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Abstract: Considering China is facing a precipitous decline in its population, there is an emerging
trend of developing baby robots to encourage people’s willingness to become “parents”. Based on
the decomposed theory of planned behavior and the theory of uncanny valley, this study empirically
investigated whether a baby robot could perform as a prominent antecedent of fertility intention
in China, and how this relates to its visual appearance. Consistent with prior research, the current
study used a between-subjects design to show (1) a baby robot could significantly improve people’s
fertility attitude through temporal visual stimulation; (2) fertility attitude, subjective norms from
peers, and perceived behavioral control of finance could significantly contribute to fertility intention.
Theoretical contributions and implications are discussed in this study.
Keywords: fertility intention; social robot; China; subjective norms; perceived behavioral control

1. Introduction
A falling birth rate could lead to widespread social and economic problems. Like many countries
in the post fertility transition, China is facing a precipitous decline in its population, setting the stage
shortly for potential demographic and economic issues. According to a recent report by the Chinese
Academy of Social Sciences [1], China’s total fertility rate has been below 1.6 since 1996, which is
lower than the replacement level fertility rate of 2.1. After a brief uptick from 2013 to 2016, the birth
rate fell again in 2017, with 17.2 million babies born compared to 17.9 in 2016. Although the Chinese
government has recognized the worrisome demographic trend and in 2015 abolished the one-child
policy (replaced by a two-child policy) [2], the overall number of births continued to drop. It has been
estimated that the total Chinese population will present negative growth around 2028, though others
believe it would come sooner or has already begun [1].
Declining populations are creating many social problems in countries where this phenomenon
is occurring [3–5]. To address this issue, some scholars and practitioners have exerted efforts to
understand the mechanism of fertility promotion globally [6–10]. Smart technology drives healthcare
and social development more than any other force [11–13]. For instance, robot-assisted therapy has
been developed in the care of older adults with dementia [14]. Matarić et al., [15] showed robot coaches
effectively aid stroke patient rehabilitation by providing social and physical assistance. Recently,
a trend for developing baby robots has emerged as a means of encouraging people’s willingness to
become “parents.” It has been suggested that a baby robot affording the simulating experience of
mothering and fathering is effective in influencing the perceptions regarding the significance of having
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a child and parenting behavior [16]. The practice of developing baby robots, however, is implemented
with both hopes and questions [17,18]. Whether it improves the willingness of parenting or not is
uncertain for empirical researchers.
The attempt of baby robots as infant simulators for fertility education can be traced to the early
pilot program of virtual infant parenting [19]. It was initially aimed to prevent teenage pregnancy in
Australia and the US, nevertheless, controversial effects have been reported. For instance, a recent
longitudinal experiment showed that the teenage girls who have access to an infant simulator were
more likely to encourage childbearing than the control group [18]. Besides, some studies revealed
an insignificant difference between the student group with infant simulators and the group without
the simulators [19]. Nevertheless, the design-related factors, such as the visual appearance of infant
simulators, have been much neglected in previous research investigating the consequent effects
of virtual infant parenting. As relevant evidence revealed in robot research, visual appearance is
influential in settings where it is preferred to have the user expect humanlike performance from the
robot [20–23]. Besides, more recent research suggests the phenomenon of “Uncanny Valley”(UV) in
designing the visual appearance of humanoid robots [24]. Its consistency in the application of baby
robots is ambiguous.
Based on the well-defined theory of planned behavior in fertility research [25], this study aims to
investigate whether a baby robot performs as a prominent antecedent of fertility intention in China,
and how this relates to its visual appearance. Our empirical observation as a design guideline can
enrich the current literature on fertility promotion from an emerging perspective of baby robots.
2. Literature Overview
2.1. Baby Robots and Parenting Promotion
China is not alone in confronting a shrinking population. It has been reported that nearly half
of the world’s population now live in countries with fertility rates at or below replacement level,
