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Abstract - The COVID-19 pandemic highlighted the im-
portance of effective telework environments, particularly in
maintaining intellectual productivity. Prior research suggests
that productivity is closely linked to environmental satisfac-
tion in the workplace. However, many remote workers lack
systems that facilitate optimal conditions at home. To ad-
dress this, we developed an IoT-based tool that monitors in-
door temperature, humidity, and CO; levels and provides tai-
lored feedback to support user-driven environmental adjust-
ments. Over a two-month experimental period, the system
demonstrated reliable performance and led to observable be-
havioral changes, such as the proactive use of humidifiers.
These findings suggest that personalized environmental infor-
mation delivery can effectively support productivity improve-
ment in telework settings.

Keywords: telework, 10T, indoor environment, CO,, pro-
ductivity

1 INTRODUCTION

Following the initial COVID-19 emergency declaration, many

workers in Japan transitioned from office settings to telework.
According to a survey by the Japan Business Federation [1],
approximately 60% of companies adopted telework systems
(Fig. 1[2], [3D.

While environmental factors such as temperature, humid-
ity, and carbon dioxide levels were initially overlooked, sub-
sequent studies revealed a strong correlation between envi-
ronmental satisfaction and intellectual productivity [4]. In
the United States, improving such environmental conditions
is estimated to contribute between $40 and $200 billion in an-
nual economic benefits (Table 1) [5]. Recognizing this, many
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Figure 1: Telework implementation rate among Japanese
companies

Table 1: Estimated economic impact of improving indoor air
quality in the United States

Source of productivity | Estimated annual savings (USD)

gain
Reduced respiratory ill- $6-14 billion/year
ness
Reduced allergy and $2-4 billion/year

asthma symptoms
Reduced sick building
syndrome symptoms
Improved worker perfor-
mance from changes in
thermal environment and
lighting

$10-30 billion/year

$20-160 billion/year

companies have implemented Building Energy Management
Systems (BEMS) and smart office technologies to improve
in-office environments.

However, few comparable efforts have been made to sup-
port the home workspace. A survey conducted by Daikin
Industries found that about 70% of teleworkers experienced
dissatisfaction with their home air quality, citing issues such
as temperature instability, dryness, and lack of ventilation
[6]. Despite growing evidence that thermal comfort influ-
ences productivity, centralized solutions for home telework
environments remain limited.

To address this gap, we developed an IoT-based system uti-
lizing the “Netatmo Weather Station” to measure key environ-
mental parameters—temperature, humidity, and CO5 concen-
tration—in the teleworker ~ s environment. Based on the col-
lected data, our system delivers personalized feedback aimed
at improving indoor conditions. This paper explores the effec-
tiveness of such a system in promoting environmental aware-
ness and supporting behavioral changes that may lead to im-
proved intellectual productivity during telework.

2 RELATED STUDY

2.1 Telework Situation in Japan

The Ministry of Internal Affairs and Communications de-
fines telework as a flexible work style utilizing ICT to enable
more efficient use of time and space [6].

It can be broadly categorized into three types based on loca-
tion: telework, mobile work, and satellite office work. Since
the onset of the COVID-19 pandemic, telework has become
increasingly widespread, with many companies adopting it as
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a standard practice [7].

Telework offers benefits not only for employers and em-
ployees but also for broader society. This study focuses specif-
ically on telework, where individuals work from their resi-
dences.

2.2 Indoor Environment and Intellectual
Productivity

2.2.1 Teaching Bot for Enhancing Indoor Comfort

Hamanaka et al. [8] developed a chatbot integrated with Slack
to support indoor comfort. By retrieving real-time temper-
ature and humidity data from a Raspberry Pi 3 sensor, the
bot provides users with feedback and visualizations to help
maintain optimal environmental conditions. The system en-
ables users to make informed adjustments to their surround-
ings through simple, interactive queries.

