time, F(1, 96) = 4.07, p = 0.047.

However, there was no significant effect of the intervention, F(1, 96) = 0.01, p = 0.970, nor

a significant interaction between intervention and questionnaire time, F(1, 96) = 0.02, p =
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0.902. A statistical analysis indicated the non-significant effect of questionnaire time on

the sleepiness subscale, F(1, 96) = 2.03, p = 0.157. Additionally, neither intervention (F(1,

96) = 0.04, p = 0.833) nor the interaction between intervention and questionnaire time (F(1,

96) = 0.1, p = 0.758) had a significant effect on the sleepiness subscale. A significant ef-

fect was revealed on the sluggishness subscale for the questionnaire time factor, F(1, 96)

= 3.79, p = 0.054. On the other hand, neither the intervention factor (F(1, 96) = 0.12, p =

0.727) nor the interaction between intervention and questionnaire time (F(1, 96) = 0.21, p

= 0.647) had a significant effect on the sluggishness subscale. Table 3.1 shows the ANOVA

analysis for each subscale of the subjective symptoms questionnaire.

Figure 3.5: The normalized score of subjective symptoms questionnaire.

Detachment and Recovery Questionnaire

Detachment

The detachment scores between conditions with and without auditory stimuli were ana-

lyzed using a t-test. The statistical analysis shows no significant difference between both
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Table 3.1. The ANOVA analysis for each subscale of the subjective symptoms
questionnaire.

Subscale Factor p-value

Concentration Intervention 0.157
Questionnaire Time 0.031*

Intervention*Questionnaire Time 0.794
Fatigue Intervention 0.903

Questionnaire Time < 0.001***
Intervention*Questionnaire Time 0.678

Haziness (Blurriness) Intervention 0.970
Questionnaire Time < 0.047*

Intervention*Questionnaire Time 0.902
Sleepiness Intervention 0.833

Questionnaire Time 0.157
Intervention*Questionnaire Time 0.758

Sluggishness Intervention 0.727
Questionnaire Time 0.054

Intervention*Questionnaire Time 0.647
(*: p < 0.05, ***: p < 0.001)

Intervention: With auditory stimuli, Non-auditory stimuli
Questionnaire: Pre-experiment, Post-experiment

conditions, t(47) = -0.44, p = 0.661, and Cohen’s d = 0.127. The detachment score under

the condition with auditory stimuli intervention (M = 3.32, SD = 1.31) was slightly higher

compared to those with non-auditory stimuli intervention (M = 3.16, SD = 0.25). Fig-

ure 3.6 shows the score of the average detachment ratings between conditions with and

without auditory stimuli intervention.

Recovery

A statistical analysis t-test was conducted to compare the recovery score between condi-

tions without the auditory stimuli intervention and with the auditory stimuli interven-

tion. The score of recovery ratings shows a significant difference between conditions,

t(47), p < 0.005, Cohen’s d = 0.854. The average score in a condition with auditory stim-

uli is higher (M = 2.08, SD = 0.17) compared to those without auditory stimuli (M = 1.4,

SD = 0.15) and it indicates that the participants felt more recovered under the condition
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Figure 3.6: The detachment score between conditions without auditory stimuli and with

auditory stimuli.

with auditory stimuli. Figure 3.7 shows the graph of the average recovery score between

conditions with and without the auditory stimuli intervention.

Attentional Control Scale (ATTC)

The results of the ATTC questionnaire total score resulted in 17 out of 25 participants,

having a score between 20–50 (68%) and can be classified into the medium score range.

Meanwhile, the rest participants gained above 50 (32%) and were classified into the high

score range. In more detail, the ATTC score can be classified into ATTC focusing and

ATTC shifting. Among 25 participants, 9 participants (36%) gained a score between 9–22

and classified into medium focusing score range, while the rest 16 participants (64%) laid

above 22 and thus fell into the high focusing score range. Additionally, 17 participants

got scores between 11–27 of the ATTC shifting, which can be classified as medium shifting
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Figure 3.7: The recovery score between conditions without auditory stimuli and with

auditory stimuli. A significant statistical difference is shown in this figure **p < 0.01.

score. Lastly, eight participants scored above 27 for the ATTC shifting and were catego-

rized as high shifting score.

3.1.7 Discussion

This study aimed to investigate the effect of auditory stimuli to induce a micro-refresh

during cognitive work while considering output performance and subjective measure-

ments. Accordingly, quantitative indicator output named task answering time, concen-

tration time ratio, error rate, and questionnaires (i.e., NASA-TLX, subjective symptoms,

detachment, and recovery, ATTC) were measured.

The results of this study found that there is no significant difference between the an-

swering time in a condition with and without auditory stimuli intervention. We suspect

that the short time duration of providing the auditory stimuli of only 20 seconds at each

7.5-minute interval is not effective and sufficient enough to provide a refreshing effect
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on work performance. Additionally, when the auditory stimuli were given, participants

could still carry out their tasks concurrently. This intervention scheme is different from

a previous study [19] where in his study when the stimulus was given, the workers also

stopped performing their tasks. The CTR score between conditions with and without au-

ditory stimuli showed no statistically significant difference even though the CTR score in

a condition with an auditory stimuli intervention was slightly better compared to a non-

auditory stimuli intervention. Similar to the previous research findings [71], this study

observed no significant difference in attentional task performance between different au-

ditory stimuli conditions; however, a notable distinction emerged in subjective responses,

with auditory stimuli of nature’s sound demonstrating superior outcomes.

Subsequently, the error rate between conditions with and without the auditory stim-

uli showed no significant difference statistically. However, the performance under the

auditory stimuli intervention shows a lower error rate. This result might indicate that the

auditory stimuli micro-refresh have the potency to improve accuracy during the work.

The subjective response of NASA-TLX showed no significant difference between condi-

tions with and without auditory stimuli intervention. Several factors could explain the

lack of significant differences in NASA-TLX scores and error rates. One possible expla-

nation is the relatively short duration of the auditory stimuli (20 seconds in each induc-

tion), which may not have been sufficient to induce significant changes in performance,

whereas other studies expose auditory stimuli for a longer period and in absolute con-

ditions of complete exposure [74, 90, 91]. Additionally, the brief 25-minute task duration

may have limited the opportunity for fatigue to develop, resulting in consistent perfor-

mance and minimal errors in both conditions. Furthermore, the simplicity of the cognitive

task, while requiring prior knowledge, may have made it less demanding for participants,

reducing the likelihood of errors and the need for increased mental effort, which could

have impacted NASA-TLX scores. Previous studies that presented a duration two times

longer than this research (51 minutes task) and included a response inhibition task of

complex Sustained Attention Response Task (SART) could reduce commission errors by
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4% but also led to slower response times to target stimuli [92]. The subjective symp-

toms questionnaire showed a significant difference in the questionnaire time factor (i.e.,

pre-experiment and post-experiment) in the concentration subscale, fatigue subscale, and

haziness subscale. These results indicate that the negative symptoms felt by individuals,

mostly differ before and after carrying out the task. The detachment questionnaire re-

sulted in no significant difference between conditions with and without auditory stimuli,

however in a condition with auditory stimuli, the score was higher which participant felt

more detached through the condition with auditory stimuli. Subsequently, the recovery

questionnaire found a significant difference between conditions with and without audi-

tory stimuli, and the score was higher in a condition with auditory stimuli. Attention

Restoration Theory (ART) suggests that prolonged engagement in mentally demanding

tasks can lead to directed attention fatigue [12]. The inherently engaging and less de-

manding nature of auditory stimuli from nature may facilitate attention recovery. Addi-

tionally, Stress Reduction Theory (SRT) proposes that exposure to natural environments

can reduce stress levels, leading to physiological changes, relaxation, and improved emo-

tional regulation [65]. These theories may explain why participants felt more recovered

with auditory stimuli.

A positive response to the auditory stimuli intervention manifests its effect based on

the recovery questionnaire. The results show a significant effect in which a restoration

condition was felt by participants while performing tasks under auditory stimuli inter-

vention. This result was in line with previous studies [71, 72], which found that psycho-

logical relaxation was improved after hearing a natural sound. Thus, auditory stimuli

provide a subjective influence as a restorative replenishment. In addition, the attentional

control scale provides a supplementary descriptive picture that the majority of partici-

pants recruited in this study have a good ability to control their attention. However, the

findings of this study diverge from previous study [93], who reported no significant dif-

ference in stress recovery between bird songs and traffic noise. This discrepancy may be

attributed to the distinct nature of the auditory stimuli employed in the current study.

54



While the previous study [93] focused solely on bird songs, our research incorporated a

combination of waves and seagull chirps to represent a more comprehensive seascape.

The diversity of soundscapes in our study may have contributed to the observed dif-

ferences in recovery outcomes, highlighting the potential influence of auditory stimulus

complexity on individual responses.

Furthermore, previous research has demonstrated the significant influence of auditory

stimuli, particularly nature sounds, on mood and stress levels [94]. These stimuli may re-

duce stress by promoting relaxation and emotional regulation, which aligns with current

findings, potentially leading to improved cognitive function [90] and reduced feelings of

overwhelm. Additionally, auditory stimuli of nature’s sounds have been shown to en-

hance mood by evoking positive emotions [91] which is also similar to current findings

of subjective response and the potential to reduce anxiety and depression [72].

Limitations

In this study, several facets might become the limitations. The auditory stimuli represen-

tation was limited to the sound of waves and seagulls chirping, where there are many

variations of sound representation that could be explored. Previous studies mentioned

that sound characteristics (e.g., sound level, harmonics, frequency) and individual per-

ception (e.g., familiarity, perception complexity, pattern) influenced bird sound attrac-

tiveness towards humans that may arouse restorative feelings [95]. Future research could

explore a wider range of sounds to identify the most effective auditory stimuli for micro-

refresh.

The auditory stimuli presentations were limited to 20 seconds every 7.5 minutes for a

total of 25 minutes of task in each set. Our conjecture, there might be revamping needed

in the experimental design, thus the role of auditory stimuli as a micro-refresh will arise

more contrast compared to a condition without auditory stimuli. Future research could

explore the effects of varying the duration and frequency of auditory stimuli presenta-

tion to determine the optimal parameters for micro-refresh. This could help to identify
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the most effective timing and intensity of auditory stimuli for promoting recovery and

enhancing cognitive performance.

The cognitive task adopted in this study was limited to comparison tasks which were

not broad enough to accommodate the various types of jobs. The arrangement of cogni-

tive tasks will influence the competence of each individual [96]. To further explore the ap-

plicability of auditory stimuli micro-refresh, future research should investigate its effects

on a broader range of cognitive tasks, encompassing various job types and requirements.

