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1. Abstract

University students lead a hectic lifestyle juggling aca-
demic commitments, part-time work, and internships,
often encountering stress that impacts their well-being.
While external factors contribute to stress, such as
part-time jobs, societal pressures, etc., university-specific
stressors like assignments and tests also play a role.

This paper introduces a gamified app based on the Po-
modoro focus technique, allowing students to challenge
each other in studying or task completion. Analyzing
two weeks of data from participants using both the nor-
mal and Challenge Pomodoro Timers revealed that, on
average, participants utilized the Challenge Timer more
frequently, resulting in increased motivation, improved
time management, and reduced stress levels. Moreover,
participants reported higher self-satisfaction with their
motivation and time management skills, indicating an in-

trinsic boost influenced by extrinsic factors.
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2. Introduction

Students face the challenge of balancing their academic
and personal lives, with academic stress often leading to
prioritization of success over health and sleepl[1].

The Pomodoro focus technique proves effective in man-
aging time by utilizing specified work intervals followed
by designated break periods, fostering a sense of urgency
for task completion. This technique is recognized for en-
hancing time management skills[2].

In this study, we developed a gamified iOS applica-
tion for the Pomodoro focus technique using Flutter Dart,
Xcode, and Firebase for real-time data storage. Our re-
search involved implementing ethical procedures, includ-
ing research methods and survey designs, to conduct a 2-
week study with 10 participants. The collected data was
thoroughly analyzed and presented to contribute valuable
insights into the effectiveness of the Pomodoro technique

in the context of student stress management.

3. Background

As mentioned before, a lot of students struggle to deal
with stress in which some are directly or indirectly caused
through time management. If time is managed properly,
students will find a successful way and strategy to orga-
nize schedules, test, exams, etc.

Competition promotes students towards a ”need-to-be-
first” mentality which, in a way, forces students to work a
lot to achieve the first spot. Through the Pomodoro focus
technique - that utilizes time management, and through
competition - that utilizes motivation inducement, our

hypothesis is that students could experience a boost in
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motivation to follow a time management routine to get

things done to reduce their stress levels.

4. Previous Studies

As for choosing the Pomodoro focus technique and not
another focus technique, a learning assessment conducted
among students showed that there is a huge significant
difference in students’ score from when they did not
utilize the Pomodoro focus technique to when they did[3]
and has been highly appreciated for its effectiveness in
reducing procrastination[4].

There has also been quite a few attempts on gamifica-
tion for the purpose of improving education or academic
areas. For example, a specially developed calendar was
presented that aims to help the student to manage stress
through taking control over the main stressors and shift-
ing their mindset about stress[5]. They used logical and
smart methods like showing the deadline of an assign-
ment a week before it was due to reduce stress towards
the deadline date.

It has also been seen that gamification, especially in
leaderboard, leads to competitive students being ener-
getic and determined to learn and increases their moti-

vation in online courses[6].

5. System Overview

The app has 4 main pages - the home screen, the users

page, the leaderboard page, and the challenge page.

5.1. Home Page

After being prompted to sign in for the first time, the
home page displays the user’s name, the points that they
have accumulated so far, a focus time option, and a sign
out option (see Figl). The focus time page sets 25 min-
utes as the focus time and 5 minutes as the break time
by default with a set count as 4 as well (as seen in Fig2).
However, users have the options to customize it based
on however they wish and can change the value of the
minutes and set count themselves.

Users will get points based on how many minutes they
focus for. The timer page also has a ”Strict Mode” which
enabled, freezes the pause button and the only way a
user can stop the timer is through pressing the ”Reset”
button.
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5.2. Users Page

In this page, the user can see all online users available

to be able to challenge. If the user wants to request a

Users
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Fig3 Users Page

challenge, they will be prompted to input how long they

would like to challenge the other user for.

5.3. Leaderboard Page

The leaderboard page shows all the users in a ranking
system that are ranked in the order of the scores that
they have accumulated throughout using either the nor-
mal Pomodoro timer or the Challenge timer (mentioned

in detail later).

Figd Prompt for challenging
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Leaderboard
.

Figh Leaderboard Page

5.4. Challenge Page

This is where all the challenges related to the user i.e.
challenges they have sent and challenges that they have

received appear.
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Fig6 Challenge Page

If a challenge has just been sent, it shows ”request”
If a

challenge has been sent to the user, an "accept” status

until the challenge receiver accepts on their end.

shows on the button.

Once the challenge in accepted, both users will be able
to access the ”challenge in motion” page (see Fig7). In
this page, users can see the timer functioning in real-
time. The users can start the timers at their own conve-
nient availability to participate in such a challenge envi-
ronment.

Once the challenge is completed, the status button ap-

Fig7 Challenge in motion
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pears as "done”.

The challenge resets to the original number of sets that
was requested by the challenging user to the accepting
user if either one of them leave the challenge page. If
the user leaves the challenge page a couple sets in, they
will still get points for the respective focus minutes they

focused for.

6. Preparation of study

To properly approach the ethical and appropriate way
to conduct the study, this was the flow of the steps that

were taken to ensure a smooth flow to the study.

6.1. Research Methodologies

There are 3 main types of research methods: quantita-
tive, qualitative, and mixed|[7].

A mixed research method - which adopts features of
both quantitative and qualitative methods - was decided
to be the approach of this study for the following two
reasons:

- to collect numerical data (quantitative data) through
close-ended questions for a proper process for data anal-
ysis and conclusion

- to collect narrative data (qualitative data) through
open-ended questions for understanding participant in-

sight that makes room for improvement for the system

6.2. Questionnaire Design

Questionnaire design is one of the most crucial aspects
of a study as it is what determines how the user responds.
It should be ensured that there is no room for biased
response by forming the questions on the questionnaire
appropriately.

All the forms below were formed by the initiative of
making questions simple to read, making it brief, prop-
erly ordering questions, and forming questions by using
subjective statements and applying the 5 scale likert sys-
tem to convert these statements to quantitative data for
data analysis[8].