2.2.2 Al/IoT-Driven Intelligent Environmental Control

Nishino et al. [9] designed a system to mitigate drowsiness
during desk work using an Al-based alertness detection mech-
anism. When the system detects reduced alertness via a desk-
mounted camera, it automatically adjusts air conditioning to
improve worker attentiveness. Evaluated over two seasonal
periods with five office workers, the system demonstrated re-
ductions in drowsiness-related productivity losses.

2.3 Novelty of Our Study

Most IoT-based environmental control systems to date have
focused on shared office spaces or general home energy us-
age (e.g., HEMS). However, they often lack consideration for
the unique needs of telecommuters working individually from
home. Given the diversity of household environments and air-
conditioning systems, existing solutions are not readily appli-
cable to home-based telework.

In contrast, our study addresses this gap by developing a
personalized information delivery system specifically for tele-
work. The system collects temperature, humidity, and CO,
data using a commercially available IoT sensor and provides
tailored recommendations to help users manage their indoor
environment. Unlike systems that automate control, our ap-
proach emphasizes behavioral support—encouraging individ-
uals to take actions themselves. To be effective during work
hours, the feedback is designed to be clear, timely, and in-
tuitive. The following sections describe the system architec-
ture, experimental methodology, and results demonstrating its
effectiveness in supporting productive and health-conscious
teleworking.

3 SYSTEM DESCRIPTION

3.1 Overview

The proposed system monitors environmental conditions in
home workspaces using strategically placed sensors. It an-
alyzes the collected environmental data and generates real-
time notifications aimed at supporting the maintenance or im-

provement of indoor conditions. Upon receiving these alerts,
users can take actions based on the provided recommenda-
tions, thereby fostering a more productive and comfortable
teleworking environment.

3.2 System Configuration

Figure 2 illustrates the overall architecture of the system.
The design is centered on IoT sensors installed across diverse
telework environments. These sensors continuously trans-
mit relevant environmental data to a centralized management
server. The server not only retains these data in real time but
also stores it for longitudinal analysis.

After data collection, the system performs both real-time
and historical analysis. This dual-layered processing enables
the system to generate personalized feedback—either suggest-
ing improvements or encouraging maintenance of favorable
conditions. Once generated, the feedback is sent as notifica-
tions to the users.

The following subsections provide detailed explanations of
each system component and the logic that governs its opera-
tion.

3.2.1 Data Acquisition

The data acquisition module utilizes the Netatmo Weather
Station [11] as the primary sensor device. The setup consists
of two units: a primary (indoor) module and a secondary (out-
door) module. The indoor module measures variables such as
temperature, humidity, and CO,, while the outdoor module
collects contextual environmental data.

The architecture ensures that data from the indoor mod-
ule is directly transmitted to Netatmo’s cloud server via the
household’s Wi-Fi. The outdoor module relays its data through
the indoor module. A key feature of this system is Netatmo ’
s account-specific data management, which allows for unlim-
ited storage and access through an Application Programming
Interface (API). This makes the system extensible and suit-
able for integration into custom platforms.

A data management platform developed in our previous
work [12] played a critical role in aggregating data from mul-
tiple Netatmo devices installed in different households. This
was achieved by linking each device to its corresponding user
account.

To maintain data freshness and usability, updates are per-
formed every five minutes. The data is stored in BSON (Bi-
nary JSON) format using MongoDB, a document-oriented
database. The backend is hosted on Heroku, a cloud platform-
as-a-service. Table 2 summarizes the development environ-
ment.

3.2.2 Information Generator

This module analyzes real-time and historical sensor data to
provide personalized recommendations that support a produc-
tive indoor environment. It generates four categories of infor-
mation:
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Figure 2: System overview (highlighting the parts we implemented)

Table 2: Development environment of the platform

Table 4: Definitions of Information Types

Component | Server-side Client-side Type Definition

oS macOS macOS Type 1 | Current indoor environment status (temperature,

Language Node.js (v10.18.1) | HTML, CSS, humidity, CO2) with immediate guidance.
(SCSS), JavaScript Type 2 | Daily environmental trends (8:00-19:00) with

Library express, ejs, crypto, | Vue.js, Bootstrap- annotated comments.

