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1.   Behavior design to achieve a state 
of well-being

The recent spread of the Internet of things (IoT), in 
which all things are connected through the Internet, 
has brought closer a world in which it is possible to 
determine what is happening now, what will happen 
in the future, and how objects, e.g., devices, should 
move towards obtaining desirable results, based on 
multi-dimensional, large-scale data obtained from 
IoT that far exceeds the processing capabilities of 
humans. If ambiguous and complicated human 
behaviors can be understood using artificial intelli-
gence (AI), it will likely become possible to plan not 
only how objects but also people should move. AI can 
study what is positive behavior from their behaviors 
to provide feedback for them to change their behavior 
for the better. If this cycle can be sustained, people 
can achieve a state of well-being [1] (Fig. 1). 

Therefore, with findings from our previous studies 
on (for example) service-design-process research and 
analysis and modeling of spatio-temporal behaviors, 
we aim to develop interaction technology that will 

influence human cognition to enable people to 
achieve a state of well-being so they can continue in 
a more positive direction. This technology will be 
achieved by scaling various ambiguous and diverse 
values such as prioritizing objects—not only eco-
nomic values, understanding ideals that people pur-
sue, observing what behaviors people engage in to 
reach their ideals and modeling them, and enabling 
the prediction and measurement of success levels 
from those models. If data from various people can be 
acquired through IoT devices, through those observed 
data and interviews regarding people’s ideals and 
daily activities, the values they have, and how those 
levels are expressed can be handled in models of user 
values. It will also be possible to deepen understand-
ing of the behavioral models that explain why a per-
son takes a certain action and what principle led to 
that action from the actual behavioral data. Once 
modeled, the current situation can be fit to the model, 
what will happen from the fitted model can be pre-
dicted, and how results will change with what actions 
can be understood so that results of action towards an 
ideal can be predicted. Then, by understanding how 
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people accept information and feel about conversa-
tion and communication with other people, etc. and 
by providing a means to give them awareness, behav-
iors can be designed that will lead people to predicted 
results that approach overall and individual ideals so 
that environments to assist people in reaching a state 
of well-being can be created (Fig. 2). 

These environments could work in concert daily to 
encourage behaviors under various conditions where 
there is a need for individual or group optimized 
behavior, such as finding the shortest time when mov-
ing, avoiding congestion, or wanting to visit various 
places. This could lead to a less crowded society as a 
whole. Also, through dialogue between people and 
staff at helpdesks, shops, or neighbors, this could lead 
people in a direction that satisfies not only the indi-
vidual but also stakeholders. To induce positive 
behaviors without one’s (people’s) awareness, similar 
to if one was moving by one’s own will, we aim to 
support people’s natural behavior to smoothly and 
comfortably improve themselves by providing neces-
sary information if they become confused and sup-
porting those with diminished physical capabilities. 

When conducting daily activities will be possible in 
both the real and virtual worlds, it might be possible 
to have personalities in both. Even if a person uses 
different personalities in both, has several living 
spaces including virtual space, and their values 

become more diversified, we will be able to promote 
research and development for assisting people 
towards positive behavior more naturally. We hope 
this interaction technology will improve people’s 
lives. 

2. Technology to achieve behavioral design

2.1    Understanding human behaviors for achiev-
ing a state of well-being

To lead a person to a state of well-being, it is impor-
tant to understand the behaviors (e.g. moving from A 
to B, staying at A, eating, etc.) and states (e.g. physi-
cal and mental conditions, etc.) of that person and the 
surrounding environment. As mentioned above, data 
collection has been rapidly progressing due to the 
wide spread of IoT. Thus, we are pursuing research 
and development based on the framework shown in 
Fig. 3, aiming at a world that uses data to bring peo-
ple into a state of well-being. The most important 
point is not only to understand the behavior recorded 
in observation data but also construct a behavior 
model based on those data. Since this understanding 
and modeling make it possible to understand the 
behavior of people in situations in which there are no 
observational data and predict future behaviors, we 
believe it will be easier to decide on strategies to 
change the future for the better. 