and nearly all countries will reach low fertility levels in the next two decades [3–5]. The long-term
low fertility rate will lead to a high level of aging and population decline, which will bring multiple
socio- economic challenges [26]. Therefore, relevant research is being conducted in countries with very
low fertility to support and encourage women’s willingness for fertility from multiple perspectives,
such as social environment [6,7], religious belief [8], and family-friendly public policy [9,10]. Previous
attention has been mainly driven by the importance of women’s fertility attitudes while recent research
has revealed the prominent role of men in shaping fertility behavior [27].
Among these, there is an increasingly growing interest in the infant simulator-based approach
to promoting fertility intention [28,29]. Various humanoid robots have been designed to stimulate a
human infant’s physical behaviors. These interactive means and experiences attempt to provide couples
an opportunity to experience “parenting” [30,31]. Toyota launched Kirobo Mini, for instance, which
can recognize and respond to people in a high-pitched tone while being unstable in its movements.
Prospective parents can care for a robotic baby while deciding whether they want a real baby of their
own [16]. Nevertheless, the empirical observation of whether baby robots improve parenting is limited
in current research.
Prior research has reported a controversial relationship between infant simulators and teenage
pregnancy behavior. The theory of fertility and infant simulators dates back to the Virtual Infant
Parenting (VIP) program aiming at preventing teenage pregnancy in Australia and the US, and often
referred to as “Baby Think It Over” [19]. Scholars argue that this well-designed simulation experience is
useful in influencing the perceptions regarding the significance of having a child and fertility behavior
in the future [32]. A longitudinal experiment conducted in Australia, however, indicated that access to
infant simulators was more likely to encourage teenage girls’ childbearing than the control group [33].
Relevant research also reported an insignificant difference between the student group with infant
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simulators and the group without the simulators [34]. The educational value of infant simulators in
influencing fertility behavior needs to be confirmed further.
2.2. Humanoid Robot Design and the Uncanny Valley
To address the complex users’ reactions to robots, scholars argue that the visual appearance
of humanoid robots is effective in influencing users’ attitudes towards an interactive system and
predicting consequent behavioral response [20–22]. The presence of a humanoid face as a robot head
can result in an efficient, engaging, and social interaction between humans and robots [35]. This is
advantageous in settings where it is preferred to have the user expected humanlike performance
from the robot, such as a robot portraying a standardized human infant [23]. Relevant empirical
observations report that humanoid facial displays are more attractive and motivate users’ interest more
than other presences [36]. The reason lies in the fact that the human face works with emotional and
conversational signals encoded as facial displays [37]. The humanoid level of a robot head improves
the perception of humanness; consequently, it encourages users’ cognitive attitudes towards it [38].
However, if a mismatch occurs between the realism of facial appearance and robot character, it may
have an adverse effect on the acceptance of that [39].
More recent research has revealed that negative reactions to imperfect humanoid robots may be
caused by the well-known phenomenon of UV proposed by Mori [24]. It is a psychological theory about
the effect that involving human feelings keep changing as the robot is made to look more human-like.
Mori’s graph of the uncanny valley is widely used to enhance the design of humanoid robots and 3D
computer-animated characters. Despite its dominance, the existence of UV is controversial [40,41].
Most studies aiming to address the issue are conducted in the contexts of humanoid robots primarily
for general social tasks [20,23], the accompaniment of baby robots has seldom been investigated based
on the theory of UV.
Baby robots to enhance parenthood experience strongly rely on their humanness and lifeness.
The facial presence on a baby robot is assumed to be a crucial component of the overall visual
appearance. However, the current design application is various without a clear guideline to indicate its
relative effects on users’ responses. Therefore, incorporating the theory of UV and baby robot design is
significant in revealing whether the humanoid appearance can influence users’ attitudinal reactions
and the consequent decision of having a child.
2.3. Fertility Intention and the Planned Behavior
Much of the previous research into fertility promotion is underpinned by the theory of fertility