Subsequently, 25 participants’ data were utilized for analysis, where the use of a larger

amount of data is highly recommended to meet statistical needs. Our study recruited

participants in a relatively similar cohort (i.e., university students). Different groups of

participants (e.g., education level, type of job, work experience) might be important to

be considered to represent a better work environment [97, 98]. To enhance the generaliz-

ability of our findings, future research should investigate the effects of auditory stimuli

micro-refresh on a more diverse population. This could include individuals with vary-

ing education levels, occupations, and work experiences. Additionally, this study did

not investigate potential age or gender differences in the impact of auditory stimuli on

intellectual performance. Previous research suggests that these factors may influence in-

dividual responses to sound stimuli [99] and nature-based stimuli [100].

Additionally, each individual might have a different sound preference which then can

build an association of a favorite place or destination. As mentioned by a previous study

[101], recovery from stress is associated with respondents’ cherished places and the effect

is stronger when it is related to restorative experiences such as exercise and activity in

an outdoor environment. In this study, micro-refresh is represented by auditory stimuli,

which is a single sensory approach. The utilization of a multi-sensory approach to micro-

refresh can be developed for further research. The multi-sensory approach is expected

to boost the recovery enhancement process [102, 103]. Future research is recommended

to examine the potential advantages of integrating auditory stimuli with other sensory

modalities for improved recovery outcomes.
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Additionally, the current study focused on cognitive performance and subjective rat-

ings but did not include physiological measures. Future research could explore the com-

bined effects of auditory stimuli and physiological responses for a more comprehensive

understanding of recovery. By measuring physiological parameters such as heart rate,

blood pressure, or skin conductance, researchers could gain insights into the underlying

mechanisms through which auditory stimuli influence relaxation and stress reduction.

3.1.8 Conclusion

In conclusion, the present study shows several effects of auditory stimuli on intellectual

work performance. Even though there were no statistically significant differences found

in several quantitative measurements, the recovery subjective feeling showed that partic-

ipants felt more recovered when performing the task under auditory stimuli intervention,

signaling a positive response to the intervention of auditory stimuli during the work. This

study suggests several practical applications of auditory stimuli to enhance workplace

performance and well-being. As an illustration, integrating auditory stimuli of nature’s

sounds into office design or educational settings creates more relaxing environments and

promotes mental restoration during work breaks. Additionally, ambient nature sounds

can be utilized to mask background noise to reduce distractions and improve focus. For

remote workers, developing tools and applications that provide access to nature sounds

to foster a more calming and productive work environment. Future research is expected

to be able to explore more auditory stimuli potentials as micro-refresh during work (e.g.,

sound types, combination of multi-sensory approach, individual preferences, sound per-

ceptions) holistically to enrich research related to recovery enhancement strategies.
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3.2 Study 2: Effect of Systematic Micro-refresh Auditory

Stimuli on 45 Minutes Intellectual Work

3.2.1 Introduction

In today’s taxing work environment requiring intensive attention, recovery strategies

during working hours are necessary to maintain workers’ productivity and preserve their

well-being. Previous studies described recovery as “a process of psychophysiological un-

winding after effort expenditure”, which is a key intermediary between the stress mecha-

nism and a worker’s health over an extended period [104]. Deficiency in recovery during

working hours (i.e., internal recovery) then leads to the necessity of recovery after work

(i.e., external recovery) [104]. Previous studies mentioned in the research through path

analysis methods that strong evidence for their theoretical model proposes that recovery

experiences have distinct positive influences on job and health outcomes [105].

The important factor in effective recovery during working hours is ensuring that work-

ers can detach themselves from the work stressors. If not, there is a risk that workers will

fall into the condition of affective rumination, which a previous study mentioned as a key

predictor that causes the escalation of exhaustion over an extended period [106]. Previous

work mentioned, “affective rumination refers to pervasive, recurrent negative thoughts

about work”, and in their study, they found a strong link between affective rumination

and burnout [107]. Affective rumination, a form of perseverative cognition where a per-

son ponders on anxieties and distressing feelings, is a thriving interest in mental and

physical health [108].

Incorporating the principle of biophilics in the work environment has become a promis-

ing and recommended way to tackle the negative consequence of affective rumination.

The biophilic concept adopts some natural elements approach (e.g., nature visualization,

nature ambiance, nature vegetation, nature audio) to create an atmosphere that evokes

positive emotional feelings that could support restorative practices [109–113]. The calm-
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ing effect of nature, evident in both visual and auditory, is expected to enhance well-

being through arousal reduction [114]. Through their empirical study, previous studies

mentioned several cognitive advantages of embracing the natural world and discussed

several theories that explain the natural environment effects [115]. Additionally, it noted

some features that substantially could affect people’s evaluation of how natural environ-

ments are perceived, such as minimum color saturation, fewer hues, and non-linear edges

for visual features and spectral entropy, prominent frequency, noisiness for acoustic fea-

tures [115].

Biophilic concepts can be implemented in real or virtual environments, and biophilic

adoption results in positive physiological and psychological impacts compared to non-

biophilic environments [116]. Additionally, previous work found that immersive virtual

environments with biophilic enforcement were shown as effective as real-nature envi-

ronments in reducing negative mood despite no similar effect being found in the case of

other psychological parameters (i.e., positive affect, visual working memory, and stress

level) [117]. Moreover, an immersive virtual environment can replace in-person nature

experiences when circumstances prevent real-world contact with nature [118].

Research on biophilics has mainly focused on visuo-spatial aspects (e.g., nature vi-

sualization, dynamic video content, digital display). However, the experience of nature

goes beyond just sight, and paying attention to other senses is worth considering. Be-

yond sight, previous work of study highlight the importance of non-visual factors in

biophilic design, measuring their effect on various facets of human performance and

well-being [109]. Additionally, considering non-visual stimuli such as sound could help

individuals with visual impairment benefit from a restoration experience through the

constructed natural environment [119, 120]. Moreover, sound elements can be a valuable

medium for visually demanding tasks such as screen-based tasks to promote restorative

experience and well-being without altering visual attention.

Fields of study related to sound and acoustics frequently utilize soundscapes broadly.

Based on the International Organization for Standardization (ISO) in Acoustic Sound-

59



scape Part 1: Definition and Conceptual Framework, the soundscape is defined as an

“acoustic environment as perceived or experienced and understood by a person or peo-

ple, in context”. Additionally, soundscape perception is demonstrably influenced by con-

textual factors [121]. According to ISO [121], these factors include: “(1) the auditory sen-

sation, (2) the interpretation of auditory sensation, and (3) the responses to the acoustic

environment.” The World Health Organization (WHO) also mentioned the soundscape

importance concerning health perspective and noise from the environment [122].

Nature’s Sound Stimulus

Modern urban living and work environments make it difficult to contact with the natural

environment directly. Armed with a background that highlights the importance of the

restorative power of nature to human well-being, previous studies have tried to answer

the challenges of the urban work environment by bringing the concept of nature into

it. One of the mediums utilized is the nature sounds stimulus to promote a stimulating

restorative effect toward individuals.

Previous work of study mentioned that not all nature’s sounds are perceived as plea-

surable [123]. Nonetheless, several nature sounds could bring tranquility and pleasant-

ness, such as sounds of water, birdsongs, and wind. Previous literatures identified the

critical natural elements (i.e., biotic and abiotic) that shape natural land-based sound-

scapes based on a source-filter model to specify sound generation (i.e., sources), how

sound travels (i.e., propagation), and how we perceive it (i.e., receivers) [128]. Addition-

ally, functional block diagram analysis from the previous work led to a categorization of

soundscapes into three types: distal (i.e., distant sounds), proximal (i.e., nearby sounds),

and perceptual or how we experience the soundscape [128].

Nature sounds could boost the immersive feeling of a natural environment through

the artificial setting area (e.g., workplace, residency) and enhance positive valuation [123].

Perceptions of bird sound that correlate to positive appraisals, restoration feeling pos-

sibility, and detachment feeling correlate to several strong predictors (i.e., sound level,
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frequency, harmony, aesthetics equity of familiarity, pattern, and complexity) [95]. Pre-

vious literature mentioned that water soundscapes categorized as low and high-decibel

offer distinct benefits [125]. High-decibel sounds have a more significant physiological

impact, while low-decibel sounds provide more psychological advantages. Additionally,

in an actual environmental study, the sounds of birds and water substantially lower the

perceived loudness of traffic [126]. Previous work of study found that nature’s sounds

of fountains and tweeting birds help individuals recover from stress observed in partici-

pants’ skin conductance levels, which returned to normal faster after exposure to nature

sounds [127].

Despite the growing studies in biophilic design and soundscapes for improving hu-

man well-being, research on their combined effects, specifically in work environments,

still needs to be conducted. A key question is whether nature’s sound stimulus can en-

hance or hinder workers’ performance. This study addresses this gap by examining how

incorporating biophilic design elements alongside a specific nature’s sound stimulus can

influence workers’ intellectual work and subjective assessment.

Study 2 extended the duration of the cognitive task to 45 minutes to investigate the po-

tential impact of systematic micro-refresh auditory stimuli on prolonged cognitive perfor-

mance. By increasing the task duration, we hypothesized that participants would experi-

ence increased fatigue, making the benefits of auditory interventions more pronounced.

Additionally. we adjusted the frequency of micro-refresh interventions to optimize their

effectiveness within the extended timeframe. The specific modifications to the interven-

tion protocol will be detailed in the subsequent methodology section.

3.2.2 Methods

Experimental Procedure

In study 2, the experiment was designed to assess the impact of auditory stimuli on cog-

nitive performance over an extended duration. A controlled laboratory experiment was
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conducted with a within-group experiment design adopted. Two experiment conditions

are being set: the control condition (i.e., no nature sound stimulus applied) and the treat-

ment condition (i.e., nature sound stimulus played in the middle of task work).

Each consecutive task completion was considered a ‘SET’. Five sets were conducted

throughout the experiment. The experiment begins with a brief explanation of the pro-

cedure, which lasts around thirty minutes. After the explanation, participants completed

a three-minute practice task (SET 1). Continued SET 1, participants engaged in a forty-

five-minute task (SET 2) aimed to familiarize them with the main tasks and duration of

the task, also minimize potential learning effects. Following the completion of SET 2, a

10-minute break was implemented, followed by a 10-minute idle game session to miti-

gate boredom during the experimental sequence. Subsequently, another 10-minute break

was provided. Following the break, SET 3 commenced, lasting for 45 minutes. This was

followed by another 10-minute break, an idle game session, and another 10-minute break.

SET 4, also lasting 45 minutes, was initiated after the preceding break. A final 10-minute

break was provided before concluding the experiment with SET 5. To minimize the po-

tential impact of ordering effects, a counterbalanced design was implemented for SETs 3

and 4. This involved alternating the presentation of nature’s sound stimulus between the

two sets. Consequently, only the data from SETs 3 and 4 were included in the subsequent

analysis.