For this study, 6 Google Forms were prepared:

6.2.1

This was to be distributed to as many students as pos-

Recruitment Form

sible to find potential participants through questions re-
garding their current stress levels, motivation levels to

get tasks done, struggles with time management skills,
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the device they own, and mentioning the procedure of
the study and their duties as a participant for the study.
6.2.2 Consent Form

This was to inform the selected participants about the
data that would be collected, their acknowledgment of the
study procedure, and their oath in answering the ques-
tions with honesty.
6.2.3 Pre-Study Assessment Form

This was to collect initial data regarding the partic-
ipant’s current motivational levels, current effectiveness
in time management, current stress levels, and their satis-
faction with their motivation levels and time management
ability.
6.2.4 Timer Form

This was to gather data regarding the participant’s
current motivational levels, current effectiveness in time
management, current stress levels, and the effectiveness
of the Pomodoro timer on their time management ability.
6.2.5 Challenge Timer Form

This was to gather data regarding the participant’s
current motivational levels, current effectiveness in time
management, current stress levels, and the effectiveness
of the Challenge Pomodoro timer on their motivational
levels.
6.2.6 Post-Study Assessment Form

This was to gather data regarding their current stress
levels and satisfaction with their motivation levels and
time management ability along with their reflection on
improvement on these factors and their overall impres-
sions of the app through questions asking if they had any
issues with the app, if they would recommend the app to
their friends, if they would continue using the app, and

if they had any feedback or suggestion for the app.

6.3. Data Visualization

After gathering data, the next step is to properly ana-
lyze and present it.

To analyze the data, Excel was used to create color-
coded tables for the different timelines, groups of partici-
pant, and the flow of the study respective to those groups
that appropriately have the required reported data nec-
essary to draw conclusions from.

The first stage of this phase is to visualize the data
gathered and collected. The decided approach to visu-
alizing the data was to use graphical methods as they

help in identifying patterns or relationships between vari-
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ables and serve as a powerful diagnostic tool to confirm
assumptions[9].

Through looking into types of charts and their pur-
poses, it was appropriately decided to use bar charts as
they allow comparison of data among various categories
and line charts as they are useful in comparing data and

seeing changes or trends in data over a period of time.

6.4. Statistical Analysis

Statistical analysis was performed on the common vari-
ables throughout different time periods of the study to
look into the distribution and correlations using Python

and Excel database manipulation.

6.5. Distribution of the system

All the participants that were selected were asked to
submit their email address for system distribution. The
system was then distributed through TestFlight by send-

ing an invitation to these email addresses.

7. Study Procedure

The study was decided to be conducted for 2 weeks.
Through the Recruitment Form that was given out, 10
participants who reported to struggle with stress man-
agement, had difficulty in raising their motivation to get
tasks done, and struggled to effectively manage time were
selected.

These 10 participants were given the Consent Form
along with the invitation to install the app using Test-
Flight on their iOS devices.

The participants were then given the Pre-Study Assess-
ment Form and based on their responses, were divided
into 2 groups of 5 and were given specific instructions on
how and what features of the app they are expected to
use.

- Group A: participants who struggled mostly with
their time management ability were told to use the Po-
modoro Timer for Week 1 and use the Challenge Po-
modoro Timer for Week 2

- Group B: participants who struggled mostly with
their motivation levels were told to use the Challenge
Pomodoro Timer for Week 1, use the Pomodoro Timer
for Week 2

Group A was given the Timer Form while Group B was

given the Challenge Timer Form after Week 1 and vice
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versa for Week 2.

After completion of the 2 weeks, the groups were given
the Post-Study Assessment Form.

The quantitative data from these forms were then put
into the Excel table that was mentioned earlier and fur-

ther analysis was performed.

8. Results I - Data Visualization

8.1. Group-wise comparison

Group A

Pre-Study Pamorors Timer thallenge Pamodona

Tinies

e Mithatian lvels —8—Time managemant abilty ——Sress lvels

Fig8 Group A line chart

Group B

Pra-study Fomadera Timer Challonge Pamodore

it

e WAOAATION liels i TilTE MeanBERIENT Bhility = Stress tovals

Figd Group B line chart

Both the graphs show each groups motivation levels,
time management ability, and stress levels during the
3 main phases of this study - before the study began
(?Pre-Study”), while using the normal Pomodoro Timer
(" Timer”),

Timer (”Challenge”) in the respective order mentioned.

and while using the Challenge Pomodoro

As seen, both Group A and Group B have similar
graphs with upward slopes for motivation level and time
management ability and downward slope for stress levels.

Looking deeper into Group A’ s result, we can see that
the stress levels drastically decrease after they start using

the timers. Their motivation levels and time management
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ability increase throughout the study significantly.

As for Group B, they seemed to overall perform better
using the Challenge Pomodoro Timer since their stress
levels increase by a value when they use the normal Po-
modoro timer after the Challenge Pomodoro Timer. Al-
though this group relatively struggled with motivation
more, their time management ability along with motiva-

tion level is shown to be improved significantly as well.

8.2. Timer-wise comparison

Pomodoro Timer

35
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Figll Challenge Pomodoro Timer

Each graph above shows how both the groups per-
formed in terms of 5 factors - their motivation levels, time
management ability, stress levels, how much the timer
helped them, and how often (on average) they used the
timer in a day.

As for the Pomodoro Timer, Group B seems to have
experienced a slightly higher increase in their motivation
levels and time management ability compared to Group
A. Tt can also be seen that Group B did not use the timer
as much as Group A as their daily average of timer use
was around 2 times a day compared to Group A’ s 5 times

a day. Group A’ s stress levels are seen to be lower than



THHILERY R ToT TEARY WL/ v —7 (SIG-BTD

Group B’ s stress levels as well.

As for the Challenge Pomodoro Timer, Group B seems
to have a higher increase in their motivation levels and
time management ability as well. It also seems that the
degree at which Group B agreed that the timer helped
them is slightly more than Group A as well. It can also
be seen that Group A used the timer more at a daily
average of around 5 times a day compared to Group B’ s
4 times a day. Group B’ s stress levels seem to be lower
than Group A.