Fig. 1.   Changing behavior to achieve a state of well-being.
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To achieve this, people flow estimation (PFE) [2] 
makes it possible to understand the people flow not 
explicitly included in data by using the characteristics 
of human behavior obtained from data analysis as 
knowledge.

As shown in Fig. 4, from population information of 
each area at each time step, PFE estimates the people 
flow between cells over time. The point with this 
method is that it estimates the people flow between 

areas from only the population information of each 
area at each time step, which does not explicitly rep-
resent crowd movement. When the number of areas 
where people are moving is N, this method solves the 
problem of estimating people flow between areas 
(number of unknown values (transition in population 
between each area pair) is N2) from population infor-
mation for two time steps (number of known values 
(population of each area) is N × 2). If this problem is 

Fig. 2.   Behavior-change support to reach a state of well-being.
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Fig. 3.   A framework that uses data for people to achieve a state of well-being.
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considered, there will be too many solutions that are 
consistent with the observed population data. Since 
there will be multiple movement patterns that can 
explain the change in population for each observed 
area of the input data, it will be difficult to accurately 
estimate the correct people flow.

In response to this problem, we first clarified the 
characteristics of human behavior in cities by analyz-
ing real data. We then introduced the characteristics 
of human behavior obtained from data analysis as a 
constraint to the problem of estimating people flow 
between areas to narrow down the solutions. 

Specifically, we used the following findings, which 
were obtained based on people-moving data in cities. 

•  Human movement is affected by the distance 
between areas (Saitama → Tokyo > Saitama → 
Yokohama) 

•  People’s departure probabilities vary from area 
to area (weekday mornings: residential district> 
business district) 

•  The ease with which people gather depends on 
the area (weekday mornings: business district 
>residential district). 

Based on the above findings, instead of directly 
estimating the population between areas (number of 
unknown values is about N2), we estimate scores that 
reflect the characteristics of each area (e.g. score of 
how easily people gather in each area, score of how 
likely people depart from each area; number of 
unknown values is about N × 2) that affect the move-
ment of people (Fig. 5). PFE uses the following for-
mula to understand the flow of people.

(Ease of moving from area i to area j) ≈ (probabil-
ity of departure from i) × (ease of people gathering at 
j) × (ease of movement based on the distance between 
i and j).

This model makes it possible to select a solution 
that seems to move people. It is also possible to dras-
tically reduce the unknown values that need to be 
calculated, resulting in much lighter computation 
cost.

The above is an example of incorporating the 
knowledge obtained from data analysis into a model 
to more accurately estimate human behavior without 
explicit observed data of the behavior. In addition to 
the knowledge gained from data analysis, we will 
also try to model human behavior using social sci-
ence knowledge. We believe that this modeling will 
enable us to understand various human behaviors to 
effectively change them for the better.

2.2    Research of understanding human values and 
interaction for achieving a state of well-being

Clarifying the mechanism of well-being is obvi-
ously not something that can be done overnight. A 
state of well-being is very different for each person 
and changes depending on the surrounding environ-
ment and circumstances. Moreover, it is well known 
that people’s thoughts and judgments are often irra-
tional. To achieve our goal of clarifying the mecha-
nism of well-being, we are conducting research to 
both deeply understand the diverse values of people 
and develop support methods (interaction technology) 
by using knowledge from a wide range of fields such 

Fig. 4.   Estimating people flow from spatio-temporal population data.
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as psychology, engineering, and design (research to 
understand values). 