Nature’s sound stimuli were presented for 30 seconds during each micro-refresh in-

tervention, which was integrated into the 45-minute cognitive task. This resulted in eight

nature sound stimuli presentations per task set, occurring approximately every 4.5 min-

utes. The illustration of the experiment design in Study 2 is shown in Figure 3.8.

Auditory Stimuli in Experimental Design

In this study, micro-refresh is represented as a sound stimulus for a short period during

the work. Sound stimuli chosen as micro-refreshers have nature’s elements. Adopting

nature’s elements as a sound stimulus has the objective of creating a restored feeling,
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Figure 3.8: Illustration of the experiment design.

which is conveyed by the attention restoration theory (ART) [12] and stress reduction

theory (SRT) [65]. This approach is relatively modest to implement, yet it carries a poten-

tial way to deliver the elements of a restorative nature and is expected to enhance work

performance.

In selecting the type of nature sound as a micro-refresher, several considerations are

applied as follows: 1) the elements to be played should indicate a signal of the starting

point when the micro-refresh begins; 2) the restoration elements can be aroused when the

sound stimuli are sounded; 3) the elements played should indicate a signal of the finishing

point (i.e., the end of the micro-refresh). Besides considering the former elements, the

typical nature’s sound elements could be biotic and abiotic [128]. Combining the sound

elements of biotic and abiotic nature is better for representing the more comprehensive

nuances of the natural environment. Thus, the sound stimuli appear as the sound of

seagulls chirping and the waves sound so that it brings the shore ambiance.
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Auditory stimuli were generated using Studio One 5 Professional (version 5.5.2.86528)

on a Mac operating system [76]. The stimuli consisted of a combination of copyright-free

sound sources in the software. The sound pressure level was set at 42 dBA, considered

appropriate for indoor environments [77]. The auditory stimuli were delivered through

Dali Zensor 1 speaker [78], with four speakers strategically placed in the corners of the

experiment room. An amplifier [79] was connected to a PC via a Yamaha AG06MK2 audio

interface to ensure monoaural sound reproduction.

Participants

A total of ten Kyoto University students (aged 19–25, M = 22.4, SD = 2.3) participated

in this study. The participants were comprised of seven males and three females. Each

participant completed both conditions (with and without auditory stimuli) during a 45-

minute cognitive task for each condition, resulting in a total of 14715 answering data

points from 10 participants. A power analysis using G*Power, with an alpha level of 0.05,

effect size of 0.1, and a desired power of 0.8, indicated that the sample size was suffi-

cient. This suggests that the study had adequate statistical power to identify significant

differences between the two conditions (with and without auditory stimuli). Before the

experiment, all participants provided informed consent, ensuring the confidentiality of

their data. Only anonymized data was used in the analysis, and ethical approval was

obtained from the Graduate School of Energy Science Ethics Committee at Kyoto Univer-

sity.

Cognitive Comparison Task

Participants were required to answer questions within a predetermined timeframe, fol-

lowing established experimental procedures. The comparison tasks used in this study

were adapted from previous study [52]. These tasks presented participants with two

items for comparison: two words and two numbers. The comparison tasks were de-
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veloped using JavaScript [53] and administered on iPads [81]. The experiment program

automatically recorded the time to answer each question in a .csv format.

Experiment Environment

The experiment was conducted in a dedicated room at the Graduate School of Energy

Science, Kyoto University. The room was maintained at a comfortable temperature of 23

± 2ºC and a humidity level of 50%–60%. The CO2 levels were kept below 1000 ppm to en-

sure optimal air quality. Participants sat at individual workstations, each equipped with

a table and iPad. Partitions were placed between participants to minimize distractions.

Four speakers were strategically positioned in the corners of the room. The ventilation

fan was turned off during the cognitive comparison task to reduce background noise, and

it was maintained below 40 dBA throughout the experiment.

3.2.3 Outcome Measurement

Answering Time

Performance in the comparison tasks was evaluated based on answering time. The ex-

periment program automatically recorded the time taken to answer each question, from

the moment the question appeared on the screen until the participant selected the correct

answer by touching the designated area.

Concentration Time Ratio (CTR)

The concentration time ratio (CTR) is a quantitative measure that assesses the propor-

tion of time devoted to concentration during a task [5–7]. It is calculated by multiplying

the average answering time during periods of concentration by the number of questions

answered. CTR is expressed as a percentage, with 0% indicating no concentration and

higher percentages indicating greater concentration. Unlike other measures, CTR is less

susceptible to learning effects due to its focus on the proportion of time spent in con-
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centration [7]. Additionally, CTR indirectly reflects intellectual productivity, considering

both knowledge processing and time, rather than solely measuring speed. An increase in

CTR indicates that concentration is becoming more prominent during the task.

Error Rate

The error rate is a crucial metric for evaluating human performance, as it can indicate

the impact of interventions [82]. Error rate is essential for assessing task performance,

identifying areas for improvement, enhancing intervention effectiveness, and ensuring

transparency regarding ease of use [82]. In this study, error rate was measured to evaluate

the accuracy of participant performance in conditions with and without nature’s sound

stimuli.

Subjective Ratings

NASA Task Load Index (NASA-TLX)

The NASA Task Load Index (NASA-TLX) is a multidimensional scale used to assess hu-

man workload during or after tasks [58]. The NASA-TLX has been widely adopted in

research and organizational settings due to its robustness [56]. The NASA-TLX question-

naire consists of six subscales: Effort (EF), Frustration Level (FL), Mental Demand (MD),

Physical Demand (PD), Overall Performance (OP), and Temporal Demand (TD) [58]. The

NASA-TLX was administered in this study to measure participants’ subjective mental

workload after they completed the task under both auditory stimuli and no auditory

stimuli conditions.

Subjective Symptoms Questionnaire (SSQ)

The Subjective Symptoms Questionnaire (SSQ) is a validated tool developed to assess

fatigue [55]. The SSQ consists of five factors: drowsiness, instability, uneasiness, dullness,

and eyestrain. Each factor is measured using five Likert-scale items, resulting in a total
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of 25 questions. In this study, the SSQ was administered pre- and post-task to measure

participants’ self-reported physical symptoms. Responses were rated on a 5-point Likert

scale ranging from “strongly disagree” to “strongly agree”. The SSQ data was used to

understand participants’ subjective experiences of fatigue and discomfort before and after

performing the task.

Detachment Recovery Relaxation (DRR) Questionnaire

This study hypothesized that nature’s sound stimuli could serve as a micro-refresh in-

tervention, influencing work performance. Previous research suggests that sound can

induce alertness, potentially altering cognitive performance or evoking feelings of re-

freshment. Previous studies identified four key psychological elements of recovery: de-

tachment, relaxation, mastery experiences, and control during leisure [129]. Given the

systematic nature of our sound stimuli and the experimental task design, it was antici-

pated that psychological detachment and relaxation might be the primary mechanisms

underlying recovery.

To measure detachment, recovery, and relaxation experiences, a questionnaire was ad-

ministered after each set (1, 2, 3, and 4). The questionnaire consisted of two items, each

rated on a 5-point Likert scale from “not happening at all” to “very much happening”.

These items assessed the extent to which participants felt detached and experienced re-

laxation during the micro-refresh intervals.

Attentional Control Scale (ATTC)

The Attentional Control Scale (ATTC) is a self-report measure designed to assess an indi-

vidual’s ability to control their attention, which can influence information processing [84].

The ATTC consists of twenty questions categorized as either attentional shifting or atten-

tional focusing. Each question is rated on a 4-point Likert scale from “almost never” to

“always”.
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The ATTC has demonstrated reliability in measuring attentional control across various

age groups and backgrounds [85–88]. In this study, the ATTC results will provide valu-

able insights into participants’ attentional control abilities, complementing the descrip-

tive statistics and further understanding their potential to effectively manage cognitive

resources.

3.2.4 Data Analysis

Minitab statistical software [60] was employed to conduct a comprehensive statistical

analysis of the quantitative data. The ANOVA methods were applied to the answering

time raw data after a Box-Cox transformation. The paired t-test was utilized to analyze the

response difference of concentration time ratio (CTR) and error rate. A non-parametric

test (i.e., Mann-Whitney U test, Kruskal-Wallis test) is utilized to analyze the subjective rat-

ings of NASA Task Load Index (NASA-TLX), detachment, recovery, and subjective symp-

toms between conditions with auditory stimuli intervention and without auditory stimuli

intervention. Data cleaning procedures excluded participants who met any of the follow-

ing criteria: misunderstood instructions, missed one or more sessions, had a CTR score

below 40% [19], or exhibited a CTR difference between conditions that fell outside of a

predetermined threshold (5%). These exclusion criteria were implemented to minimize

bias and the risk of Type I errors [89].

The independent variables in this study were intervention (with or without nature’s

sound stimuli) and stage. The stage was divided into nine levels: Stage 0 (0–270 seconds),

Stage 1 (271–570 seconds), Stage 2 (571–870 seconds), Stage 3 (871–1170 seconds), Stage

4 (1171–1470 seconds), Stage 5 (1471–1770 seconds), Stage 6 (1771–2070 seconds), Stage 7

(2071–2370 seconds), and Stage 8 (2371–2770 seconds). The stages were divided based on

the timing of nature’s sound stimuli presentation.
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3.2.5 Results

The results from 10 participants recruited in this study are shown below. The results show

from the analysis of the average answering time between each stage in conditions with

and without the sound stimuli, the average concentration time ratio (CTR), the average

error rate, the subjective ratings of NASA task load index, the detachment and recovery

questionnaire, the attentional control scale and post-experiment interview.

Answering Time

The Anderson-Darling test indicated a non-normal distribution of answering time data

both in the dataset in the control condition and the dataset under nature’s sound stim-

uli condition (p < 0.005). The Levene’s test confirmed the homogeneity of variance (p =

0.726). Statistical analysis of variance (ANOVA) was applied after the Box-Cox transfor-

mation data with approximately equal to -0.84. A significant main effect of auditory

stimuli intervention on answering time was observed (p < 0.001). Additionally, a sig-

nificant interaction between auditory stimuli and experimental stages was found (p <

0.001). Bonferroni post-hoc tests revealed that the interaction effect was primarily driven

by differences at stages 0–stages 6 (p = 0.013), stages 0–stages 8 (p = 0.006), stages 1–stages

8 (p = 0.042) under the auditory stimuli condition. Furthermore, significant differences

emerged between stages 6, 7, and 8 when comparing the control condition (without au-

ditory stimuli) to the auditory stimuli condition. Specifically, participants in the auditory

stimuli condition exhibited significantly faster response in answering time at stages 6, 7,

and 8 compared to those in the control condition. The details of significant differences

between stages in the control condition and stages in auditory stimuli condition are non-

stimuli stage 6–with stimuli stage 6 (p = 0.027), non-stimuli stage 7–with stimuli stage 6

(p = 0.001), non-stimuli stage 8–with stimuli stage 6 (p = 0.015), non-stimuli stage 7–with

stimuli stage 7 (p = 0.015), non-stimuli stage 6–with stimuli stage 8 (p = 0.013), non-stimuli

stage 7–with stimuli stage 8 (p < 0.001), and non-stimuli stage 8–with stimuli stage 8 (p =

0.007). Figure 3.9 illustrates these findings graphically.
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Figure 3.9: The mean and median of answering time in each stage between conditions

with and without the auditory stimuli. A statistically significant difference is shown in

this figure *p < 0.05, **p < 0.01, ***p < 0.001.