8.3. Pre-study vs Post-study

Pre-Study vs Post-Study

Figl2 Comparing the stress levels and self satisfaction

values before and after the study

It can be seen in Figl2 that the average stress levels
of the participants decreased from before the study to
after the study with a value of 1.4 while the average self-
satisfaction value, which is a variable to quantify how
satisfied the participants felt regarding their motivation
levels and time management ability, shows an increase

after the study by a value of 2.4.

9. Result II - Statistical Analysis

As mentioned previously, Python was used to perform
statistical analysis by extracting the data from Excel. An
important point to be noted is that due to the size of par-
ticipants and the data gathered from them, the options
of statistical analysis’ that is appropriate to perform is
limited. With respect to this study, only correlation anal-
ysis was performed to see the strength and direction of
relationships between variables and correlation heatmaps
were accordingly made to visualize some correlation ma-
trices.

To pursue analysis, the various time periods from the
data frame of the Excel data were stored as panda series

within the time period lists.
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The lists were as follows:

- prestudy = [motivationl, timel, stressl, satisfactionl]

- timer = [motivation2, time2, stress2, helpl, usagel]

- challenge = [motivation3, time3, stress3, help2, us-
age2|

- poststudy = [stress4, satisfaction2]

The following categories of statistical analysis were

then performed and looked into:

9.1. Descriptive Statistics

To continue with analysis, it is important to know
how the data is distributed. If the data is normally dis-
tributed, not only is it rare, but it indicates to a data that
has its mean equal to median and a standard deviation
of 1.

As seen in the descriptive statistics for the pre-study
phase (refer to Appendix A Tablel), none of the variables
have a normal distribution for the pre-study phase. Al-
though stressl has only a 0.1 difference in its mean and
median values, the standard deviation is half of what its
supposed to be for a normal distribution.

As seen in the descriptive statistics for the timer phase
(refer to Appendix A Table2), none of the variables have a
normal distribution for the Pomodoro Timer phase either.
The variable stress2 has a distribution closest to a normal
distribution. Variables like motivation2 and helpl also
have close to normal distribution.

As seen again in the descriptive statistics for the chal-
lenge phase (refer to Appendix A Table3), none of the
variables have a normal distribution for the Challenge
Pomodoro Timer phase. The variable motivation3 has
a distribution closest to a normal distribution while the
variable usage2 has the highest standard deviation.

It can be seen in the descriptive statistics for the post-
study phase (refer to Appendix A Table4) how satisfac-
tion2 has almost a normal distribution with its mean and
median values being the same. However, with its stan-
dard deviation of 0.77, it is again, not a normal distribu-
tion just like the other variable stress4.

These descriptions give us an insight of how the data is
distributed for the variables during the pre-study phase,
timer phase, challenge phase, and post-study phase.

9.2. Group-wise statistical analysis

The analysis for both groups was done by finding the

average motivation, time, and stress variables throughout
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the pre-study phase, timer phase, and challenge timer
phase. We used the spearman correlation instead of the
pearson correlation since the pearson correlation assumes
linearity in the variables and is more suited to normally
distributed data.

Tablel Correlation Matrix for Group A

Motivation Time Stress
Motivation 1.00 1.00 -0.87
Time 1.00 1.00 -0.87
Stress -0.87 -0.87  1.00

Table2 Correlation Matrix for Group B

Motivation Time Stress
Motivation 1.00 1.00  -0.50
Time 1.00 1.00 -0.50
Stress -0.50 -0.50 1.00

As shown, the perfect positive correlation of 1.0 be-
tween Motivation and Time for both groups suggests a
perfect positive monotonic relationship between motiva-
tion levels and time management ability. As motivation
levels increase, time management ability tends to increase
monotonically, and vice versa.

For Group A, the strong negative correlation of -0.87
for between Motivation and Stress and between Time and
Stress implies a strong negative monotonic relationship
between them. This indicates that higher motivation lev-
els are associated with lower stress levels, and vice versa
and the same can be interpreted about time management
ability and stress levels.

For Group B, the negative correlation of -0.50 for
between Motivation and Stress and between Time and
Stress indicates a moderate negative monotonic relation-
ship between them. Higher motivation levels are associ-
ated with lower stress levels, and vice versa and the same
can be interpreted about time management ability and
stress levels.

It can be safely interpreted that for people that use the
Pomodoro Timer first and then the Challenge Pomodoro
Timer have a stronger negative correlation between [mo-
tivation levels and stress levels] and [time management

and stress levels].

9.3. Timer-wise statistical analysis

Correlation heatmaps were made accordingly for the

different timer phases and since correlations between
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Stress, Motivation, and Time have already been discussed
previously, this section will focus more on the correlation

between all the variables and Usage (how often the timer

was used).
Correlation Matrix for TIMER i
Motivation - 1.00  0.85 0.4 )
- 0.5
Time- 085 100 [EGECE 052
- 0.0
Stress 0.57 -0.54 100 0.17
EEAEEN o EEN | .
Usage -S54 0.52 100
; ; ! - -1.0
Motivation Time Stress Usage

Figl3 Heatmap for Pomodoro Timer

- Moderate positive correlation of 0.47 between Moti-
vation and Timer Usage suggests that more the timer is
used, the more motivated the user gets.

- Moderate positive correlation of 0.52 between Time
and Timer Usage suggests that with more timer usage,
time management ability increases.

- Weak negative correlation of -0.17 between Stress and
Timer Usage suggests that with more timer usage, stress

levels might decrease.

Correlation Matrix for CHALLENGE

Motivation - 1.00
Time — 100
- 0.0
Stress 100 -0.02
B | ..
Usage - 1.00
g g ' -1.0

Motivation Time  Stress Usage

Figl4 Heatmap for Challenge Pomodoro Timer

- Moderate positive correlation of 0.21 between Moti-
vation and Timer Usage suggests that more the timer is
used, the more motivated the user gets.

- Weak negative correlation of -0.17 between Time and
Timer Usage suggests that with more timer usage, time
management ability might decrease.

- Very weak (almost no) negative correlation of -0.02
between Stress and Timer Usage suggests that with more
timer usage, stress levels might decrease.