intention [42,43], also known as childbearing intention and parenting intention. Behind its assumption
is that having a child is the result of a reasoned decision. With this view, a large number of studies
discussed fertility intention by deeming low fertility intention as equivalent to low fertility behavior,
and vice versa [44–46]. For example, Zheng et al. [47] conducted a large-scale survey in China to
examine the effects of government policy and economic and social development on fertility intention.
Their results reveal an insignificant relationship between government control and the low fertility in
Jiangsu province.
In recent years, however, the inconsistency between fertility intention and actual behavior has
gained much attention [42]. Schoen et al. [48] examined 2812 non-Hispanic Whites; the results indicate
that fertility intention does contribute additional predictive power. A similar observation is made
by another study [49]. Instead, Toulemon and Testa [50] argue that the relationship between fertility
intention and actual fertility behavior is quite loose because it depends on many other non-subjective
factors. To answer this theoretical gap, Bongaarts [51,52] construes that the inconsistency between
fertility intention and parenting behavior—actual fertility less than desired family size—is caused by
an increasing average age of childbearing, involuntary infecundity, and the competition effect. Based
on Bongaarts’ theory, scholars investigated the fertility decline in China [53].
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More recent research suggests a psychological perspective to explain the path from fertility
intention to parenting behavior [25]. Proposed by Ajzen [42], the theory of planned behavior (TPB)
illustrates that fertility behavior is affected and resulted by cognitive evaluation. Briefly, according to
TPB, the intention to have or not to have a child is determined by three kinds of factors: (1) attitude
towards the fertility, which refers to the degree to which a person has a favorable or unfavorable
Healthcare 2019, 7, x
4 of 14
evaluation of the question of having a child or not; (2) subjective norms, which refer to the perceived
social
social pressure
pressure to
to have
have aa child
child or
or not;
not; and
and (3)
(3) perceived
perceived behavior
behavior control,
control, which
which refers
refers to
to perceived
perceived
presence
of
factors
that
can
influence
an
individual’s
ability
to
have
a
child.
presence of factors that can influence an individual’s ability to have a child.
Though
Though TPB
TPB has
has been
been applied
applied in
in understanding
understanding the
the psychological
psychological path
path to
to fertility
fertility behavior
behavior in
in
the
Chinese
context,
the
prominent
antecedents
of
the
three
factors
predicting
fertility
intention
the Chinese context, the prominent antecedents of the three factors predicting fertility intention are
are
limited
Luo and
and Mao
Mao [25],
[25], for
for instance,
instance, confirmed
confirmed that
that attitude
attitude towards
towards fertility,
fertility,
limited in
in previous
previous studies.
studies. Luo
subjective
norms,
and
behavior
control
could
influence
the
fertility
intention
and
behavior
of
subjective norms, and behavior control could influence the fertility intention and behavior of women
women
who
who are
are qualified
qualified to
to have
have two
two children.
children. The
The latest
latest research
research has
has extended
extended the
the model
model and
and proposed
proposed the
the
decomposed
theory
of
planned
behavior
[54,55],
in
which
subjective
norms
are
sub-divided
into
norms
decomposed theory of planned behavior [54,55], in which subjective norms are sub-divided into
from
peers
norms
family
perceived
behavioralbehavioral
control arecontrol
sub-divided
into behavioral
norms
fromand
peers
andfrom
norms
fromwhile
family
while perceived
are sub-divided
into
control
of
finance
and
control
of
energy.
Thus,
it
leaves
questions
of
how
to
improve
fertility
intention
behavioral control of finance and control of energy. Thus, it leaves questions of how to improve
from
these
factors.from these factors.
fertility
intention
As
the
of having
having aa child,
child,
As the aforementioned
aforementioned functions
functions of
of baby
baby robots
robots in
in improving
improving the
the willingness
willingness of
this
this study
study assumes
assumes that
that an
an individual’s
individual’s fertility
fertility intention
intention is
is improved
improved by
by the
the accompaniment
accompaniment of
of aa
baby
robot
following
a
psychological
path
of
decomposed
TPB
(see
Figure
1).
The
results
will
provide
baby robot following a psychological path of decomposed TPB (see Figure 1). The results will provide
preliminary
preliminary evidence
evidence of
of baby
baby robots
robots as
as an
an influential
influential antecedent
antecedent to
to promote
promote fertility
fertility intention
intention within
within
the
Chinese
context.
the Chinese context.