Socket.IO Vue, Core U, Type 3 | Historical adequacy rates for the previous

Chart.js, Axios day/week with averages and advice.

Database MongoDB - Type 4 | Informative articles or tips to maintain/improve

indoor environment.

Table 3: Ideal working environment

Category Detail

CO; concentration | Less than 1000 ppm
Temperature 17-28° C

Relative humidity | 40-70%

1. Current Indoor Environment Status: Real-time val-
ues of temperature, humidity, and CO,, along with im-

mediate guidance.

Daily Environmental Trends: Graphical representa-

tions of fluctuations throughout the day, annotated with

explanatory comments.

Historical Analysis: Suitability rates for the previous

day and week, with averages and actionable advice.

Guided Articles: Informative content to help users main-

tain or improve their indoor environment.

To determine optimal indoor conditions, the system refer-
ences Japanese building environmental hygiene standards [10],

as shown in Table 3 [13].

Table 5: Conditional branching and comments in humidity
(current status)

Condition | Comment

40-70% Humidity is within the optimal range. Main-
tain current conditions.

< 40% Air is too dry. Consider humidification to
reduce fatigue and discomfort.

> T70% Humidity is high. Ventilate or dehumidify to
prevent discomfort and mold.

The system evaluates each metric using predefined condi-
tional logic.

Table 4 summarizes the definitions of the four information
types used in this study for clarity.

Table 5 and Table 6 show the rule sets for current humidity
and CO; conditions, respectively.

Information of type 2 provides visualized summaries and
commentary on the fluctuation of temperature, humidity, and
CO> concentration from 8:00 to 19:00. The conditional rules
for interpreting these trends are shown in Tables 7-9.

The system also evaluates how well the indoor environment
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Table 6: Conditional branching and comments in CO,

Table 9: Conditional branching and comments in CO3 (daily

(current status) trends)
Condition Comment Condition Comment
< 1000 ppm CO, levels are within the optimal < 1000 ppm | Great condition. CO; levels were consis-
range. Good air quality. Keep main- tently low. Maintain ventilation.
taining ventilation. > 1000 ppm | Some elevated CO; readings detected. In-
1000-2000 ppm | Slightly elevated CO, levels detected. creased ventilation is recommended.

Consider ventilating the room soon.

> 2000 ppm High CO,; concentration detected. Im- Table 10: Temperature adequacy and comments
mediate ventilation is recommended to
avoid fatigue and decreased concentra- Adequacy Rate | Comment
tion. > 80% 100% adequacy with average tempera-
ture of 23.3 ° C. Maintain range.
Table 7: Conditional branching and comments in 60-80% Adequacy rate was 74% (avg: 18.9°
temperature (daily trends) C). Nearly optimal.
40-60% Adequacy rate was 50% (avg: 16.2°
Condition Comment C). Improvement needed.
18-28° C Today * s room temperature was < 40% Only 19% adequacy (avg: 13.2° C).
optimal. Maintain this range. Adjust temperature to optimal range.

< 18° Cor > 28° C | Readings were outside the opti-
mal range. Adjust temperature

for comfort and productivity.

met the defined standards, expressed as an “ adequacy rate. ”
Tables 10-12 summarize these assessments.

Every day at 12:00, the system generates and sends sum-
mary reports highlighting the relationship between indoor en-
vironmental conditions and productivity. These recommen-
dations are grounded in scientific evidence and are intended
to raise user awareness and promote behavior change.

3.2.3 Information Notification

The system implements three types of notification functions,
all of which are delivered via Slack [14], a chat-based com-
munication tool. Each participant had a dedicated Slack chan-
nel, and a bot named “Indoor Environment Notification Bot”
dispatched the notifications. The features include:

1. Periodic notifications that deliver the four types of en-
vironmental information previously mentioned.

2. Alerts triggered when humidity or COs levels exceed
predefined thresholds.

3. Interactive chatbot responses to user inquiries regarding
the current environment.

Details of each function are as follows:

(1) Periodic Information Delivery The system sends sched-
uled updates during work hours. These are concise to avoid
interfering with the user ’ s workflow. Figure 3 shows a sam-
ple notification of information type 1, where the system de-
livers current indoor environmental values and simple status
messages. Figure 4 illustrates a time-based COg trend graph
corresponding to information type 2.