The correlation between timer usage and time manage-
ment is contradictory for the two timers. This could be
due to difference in user experience and/or user prefer-

ence.

9.4. Pre-study vs Post-study statistical analysis

Upon correlating Stress and Self-satisfaction from pre-

study and post-study, we found that the correlation be-
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tween the two increased from -0.22 to -0.30. Although
the magnitude of this increase is less, it can still be
safely interpreted that through using the different timers,
when stress levels decrease, self-satisfaction levels might

increase.

10. Result III - Notable Participant Data

10.1. Pre-study

All of the participants reported that they get distracted
easily either due to conditions like ADHD or due to not
being able to focus for long without going on their phones
Most of the

participants also reported saying they procrastinate and

which affects their motivation to do tasks.

have a lot of tasks piled up which leads to their poor time

management abilities.

10.2. Post-study

All participants reported that they felt their motivation
levels, their time management ability, and their stress
levels improve after the study period.

They all also reported that they seeing their names and
position on the leaderboard helped them improve their
motivation levels and time management ability that lead
to reduced stress levels. However, specifically, 83.9% of
the users reported that the study improved their moti-
vational level much more than their time management
ability with a user even saying ”The game aspect moti-
vated me”.

All participants reported that they felt a sense of com-
munity through the challenge - looking at all the other
users on the active users page and leaderboard. A user
elaborated on this topic by saying "It was nice to see
that other people were also studying at the same time as
I was.”

All users reported that they would recommend the app
to their other friends that they know who struggle with
stress management and that they would continue using

the app.

11. Conclusion

For participants that struggled with time management
much more than motivation levels, after using the Po-
modoro timer first, an increase can be seen in their time
management ability to a value higher than their increase

in their motivation levels. For participants that struggled
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mostly with motivation levels, it can be seen that they
had a major increase in their motivation levels than time
management skills after using the Challenge Pomodoro
Timer first.

All participants, on a daily average, used the Challenge
Pomodoro Timer more than the normal Pomodoro timer.

Through correlation analysis, it was also found that
stress levels have a generally negative association with
motivation levels and time management ability. Motiva-
tion levels and time management ability was shown to
generally have a positive association.

It was also seen that there is a positive association be-
tween how often the timer was used with motivation lev-
els and time management ability (except for the weak
negative correlation between time management ability
and timer usage for the Challenge Pomodoro Timer). A
negative association, although weak, was found between
timer usage and stress as well that increased by a small
value from before to after the study.

Overall, all participants experienced a rise in their mo-
tivation levels and time management ability that helped
lead to reduced stress levels. The participants also
showed higher self-satisfaction levels of their motivation
skills and time management skills which indicates to in-
trinsic boost in motivation through extrinsic motivation

as well.

12. Future Work/Limitations

This study only included 10 participants due to time
constraints. We could expand the participant sample to
gather more data which could give us a better insight on
the relationship between stress, motivation, competition,
and self satisfaction in a general aspect.

Furthermore, more gamification methods could be
added to the app to evaluate more concretely how dif-

ferent gamifications have different effects on stress levels.
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AppendixA.

Tablel Descriptive statistics for Pre-study period

Pre-Study

Descriptive Statistics

Motivationl

Mean: 2.4

Median: 2.0

Standard Deviation: 0.80
Minimum: 1

Maximum: 4

Skewness: 0.33

Kurtosis: -0.34

Timel

Mean: 2.6

Median: 2.0

Standard Deviation: 0.92
Minimum: 2

Maximum: 5

Skewness: 1.65

Kurtosis: 1.82

Stressl

Mean: 4.1

Median: 4.0

Standard Deviation: 0.54
Minimum: 3

Maximum: 5

Skewness: 0.08

Kurtosis: 0.30

Satisfactionl

Mean: 1.6

Median: 2.0

Standard Deviation: 0.49
Minimum: 1

Maximum: 2

Skewness: -0.41
Kurtosis: -1.83
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Table2 Descriptive statistics for Pomodoro timer usage

period

Timer

Descriptive Statistics

Motivation2

Mean: 3.6

Median: 3.5

Standard Deviation: 0.66
Minimum: 3

Maximum: 5

Skewness: 0.66

Kurtosis: -0.63

Time2

Mean: 3.8

Median: 4.0

Standard Deviation: 0.75
Minimum: 3

Maximum: 5
Skewness: 0.34

Kurtosis: -1.15

Stress2

Mean: 2.6

Median: 2.5

Standard Deviation: 0.92
Minimum: 1

Maximum: 4

Skewness: 0.09

Kurtosis: -0.90

Helpl

Mean: 3.9

Median: 4.0

Standard Deviation: 0.70
Minimum: 3

Maximum: 5

Skewness: 0.14

Kurtosis: -0.96

Usagel

Mean: 3.4

Median: 2.0

Standard Deviation: 3.41
Minimum: 1

Maximum: 10

Skewness: 1.27

Kurtosis: -0.08




THHILERY R ToT TEARY WL/ v —7 (SIG-BTD

Table3 Descriptive statistics for Challenge Pomodoro

timer usage period

Challenge
Motivation3

Descriptive Statistics
Mean: 3.9

Median: 4.0

Standard Deviation: 0.83

Minimum: 2

Maximum: 5

Skewness: -0.86
Kurtosis: 0.49

Mean: 3.9

Median: 4.0

Standard Deviation: 0.70

Minimum: 3

Time3

Maximum: 5

Skewness: 0.14

Kurtosis: -0.96

Mean: 2.5

Median: 2.0

Standard Deviation: 0.92

Minimum: 1

Stress3

Maximum: 4

Skewness: 0.38

Kurtosis: -0.84

Mean: 4.2

Median: 4.0

Standard Deviation: 0.60

Minimum: 3

Help2

Maximum: 5

Skewness: -0.11
Kurtosis: -0.44

Mean: 4.75

Median: 3.0

Standard Deviation: 3.91

Minimum: 1

Usage2

Maximum: 10
Skewness: 0.39
Kurtosis: -1.65

Tabled Descriptive statistics for Post-study period

Post-study

Descriptive Statistics

Stress4

Mean: 2.7

Median: 3.0

Standard Deviation: 1.19
Minimum: 1

Maximum: 5

Skewness: 0.24

Kurtosis: -0.58

Satisfaction2

Mean: 4.0

Median: 4.0

Standard Deviation: 0.77
Minimum: 3

Maximum: 5

Skewness: 0.00

Kurtosis: -1.33
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FOHBEZHRT 222 THy FV—2 28D QoE
EALEXEZZDTES.