Figure 1. The theoretical model of the current study.
study.

3.
Research Method
Method
3. Research
3.1. Measurement Items
3.1. Measurement Items
Considering the theory of planned behavior [56,57], we used a nine-point Likert scale to measure
Considering the theory of planned behavior [56,57], we used a nine-point Likert scale to measure
fertility attitude, subjective norms, and perceived behavioral control. All the measurement items were
fertility attitude, subjective norms, and perceived behavioral control. All the measurement items were
retrieved from the prior relevant research [25,54,55,58,59]. To specify, fertility attitude was measured
retrieved from the prior relevant research [25,54,55,58,59]. To specify, fertility attitude was measured
by “I would consider the bond between husband and wife when deciding to have a child” (1 = Strongly
by ‘‘I would consider the bond between husband and wife when deciding to have a child’’ (1 =
Disagree, 9 = Strongly Agree) [25]. Consistent with literature in Section 2, subjective norms were
Strongly Disagree, 9 = Strongly Agree) [25]. Consistent with literature in section 2, subjective norms
measured from two perspectives, peers and family, through a two-items Likert scale (“I would consider
were measured from two perspectives, peers and family, through a two-items Likert scale (‘‘I would
the opinions of my relatives when deciding to have a child/The opinions of my friends could influence
consider the opinions of my relatives when deciding to have a child/The opinions of my friends could
influence my decision on childbearing’’, 1 = Strongly Disagree, 9 = Strongly Agree) [54,55]. Perceived
behavioral control was also measured from two perspectives, finance and physical energy (‘‘I feel I
have the energy to handle taking care of a child/I feel I can get enough financial resources to raise a
child”; 1 = Strongly Disagree, 9 = Strongly Agree) [54,55]. Fertility intention was measured by the
difference between the ideal and actual number of children in the survey [25], where 0 referred to the
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my decision on childbearing”, 1 = Strongly Disagree, 9 = Strongly Agree) [54,55]. Perceived behavioral
control was also measured from two perspectives, finance and physical energy (“I feel I have the energy
to handle taking care of a child/I feel I can get enough financial resources to raise a child”; 1 = Strongly
Disagree, 9 = Strongly Agree) [54,55]. Fertility intention was measured by the difference between
the ideal and actual number of children in the survey [25], where 0 referred to the actual number of
children they had was equal or greater than they intended to have while 1 referred to the actual number
of children they have was less than they intended to have. Considering the research was conducted in
the context of China, we adopted a professional translation service to translate the original English
items into Chinese and then translated them back into English, ensuring consistency and accuracy.
Table 1 shows the measurement items and relevant definitions from previous literature [25].
Table 1. The measurement items and relevant definitions.
Measure

Definition

Measure Items

Fertility Attitude

It refers to an individual’s
evaluation of the extent to which
one is in favor or not of
fertility behavior.

I would consider the bond between
husband and wife when deciding to
have a child.

Subjective Norms

It refers to social pressure one feels
while deciding whether to
implement certain behaviors.

I would consider the opinions of my
relatives when deciding to have
a child.
The opinions of my friends could
influence my decision on childbearing.

Perceived Behavioral Control

It refers to the extent of individual
control which one perceives that
he/she has of his/her
fertility behavior.

I feel I have the energy to handle
taking care of a child.
I feel I can get enough financial
resources to raise a child.

Fertility Intention

It is defined as the imagination
and longing of husband and wife
for their own family

The difference between the ideal and
actual number of children in
the survey.

3.2. Experiment Stimuli
Although there are not many infant simulators in our daily lives, the robot stimuli used in the
current study were still adapted by a professional designer from the real infant robots in the current
market. For example, No.2 infant robot was adapted from Toyota’s Kirobo Mini, which aimed to
encourage couples to become “parents” [17,60]. No.4 robot was adapted from a child robot of Osaka
University [61]. No.6 robot was adapted from a real infant picture, which was presumed to be an infant
robot with a maximum degree of human resemblance. Besides, a panel of three robotics researchers
was invited to sort the robots in the extent of resemblance to a human being. Accordingly, No.1 robot
was believed to be the robot with the least human features; No.6 robot was thought to be the robot with
most human features; No.3 and No.4 robot were rated as the robots with medium human features,
imperfect human-resemblance features. Furthermore, the potential confounding elements, such as
background, proportions, face direction, eye gaze, and gender, were all controlled the same in the
six stimuli. Regarding this, this study used a between-subjects experimental design with these six
different robot stimuli (No.1–No.6; see Figure 2).
3.3. Experiment Procedure
In order to explore the relationship among robot stimuli to the cognitive intention of fertility,
we recruited a sample group from an anonymous Chinese “survey monkey”, Wen Juan Xing, to collect
data. Wen Juan Xing is a reliable survey collection resource, specializing in recruiting Chinese
participants and a large number of studies in the literature of Chinese social science have been
conducted via this platform (similar to Amazon Mechanical Turk) [62–64]. This platform contains
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Figure 2. The baby robot stimuli utilized in this study.
study.

