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1.   Introduction

In 1985, the Nippon Telegraph and Telephone Pub-
lic Corporation was privatized, which led to the 
founding of NTT. Before privatization, each home 
only had a traditional black telephone, which was 
rented from the corporation and mainly located in the 
entrance hall. After privatization, however, one could 
freely buy a telephone of different colors and with 
more functions such as cordless reception that 
enabled having a receiver in each room. The popular 
love song titled “I want to learn more about you”* 
focused on an intimate conversation between a girl 
and her (possibly) boyfriend over the phone with her 
asking “where are you now and what are you doing” 
and achieved estimated sales of 391,000 copies. 
Today, various forms of social media have almost 
entirely subsumed this role and even been extended to 
learning about people who are not close friends and 
basically strangers. A smartphone obtains a great deal 
of information about its user throughout the day. It is 
so smart that it may obtain more details about its user 
than what the user knows about him/herself. On the 
other hand, the traditional black telephone, while 
simple and not smart, might be more comfortable to 
use than current smartphones. As technology contin-
ues to develop, how will communication change? It is 

all the more important to identify the core of commu-
nication in this era when the physical distance 
between people must be maintained to prevent the 
spread of the novel coronavirus while avoiding social 
disconnection from our close friends and community.

Next year, NTT Communication Science Laborato-
ries (NTT CS Labs), which was founded in Keihanna 
Science City, Kyoto, in 1991, will mark its 30-year 
anniversary. Since its founding, it has undertaken 
fundamental research based not only on the principle 
of conveying information accurately and efficiently 
but also on deepening mutual understanding, sharing 
feelings, and making genuine contact. Even though 
the research in the beginning focused on person-to-
person communication, its aim today is sincere and 
heartfelt communication in both person-to-person 
and person-to-computer contexts. To this end, we at 
NTT CS Labs are pursuing innovative technologies 
for approaching and exceeding human abilities such 
as media processing, data analysis, and machine 
learning as well as studying cognitive neuroscience 
and brain science for obtaining a deeper understand-
ing of people and their cognitive flexibility and diversity 
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(Fig. 1) [1]. We are also continuing to work on the 
development of more fundamental mathematical 
theories [2]. Our primary mission is to carry out these 
basic research topics with unlimited curiosity to learn 
more about us humans. We are also delivering con-
crete results to society through collaboration with our 
business partners. Several examples of these research 
endeavors are introduced below.

2.   Technologies that approach and exceed 
human abilities 

Communication is first and foremost the recogni-
tion and understanding of spoken words. On our Illu-
sion Forum website, which provides information on a 
variety of visual and auditory illusions, noise-vocod-
ed speech (so-called mosaic speech) is introduced 
[3]. Mosaic speech, which is analogous to visual 
mosaic images, is a distorted speech sound where the 
detailed spectral information in the original clean 
speech sound is manipulated and destroyed. When 
one listens to it, he or she can somehow understand 
what is being said, even though the sound is unnatural 
and hard to hear. In this way, humans can hear the 

content of speech sounds even if their fine temporal 
structure is substantially degraded. One may fail to 
understand the sound at first, but if he or she listens 
multiple times, or listens to the original sound then 
listens to the converted one again, he or she will 
understand it. One has just experienced the depth of 
the human auditory system and sound recognition 
ability.

Mammals, including humans, have developed brain 
functions that recognize such natural sounds as 
speech and environmental from evolution. In the 
mammalian brain, the auditory system converts the 
physical properties of a sound stimulus to neural 
activities and processes them through a cascade of 
brain regions. Interestingly, the characteristics of 
amplitude modulation (AM) tuning in temporal and 
rate coding are transformed systematically along the 
processing stages from the periphery to the cortex. 
The AM rate at which neurons are synchronized 
gradually decreases and the number of neurons that 
perform rate coding gradually increases. We have 
discovered that when a deep neural network (DNN) is 
trained to classify raw sound data using raw waveforms 
that are directly input, the trained DNN resembles the 

Fig. 1.   Research areas of NTT CS Labs.
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brain’s auditory system throughout the entire cascade 
[4]. Such similarity to the auditory system increases 
as the classification accuracy improves. These results 
suggest that AM tuning in auditory systems emerged 
through evolution as a result of adapting to sound 
recognition in the real world.