(2) Real-Time Alerts Sensor data are collected every 30
minutes. When threshold conditions are met, the system sends
alert messages with brief evaluation and recommended ac-
tions.

(3) Interactive Chatbot for PMYV Feedback When a user
sends a message with specific keywords (e.g., “working envi-
ronment”), the chatbot responds with a thermal comfort anal-
ysis. This analysis uses the Predicted Mean Vote (PMV) in-
dex, which reflects human thermal comfort based on six pa-
rameters: four environmental (temperature, humidity, air ve-
locity, and mean radiant temperature) and two personal fac-
tors (clothing insulation and metabolic rate).

The PMV index ranges from -3 (cold) to +3 (hot), with 0
indicating thermal neutrality. The system estimates:

* Air velocity: assumed 0.1-0.3 m/s
* Radiant temperature: equal to room temperature
* Metabolic rate: fixed at 1.3 METs (sedentary desk work)

Table 11: Humidity adequacy and comments

Adequacy Rate | Comment
Table 8: Conditional branching and comments in humidity > 80% 100% achievement (avg: 50%). Main-
(daily trends) tain 40-70%.
60-80% 84% adequacy (avg: 44%). Close to
Condition Comment target.
40-70% Humidity levels were ideal today. 40-60% 50% adequacy (avg: 39%). Fatigue
Maintain this range. may increase. Improve humidity.
< 40% or > 70% | Humidity was outside the ideal range. < 40% Only 18% adequacy (avg: 20%). Ac-
Adjust to avoid fatigue. tive humidification recommended.
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Table 12: CO- adequacy and comments
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Table 13: Relationship between clothing type and insulation
level (clo) [15]

Adequacy Rate | Comment
> 80% Excellent air quality maintained (avg: Clothing Type ‘ Clo Value
¢.g. 620 ppm). Collarless short-sleeve shirt and shorts 0.3
60-80% Adequacy rate was 2% (avg: e.g. Short-sleeve shirt and pants 05
1,050 ppm). Satisfactory. Long-sleeve shirt and pants 0.7
40-60% Adequacy rate was 50%, (ayg. 8 Long-sleeve shirt and jacket/sweater 1.0
1,400 ppm). Improve ventilation. Thick suit and vest 15
< 40% 18% adequacy (avg: eg 2,100
ppncll).dlncreased CO risk. Ventilation Table 14: Participant attributes of the study
needed.
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Figure 3: Example of information type 1: current indoor
environmental status notification

* Clothing insulation: selected by user from Table 13
[16]

Based on the user’s input, the system calculates the PMV
value and returns tailored feedback.

4 EXPERIMENT

4.1 Overview of the Experiment

The main objective of this experiment was to evaluate the
effectiveness of the proposed system in promoting environ-
mental awareness and behavioral change in telework environ-
ments. Using the Netatmo sensor system, indoor environmen-
tal data were collected over a period of 33 weekdays between
November 10 and December 28, 2022. Based on the collected
data, personalized environmental feedback was generated and
delivered to participants.

Figure 4: Example of information type 2: CO, trend
notification

Attribute Participant Participant Participant
A B C

Age 50s 40s 20s

Gender Male Male Female

Occupation Engineer Technical Office
Sales Worker

Residence Type Apartment Apartment Apartment

Workplace Location | Study Living Living
Room Room

Workplace Size (m?) | 18 22 14

In addition to sensor data analysis, structured interviews
were conducted before, during, and after the experiment to as-
sess participants’ perceptions of system usability, relevance,
and impact on their telework practices.