DED &SR3 2DE—-NICXBEBENRMNMAICED,
iRy SET 27V aYy TV ORHEEZ S LS
W Wi-Fi D832 22 TES. KA THEAY PV —
JEMENEL YT FA ML T, RERFEICH A
RIAXTBHIENTES.

REY T LDOEIER)
3DODE—FEHOWTERI AT LI —FIHHNAT D
ZEMTESL. 22T, YATLWXYy b =7 2—%1
S UTEERNICE D X5 8IS 2 02 BiFl% 3 10RF
A LT, BB AT 2EFHT 7V r—> a v ORE
(Capture), WHIEZZ L FEHIT 27 7V r—2> a2 > Ok
(Analyze), MAHIEDRE (Plan), /M ADFEST (Execute)

3.5.
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Wi-Fi Wi-Fi
Analyze A Plan Analyze A Plan
X, X,
@D & moo &
o @’

Wi-Fi Wi-Fi
User Usera
poavao Plan Analyze a Plan
[ - | e :
Delay ON
coptire Evoeute coture Euoeute
Hort Dotay Hort " Dotay
mo6 T @ 3] €

7x—X1(E—F1) 7r—X2(€¥—-F2)

7x—X3(E—F3) Zz—X4(E—F1)

X3 18%ES 2T LOEMER

D 4 OTHEREINTVS.

F9, A QARKS 27 2TER L CERRIEZ HE Y
TREOIRBERA MY —I R SNS EZFALTWS (X
37xz—X1). ZOK, FLHy MY —2IZHEHRLTVD
DT AL ZDBEEEIFELIETL, QEMETLT
WRIREETHB. LIEHLT3L, ¥ F74 7T R—ZL
DFRFEE v > 2 YR 720 Wi-Fi ICHE#ERT 5 221
L7z, COLEIRTLARWHIEZZS 8/GT a7
VORMAERHL TV, GEEEERRLEZ (X3
7x—2X2). LHL, ZOEHEHEONEIHNEDT, AL
AL Tary Ty Y RFHT2 22 AT LD
HU, AAT 2HHEEHIR Lz (K13 72—X 3).
ZORR, ALADPFHL TV BEa Y 7> Y OEED
BFRBEEEE B &SR o7. —HT, EHHERE
HALTW A LADHBIENHIREhZ 22T, hory
N —22—¥D QoE R LEL. ¥/, ALARXEED
%55 QEMETL, Huiicary 7y yEFAATERL
KolZ T, BoFYELaY Ty YDRHEEEZ, TA
DAL MNEETH-72T0 T 7 IV TR2ITI L1 (K
37x2—X4).

4. D RTLERECBEREE

KRETIES AT LADHFROFEEIIOVWTRT. AR
FLABEETBIIHD, Oracle 2R T 2 M~ >
> ® VirtualBox*! FICHSIZS AT L2 EL. Fv 7
T4 T R=ZNVOEREEZRE T2 LT, =T
V—ADY T T 2T7 T 7477 +—LTH% Plsense*? %
i, 72, QoSHlEZITIL—Ze LTA=F VY —
ADFy b7 —27 0S TH 2 Vyos™EH W=, Zhs 2o

*1 https://www.virtualbox.org/
*2 https://www.pfsense.org/
*3 https://vyos.io/
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#£1 nDPI #HWEHE o Far

Protocol Packets Bytes Flows
Yahoo 1383 914528 35
Facebook 148 103454 10
Twitter 5990 6613286 38
YouTube 32047 35533417 16
WhatsApp 30 3498 1
Apple iCloud 31 13579 1
Apple iTunes 1018 473104 31
Instagram 15253 17458995 24
Line 521 278154 19
Tver 34529 40891719 45

DOS%EEFALOS  LTHRA~ Y YIZRKEL TV,
Pfsense D F ¥ 77 4 7R — ZLi2id DHCP 34— OEIE
BES D, F¥ T4 TR-RLVERRTETNAL R
% Pfsense 25§ % DHCP 2l 3 2 084 H 5. KAH
<> YN®D WAN filic Pfsense #ECiE L, LAN filic Vyos
FERELE. £-Z20Z, Vyos 37V v VE— FTEE
XHBZ TRy b7 —212 Plsense DELA S5 IP 7
FLRZFHTE2 X517

MED&S5kry bU—I/HIZEKD, ¥¥ 774 7R
ZVEHWEE . QoS HillfHl % Fl w7z HHsIE O fil R % SE 8
L7.

4.1. MPEY—EXDEE

ARA R OS &7 X+ OS 38 NIC(Network Interface
Card) #HE L TWRIRETH L2720, AT LITERL
e FNA 2Dy METANTHRR b OS IS THAFATRET
HB. NV—REBEETERT Y MEIRT Y FFy TF v —
Y —L® tcpdump TEH L, A E 7z PCAP 7 7 4 UZ
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ARATEMEShE

¥ F—3y FERATHATE
F o kT HEN
LTLWET. FI¥
RO2F 2y Rl
EMATIEE D,

"
L)
-
-
a
L]
a
]
B
-
p
8
L]

NE=21 NE—>2

K4 Fx774 T RK=-—ZLDMNA

ntop 253245 % nDPI(ntop Deep Packet Inspection)*4
ZHEALTY - ROFAEIT o 7. EBC, oo
PCAP 7 7 4 V% nDPI Ci#Bl L7z 71 F aL0X 11w
. X5, nDPIDFEET7 7 A VIT KA L Y R—ZAD)L—
NEBMTZ2ILT, F74LTCREBHTERVaY T
Y (Tver) B#AITEZ kSR sZ 2R L. DL
DX 5kaHiE IP 7 RLRAZ 22TV, ZOMEHRE T —
BRI L, lLxO2—F I L THAAT ZHICH
WHiLs.