Through evolution, humans have acquired the abil-
ity to select the specific voice of a person they want 
to hear and understand what he or she is saying in a 
meeting or at a party when several people are talking 
or when music is playing in the background. This 
skill is called selective listening. We have applied a 
proprietary DNN and developed technology called 
SpeakerBeam that enables computers to perform 
selective listening [5]. However, extracting a target 
voice is difficult if speakers with similar voices are 
included in the data. Therefore, in addition to voice, 
lip movements are used as features to distinguish 
among speakers even with similar voices. We are also 
developing DNN-based voice-conversion technology 
that makes it possible to freely change such voice 
features as voice quality and intonation while pre-
serving the speech’s linguistic content. Further devel-
opment of these technologies will enable natural 
communication that overcomes disabilities or age-
related decline in speaking or hearing functions and 
support conversations in foreign languages [6].

We are also investigating the language-acquisition 
mechanism in children, who basically acquire lan-
guage by talking with their parents. Language and 
language-based oral communication are basic human 
functions that have evolved over the past 150,000 
years. Since written language emerged relatively 
recently, only 50,000 years ago, the ability to read is 
not an inherent function of the human brain, which 
did not evolve for reading. Reading is achieved 
through a flexible combination of basic brain func-
tions such as vision, audition, language, and cogni-
tion, which is called neural recycling [7].

To understand the language-acquisition mecha-
nism, we constructed the Child Vocabulary Develop-
ment Database by conducting a large-scale survey of 
what words children can understand and say at what 
particular development times and modeling the 
results [8]. With this database, we created personal-
ized educational picture books in collaboration with 
NTT Printing Corporation for encouraging children 
to read. The books’ contents were customized to the 
vocabulary development of each child. In cooperation 
with Onna Village in Okinawa and Tokushima City, 
we worked with NTT Printing Corporation to deliver 
these books to children and to encourage them to read 

from an early age [9, 10].
As an approach to understanding the advanced 

human abilities of both language and knowledge pro-
cessing, we are participating in the artificial intelli-
gence (AI) project “Todai Robot Project—Can a 
robot get into the University of Tokyo?” led by the 
National Institute of Informatics (NII). The project is 
researching the extent to which AI can solve the same 
problems that humans can solve. A team made up of 
members of the NTT CS Labs. and other project 
members took up the challenge of developing an AI 
system that can take and pass the English written 
exam administered by the National Center for Uni-
versity Entrance Examinations. The AI system 
achieved an extremely high score of 185 out of 200 
points (64.1 T-score) in the exam’s 2019 version [11]. 
English exams contain problems that require integrat-
ing both natural language processing and knowledge 
processing to solve. We exploit the knowledge gained 
in tackling these problems for our conversational AI 
research, which involves chatting with people (in 
chat-oriented dialogue systems) and providing infor-
mation and guidance (in task-oriented dialogue sys-
tems) to achieve more natural and mutually under-
standable conversations between AI and humans.

Based on research on conversational AI, NTT is 
developing a role-play-based conversational AI 
called Narikiri AI, which reproduces the behaviors of 
a celebrity or a character in a novel or a game. Nariki-
ri AI’s dialogue data are collected through sets of 
questions and answers posted by online users, where 
one user asks a certain character a question, and 
another user mimics its personality and answers it. A 
few such Narikiri AIs have been constructed by NTT 
in cooperation with NTT DOCOMO and DWANGO 
Co., Ltd. Recently, we have begun a new Narikiri AI 
project in cooperation with Seika Town, Kyoto, 
involving its official public-relations character (mas-
cot) Kyomachi Seika; thus, the project is called 
Narikiri AI Kyomachi Seika [12]. The concept of 
Kyomachi Seika is that of “a young agent is dis-
patched from the future to protect the world from a 
time paradox” [13]. It has attracted many fans 
through social networking services and is a perfect 
match with Narikiri AI. 