Concentration Time Ratio (CTR)

The Anderson-Darling test revealed a non-normal distribution of the CTR dataset in the

control condition (p = 0.18). The Levene’s test confirmed the homogeneity of variance (p

= 0.464). The non-parametric test Mann-Whitney U test revealed no significant difference

in CTR between the control condition and under nature’s sound stimuli condition (p =

0.791). Figure 3.10 shows the CTR score between conditions with auditory stimuli and

control conditions.

Error Rate

The Anderson-Darling test revealed a normal distribution of error rate in both groups with

and without auditory stimuli intervention (p = 0.07 and p = 0.74). The Levene’s test resulted
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Figure 3.10: The CTR score between conditions no and with auditory stimuli conditions.

in non-homogenous variance (p = 0.04). The Mann-Whitney U test found no significant

difference (p = 0.084) between the condition with and without auditory stimuli with effect

size Cohen’s d 0.36. Figure 3.11 shows the error rate between conditions with and without

auditory stimuli.

Subjective Ratings

NASA Task Load Index (NASA-TLX)

The Anderson-Darling test revealed a normal distribution of NASA-TLX scores for both

groups with and without auditory stimuli intervention (p = 0.5 and p = 0.307). Both

groups of NASA-TLX score with and without auditory stimuli had equal variances showed

by the Levene’s test (p = 0.762). The parametric t-test found no significant difference be-

tween the control condition and treatment condition with nature’s sound stimuli (p =

0.94). The average NASA-TLX total score in the control condition is 52.96 ± 10.3, fol-
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Figure 3.11: The error rate between conditions no and with auditory stimuli conditions.

lowed by the treatment condition 53.34 ± 11.5. Figure 3.12 shows the total average score

of NASA-TLX in both conditions.

Subjective Symptoms Questionnaire

The subjective symptoms questionnaire data were non-normally distributed for the con-

centration (C) subscale under auditory stimuli intervention post-experiment question-

naire (p = 0.026) and blurriness (B) subscale without nature’s sound stimuli pre-experiment

questionnaire (p = 0.013). Meanwhile, other subscales (i.e., fatigue, sleepiness, sluggish-

ness) were normally distributed (p > 0.05). All the subscale scores had homogeneous

variances shown by the sphericity test (p > 0.05). The Kruskal-Wallis test revealed no sig-

nificant differences in concentration and blurriness subscale (p = 0.252 and p = 0.921).

Furthermore, parametric test analysis of variance revealed no significant differences in

fatigue (F), sleepiness (Sp), and sluggishness (Sg) subscales (p > 0.05). The subjective
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Figure 3.12: The NASA-TLX score in both conditions with and without auditory stimuli.

symptoms questionnaire score in each subscale: blurriness (B), concentration (C), fatigue

(F), sleepiness (Sp), and sluggishness (Sg) is shown in Figure 3.13.

Detachment Recovery Relaxation Questionnaire

The Anderson-Darling test revealed non-normally distributed data among detachment, re-

covery, and relaxation scores (p < 0.05). The sphericity test revealed non-homogeneous

data of recovery score (p = 0.044), meanwhile detachment score and relaxation score were

classified as homogeneous data (p = 0.217 and p = 0.172). The Mann-Whitney U test re-

vealed a significant difference in detachment, recovery, and relaxation scores with signif-

icant differences in the p-values respectively p = 0.013, p = 0.002, and p = 0.001. The score

of detachment, recovery, and relaxation scores between conditions are shown in Figure

3.14.
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Figure 3.13: The subjective symptoms questionnaire scores for each subscale.

Attentional Control Scale (ATTC)

Analysis of the ATTC questionnaire revealed that 60% of participants scored between 20

and 50, falling into the medium range. The remaining 40% scored above 50, indicating

a high level of attentional control. When examining ATTC focusing and shifting scores

separately, 30% of participants demonstrated medium focusing scores (9–22), while 70%

exhibited high focusing scores (above 22). For ATTC shifting, 60% of participants scored

between 11 and 27 (medium shifting), and 40% scored above 27 (high shifting). These

findings suggest that while a majority of participants demonstrated high levels of atten-

tional focusing, shifting abilities were more evenly distributed. The score of ATTC are

shown in Figure 3.15.
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Figure 3.14: The score of the detachment, recovery, and relaxation questionnaire between

conditions. A statistically significant difference is shown in this figure *p < 0.05

3.2.6 Discussion

A significant finding of this study 2 is the positive impact of strategically timed auditory

stimuli on cognitive performance. Participants in the auditory stimuli condition exhibited

significantly faster answering times, particularly during the latter stages of the 45-minute

cognitive task (Stages 6 to 8). This suggests that the timely delivery of auditory stimuli

can effectively mitigate cognitive decline and enhance sustained attention.

However, while auditory stimuli positively influenced cognitive performance, it did

not significantly affect other performance metrics, such as accuracy. This suggests that the

primary benefit of auditory stimuli may be in reducing cognitive decline and improving

attention, rather than enhancing accuracy.
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Figure 3.15: The ATTC score of focusing criteria, shifting criteria, and total score.

Additionally, the NASA-TLX questionnaire revealed no significant differences in per-

ceived workload between the two conditions. Furthermore, subjective measures of symp-

toms state, including concentration, fatigue, haziness, sleepiness, and sluggishness did

not show significant differences between conditions. These findings suggest that while

auditory stimuli may improve certain aspects of cognitive performance, they do not have

a significant impact on overall perceived workload or subjective feelings of fatigue.

Furthermore, study 2 revealed a significant increase in feelings of detachment, recov-

ery, and relaxation among participants in the auditory stimuli conditions. This suggests

that auditory stimuli may have a positive impact on subjective well-being by increasing

the level of detachment, recovery, and relaxation.

A comparison of Study 1 and Study 2 reveals distinct findings. While both studies

employed similar cognitive tasks, Study 2 extended the duration to 45 minutes to investi-
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gate the impact of micro-refresh auditory stimuli on prolonged performance. This longer

duration allowed for a more pronounced demonstration of the effectiveness of auditory

interventions, particularly in the latter stages of the task.

Interestingly, while both studies showed no significant differences in terms of accuracy

or perceived workload, Study 2 revealed significant improvements in detachment, recov-

ery, and relaxation. This suggests that auditory stimuli may be more beneficial for longer

tasks, potentially aiding in stress reduction and cognitive restoration. In contrast, Study

1, with a shorter task duration, did not exhibit significant differences in these subjective

measures. These findings highlight the potential time-dependent effects of auditory in-

terventions.

3.2.7 Conclusion

In conclusion, this study provides compelling evidence for the effectiveness of systematic

micro-refresh auditory stimuli in enhancing cognitive performance and subjective well-

being during prolonged cognitive tasks. By strategically timing auditory interventions, it

is possible to mitigate cognitive decline.

Furthermore, auditory stimuli can positively influence mental states, promoting feel-

ings of detachment, recovery, and relaxation. These findings have significant implications

for workplace design and employee well-being, suggesting that incorporating auditory

interventions into work routines can enhance productivity and job satisfaction.
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Chapter 4

Effect of Systematic Micro-refresh Visual

Stimuli on Intellectual Work

The contents of this chapter is based on :

Dianita, O., Nomura, K., Higashimaki, T., Abe, R., Ueda, K., Ishii, H., Shimoda, H.,

Obayashi, F. (2024). Systematic visual stimuli micro-refresh evaluation on cognitive work

performance. Displays.

4.1 Introduction

Amidst the high work demands and rapid work environments, office workers are re-

quired to maintain high work productivity. Maintaining high work productivity, whether

in the short or long term, remains a challenge. Workers often face a variety of stressors

that can affect their performance and result in negative physical and psychological effects,

such as high workloads, tight deadlines, unclear job expectations, interpersonal conflict,

and organizational change [130–132]. The dynamics of workers and the complexity of

stressors can hinder work productivity. Therefore, several steps are necessary to sustain

workers’ high performance.

Recovery strategies are presented as one way to maintain employee performance in

the short and long term. Effective recovery strategies can help to alleviate the negative
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consequences of stress and burnout, thereby supporting employee productivity [39]. By

providing employees with opportunities to rest, relax, and recharge, recovery strategies

can help prevent mental and physical exhaustion, improve job satisfaction, and enhance

overall well-being [133]. Additionally, effective and sufficient recovery can contribute

to workers’ productivity and well-being, ultimately benefiting both employees and the

organization [134].

Existing research on work recovery often focuses on specific break times, such as lunch

or after-work hours, and relies primarily on subjective reporting. However, this approach

may overlook the potential for maintaining performance during work periods preceding

or following these conventional breaks. To address this limitation, our study investigates

whether strategic interventions can enhance productivity without compromising work

efficiency. By implementing controlled recovery strategies, our study aims to optimize

work performance and delay its degradation over time.

The current study acquaints a promising recovery strategy, known as micro-refresh,

which utilizes short bursts of stimuli during work sessions to boost performance and

prevent decline [6, 19]. This study introduces a novel intervention known as systematic

visual stimuli micro-refresh, designed to enhance cognitive performance or mitigate cog-

nitive decline during extended tasks. While previous research has focused on the benefits

of conventional recovery activities like taking breaks, our study explores the impact of

targeted visual stimuli strategically applied during work periods. Unlike conventional

micro-breaks, which could potentially impede efficiency, our approach aims to provide

a subtle cognitive boost without interrupting the workflow. By examining the impact of

micro-refresh in a quantitatively measurable manner, this study contributes to a broader

understanding of methods for optimizing cognitive function and reducing fatigue during

work.
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4.1.1 Micro-refresh

Micro-refresh is a novel intervention designed to enhance cognitive performance during

work. Unlike traditional micro-breaks, which are typically initiated voluntarily by indi-

viduals and involve activities such as stretching or taking a coffee break [11, 20, 22] or

brief periods of rest without external stimuli [161], micro-refresh involves brief, involun-

tary stimuli applied within a few seconds that triggers cognitive restoration or delays its

degradation over time. These stimuli, such as changes in airflow [9, 135], lighting [7], or

sound [136], aim to revitalize cognitive function and improve performance. Figure 4.1

offers an illustration of the micro-refresh concept.