4.2 Participant Demographics

Three participants residing in the Kanto metropolitan area
and engaged in telework took part in the experiment. They
ranged in age from their 20s to 50s and represented diverse
occupational backgrounds. Table 14 summarizes their demo-
graphic and environmental attributes, based on responses to
pre-, mid-, and post-experiment questionnaires.

4.3 Experimental Method

This section outlines the procedures used to implement the
experiment, including device preparation and participant setup.

4.3.1 Participants

Before the start of the experiment, the following preparatory
steps were taken:

1. Creation of user accounts for both Netatmo and Slack
platforms.

2. Configuration of devices and association with corre-
sponding user accounts.

3. Delivery and installation guidance for each participant.

Table 15 lists the components included in the experimental
device kit.

Participants were instructed to place the indoor module in
their telework workspace, and the outdoor module in a semi-
protected location such as a veranda or window area, avoiding
direct exposure to rain and wind.
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Table 15: Contents of the experimental kit

Table 16: Post-experiment questionnaire items

No. | Details

No. | Question

4.3.2 Pre-experiment Questionnaire

A preliminary survey was conducted to understand partici-
pants’ baseline awareness of their teleworking environments
and potential areas for improvement. The questionnaire was
implemented using Google Forms [17], and was inspired by
a similar survey developed by Daikin Industries [18], [19].

Participants were asked about housing type (e.g., detached
house, condominium, apartment), environmental conditions
(e.g., dust, temperature, humidity, ventilation), and the pres-
ence of issues such as mold, stale air, or noise. Addition-
ally, they were asked to indicate which improvements they
considered necessary, such as updating furniture (e.g., desk,
chair, monitor), enhancing appliances (e.g., air conditioners,
humidifiers), or routine cleaning habits.

4.3.3 Questionnaire During the Experiment

Although all participants primarily worked remotely, occa-
sional office visits occurred. Since the study focused on tele-
work, participants were asked to complete a daily survey us-
ing SurveyMonkey [20]. The questionnaire recorded their
work location, working hours, and their evaluation of both
the work tasks and environmental conditions.

4.3.4 Post-experiment Questionnaire

To evaluate the effectiveness of the system and capture any

shifts in participants’ environmental awareness, a post-experiment

questionnaire was administered. Table 16 summarizes the
questionnaire items.

S EVALUATION

The aim of this study was to improve the quality of tele-
work environments. This section evaluates the effectiveness
of the proposed system in achieving that goal, based on ex-
perimental outcomes.

5.1 System Evaluation

To assess system performance, we analyzed how consis-
tently it delivered information to participants on their work-
from-home days.

The system generated four types of environmental notifi-
cations, along with alerts triggered by bi-hourly monitoring
of humidity and CO; levels. It also featured a chatbot that
responded to participant inquiries regarding the current envi-
ronment.

1 Netatmo Weather Station outdoor module 1 Where did you position the indoor module?

2 | Netatmo Weather Station indoor module 2 | Where was the outdoor module placed?

3 AC adapter for the indoor module 3 What are the dimensions of the room where the de-

4 | Kitbag vice was set up? (in square meters)

5 | Covering letter 4 | Was the installation process for Netatmo intuitive?
5 | Was the notification frequency of once per hour sat-

isfactory?

6 | Please elaborate on your answer to question 5.

7 | Wasreceiving a daily summary notification at 19:00
suitable for you?

8 | Please elaborate on your answer to question 7.

9 | Was the 8:00 AM summary notification (recapping
the previous day/week) convenient?

10 | Please explain your response to question 9.

11 | Was the 12:00 PM informational column notifica-
tion helpful?

12 | Please explain your response to question 11.

13 | Do you have further comments regarding the col-
umn feature?

14 | Which type of indoor environmental data did you
find most valuable?

15 | In your opinion, did the system improve your work
environment?

16 | What aspects of your home environment present
challenges when telework? (Select all that apply.)

17 | Are there tools or devices you are considering in-
vesting in to enhance your telework experience?

Table 17 summarizes the number of notifications delivered,
separated by participant and time of day (during vs. outside
working hours).