We are conducting basic research on technologies 
to achieve natural human-like conversations by 
smoothly switching between chat-oriented and task-
oriented dialogues. To demonstrate this technology, 
we collected dialogue data, including a large amount 
of knowledge and experience about Seika Town, 
through cooperation with its residents. We will build 
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a dialogue system that provides appropriate informa-
tion and guidance regarding tourism and town admin-
istration, understand user’s intensions, and flexibly 
answers user questions and requests through Kyoma-
chi Seika.

3.   Studying cognitive neuroscience and brain 
science for a deeper understanding of people

AI development is also intensifying the importance 
of obtaining a deeper understanding of people. For 
example, when searching on the Internet, advertise-
ments suddenly appear that match the search words. 
Sometimes users click on such links and impulsively 
make purchases. Many users might argue that they 
purchased the product completely voluntarily, down-
playing any third-party manipulation. As AI technol-
ogy expands, the risk increases for such manipula-
tion, which resembles an AI version of subliminal 
effects.

To avoid such risks, it is important to obtain a 
deeper understanding of the preconceptions held by 
people and how and when they will behave in a cer-
tain way. We are conducting research to clarify the 
information-processing mechanisms of the human 
brain and body involving the five senses, perception, 
and motion and providing novel perceptual experi-
ences [14, 15]. We are also carrying out brain science 
research to understand the relationships among the 
mind, skills, and body of top athletes through study-
ing their cognitive flexibility and diversity such as 
how they obtain and judge information from the out-
side world. Regarding baseball, for example, we are 
exploring the differences between great and mediocre 
hitters by investigating how well good hitters actually 
see the ball or whether a fastball really travels in a 
straight path. The plan is to use the knowledge gained 
from our research to provide feedback to athletes to 
sharpen their brain functions.

As societies worldwide are forced to coexist with 
the novel coronavirus, establishing profound contact 
has become more complicated. The economist and 
philosopher Adam Smith wrote that “we often derive 
sorrow from the sorrow of others” in his discussion of 
the importance of sympathy [16]. Sharing sentiment 
and emotions with others and feeling their experi-
ences as one’s own is the essence of sympathy and 
leads to genuine interaction. In collaboration with 
Tatsuya Kameda Laboratory at the University of 
Tokyo, we are studying how pain is shared during 
face-to-face interactions [17]. In one of the experi-
ments carried out through this collaboration, a pair of 

strangers (participants) were exposed to identical 
pain-provoking (thermal) stimuli. The blood-volume 
pulse of both participants is recorded to measure their 
acute sympathetic responses while they both simulta-
neously experienced the stimuli. Under a face-to-face 
condition, participants with weaker reactions elevat-
ed their physiological reactivity to the stimulus based 
on their partner’s reactions but not under a shielded, 
non-face-to-face condition. These results suggest that 
during face-to-face interactions, sharing such nega-
tive emotions as pain occurs at the unconscious 
physiological level. Another experiment of a two-
player eSports competition showed that the heart 
rates of both players were synchronized in high-level 
close battles but not in intermediate one-sided battles. 

4.   Future prospects

The Japanese word for “happiness” is “shi-awase,” 
where “shi” means “action” and “awase” means 
“match.” This combination of meanings suggests that 
one way to achieve individual happiness is through 
successful interaction or communication with anoth-
er person [18]. In other words, the synergistic effect 
of sincere and heartfelt contact improves human hap-
piness, or in more modern terms, the well-being of 
people. In Japanese, “shi-ai” denotes games such as 
baseball or tennis, and the heart-rate synchronization 
in the eSports experiment seems to exhibit such a 
“shi-awase” or “action-matching” state. The mission 
of NTT CS Labs is to pursue sincere and heartfelt 
communication that literally achieves the following 
lyric from “I want to learn more about you”*: “Even 
if I’m far away, my heart is with you.”
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