Figure 4.1: Illustration of the micro-refresh concept.
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Previous research has shown that micro-refresh, implemented with various stimuli,

has potential positive effects during work. A previous study investigating the effect of

grey screen micro-refresh showed that most participants benefited after conducting the

task under micro-refresh influence compared to non micro-refresh [19]. A previous study

found positive effects of auditory micro-refresh on concentration and subjective workload

[136]. Additionally, a short-term airflow intervention was classified as a micro-refresher

and obtained varying results regarding concentration and subjective response [135]. Fur-

thermore, developing a micro-refresh approach with visual stimuli is essential due to the

vital role of visual attributes in various occupational settings [148, 149].

4.2 Investigation of Visual Stimuli Micro-refresh Evalua-

tion on Cognitive Work Performance

This study aimed to investigate the impact of systematic visual stimuli micro-refresh on

cognitive performance and well-being. By examining variables such as answering time,

CTR, perceived workload, subjective symptoms, and psychological coping mechanisms,

this study sought to gain a comprehensive understanding of these effects.

4.2.1 Visual stimuli and physical and psychological effects

Visual stimuli are important for creating physical and psychological changes. Visual

stimuli can promote relaxation by enhancing engagement, instinct, derivation, and am-

bient qualities [150]. Additionally, some visual scenes or places could deliver certain

psychological positive effects (e.g., recharging, immersing, calming, awe-inspiring, up-

lifting, mellowing, mind-clearing, reassuring) which thus complacent a feeling of relax-

ation [150]. Previous studies mentioned the application of integration visual nature prop-

erties into constructed environments to create positive effects on human health and well-

being [109, 111, 116]. Previous research has highlighted the potential for outdoor views
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to influence stress and recovery in office environments, suggesting that visual connec-

tions to the outdoor environment can contribute to both psychological and physiological

well-being [137]. The stress and anxiety levels of participants who were exposed to vi-

sual stimuli in indoor environments were lower compared to the condition without visual

stimuli exposure [113]. The condition without visual biophilic elements and traffic noise

resulted in the worst performance compared to the condition with visual biophilic ele-

ments and natural sound [110]. Additionally, negative moods declined through exposure

to visualization of natural elements similar to exposure to real nature [117].

4.2.2 Visual stimuli forms and varieties

Visual stimuli can take various forms, such as pictures, real objects, colors, or videos. Pre-

vious research has compared the effects of different visual stimuli, finding that real plants

generally have a more positive impact than pictures or artificial plants [151]. 3D images

have been shown to be more relaxing than 2D images [152]. However, a study inves-

tigating the effects of brief, pleasant videos found no significant differences in attention,

working memory, or anxiety state, although anxiety traits varied by gender [153]. Nature-

based visual stimuli, like forest imagery, have been found to be more effective than city

images or grey screens in promoting relaxation and reducing stress [154]. This suggests

the importance of considering visual stimuli in workplace environments to enhance well-

being and recovery [155–158]. While previous research has explored the potential benefits

of visual screensavers, their impact on cognitive performance remains inconclusive. Stud-

ies have shown both positive and limited effects. For example, visually-creative screen-

savers like fractals have been suggested to reduce stress [159], while other studies have

found limited effects on cognitive performance measures [160].
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4.2.3 Visual stimuli and its effect measurement

Visual stimuli are essential for daily work activities and significantly influence individual

performance and perception. Utilizing a range of dependent variables becomes important

to comprehensively measure the impact of visual stimuli on performance and recovery.

Answering time assessed cognitive processing efficiency and potential fatigue [136].

Concentration time ratio (CTR) measured sustained attention and focus by calculating the

proportions of time participants spent actively concentrating on the task to the total task

duration [5–7, 19]. The NASA-TLX questionnaire assessed subjective mental workload

that could comprehensively understand participants’ cognitive load [56, 58]. The subjec-

tive symptoms questionnaire captures participants’ self-reported symptoms associated

with stress and fatigue, including physical discomfort, emotional distress, and cognitive

difficulties [55]. Furthermore, the detachment, recovery, and relaxation questionnaire uti-

lization as a measurement could help to assess participants’ ability to mentally detach

from work, recover from stress, and experience relaxation. It provides insights into the

psychological processes of coping with workload [83].

This study aimed to investigate the impact of systematic visual stimuli micro-refresh

on cognitive performance and well-being. This study sought a comprehensive under-

standing of these effects by examining variables such as answering time, CTR, perceived

workload, subjective symptoms, and psychological coping mechanisms.

A key differentiating factor in this study was the controlled manipulation of visual

stimuli, particularly the duration and interval of micro-refresh stimuli. Previous research

has primarily focused on absolute stimuli delivered during or after work [162–165]. Fur-

thermore, while previous research on workplace interventions has primarily focused on

absolute stimuli delivered during or after work, this study introduces a novel approach by

systematically manipulating the duration and interval of visual stimuli. This controlled

manipulation allows for a more nuanced investigation of the effects of micro-refresh vi-

sual stimuli on cognitive performance, productivity, and perceived recovery. By integrat-

ing systematic visual stimuli directly into the work, our research addresses a critical gap
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in the literature and contributes to a growing body of evidence supporting the benefits of

micro-refresh intervention that have not been extensively investigated.

4.3 Materials and Methods

A controlled experiment was conducted taking into account the experimental design,

methods, and participants involved will be explained in the following sections.

4.3.1 Experimental Procedure

At the beginning, the participants received a brief explanation of the procedures to par-

ticipate in the experiment such as an explanation of the consent form and the agreements,

the estimated experiment duration, the participant’s right to stop or not continue the

experiment, and compensation given to participants after finishing the experiment. Par-

ticipants were not informed about the research objectives or variables to avoid bias. All

participants agreed with the consent form given before the experiment being started.

Each time the participants perform the given task, that period of performing the task

will be called a SET. There are 4 sets in this experiment. A dummy starter set (i.e., SET 1)

for 3 minutes was implemented in the beginning. This dummy starter set was performed

to provide a short simulation of the experiment task that would be carried out (e.g., get-

ting used to performing the tasks displayed on the display tablet). Secondly, a longer task

set for forty-five minutes followed. In the second set, a visual stimulus was given. The

visual stimuli were given for 30 seconds after 4.5 minutes of performing the task. Dur-

ing the 45-minute task duration, participants were exposed to visual stimuli eight times.

The visual stimulus was displayed as a background overlay during the experiment task.

Participants could choose to pause or continue the task during visual stimuli. Figure 4.2

illustrates the screen display during the experiment task when the visual stimuli appear

and the screen display without the visual stimuli.
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SET 1 and SET 2 were designed to familiarize participants with the experiment, es-

pecially the visual stimuli in SET 2. Data from SET 1 and SET 2 were excluded from the

analysis. After finishing SET 2, a break was given for 10 minutes. Subsequently, an idle

game session for 10 minutes was given. The purpose of this idle games session is to min-

imize boredom during the experiment sequence. Then, continued with another break for

10 minutes. The allotted break duration of 30 minutes was deemed sufficient to mitigate

fatigue and ensure a refreshed state before commencing the next set.

SET 3 for forty-five minutes was started after the break finished, then followed with

another 10-minute break, idle games, and a 10-minute break again. Similar to the post-

SET 2 break, the 30-minute rest period was deemed sufficient to alleviate fatigue and

prepare participants for the following task. Forty-five minutes of performing the task in

SET 4 was followed after the prior break. Then, a 10-minute break is followed before the

end survey for 20 minutes. A crossover design is adopted for SET 3 and SET 4 where

the visual stimuli were induced. The induction of visual stimuli is employed in a coun-

terbalanced design. Subsequently, only the data in SET 3 and SET 4 will be used for the

analysis procedures with the assumption that the ordering effect is being minimized by

the counter-balanced design of visual stimuli intervention employed within SET 3 and

SET 4.

Before and after SET 2, SET 3, SET 4, and the idle game session, subjective ratings of

progress questionnaire and subjective symptoms questionnaire were given. Additionally,

the NASA task load index (NASA-TLX) questionnaire and detachment, recovery, and

relaxation questionnaire were given at the end of SET 2, SET 3, and SET 4. On average,

the experiment procedure lasts for five hours. The experiment was designed by following

several procedures as shown in Figure 4.3.

4.3.2 Visual Stimulus in the Experiment

In this study, a scene of nature as the visual stimulus was chosen. The decision to adopt

natural visualization is based on several considerations which believed to deliver positive
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Figure 4.2: Illustration of the screen during experiment task: (A) the screen display with-

out the visual stimulus, (B) the screen display when the visual stimulus appears.

benefits and enhance recovery during the work [155–158]. The visual stimuli utilized in

this study are computer-generated (CG) animated imported from digital packages con-

sisting of dynamic content featuring a cinematic view of swaying leaves in the forest with

a flowing river in a daylight scene [138]. In particular, the scene depicted a non-localized
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Figure 4.3: Illustration of the experiment design

natural environment, although it might have similarities to natural scenes found in Japan.

Figure 4.4 illustrates the visual stimuli adopted in the experiment.

4.3.3 Participants

Thirty-eight participants (aged 18–32, M = 22.3, SD = 2.8; 23 male, 15 female) were re-

cruited. The recruitment of this number of participants has met the a priori assumption of

the number needed to obtain a G*Power of 0.8, an assumed alpha error probability of 0.05,

and an effect size of 0.25 [139].

All the participants had normal or corrected-to-normal vision and were free of intel-

lectual disabilities. All participants are Japanese students of Kyoto University recruited

through the Kyoto University CO-OP bulletin board information and received a 6,000 yen

gift card as compensation after finishing the experiment. All the participants agreed with

the content of their requirements and rights stated in the consent form for conducting the
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Figure 4.4: Illustration of the forest with a flowing river scene as the visual stimuli

adopted.

experiment issued by the Graduate School of Energy Science Ethics Committee of Kyoto

University.

4.3.4 Experiment Task

To measure the performance of the cognitive work, a comparison task was adopted [52].

Cognitive comparison tasks offer consistent difficulty and limited strategic flexibility,

making them suitable for measuring intellectual concentration. The original task ques-

tions were presented in Japanese. For this manuscript, the questions and relevant terms

were translated into English by native Japanese speakers with advanced English profi-

ciency. In the task, the participants were expected to answer the task of comparing two

numbers and make a judgment whether the mathematical statements linking the two

numbers are correct or false, then make a judgment of comparison between two words

whether is belong to the same group of category or not. For example, given the numbers

“4388” and “4417” linked by ”<”, the correct answer is ‘true’. Additionally, given two
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words being compared “carrot” and “firefly”, then the expected correct answer is “these

two words did not fall into the same category”, while “carrot” belongs to the “vegetable”

category and “firefly” belongs to the “animal” category. Combining the answering com-

parison of two numbers and two words, the participants should touch the answering box

crossing the area of “correct comparison number” and “different words category”. Fig-

ure 4.5 shows the sample of the comparison task displayed on the screen and the expected

correct answer touch area.