FARRICISCICESRT

Pfsense 1234 v bV =2 IR L XS5 & T 52— 08
FEERIC, BHEEEHEEIC TRE L7z Web 4 R RIRXE 2
YD TES. BIZEBAS AT LATEFY T4 7T HR—Z
NMITTIENAYTyYORHEEZ S X5 RTES
W (K4 88— 1) I TR, 2—FIHIRIEZH
HT 2N RO L 2ERIELNAA (K4 %= 2)
HTEZLEZD. CREYFBIEr FY & Lay T
v OB 2RI % R 28 REE2 5%, B60R
BThy bV =220 QoE A EXE 3 &5 RRAAIT
BERETTEINTELLEZS.

4.2.

4.3. QoS FfHDER

QoS HilfiZ4T> Vyos i3 IP 7 FLAZ IR V) ¥ 2
D/ NFIRIERRATINIEZREST 2 2 e TE, Zhsid
Vyos BT 2= F 74 Y EAWTEREARETH 5.
EIFIZ3BDTFNL AR AT LZERL, 1BDT AL R
W L CHIRIBORIR 21T o 7R E X 5 1R 3. #hiL
T10 B L7728 2 AT, Device 1120 L THRIVTIEIE &
A IR 2 SEHME T4 20Mbit/s 1423 X D ICEE L

*4 https://www.ntop.org/products/deep-packet-
inspection/ndpi/
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Download Speed Comparison

’a 160 —e— Devicel
2 Device2
L —4— Device3
=

= 120

9

& 100

Q.

n s

kel

@© 60

o

S 4

2 - il

8 2 Devicel D18 % HllBR

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (minutes)

5 FoNA RFIOEEEE

7z, ZDFER, Device 1l DADX Y > m— REEMET L
722 BHERR L. X 51T, Device 2 IZBWTIE Device 1
o U TR 21T S Bildfthd 2 BEO TN R e L
TR U vu— FEENMUNMEER R L TW2S, Device 112
B UCHIEAIR 21T - 72821k, XV rvu— F#EEDH EL
TW2 X5 IRZTIONE. D% D, HEREZEHT
27 NA RDHBIEZ RS 2 2 & THHD TN 2DEE
HENIEEL, oy bV =72 —%D QoE M LTX
ZUREMENH B L BRELTWS. 2D &5IE, ILF
TANARBFE TICBOVTHH—F A 220 U THEIR S
22 ENTE, »pORET I HHRBOMIEL TRET 2
QoE b EMMICZLE B2 MR TES.

5. ¥

AFX T, Wi-Fi Z2FHL TRy F 7 —2 2D QoE
WHLRE T 2 &5 RIAHRITE 2T 272010, 2—F—
WS D DBINICHIS N AT 2EEE BT 2 R T 4%
REL. A RT LIFEHEET 2 QoE O L~ULZEESWT
3DODE—RTEMEL, F+v 774 TR-—ZALEANEE
NEPHIRIEOREIZ Ay bV — 7 EHENL—FITRD
2aVTHFAPNIIGUTCEKRICEET L2 TES. £
Joy, SATLARFHCESWTRES R T 2070 b &4 Tk
BIFEL, SHAEDBIEOBFERITo 7. ZORER, FHLZ
B CEBREN > R T 2B Rl T X5 WCEET 2 2 &
PR L. 5181, A XFLa2HWENMAERZITV,
2 —FDREMERN AIRICOWTHEIET 2 T ETH S

BIEE AW O—ERE, JST X 253 (JPMJPR21PT), &t
W& (JP21K11847) B & U, HALRFESBEFEIIZFTO L
FffE TRy =7 7RI a0 EERIITEMLIS
DTH 3.
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ScaleCity -
PAE T MR A% 12
FRURRFERERE WEURFERF R
cd SEE e THHREIR
1. ELoIc

MROBEMZNKMXB-EHBE DX, 4 7REAL
PEMELETROERIGHA Lz — Y X - BEREOD
BB Y, B ORI AIREEICTF ST 5. ZOHME
KT 272DD0FEL LT, £ hDFut2ADT
REmpEHEIA TV S, RSB S HRADIERIGE
POHILYNRT =XV bETHROBMEGDOKEINERLR S,
ZO—2r LT7 AV IDTT MAHOD NEBGFE S 02
Z 4 (1) RENTS/PNHEET OB RLRBEFEORE 7 1
L2 2] RTEEMETHD (L~ Y08 [3]) &I
BT B U CTIREERITOWELD 5.

ey rEor) Ol cd—HEKhEZITR +—7
LT 50, 60 AFREOTRD 10 NiFEOmoBE r 71—
T — 7 TRFOBIRGER D S8 ED, TDd b 0k
DLV arir#E NEOERRI DRI bWV HAKE
HREZANT 7 REANOREZTRoTWVE. ZDLKIK
ERICHMFICH LTTRE S WM FITREE1T S 20121,
B OB 2 WSRO 5N 5.

MREzAEADPHEMGES THTE2HMRAL, fHio
T—REHEIDT S I THEOENDOHEIEE SN S.
F— 2R IFEMRTH ZMREPEMFE T 2720121, BEIRD
KA TVWETORHLSRETH 2. MEHRE D
#WHoF— 22N Eice—Hh—%Foy b Lal#{tdT 3
ZXWEARETIZ B B, 7T v M RTYZHIKITE, FHR
DERPD LR 2EVOESIPEREERE 7Bz 52
LWL,

Z ZTAMAETE, TRIMENICEL DL hiIcsmT
378, WHD T — 2 & EEICHEFES 3 72012, #lior
RSy A G bR TAMLS 2 > 27 4 TScaleCity (R

Urban Data Visualization System Using Transparent City Mod-
els

1 RIN SAKAMOTO, The University of Tokyo Graduate School
of Interdisciplinary Information Studies

2 ANNA YOKOKUBO, The University of Tokyo Interfaculty
Initiative in Information Studies

3 TAKASHI MICHIKATA, The University of Tokyo Interfac-
ulty Initiative in Information Studies

4 NOBORU KOSHIZUKA, The University of Tokyo Interfac-

ulty Initiative in Information Studies

ZERA% 3 R#fhiRE = AW c#EThT —

W

2 DAEIRIL

B

B RERFERE AR F R

TR ER
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T BR

- |
B 1 ScaleCity DRBEORT. 714 27 L A IZH1EERE L
DB IR TR Z QT U B N R L #UE M R ko 7 — &
2TV XVMKNCTR L 7.