The reference number of the ethical approval for research involving human subjects in Anhui
College of Traditional Chinese Medicine is HSERS2019050001. We recruited a total of 180 subjects in this
study. To be more specific, the participants were initially exposed to our task. After acknowledging the
purpose of this study and the screening criteria, they could decide whether to participate in this study.
The selection criteria were that they should be in the status of either being married, divorced, separated
or widowed. Table 2 shows the detailed demographic information. Considering the distribution of the
difference between the ideal and actual number of children, the result suggested 57.2% participants’
(N = 103; fertility intention = 0) ideal number of children is equal or higher than their actual number of
children while 42.7% participants (N = 77; fertility intention = 1) ideal of number of children is less
than their actual number of children (see Table 3).
Table 2. Demographic characteristics of the sample.
Attributes

Value

Frequency

Percentage (%)

Gender

Male
Female

101
79

56.10%
43.90%

20–24
25–29
30–34
35–40
40–

14
55
37
37
37

7.78%
30.56%
20.56%
20.56%
20.56%

High school or below
Undergraduate or above

30
150

16.67%
83.33%

Married
Divorced, separated or widowed

174
6

96.67%
3.33%

Age

Education
Marital
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Table 3. Distribution of the difference between the ideal and actual number of children.
Ideal Number
None
One
Two
Three
Total

Actual Number
None

One

Two

Three

Total

34
22
20
6
82

0
22
15
6
43

0
4
31
8
43

2
0
4
6
12

36
48
70
26
180

As for the experiment procedure, participants first met the screening criteria and consented to
take part in this survey. Then they needed to fill in the demographic information and were informed
that they were going to evaluate a baby robot. Each robot stimulus was assigned with 30 participants
and they were all asked to look at the stimulus (a baby robot) and to consider taking care of it. After
that, they were required to answer a few questions and a manipulation check (the degree of humanappearance resemblance they thought of the robot; 1 = strongly disagree; 9 = strongly agree). Figure 3
shows the experimental procedure.
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Table 4. The mean of different variables and their correlations.
Construct
Parenting Attitude (PA)
Subjective Norm-Family (SF)
Subjective Norm-Peers (SP)
Behavioral Control-Finance (BF)
Behavioral Control-Energy (BE)

Mean
6.41
4.52
4.32
6.59
6.36

SD
2.36
2.49
2.51
2.04
2.06

FA
1
0.326 ***
0.237 ***
0.542 ***
0.445 ***

Note: *** p <0.01.

SF

SP

BF

BE

1
0.792 ***
0.079
0.219 ***

1
0.045
0.201 ***

1
0.479 ***

1
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Table 4. The mean of different variables and their correlations.
Construct

Mean

SD

FA

SF

SP

BF

BE

Parenting Attitude (PA)
Subjective Norm-Family (SF)
Subjective Norm-Peers (SP)
Behavioral Control-Finance (BF)
Behavioral Control-Energy (BE)

6.41
4.52
4.32
6.59
6.36

2.36
2.49
2.51
2.04
2.06

1
0.326 ***
0.237 ***
0.542 ***
0.445 ***

1
0.792 ***
0.079
0.219 ***

1
0.045
0.201 ***

1
0.479 ***

1

7, x

1 of 14

Note: *** p < 0.01.