Figure 4.5: The sample illustration of the comparison task is displayed on the screen.

4.3.5 Experiment Environment and Equipment

The experiment was held in an experiment room at Kyoto University. A 43-inch LG dis-

play (43UD79-B) [166] was used for the experiment and placed on the work desk. The

display resolution was 3840 × 2160 with a 16 : 9 aspect ratio. A PC with the following

specifications was used:

• CPU: Intel Core i7-7700 [167]
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• GPU: NVIDIA GeForce GTX 1060 [168]

• RAM: 16 GB

• Operating system: Windows 10 Pro 64bit [169]

A Logitech silent wireless mouse (M220CG) [170] was used to answer the question

during the task and placed on the work desk. The room temperature was adjusted to 23

± 2ºC C and the humidity level to 50%–60%. Participants sat in a comfortable working

seat provided with a backrest and a work desk in front of them. The visual angle from

the participant’s head to the edge of the computer display was approximately 70°. The

peripheral visual field, extending laterally from the central line of sight, measured ap-

proximately 60° in radius to the left and right. The work desk layout for each participant

is shown in Figure 4.6. Additionally, Figure 4.7 shows the scene of the experiment

Figure 4.6: The work desk layout for each participant.
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Figure 4.7: A scene of the experiment.

4.3.6 Outcome Measurement

Answering Time

One of the performance measurements was obtained through the recorded time required

by participants to answer the tasks (i.e., answering time). During 45 minutes task du-

ration in SET 3 and SET 4 where the data was then used in the analysis procedure, the

answering time of each question was recorded automatically in the experiment program.

One cycle of record answering time for each question was calculated from the first ques-

tion that appeared on the screen until the participants clicked the button in a specifically

designated answer area.
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Concentration Time Ratio (CTR)

This study used the concentration time ratio (CTR) to measure concentration levels [5–7].

CTR is calculated by comparing the time spent concentrating to the total task time. A

higher CTR indicates a higher concentration level. The superiority of CTR as a concen-

tration performance indicator are 1) the learning effect does not have much affect on CTR

because CTR is measured based on an index of the comparison of actual concentration

time to total working time; 2) intellectual productivity (i.e., the outcome of knowledge

processing over time) could indirectly be depicted by CTR and not just the speed response

comes from muscle movement [7].

NASA Task Load Index (NASA-TLX)

The NASA-TLX was used to measure workload in this study [56, 58]. NASA-TLX is a

comprehensive, validated, and easy-to-use workload measure. NASA-TLX was used to

compare workload between the control and intervention groups. NASA-TLX consists of

six subscales which are effort (EF), frustration level (FL), mental demand (MD), physi-

cal demand (PD), overall performance (OP), and temporal demand (TD). In this study,

NASA-TLX was given at the end of each forty-five-minute set. The data used in the anal-

ysis procedure were extracted from the participants’ responses after they finished SET 3

and SET 4 where the visual stimuli were employed in a counterbalance design.

Subjective Symptoms

A questionnaire measuring fatigue levels promoted by the Research Group of Industrial

Fatigue Japan Society for Occupational Health was utilized in this study [55]. The ques-

tionnaire includes five subscales: drowsiness, instability, uneasiness, dullness, and eye-

strain. The subjective symptoms questionnaire consists of twenty-five questions with

five-point bipolar Likert style answering options starting with point 1 as “strongly dis-

agree” to point 5 as “strongly agree”. This allows the measurement of both positive and
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negative attitudes. The purpose of adopting this questionnaire is to catch the individual

symptoms that happened before and after conducting the experiment tasks. Subjective

symptoms were given before and after SET 2, SET 3, SET 4, and idle games sessions.

Detachment, Recovery, and Relaxation Questionnaire

Detachment, recovery, and relaxation questionnaires were administered as an additional

measure to assess certain psychological factors. Table 4.1 presents the detachment, re-

covery, and relaxation questionnaire questions, which were originally in Japanese and

translated into English for this paper. The translation was conducted by native Japanese

speakers with advanced English proficiency and cross-checking assisted using translation

software tools. To assess the level of detachment, recovery, and relaxation, a five-point

unipolar Likert scale was employed. Participants rated their responses on a scale ranging

from 1 (“not at all”) to 5 (“very much”). This unipolar scale slowed for the measurement

of positive levels of the construct, capturing the extent to which participants exhibit or ex-

perience the specified behavior or characteristic. Recovery experiences can be influenced

by psychological factors such as detachment, relaxation, mastery experiences, and leisure

control [83]. However, due to the experimental design, mastery experiences and leisure

control were not included in this study, as the task was not a typical mastery activity (e.g.,

playing instruments) and participants had limited control over their leisure activities.

Table 4.1. The list of questions of detachment, recovery, and relaxation questionnaire.

Questions

1 Have you ever been distracted while performing the task because
of the visual stimuli background?

2 Have you ever felt refreshed when performing the task because
of the visual stimuli background?

3 Have you ever experienced a moment when the visual stimuli
background appears and you are performing the task then you
feel relaxed while doing it?
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Ending Survey

At the end of the experiment, an ending survey was administered. This ending survey

aimed to capture the participants’ overall impressions and feelings after the end of the

experiment. The survey questions are listed in the appendix. The answer options for the

first, third, fourth, seventh, and eighth questions are formatted in an open-ended answer

format. In the first question, the answers will be categorized as positive, negative, or

neutral. In the third question, the answer responses will be categorized according to the

variation of answers obtained ranging from a time interval of 5 minutes, and responses

that are not related to the length of the interval given. In the fourth question, the category

responses will be grouped according to the visualization character felt by the participants,

whether it is a positive response or a negative response. Meanwhile, for the second ques-

tion, three answer options are offered, while in the sixth question, five comfort levels are

offered starting from the most uncomfortable level to the most comfortable level. Fur-

thermore, in the discussion of the results, the answer categories from the ending survey

will be displayed based on the answer categories that have been grouped in the previous

explanation. Table 4.2 shows the list of questions of the ending survey.

4.4 Data Analysis

The analysis focused on answering time, CTR, and subjective ratings from SET 3 and SET

4. To facilitate a more comprehensive and detailed analysis of the answering time perfor-

mance in each set, the 45-minute time horizon in SET 3 and SET 4 then divided into nine

smaller time blocks represents stimuli induction time. The nine smaller time blocks were

then named stages (i.e., stage 0–stage 8) where stage 0 started from 0–270 seconds, stage

1 from 271–570 seconds, stage 2 from 571–870 seconds, stage 3 from 871–1170 seconds,

stage 4 from 1171–1470 seconds, stage 5 from 1471–1170 seconds, stage 6 from 1171–2070

seconds, stage 7 from 2071–2370 seconds, stage 8 from 2371–2700 seconds.
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Table 4.2 The list of questions of the ending survey.

Questions Answering Format

Q1 Has the background change affected your
work? If yes, what is the impact?

Open-ended

Q2 In the set with a visual change background for
30 seconds, how do you feel about the dura-
tion time of the appearance of the visual back-
ground?

Optional choice
of the length of
the visual back-
ground should
be:
1) Longer
2) It’s enough
3) Shorter

Q3 In the set with a visual change background,
how do you feel about the interval time of the
appearance of one visual background to the
next visual background change?

Open-ended

Q4 How do you feel about the landscape image
adopted in the visualization?

Open-ended

Q5 Do you have a feeling to stop and take a break
every time the visual change background ap-
pears?

Optional
choice:

1) I felt like tak-
ing a break
2) I didn’t feel
like taking a
break

Q6 How comfortable and uncomfortable do you
feel every time the visual change background
appears while conducting the experimental
task?

Likert scale
from 0 (very
uncomfortable)
to 5 (very com-
fortable)

Q7 During the experiment, do you feel that you
are influenced by other participants’ behav-
ior? If you feel that there was nothing special,
you can skip this question.

Open-ended

Q8 If you have any other thoughts about this ex-
periment as a whole, please write them down.
No need to fill in anything unless there is
something special.

Open-ended

The analysis used parametric and non-parametric tests. Given the non-normal distri-

bution of the answering time data, as confirmed by the Anderson-Darling test, the Kruskal-
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Wallis test was employed for analysis. Despite the homogeneity of variance, as verified by

Levene’s test, the Kruskal-Wallis test was deemed appropriate due to the non-normal data

distribution. Considering the non-normal distribution of CTR data, as confirmed by a

normality test, the Mann-Whitney U test was employed for statistical analysis. This deci-

sion was made despite the homogeneity of variance, as assessed by Levene’s test. The

assumptions of normality and homogeneity of variance were met for the NASA-TLX

data, thus the student’s t-test was conducted. Subjective symptoms questionnaire data

were preprocessed using the min-max method [171] before applying the Kruskal-Wallis

test, which considered the non-normal distribution despite being homogenous data. The

detachment, recovery, and relaxation questionnaire data were analyzed using the Mann-

Whitney U test after the Anderson-Darling test revealed non-normal distribution data, and

Levene’s test showed unequal variances.

The following criteria were used to exclude data from participants with inappropriate

experimental results such as 1.) Participants were absent from at least one experimental

session, 2.) Participants with CTR scores below 40% or fewer than 300 answers were

excluded due to lack of motivation [19], 3.) The participants outside criteria number 1 or

2 that have the CTR score difference between SET 3 and SET 4 included in the 5% lower

threshold or 5% upper threshold distribution were excluded to minimize the probability

of Type-I errors and bias [89].

4.5 Results

Data from 26 participants (aged 18–32, M = 22.3, SD = 3.1; 15 male, 11 female) were

analyzed; 12 participants were excluded for various reasons as mentioned in the Data

Analysis section. Two participants were excluded due to absence from at least one ex-

periment session. Six participants had a CTR score below 40% or answered fewer than

300 questions (indicating low motivation) [19]. Four participants had a CTR score differ-

ence between SET 3 and SET 4 exceeding the 5% threshold (indicating potential bias) [89].
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From the remaining 26 participants, 38,472 answering time data were collected under

both control and intervention conditions with a posteriori G*Power level of 0.7, which is an

assumption sufficient for the current investigation given the time and resource constraints

associated with data collection and experimentation.

4.5.1 Answering Time

The Anderson-Darling test indicated a non-normal distribution of answering time data (p

< 0.05). The Levene’s test confirmed the homogeneity of variance (p = 0.088). The Kruskal-

Wallis test revealed significant differences between groups (p < 0.001). Dunn’s post hoc test

identified significant differences between the No Visual Stimuli Stage 0 and other group

(i.e., No Visual Stimuli Stage 3–Stage 8, With Visual Stimuli Stage 0–Stage 7) and No

Visual Stimuli Stage 1 to other group (i.e., No Visual Stimuli Stage 7, With Visual Stimuli

Stage 2, 4, 6, 7) (p < 0.05, Cliff’s delta = 0.025).