To understand people’s values related to well-
being, our approach is to clearly define targets and 
study people’s values both quantitatively and qualita-
tively. For example, when we previously focused on 
parents who are raising small children, we conducted 
both web surveys and interviews to understand their 
values and child-rearing behaviors [3]. The results 
indicated that parents have both short-term and long-
term goals. There are six long-term goals regarding 
their children’s futures. Figure 6 illustrates the gen-
eral results. Some parents wanted to entertain or calm 
their children (“To make the kids feel calm and 
happy” in the diagram). These factors can be 
explained as short-term goals. The same parents may 
also whish their children “To be a person who can do 
what s/he wants (goal 1)” or “to be a person who is 
independent-minded in his/her life or choices (goal 
2)”, which can be explained as long-term goals. Hav-
ing both long and short-term goals, items that are 
given priority differ depending on the state of the par-
ent’s mind, environments, and the state of the child, 
which may lead to disparate child-rearing behavior. 

As shown in Fig. 6, parents’ long-term goals for 
their children’s future can be categorized into six 
types with the degree of emphasis depending on the 
parent. There are also multiple types of “good life 
goals” positioned above the long-term goals. The 

various factors make it difficult to understand the 
reason of behavior. However, our approach of using 
both qualitative methods, such as interviews, and 
quantitative methods, such as large-scale question-
naires, enable us to deeply understand human values. 
In the case of understanding parents, after modeling 
values, we developed scales to enable easy measure-
ment of value types, which would lead to developing 
support services that match parents’ values. 

The reason we focus on interaction research is 
because people are social creatures, and interactions 
with others have a significant impact on the state of 
well-being. Therefore, we are focusing on the effects 
of interactions among diverse people and developing 
methods for achieving a state of well-being. Since it 
is important to understand the interactions among 
people and what changes the motives and thoughts of 
people, we are conducting research in the real world 
on limited targets and situations to observe them as 
naturally as possible. We are mostly designing and 
developing tools/programs to support dialogue in  
living labs. Living labs is an approach that involve 
users as co-creators in the service-design process. It 
is attracting attention not only for service design but 
also as a methodology useful for community develop-
ment including local revitalization. It also contributes 
to a state of well-being. Incorporating living lab 
activities in the community enables people to live 
with better awareness. Hence, we are implementing 

Fig. 5.   Observed population changes and examples of possible people-flow patterns.

Incorporating characteristics of the moving behavior of people makes it possible to
estimate the people flow between areas more accurately.

Unnatural for so many 
to be moving far away

Increase

No change

Observed
population changes

Tokyo Station

Shinagawa Station

Wrong

Examples of possible people-flow patterns

People normally gather at Tokyo
Station, but there is no movement
from Shinagawa to Tokyo.

Wrong

Correct
Decrease



Feature Articles

57NTT Technical Review Vol. 18 No. 3 Mar. 2020

living labs in multiple locations, such as in the Japa-
nese cities of Omuta, Sendai, and Yokohama, while 
engaging in dialogue with partners with differing 
values such as residents, companies, local govern-
ments, and universities. For example, at Tama-Plaza 
in Yokohama, we are studying how to support and 
accelerate the efforts of the local residents, compa-
nies, and government by developing frameworks and 
tools to communicate with one another to solve vari-
ous problems the town has. We are also conducting 
research in Omuta, a city that places importance on a 
person-centered view of people that integrates the 
idea of “living true to oneself” while remaining con-
nected with surrounding people, in collaboration with 
the local government, organizations, and companies 
to understand what is required to improve the town so 
that people can live in it with this view. Through this 
field research, we are painstakingly clarifying impor-
tant viewpoints and developing frameworks and tools 
to support people in interacting with one another to 
achieve states of well-being. 

3.   Future developments

People’s values and behaviors are diverse and 
sometimes irrational. Understanding, modeling, and 
transforming them into a better state is certainly a 
very difficult challenge. We will continue to engage 
in research and development with the aim of improv-
ing the well-being of people and solving social issues 
by using knowledge from a wide range of fields such 
as psychology, data analysis, and design. 
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Fig. 6.   Values of parents that affect their child-rearing behavior.
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