=7 1)) BIRET S, ScaleCity 1%, M 1I1TRT &
523D 7V ¥ b TER LB E A 72 &1z
WMEzELREDLYE, TRIRZICHT DT — X & fEHT
5 EHEEI L 7.

2.
2.1.

FEERIT
TUANEMEERLIETREMEDF53KD
FORNEMZFHLETRZMBEDESL S DD
B zER e LT, BNTE, MEfZzRe Lk
TPLATEAUM] O 7 =X 2V I TN A V&R —
72— A% AR & W AR O # T FHE Y — v 2 v
Tev—rvay IHREEIATVWS [5. ESbTIE, ARA
YOANEBRFRTNTNTDY T 4 TR FELEDOEH
HBAWXL T2 - ORFATFTFAL V2 A[REL 227 TV
4 — a v [SuperBarrio[6]] RSN TNE. ZO7 S
Vor—2a T, PTG REEOERE RS a3V R—
VM REET S e ATE, TS RERHT S I L THIC
HEE INTWE DML ZHLPIZTEI LN TES.
ICity Scope[T]] BTV ENLT Ty bT7xr—nbTuy %
BETRAZETANTERZR Y Y ITNRA VR =T 2 —2R
ThHH, TNEAVTAY TV OHROE AR DOE D
BTV TR EEBICHEBORTI TV — 2 > a v THH
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HEhTns [8).
2.2, TRTHRERVWETT—2OAEE

Wi 7 — X ORMHLT RG22 25, HIFRM R EHR
PEER T —XI2E, MR ECH S 7 2B LED, FE
DY RT~—h =%V TI2HER RGNS Z
MEN, X512, NOBEIX— (9] R5E [10] & ¥ OH)
K722 RIBT 2028, HIKR— 2 DRESHV S
N3, T35 LEHRR—2OAHFEIIZEAHO/NS 2T 4
ATVAWRMTIZG TR, BHORZ V) —vic7ay
I R-THETZILT, BRATAHLLDDEHE
LBEDBORFAT 2 AARETH 2 [11). WIS
BRERARBERPOED L > TWE-DEBDOT — X% &
BT 32 THISOMMEPSIRE 281D 5., FIZIEA
OB NARLE R CRBO T — 2 PMHAEDLE BT
MBI 2 K D AP F BT 2 OB, F72Z D5
POABELZBIZE > TERNLEITIR—FIRTV 2R
EDLTY TADT 7k RFHERZ OB OO E DR X
PHETE S, R LABCERO T — &% ZXICFHEO
MK B2 RRT 2 2 IEHRZ 2 & EREN 72 B O P2 72
H>5%.

#WmE, AxPRl, ETFKEDA V7T, BErvwoie
Bea RBRTHEINATWS. flZIE, oK@y K
REOF—-XEMHAEDES ZICLD, KEENARE
PRI DEIRFELSZ TV EHMETZ e NTE
3. L»L, ThHZHRT—2E—20 Rt ki
RRT 2L, HREZICX D ERNRIEEIELI RS Z
LB 5.

AR ANICE X 2B T 2% TIE, 5 by
ZWZDOWTOEBRIDIIGHREEDN EZEE > TVRWD
ANDBEREEZZDIZTF—ROABULA BN THZ VS
EERAMEINTED [12], TEIHRZEL S HET 2
LTS ER RV R — b FBTH 2 ATREMEZ R LT
W3,

=R E AW T T — 2 OEIRL

T4 ATV A4 LIFERT S 3T CG EHWEA#H{ED
FHEOIFET 2. EBLEEDPAMLTWS PLATEAU T
X, 2023 4 12 AR R T2ER 130 &0 =TT — X 5
BExhTWs. PLATEAU X, RBEBEDREDT
V7 EHBARERE TR Fa— R LTEHEIATED,
BIBEYE T LR E T LD T — X THEH AW 313
RN R v & 2 B X OHEERE X v > 29— F ) Oz
Xy Y 2 ZESOWTRENFIATWS., £z, =20
7 7 A MZIEF R v ¥ 2 a— RIS LEERRO 7 — X
78 CityGML JER TS TWa. =Xt CCG 2 AW

2.3.
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FHERFEROMTORREEHRT 22T, HFTOHED
FEr OfEroEn LD, KOEBICORBDPR TV
VIR Yy MNBRFEET B, 1L ZOS RN
NTHREOEHEN EB D EHCL-TLEDS, T—X0D
P KER R E L Vo T RSB FIET 3.

=RIERT D 7 — Z A2 iE Augmented Reality[13]
% Virtual Reality [14] ZFHWZAEDHZ. NTT4 7R
BMio#ESIC XD, 79 VR TRtz B o il
BUTNRA LTI 4= Ny 73252 TARYIZfM-T
WEDPD XD RIEERGTRETH 5. 7Y XILZERMANTHE)
T3 Z & TH MRS R R U 2R e T i R Tk
ERAR—ZAERBEL EFTILEWETT OB E MR LT
FRT BERBHBAHE L 725 TV 3. 7272 LTRSS IO AR
IZBWTIX, Head-Mounted Display % %% 3 2 A&
T, MERBRAZNGRE U THRHSEBACIREL
THLIBDARL—> a VOB R EDPRELRB.