There is a notable shift in the directionality of answering time, particularly following

Stage 4. In the condition with visual stimuli, there was a noticeable acceleration of the

response process. Conversely, in the absence of visual stimuli intervention, a tendency

towards slower answering time was observed. Regarding accuracy, the error rate did

not exhibit significant differences between conditions with and without visual stimuli in-

tervention (p = 0.791, Cliff’s delta = 0.013). This finding was based on the Mann-Whitney

U test, which was employed due to the non-normal distribution of the data (p < 0.005,

Anderson-Darling test), despite the homogeneity of variance (p = 0.157, Levene’s test). Ad-

ditionally, Figure 4.8 illustrates the average answering time for each stage under both

condition.

4.5.2 Concentration Time Ratio (CTR)

The Anderson-Darling test revealed a non-normal distribution of CTR data in the no visual

intervention group (p = 0.018). The Levene’s test confirmed the homogeneity of variance
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Figure 4.8: The answering time between conditions with no visual stimuli and with visual

stimuli.

(p = 0.843). The Mann-Whitney U test found no significant differences in CTR between the

no visual stimuli group and the visual stimuli group (p = 0.66, Cliff’s delta = 0.07). Figure

4.9 shows the CTR score between condition with and without the visual stimuli.

4.5.3 NASA Task Load Index (NASA-TLX)

The NASA-TLX data were normally distributed for both groups with and without visual

stimuli (p = 0.852 and p = 0.075) and had equal variances (Levene’s test, p = 0.625). The

average NASA-TLX score was 53.76 ± 15.09 for the control group and 52.87 ± 14.77 for
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Figure 4.9: The concentration time ratio (CTR) between conditions with no visual stimuli

and with visual stimuli.

the visual stimuli group. A t-test revealed no significant difference between groups (p =

0.832, Cohen’s d = 0.06, Cronbach’s alpha = 0.82). Figure 4.10 shows the NASA-TLX score

between conditions with and without the visual stimuli.

4.5.4 Subjective Symptoms

The subjective symptoms questionnaire data were non-normally distributed (Anderson-

Darling test, p < 0.005) but had homogeneous variances (sphericity test, p > 0.05). Cron-

bach’s alpha was 0.63. The Kruskal-Wallis test revealed a no significant differences in con-

centration, fatigue, haziness, or sleepiness (p > 0.05). However, a significant difference

was found in sluggishness (p = 0.038). Figure 4.11 shows the boxplot of subjective symp-

toms data for each subscale, comparing intervention and control groups, as well as pre

and post-experiment responses.
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Figure 4.10: The NASA-TLX score in a condition with and no visual stimuli.

4.5.5 Detachment, Recovery, and Relaxation

The detachment, recovery, and relaxation questionnaire data were non-normally dis-

tributed (Anderson-Darling test, p < 0.005) and had unequal variances (Levene’s test, p

= 0.001). Cronbach’s alpha was 0.91. The Mann-Whitney U test revealed significant dif-

ferences between groups for all subscales (p < 0.001, Cliff’s delta = 0.97 for detachment,

0.81 for recovery, and 0.93 for relaxation). Figures 4.12, 4.13, and 4.14 illustrate the de-

tachment, recovery, and relaxation scores, respectively, comparing conditions with and

no visual stimuli.

4.5.6 Ending Survey

Due to the open-ended format, participants could provide multiple responses to ques-

tions 1, 3, and 4. Therefore, the total number of responses exceeded 26. Table 4.4 summa-
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Figure 4.11: Boxplot of subjective symptoms questionnaire

rizes these open-ended responses. Figure 4.13 shows the distribution of responses for the

closed-ended questions 2, 5, and 6.

Table 4.4 Open-ended response of visual background change (Q1).

Response category Number of
response

The answer corresponds to the positive category:

“I was able to concentrate” 4
“I was able to refresh” 5
“I was able to relax” 4
“I felt a change to a good mood” 4
The total answer corresponds to the positive category 17

The answer corresponds to the negative category:

“My concentration is decreased” 9
“My speed response is decreased” 4
“I was distracted” 8
The total answer corresponds to the negative category 21

Response neither positive nor negative 1
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Figure 4.12: The detachment score between conditions in no visual stimuli and with vi-

sual stimuli.

Table 4.5 Open-ended response of the visual stimuli interval time (Q3).

Response category Number of
response

The interval felt longer than 5 minutes 7
The interval felt shorter than 5 minutes 1
I thought the interval was about 5 minutes 2
The interval should be longer than 5 minutes 1
The interval should be shorter than 5 minutes 2
The interval was just right 10
Other responses which not correlate to the interval
length

5

4.6 Discussion

The result of this study provides valuable insights into the effects of visual stimuli on

several performance measurements and subjective feelings during a cognitive task. An-

swering time results revealed significant differences between groups, indicating that vi-

sual stimuli impacted answering time. Specifically, visual stimuli improved answering
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Figure 4.13: The recovery score between conditions in no visual stimuli and with visual

stimuli.

Table 4.6 Open-ended response of the visualization image adopted (Q4).

Response category Number of
response

“I felt it was a relaxing landscape” 8
“It was beautiful” 6
“It was suitable for a mood change” 2
“It was calm” 4
“I paid attention to the movement in the landscape vi-
sualization”

8

“It was not unpleasant” 1

time during a 45-minute cognitive task when introduced in the latter half of the duration

(Stages 5–8) but may not enhance performance at the beginning (Stages 0–4). The ob-

served change in the directionality of answering times, particularly after Stage 4, can be

attributed to the interplay of recovery processes and fatigue accumulation. In conditions

with visual stimuli, the recovery process appears to be more effective, mitigating the ac-

cumulation of fatigue. Conversely, in the absence of visual stimuli, the recovery process
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Figure 4.14: The relaxation score between conditions in no visual stimuli and with visual

stimuli.

may be less efficient, leading to increased fatigue and potentially hindering performance.

The post-hoc comparisons highlight specific time points where visual stimuli have influ-

enced performance. These findings suggest that the timing of visual stimuli introduction

may play a role in task performance. However, the accuracy of the work was no different

between conditions, indicating that productivity remained improved with visual stimuli

but not necessarily improved accuracy. Thus, the result of the answering time supports

hypothesis 1 however it was not considering the accuracy.

The Mann-Whitney U test shows p = 0.66 for comparing CTR with and without vi-

sual stimuli. This indicates that visual stimuli did not significantly impact CTR in this

study. Additionally, despite the positive findings for answering time measurement, the

CTR data did not support hypothesis 1. This discrepancy may be attributed to the dif-

fering methodologies utilized for calculating these two metrics. While CTR considered

the time spent concentrating on the overall task completion time within 45 minutes, the
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Figure 4.15: (a) Distribution response of visual stimuli duration (Q2), (b) Distribution

response of initiation to taking a break during the visual stimuli appearance (Q5), (c)

Distribution response of comfortability during the visual stimuli appearance (Q6).

answering time analysis provided a more chapped assessment, considering performance

at each stage (Stage 0–Stage 8) of the stimuli induction time.

The results from the NASA-TLX analysis indicate that the perceived workload re-

mained relatively consistent across conditions with and without visual stimuli. This sug-

gests that while visual stimuli may have influenced other aspects of task performance,

they did not significantly impact the participants’ subjective experience of workload.

The subjective symptoms questionnaire revealed no significant differences between

conditions with and without visual stimuli for most subscales, except for sluggishness.

While participants reported similar levels of concentration, fatigue, haziness, and sleepi-

ness in both conditions, the intervention group exhibited significantly different levels of

sluggishness.

The findings of the detachment, recovery, and relaxation questionnaire suggest that

visual stimuli significantly positively impacted all three psychological factors assessed.
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Participants in the intervention group reported feeling more detached, recovered, and re-

laxed than the control group. The results highlight the potential benefits of incorporating

visual stimuli into work environments. Visual stimuli improve well-being and reduce

stress by promoting detachment, recovery, and relaxation.

The ending survey revealed a range of responses to visual stimuli, including both pos-

itive and negative feedback. Negative responses may be attributed to the potential dis-

traction of visual stimuli on selective attention [172]. Most participants found the interval

timing appropriate. The nature-based visual stimuli in this study, featuring a forest scene

with a waterfall and river, evoked a relaxing and calming atmosphere, likely contribut-

ing to a sense of recovery. Previous research suggests that various visual presentations

can positively impact well-being through thinking, sensing, and doing [173]. Creating

a calming environment, such as using visual and multisensory stimuli, can improve the

well-being of individuals, as demonstrated in studies on intensive care unit patients [174].

Limitations

Several limitations should be acknowledged in this study. The laboratory setting, while

providing a controlled environment, may not fully replicate real-world scenarios, poten-

tially limiting the generalizability of findings. The use of a single natural scene (a forest

with a flowing river) may not cater to individual preferences, as relaxation can be influ-

enced by various sensory, cognitive, and behavioral factors [173, 174].

Additionally, the potential for visual stimuli habituation, where participants become

accustomed to the stimuli over time, needs further investigation. It remains unclear

whether the observed effects of visual stimuli would be sustained over extended periods,

such as months or years of use in real-world settings. Thus, further studies investigating

long-term effects can provide a more comprehensive understanding of the efficacy and

long-term effects of micro-refresh visual stimuli interventions.

This study did not explore potential gender differences in the effects of systematic

visual stimuli micro-refresh on cognitive performance. Previous research suggests that
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gender may play role in how individuals respond to nature-based visual interventions

[100, 175, 176]. Future research might explore whether systematic visual stimuli micro-

refresh interventions have differential effects on cognitive performance and well-being

depending on participants’ gender. This would provide a more comprehensive under-

standing of the potential benefits of this intervention for a wider population.

Furthermore, the reliance on a single sensory modality (visual stimuli) may not have

fully created an immersive environment for optimal recovery. Future research could ex-

plore the benefits of combining visual stimuli with other sensory modalities, such as au-

ditory or olfactory cues.

Finally, the use of subjective questionnaires introduces the potential for bias and mea-

surement error. Factors like participants’ expectations, stimulus, and familiarity can in-

fluence questionnaire responses [140]. To address these limitations, future studies should

consider larger and more diverse samples, as well as objective measures, to enhance the

validity and reliability of the findings.

Implication

The concept of systematic micro-refresh visual stimuli in work settings is based on the

idea that incorporating brief, visually engaging breaks can enhance employee produc-

tivity and well-being without compromising overall work efficiency. These systematic

micro-refresh visual stimuli can be implemented through various means, such as display-

ing nature scenes or calming animations on digital screens or scheduling short structured

breaks throughout the workday. By strategically incorporating these visual stimuli, orga-

nizations can create a more engaging and supportive work environment.