With respect
to5.fertility
attitude,
one-way
ANOVA
results
suggested
a ANOVA.
significant difference
Table
The mean,
SD, F value,
P value
of different
variables
and their
between different stimuli (Mean for No.1–No.6 robot = 6.80 vs 6.83 vs 4.90 vs 5.70 vs 7.03 vs 7.17,
No.1 Robot
No.2 Robot
No.3 Robot
No.4 Robot
No.5 Robot
No.6 Robot
respectively; SD for No.1–No.6 robot = 2.06 vs 2.55 vs 2.92 vs 2.26 vs 1.77 vs 1.64, respectively; F (5,
onstructs
Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
174) = 4.863; p <0.05; see Figure 4 and Table 5). Consistent with the theory of UV [23,41,65], people’s
ude
6.80 (2.06)
6.83 (2.55)
4.90 (2.92)
5.70 (2.26)
7.03 (1.77)
7.17 (1.64)
fertility
intentions did4.02
not(2.68)
follow a linear
trend. Instead,4.77
it dropped
suddenly
when the level
of the
orm-Family (SF)
4.17 (2.30)
4.41 (2.86)
(2.43)
4.89 (2.26)
4.90 (2.35)
robot’s
human-resemblance
increased
to
a
certain
level
(No.3).
Then,
it
gradually
increased
as
the
orm-Peers (SP)
4.07 (2.41)
4.2 (2.59)
4.17 (2.83)
4.43 (2.46)
4.47 (2.37)
4.61level
(2.52)
of
robot’s
human-resemblance
kept
increasing
(No.4/5/6).
The
post-hoc
analysis
showed
people
tended
ontrol-Finance (BF)
6.50 (1.79)
7.07 (1.96)
6.02 (2.42)
6.57 (2.14)
6.33 (2.02)
7.07
(1.76)
a significantly
lower
fertility attitude
in No.3 robot
to No.1/2/5/6
ontrol-Energy (BE) to have
6.63
(1.69)
6.93
(1.94)
5.71 (2.49)
5.90compared
(2.18)
6.03 (1.99)robot.
6.97 (1.75)

7.50
7.00
6.50
6.00
5.50
5.00
4.50
4.00
1

2

3

4

5

6

Figure
Figure4.4. The
The relationship
relationshipbetween
betweenfertility
fertilityattitude
attitudeunder
underdifferent
differentstimuli.
stimuli.
Table 5. The mean, SD, F value, P value of different variables and their ANOVA.
Constructs

No.1 Robot
Mean (SD)

No.2 Robot
Mean (SD)

No.3 Robot
Mean (SD)

No.4 Robot
Mean (SD)

No.5 Robot
Mean (SD)

No.6 Robot
Mean (SD)

F value

P value

Fertility Attitude
Subjective Norm-Family (SF)
Subjective Norm-Peers (SP)
Behavioral Control-Finance (BF)
Behavioral Control-Energy (BE)

6.80 (2.06)
4.17 (2.30)
4.07 (2.41)
6.50 (1.79)
6.63 (1.69)

6.83 (2.55)
4.02 (2.68)
4.2 (2.59)
7.07 (1.96)
6.93 (1.94)

4.90 (2.92)
4.41 (2.86)
4.17 (2.83)
6.02 (2.42)
5.71 (2.49)

5.70 (2.26)
4.77 (2.43)
4.43 (2.46)
6.57 (2.14)
5.90 (2.18)

7.03 (1.77)
4.89 (2.26)
4.47 (2.37)
6.33 (2.02)
6.03 (1.99)

7.17 (1.64)
4.90 (2.35)
4.61 (2.52)
7.07 (1.76)
6.97 (1.75)

4.86
0.73
0.20
1.27
2.22

p < 0.05
ns
ns
ns
ns

Moreover, different robot stimuli did not significantly influence people’s subjective norm (for
family: F (5, 174) = 0.730, ns; and, for peers: F (5, 174) = 0.200, ns) and perceived behavioral control
(for finance: F (5, 174) = 1.277, ns; for energy: F (5, 174) = 2.225, ns). Figures 5 and 6 show people’s
subjective norms and perceived behavioral control under different stimuli.
As for the fertility intention, a binary logistic regression was introduced to explore the factors that
contribute to fertility intention. According to the theory of planned behavior, an empirical analysis
was further developed to investigate the effect of fertility attitude, subjective norms (family and peers),
and perceived behavioral control (finance and energy).