2.4. IFERERV:ETF—20O0H{E

MTangible Landscape[15]) @ R&BlOHKE I Ty = &
2 —THE 2T 5 2 L T/KOFTNOHIY, #A% L
XELBORELR LT 2> X7 AT, RERAE N
R LZLy AVHEDT A N OIER—EHDOEE TIEDRIR
BHBZrERELTWS. Ttz ICity Scope[7]1 XL
D ENRBREDIEYE R I TNIRA VR =T 2 —R
CLTHRAT 22T, FRT—XOEBEZFTRL, #i
ONBEZEZ BT, YOXSWHMHEIEDD 5 20%
Ial—YarvEHVWTRRTLEILNTELSAT A
HHEFE TS [16][17).

L2rLZsDY AT LIMGEHRE T 201270
xR —FHOTWAD, NEGLEOMERFOF
W& BIRBROHE Y Vo 7o REDD 5.

3. ScaleCity

ScaleCity 3T DT — X B~ v ¥ 75279 ZUHiX
&, MG 2 RO BHZE TR D O TR L 72 B
K72 E8T 7 — R AL A5 L TH 5. ScaleCity TiZ, #
D2 —F —DERHTEEY D & 5 72 5 B QBRI & # i D
TR EMEOTTHRT 2 Z e AARETH S, LUF TR
ScaleCity ZHM 3 2 BZBHRAHHI & 72 X LRIz o
WCEEIc N B . 212 ScaleCity ® > 2 7 LERIX %
Y.

EIRL 3 RITERHAER DIER

BEWALEHEE 3D 7Y U 57007 —XIEM 3
DESFohtBHO LICHE, BYHPHERELTVWS. Zh

3.1.



B2 ToT fTEEREMIL 7 v —7 (SIG-BTD

~ PCEDLEE - e
5
[ rer = |
N o ]
BHIGEA T 2T -2 —— —w
HEETE - A2 27T o0 a—-#iHt—ii— JOr¥krIVE F1ATLA
hode.|s React

Pythan
BREHTOIvrvFr— -

AHAT TR
F—2R—2

PostgreSOL

2 ScaleCity @ > 27 LHERKIX.

%23D 7V v Lk, BEMFOMERGREFEITICRS X
SITHERTHEM L7z,

ScaleCity TIZ PLATEAU O F— 2 &% FHLTHED, %
5% 3D 7SV v MAJRERICALIE Z fE L 72. PLATEAU
DEFWETN T —RIE, DT > ¥ ~—27 &R HI]
L, B&EW%E AR T 272012, BYOIIRA X b
ICRH XN T WD Level of Detail 2 (LOD2) Z#F L 7-.
%72, LOD2 HEIATVWARVWLY 7Tk, EWoik
DI X 172 Level of Detail 1 (LOD1) Z{#HH L 7-.

ScaleCity TIIEHEHIE X v & 23— FD 1 DDFEBAD
BEMET LB LUOHIEE T LT — &% 1308 136mm x
NImm 2% 2 XS KKHRILTWS., +4 X&E 3D 7Y >
X —DETEAIRER K & > TIRE L /2.

BEYDEBROR v > 2 lZF B> TR->TWAEE, £
DIBED1DDT 7 A ML T —RBBHI A TVRN
7o, BEDORX vy > il 2 A0 i UTHIAT 28R
ET =2 OMEEHEUNATORVWE, TXBRIFITLE
5. FHZREREALSHEEMBD AU K o TRIT S LR
B — & &7 — X OXIG N L — Y — ORI
M T3780, IWHZFYNATS BEND 5. ScaleCity &%
DEMIZES IO RUTFORNTT - X 2ER L D%
FHL 7.

311 #WHTF—HZHRAT—IAERETZLEDFEN

412773 PLATEAU O 7 —%% 3D 7V ¥ FHOD T —
RNZEHT 2B DOTRAUCDOVWTUA R TIER 3.

FFHIRI L 72 W ¢ 2 DA O RER DR EE4T S .
O7utATiE, HNOHHY: z0BEAZEWTEREY
HETZ2EABPTY 72 ETZ#AE O PLATEAU @ Unity
SDK*' 2 L THiAaAA, obj 7 7 A VERTHIT 5.

XIZ Blender*2icxtR ) 7 D@L EF A 2 I T

-
—

*1 https://github.com/Synesthesias/PLATEAU-SDK-for-Unity
*2 https://www.blender.org/
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3 PLATEAU 7—XZHWTER LI 1 Xy > a73D
TF—20fl. KT -2 EY T —-2ntE ks FEE
WKHDRBTERNE S ICHEBIERL TS,

LD obj 774 N% 0.0l fEOHERTA VR-+T 5. HEK
DEFEYET LR 1 DOBEEYET L E LTHRAEL, HE
EFTABRMRIC L DEHET 2. ZORMEETALZZD
F FTIIEME DT Decimete €7 4 7 74 72 HAWVWTIH
REs7s.

T LI L, LHEERZFEHEA v 2 Z2ERL
THET2. FIEEXy a2 1 KEIDALAEL
11400mm x 9600mm D% A4 XDOFHER v > 2 BIERT
5. WEETABELKREIICRZ LAY +T 5. F
HAy a2 MBETLERELMEEZ 7 4 LT3, ZOD
#% STL AT ¥ 5.

Fusion360*3ic +& e & L HEET L E AL Y R—F L
KPR K D ITEIER, HHEX Y ¥ 2 —XEOY A X273
32&512hy FLTHINIT 3.

Blender ETHHEX v & 2% 4 X2k % L5 C@EYWET
NEHY NTE. —EREYETLERELTELLI Y MT
52T 7HNOBRMR EOBYE &t 2 ¥ DSAIHEIC R

*3 https://www.autodesk.co.jp/products/fusion-360/
overview?term=1-YEAR&tab=subscription
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BEY T RADT Y=~

BEHFEETILEOHRS

WHEETILOEE - Ay b

BYMEFILOAY b

s BMETILOKS

4 #WH 7 — 2 2R T — XY 2 0D,
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Figure4 Use of nudges to improve app utilization.
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Figure6 Before and after measures to increase button clicks
Changes over time in the cumulative number of button clicks.
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collection application in terms of urgency and importance.
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Table2 Execution Results for Each Scenario
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