We define the “adequacy rate” for a variable (temperature,
humidity, or CO3) as the percentage of measurements that sat-
isfy the standard in Table 3 during work hours (8:00-19:00)
on teleworking days:

We define the “adequacy rate” for a variable (temperature,
humidity, or CO3) as the percentage of measurements that sat-
isfy the standard in Table 3 during work hours (8:00-19:00)
on teleworking days. It is calculated as the number of mea-
surement samples that meet the standard divided by the total
number of measurement samples taken during work hours,
multiplied by 100:

les within standard
Adequacy Rate (%) = ( Sampres W Stancar ) % 100

samples during work hours
(1
Table 18 presents the calculated provision rates for each
participant and information type.

5.2 Questionnaire Evaluation

Following the experiment, participants were asked to com-
plete a post-experiment questionnaire. This section summa-
rizes the results related to system usability, notification in-
terval preferences, and perceived usefulness of the delivered
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Table 17: Number of notifications delivered during the experiment

Function Type Participant A Participant B Participant C
Work hours  Off hours Work hours Off hours Work hours  Off hours

Type 1 182 296 160 349 82 134
. . Type 2 20 20 9 - - -
Notification Type 3 13 14 5 i i i
Type 4 13 14 5 - - -

Humidity 42 149 0 0 0 0

Alert CO, 94 7 255 537 7 45
Chatbot - 0 0 0 0 0 0

Table 18: Information provision rate (system availability)

Table 20: Perceived usefulness of each information type
(5-point scale)

Type A B C

Typel | 84% | 84% | 83% Information Type | A | B | C
Type2 | 83% 83% 83% Type 1 31514
Type 3 | 100% | 100% | 100% Type 2 and 3 5151 4
Type4 | 100% | 100% | 100% Type 4 31514

Table 19: Participants ~ evaluation of improvements in their
work environment (5-point scale)

Information Type | A | B | C

Type 1 41414

Type 2 51514

Type 3 31514

Type 4 41514
information.

5.2.1 Device Installation Difficulty

System usability was evaluated based on the ease of device
installation. Participants rated the difficulty on a 5-point scale,
where 1 indicated high difficulty and 5 indicated ease. The
average rating was 4.5, suggesting that the installation process
was generally straightforward and accessible.

5.2.2 Notification Frequency Evaluation

Participants evaluated the frequency of each type of infor-
mation notification using a 5-point scale, where higher val-
ues indicated greater satisfaction with the interval. Table 19
presents the results.

Participants noted that Type 3 notifications, which provided
daily or weekly summaries, were helpful in establishing aware-
ness early in the day. However, Type 4 notifications delivered
at noon were more difficult to engage with, as they coincided
with the lunch period (12:00-13:00).

5.2.3 Perceived Usefulness of Information

Participants were also asked to evaluate the usefulness of each
type of information. Ratings were based on a 5-point scale,
where 5 indicated the highest perceived value. Types 2 and 3,

which correspond to daily summaries, were grouped together.
Table 20 summarizes the responses.

5.3 Improvement of Work Environment

This section examines how the proposed system contributed
to improving participants’ work environments.

5.3.1 Quantitative Evaluation

Quantitative assessment was conducted using environmental
data collected during telework days. Metrics included average
temperature, humidity, and CO5 concentration, along with an
evaluation of consistency and stability. Figure 5 visualizes
these metrics.

Participant A: Maintained stable temperatures, but expe-
rienced fluctuation in humidity. CO5 concentration remained
moderate, though environmental stability was inconsistent.

Participant B: Maintained stable temperature and humid-
ity, but CO4 levels were unstable across telework days.

Participant C: Demonstrated stable environmental condi-
tions across all parameters.

5.3.2 Qualitative Evaluation

Qualitative insights were derived from post-experiment ques-
tionnaires. Table 21 summarizes participants’ self-reported
actions related to environmental control.

While basic monitoring practices were in place before the
experiment, Table 22 reflects improvements in how partici-
pants used the data to optimize their work environments.