F value
4.86
0.73
0.20
1.27
2.22
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5. Conclusions
Given the ambiguous relationship between the visual appearance of baby robots and people’s
fertility intention, this paper introduced a behavioral experiment approach and tried to obtain a deeper
understanding of the effect of a baby robot on people’s fertility behavior. Based on the decomposed
theory of planned behavior, results show that the visual appearance of a baby robot could increase
people’s fertility attitude. Under a temporal visual stimulation, the uncanny valley effects in baby
robot design are associated with people’s fertility attitude, in which the degree of human-resemblance
in a baby robot and fertility attitude followed a U-shape relationship. In other words, people tend to
have a temporally higher fertility attitude when facing the baby robot with the most or the least human
features, compared with the baby robot with the medium human features. However, the temporal
visual effects of baby robots do not significantly contribute to the subjective norms (family and peers)
and perceived behavioral control (finance and energy). This result in the current study is consistent
with prior research: the temporal visual reaction towards stimuli would be more associated with
individual cognition and attitude formation, rather than with long-term social cognition and control
beliefs [66,67]. Subjective norms are the cultural products of acceptable group conducts [68,69], indeed,
they are formed in the context of society and culture, representing informal knowledge that governs
the conduct of members in the society [70]. Perceived behavioral control is a subjective assessment
of easiness and difficulty in the performance of behavior [57], which is hardly determined by visual
stimuli [55].
Regarding the relationship between fertility attitude, subjective norms, perceived behavioral
control, and fertility intention, results show that fertility attitude is a significant indicator of promoting
fertility intention. This is consistent with the prior research [25,44,58]. Besides, based on the decomposed
theory of planned behavior [54,55], this study subdivides the subjective norms and perceived behavioral
control into two sub-constructs, family and peers, and finance and energy. Results indicate that,
in the context of the Chinese population, subjective norms from peers is significantly associated with
fertility attitude while subjective norms from family do not significantly influence fertility attitude.
To specify, people who considered the opinions of their peers more seriously tend to have a lower
fertility intention. The reason might lie in that the young generation in China might consider the
responsibility to have a child as an old-fashioned idea [25]. Similarly, fertility attitude was significantly
associated with perceived behavioral control of finance while it was marginally related to perceived
behavioral control of energy. People who had more monetary resources tended to have a stronger
intention to have children, which is also consistent with previous literature [58,59].
Moreover, age was also a reliable indicator of fertility intention: older people tended to give
up having children more easily. Gender tends to work as a marginal factor for fertility intention:
compared with men’s fertility intention, women showed a marginally weaker intention to have children.
That might be caused by Chinese women’s increased education level and work participation [71].
6. Discussions
This study tended to have the following theoretical contributions. To begin with, although some
prior research tried to address the antecedents of fertility intention and birth-intervention policies
in the context of China [25,58,59,71,72], they largely neglected to address this issue by introducing
the latest technology applications, an emerging trend for adopting baby robots to encourage people’s
fertility intention. By exploring the relationship of UV effect in baby robots and fertility intention,
the current research examines an emerging way to increase people’s fertility attitude, thus promoting
fertility intention at the end. Furthermore, previous research on the theory of planned behavior has
treated the subjective norms and perceived behavioral control as a single construct. Based on the
decomposed theory of planned behavior, the current study subdivided subjective norms and perceived
behavioral control into sub-constructs and explored their influence on fertility intention in the context
of China, trying to achieve a detailed picture of Chinese fertility behavior.
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This study also has some limitations. First, this research explored the relationship between
the uncanny valley and people’s fertility intentions, providing the preliminary guidelines for robot
designers. The robot No.6 was adapted from a real infant picture which by far cannot be made at the
current state of the robot industry. Thus, it might work as a confounding factor since people might be