4.7 Conclusion

In conclusion, our findings demonstrate that the strategic implementation of systematic

micro-refresh visual stimuli can significantly enhance both cognitive performance and
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perceived recovery. These results imply that integrating systematic micro-refresh visual

stimuli into office work environments has the potential to offer substantial benefits for

employee well-being and productivity. While this study provides valuable insights, it is

important to acknowledge its limitations. Future research exploring variations in visual

stimuli, such as the type of scene, duration, and interval, can further elucidate the optimal

parameters for maximizing the effectiveness of micro-refresh interventions.
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Chapter 5

Conclusion

5.1 Concluding Remarks

This dissertation has made significant contributions to the understanding of micro-break

and micro-refresh interventions, also their impact on cognitive performance and well-

being. By systematically investigating the effects of micro-break and micro-refresh audi-

tory and visual stimuli, this research has demonstrated the potential of these interven-

tions to enhance workplace productivity and employee satisfaction.

This study showed that a systematic micro-break and micro-refresh have the potential

benefit of stabilizing worker performance and hindering performance degradation over

time. The highlights results from the series investigation reveal that:

Chapter 2: Effect of Systematic Micro-Break on Intellectual Work

This study demonstrated that systematic micro-breaks (MB) significantly improved cog-

nitive performance, particularly during the later stages of a prolonged task. MB interven-

tions helped to mitigate performance degradation over time, as evidenced by the more

stable performance patterns in the MB condition. The study highlighted the importance

of timing MB interventions.
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Chapter 3: Effect of Systematic Micro-refresh Audio Stimuli on Intellectual Work

The study found that the systematic introduction of brief auditory stimuli can enhance

cognitive performance, especially during prolonged tasks. The intervention positively

affected participants’ subjective feelings of recovery and reduced perceived workload.

The timing of micro-refresh stimuli is crucial.

Chapter 4: Effect of Systematic Micro-refresh Visual Stimuli on Intellectual Work

The study found that systematic micro-refresh visual stimuli can improve cognitive per-

formance, particularly during extended tasks. Participants reported increased feelings of

detachment, recovery, and relaxation after exposure to visual stimuli. The timing of vi-

sual stimuli interventions may play a crucial role in maximizing their benefits.

Figure 5.1 summarizes the significant findings from the objective and subjective as-

sessments presented in Chapters 2, 3, and 4. Subsequently, Figure 5.2 highlights the key

results of Chapters 2, 3, and 4.

5.2 Limitations

While this study provides valuable insights into the effects of systematic micro-break and

systematic micro-refresh on intellectual work, it is important to acknowledge several lim-

itations. Firstly, while the controlled laboratory setting allowed for precise manipulation

of variables, it may limit the generalizability of findings to real-world work environments.

Additionally, the potential for habituation to the auditory or visual stimuli over time

warrants further investigation. While the focus on a single sensory modality provided

valuable insights, exploring the combined effects of multiple sensory modalities could

offer enhanced benefits. Subjective questionnaires, while useful, are susceptible to bias

and measurement error. Future research should consider incorporating objective physi-

ological measures to complement subjective reports. Lastly, the study did not examine
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Figure 5.1: Summary of the significant findings from the objective and subjective assess-

ments in Chapters 2, 3, and 4.

potential gender differences in response to micro-refresh interventions, which could be a

fruitful avenue for future research.

5.3 Implications

The findings of this study have significant implications for workplace design and man-

agement. By incorporating systematic micro-refresh strategies, organizations can create

more supportive and productive work environments. Implementing techniques such as

displaying nature scenes on digital screens, scheduling short, structured breaks, or inte-

grating auditory stimuli of natural sounds can enhance employee well-being and cogni-

tive performance. These strategies can help reduce stress, fatigue, and cognitive decline,

ultimately leading to increased productivity and job satisfaction.
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Figure 5.2: Summary of the highlights of the key results of Chapters 2, 3, and 4.

5.4 Prospect for Future Research

The investigation of various types of stimuli as a micro-refresh becomes a promising po-

tential for future research. In this study, the investigation is being focused and limited

to the visual and auditory aspects. Thus, incorporating other human senses outside the

visual and auditory could enrich the investigation correlates to the micro-refresh study.

Several promising senses to be investigated such as somatosensation (i.e., touch stimuli)

and olfaction (i.e., smell). For example, somatosensation could be applied in the work de-

vices by providing sensations related to pressures or texture to the skin. The application

of the somatosensation concept was not a new thing, for example, the acupressure appli-

cation [177–179] in devices and traditional medicine to release fatigue and the utilization

of modern mechanical keyboards that provides tactile feedback [180–182]. Additionally,

the olfaction sense will enable individuals to detect and identify odors. Olfaction might

correlate with and influence cognition to some extent [183–185], in which some specific

scents or aromas with perceived pleasantly have the potency to improve mood and relax

feelings which might indirectly boost cognitive performance [186–188].
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Multisensory integration also has the potential for further research. Several cognitive

tasks entangle multiple senses that carry information being integrated together. The mul-

tisensory approach carried potential benefits to improve focus, memory, and cognitive

performance [189–191]. Future research exploring the combination of several sensory

stimuli to enhance cognitive performance is promising in current multi-tasking job de-

mands.
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[134] Van Hooff, M. L. M., Flaxman, P. E., Söderberg, M., Stride, C. B., & Geurts, S. A. E.

(2018). Basic psychological need satisfaction, recovery state, and recovery timing.

Human Performance, 31(2), 125–143. https://doi.org/10.1080/08959285.

2018.1466889.

[135] Abe, R., Higashimaki, T., Nomura, K., Dianita, O., Ueda, K., Ishii, H., Shimoda,

H., & Obayashi, F. (2024). “An experimental study on the effect of short-term air-

flow on concentration during intellectual work,” in Applied Human Factors and Er-

gonomics (AHFE 2024): Proceedings of the 15 International Conference on Applied

Human Factors and Ergonomics and the Affiliated Conference, AHFE 2024, Nice,

France, July 24-27, 2024, In Vesa Salminen (eds) Human Factors, Business Manage-

ment and Society. USA: AHFE Open Access, 170-177, 135. http://doi.org/10.

54941/ahfe1004943.

[136] Dianita, O., Higashimaki, T., Abe, R., Ueda, K., Ishii, H., Shimoda, H., & Obayashi,

F. (2024). “The investigation of systematic micro-refresh with auditory stimuli on

intellectual work,” in Applied Human Factors and Ergonomics (AHFE 2024): Pro-

ceedings of the 15th International Conference on Applied Human Factors and Er-

gonomics and the Affiliated Conference, AHFE 2024, Nice, France, July 24-27, 2024,

132

https://doi.org/10.1097/JOM.0000000000000964
https://doi.org/10.1097/JOM.0000000000000964
https://doi.org/10.1007/s10869-022-09821-3
https://doi.org/10.1007/s10869-022-09821-3
https://doi.org/10.1080/08959285.2018.1466889
https://doi.org/10.1080/08959285.2018.1466889
http://doi.org/10.54941/ahfe1004943
http://doi.org/10.54941/ahfe1004943


In Vesa Salminen (eds) Human Factors, Business Management and Society. USA:

AHFE Open Access, 163-169, 135. http://doi.org/10.54941/ahfe1004942.

[137] Abd-Alhamid, F., Kent, M., Calautit, J., & Wu, Y. (2020). Evaluating the im-

pact of viewing location on view perception using a virtual environment. Build-

ing and Environment, 180, 106932. https://doi.org/10.1016/j.buildenv.

2020.106932.

[138] NatureManufacture: Forest environment – Dynamic Nature, (2019).

https://assetstore.unity.com/packages/3d/vegetation/

forest-environment-dynamic-nature-150668.

[139] Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible

statistical power analysis program for the social, behavioral, and biomedical sci-

ences. Behavior Research Methods, 39(2), 175–191. https://doi.org/10.3758/

bf03193146.

[140] Poulton, E. C. (1982). Poulton, Biases in quantitative judgements. Ap-

plied Ergonomics, 13(1), 31–42. https://doi.org/10.1016/0003-6870(82)

90129-6.

[141] Suarez, S., Eynard, B., & Granon, S. (2021). A Dissociation of Attention, Executive

Function and Reaction to Difficulty: Development of the MindPulse Test, a Novel

Digital Neuropsychological Test for Precise Quantification of Perceptual-Motor

Decision-Making Processes. Frontiers in neuroscience, vol. 15, 650219. https://

doi.org/10.3389/fnins.2021.650219.

[142] Andersson, J., & Peters, B. (2020). The importance of reaction time, cog-

nition, and meta-cognition abilities for drivers with visual deficits. Cogni-

tion, Technology, & Work, vol. 22, pp. 787–800. https://doi.org/10.1007/

s10111-019-00619-7.

133

http://doi.org/10.54941/ahfe1004942
https://doi.org/10.1016/j.buildenv.2020.106932
https://doi.org/10.1016/j.buildenv.2020.106932
https://assetstore.unity.com/packages/3d/vegetation/forest-environment-dynamic-nature-150668
https://assetstore.unity.com/packages/3d/vegetation/forest-environment-dynamic-nature-150668
https://doi.org/10.3758/bf03193146
https://doi.org/10.3758/bf03193146
https://doi.org/10.1016/0003-6870(82)90129-6
https://doi.org/10.1016/0003-6870(82)90129-6
https://doi.org/10.3389/fnins.2021.650219
https://doi.org/10.3389/fnins.2021.650219
https://doi.org/10.1007/s10111-019-00619-7
https://doi.org/10.1007/s10111-019-00619-7


[143] Hedge, C., Powell, G., Bompas, A., Vivian-Griffiths, S., & Sumner, P. (2018). Low

and variable correlation between reaction time costs and accuracy costs explained

by accumulation models: Meta-analysis and simulations. Psychological Bulletin, vol.

144(11), pp. 1200–1227. https://doi.org/10.1037/bul0000164.

[144] Kumar, A. P., Omprakash, A., Kuppusamy, M., Maruthy, K. N., Sathiyasekaran, B.

W. C., Vijayaraghavan, P. V., & Ramaswamy, P. (2020). How does cognitive function

measured by the reaction time and critical flicker fusion frequency correlate with the

academic performance of students? BMC Medical Education, vol. 20(507). https:

//doi.org/10.1186/s12909-020-02416-7.

[145] Tubbs-Cooley, H. L., Mara, C. A., Carle, A. C., & Gurses, A. P. (2018). The NASA

Task Load Index as a measure of overall workload among neonatal, pediatric and

adult intensive care nurses. Intensive and Critical Care Nursing, vol. 46, pp. 64-69.

https://doi.org/10.1016/j.iccn.2018.01.004.

[146] Said, S., Gozdzik, M., Roche, T. R., Braun, J., Rössler, J., Kaserer, A., Spahn, D.
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