6 DISCUSSION

6.1 Information Notification System

This section discusses the functionality and effectiveness
of the information notification system based on evaluation re-
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Figure 5: Environmental data of a representative participant

sults.

The system was designed to periodically deliver four types
of environmental data aimed at improving participants’ work
environments. In addition, it included an interactive chatbot
feature for on-demand feedback. The system demonstrated
stable performance overall, as reflected in high data provision
rates.

A notable exception occurred between November 14 and
21, during which the system experienced downtime due to an
authentication issue with the Heroku server hosting the back-
end. This incident temporarily interrupted the delivery of In-
formation Types 1 and 2. Nevertheless, the core functionality
of the system remained unaffected and resumed normal oper-
ation after resolution.

Despite the inclusion of the chatbot, participants predom-
inantly interacted with the automated notifications. Limited
usage of the chatbot may be attributed to work-related con-
straints or user preferences for passive, rather than active,
feedback mechanisms.

Table 21: Actions taken to manage the telework environment

Question A B C
Do you use air conditioning, humid- | Yes | Yes | Yes
ifiers, or ventilation to regulate your
telework environment?

Do you monitor room temperature, | Yes | Yes | Yes
humidity, and CO, concentration us-
ing any equipment?

Table 22: Participant evaluation of work environment
improvement (5-point scale)

Question A|B|C
System ’ s contribution to a good worken- | 5 | 4 | 5
vironment
Intent to continue improving the workenvi- | 5 | 5 | 5
ronment

6.2 Discussion Derived from Questionnaire
Results

This section discusses key insights gained from the pre-,
mid-, and post-experiment questionnaires.

6.2.1 Information Notification System

Post-experiment responses indicated generally positive im-
pressions of the information notification system. Participants
found the four categories of presented information useful, par-
ticularly appreciating the clarity and conciseness of hourly
notifications.

6.2.2 Improvement of Work Environment

Participants reported increased awareness of environmental
conditions due to system feedback. Table 23 presents the na-
ture of work and the total number of workdays during the
experiment, based on mid-experiment responses.

For example, Participant A noticed low humidity levels in
early December and began using a humidifier after receiving
notifications. Conversely, despite frequent CO, alerts, Partic-
ipant B made no changes, citing concerns such as room tem-
perature drops, external noise during meetings, and a tightly
packed schedule. These insights suggest that while the sys-
tem effectively raised awareness, behavioral change was also
influenced by environmental and contextual constraints.

Suggestions for automating environmental regulation were
noted. However, integrating automated HVAC or ventilation

Table 23: Type of work and total days during the experiment

Type of Work A|B|C
Office work 01215
Meetings 11|14 |3
Programming 1210 |0
Document writing | 13 | 12 | 3
Thinking 5 510
Other 0]01|O0
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controls may present technical challenges. The primary bar-
rier was information presentation, and improvements in that
area (as discussed in Section 6.1) may foster stronger behav-
ioral responses.

6.2.3 Questionnaire Considerations

The questionnaires were useful in evaluating the effectiveness
of the system in enhancing awareness and promoting action.
While some participants already had awareness of temper-
ature, humidity, and air quality issues, the post-experiment
feedback revealed increased motivation to act on this infor-
mation.

Additionally, daily work-from-home tracking via the mid-
experiment questionnaire successfully contextualized behav-
ioral data. Future improvements may include querying partic-
ipant schedules in advance to deliver more tailored environ-
mental recommendations, such as optimal ventilation timing.

7 CONCLUSION AND REMARKS

Over the course of a two-month experiment, we evaluated a
system designed to support behavioral improvements in tele-
work environments through personalized environmental feed-
back. The results confirmed the system ’ s potential utility in
raising awareness and encouraging positive behavioral change
among participants.

However, certain limitations were also identified. Notably,
the use of Slack as the primary communication channel posed
challenges, particularly in terms of reviewing historical mes-
sages due to its chat-oriented design. These insights will in-
form future iterations of the system, including potential im-
provements to information delivery interfaces and automation
features.
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