biased due to its realistic appearance. Future studies should try to use different actual social robots to
validate the current result.
Second, there are many other features of a social robot that could be explored and work as
promoting factors for people’s fertility intention, such as specific facial features [73], expression [74],
and related other traits, which future study should try to explore.
Third, the main goal of this study was to explore the effect of the baby robot on fertility intention.
Though this study recruited sufficient participants to take part in the experiment, the sample size
might be relatively small when exploring the relationship between fertility attitude, subjective norms,
perceived behavioral control, and fertility intention. Future studies should try to introduce a sizeable
domestic survey to validate the conclusions in the current study.
Fourth, the measurement of behavioral control and fertility intention might be limited. The current
study did not differentiate in the difference between the extensive and intensive margin of fertility,
which might work as a cofounding factor. Further studies should try to examine the factors in detail
and validate the current finding. Though the current study adapted the items from two perspectives,
namely finance and physical energy [54,55], there might be more emerging factors to influence people’s
fertility ability, such as parenting skills [75] and related attitudinal factors [76,77], which could be
included in future studies.
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Matarić, M.J.; Eriksson, J.; Feil-Seifer, D.J.; Winstein, C.J. Socially assistive robotics for post-stroke rehabilitation.
J. Neuroeng. Rehabil. 2007, 4, 1–9. [CrossRef]
Kunimura, H.; Ono, C.; Hirai, M.; Muramoto, M.; Matsuzaki, W.T.; Uchiyama, T.; Shiratori, K.; Hoshino, J.
Baby type robot “YOTARO”. In Proceedings of the SIGGRAPH 2009, Tsukuba, Japan, 11–15 August 2009;
p. 1.
Prosser, M. Toyota’s Kirobo Mini Robot Is Cute—But What’s It Actually For?
Available
online: https://www.forbes.com/sites/prossermarc/2016/10/06/toyotas-kirobo-mini-robot-is-cute-but-whatsit-actually-for/#4591ce334a1f (accessed on 12 August 2019).
Tajitsu, N. Toyota Unveils Robot Baby to Tug at Maternal Instinct in Aging Japan. Available online:
https://www.reuters.com/article/us-toyota-robot-baby-idUSKCN1230BR (accessed on 12 August 2019).
Out, J.W.; Lafreniere, K.D. BABY THINK IT OVER: Using role-play to prevent teen pregnancy. Adolescence
2001, 36, 571–582.
Walters, M.L.; Syrdal, D.S.; Dautenhahn, K.; te Boekhorst, R.; Koay, K.L. Avoiding the uncanny valley: Robot
appearance, personality and consistency of behavior in an attention-seeking home scenario for a robot
companion. Auton. Robots 2008, 24, 159–178. [CrossRef]
Goetz, J.; Kiesler, S.; Powers, A. Matching robot appearance and behavior to tasks to improve human-robot
cooperation. In Proceedings of the 12th IEEE International Workshop on Robot and Human Interactive
Communication, Millbrae, CA, USA, 31 October–2 November 2003; IEEE: Piscataway, NJ, USA, 2003; p. 412.
Li, D.; Rau, P.L.P.; Li, Y. A Cross-cultural Study: Effect of Robot Appearance and Task. Int. J. Soc. Robot. 2010,
2, 175–186. [CrossRef]
Ho, C.C.; MacDorman, K.F. Measuring the Uncanny Valley Effect: Refinements to Indices for Perceived
Humanness, Attractiveness, and Eeriness. Int. J. Soc. Robot. 2017, 9, 129–139. [CrossRef]
Mori, M.; MacDorman, K.; Kageki, N. The Uncanny Valley [From the Field]. IEEE Robot. Autom. Mag. 2012,
19, 98–100. [CrossRef]
Luo, H.; Mao, Z. From Fertility Intention to Fertility Behaviour: An empirical study in China’s Jiangsu
province based on the theory of planned behaviour. Asian Popul. Stud. 2014, 10, 195–207. [CrossRef]
Reher, D.S. Towards long-term population decline: A discussion of relevant issues. Eur. J. Popul. Rev. Eur.
Démogr. 2007, 23, 189–207. [CrossRef]
Lucero, J.; Santiago, A.; Galster, G.; Lucero, J.L.; Santiago, A.M.; Galster, G.C. How Neighborhood Effects
Vary: Childbearing and Fathering among Latino and African American Adolescents. Healthcare 2018, 6, 7.
[CrossRef]
Serkhane, J.; Schwartz, J.L.; Boë, L.J.; Davis, B.; Matyear, C. Motor specifications of a baby robot via the
analysis of infants’ vocalizations. In Proceedings of the 7th International Conference on Spoken Language
Processing (ICSLP), Denver, CO, USA, 16–20 September 2002.
Mochizuki, Y.; Hsieh, R.; Agatsuma, D.; Asano, T.; Higashida, M.; Nishikizawa, T.; Shirai, A. Real Baby—Real
Family. In Proceedings of the SIGGRAPH 0 17 Emerging Technologies, Los Angeles, CA, USA, 30 July –3
August 2017; pp. 1–4.
Gasumova, S.; Porter, L. Robotization of the social sphere. Soc. Sci. Technol. 2019, 10, 79–94.
Robotics Lab; Izarra, M.; Misako Zaleha, N. Robotic Design and Construction Culture: Ethnography in Osaka
University’s Miyazaki Robotics Lab; Osaka University Press: Osaka, Japan, 2017.
De Anda, D. Baby Think It Over: Evaluation of an infant simulation intervention for adolescent pregnancy
prevention. Health Soc. Work 2006, 31, 26–35. [CrossRef]
Brinkman, S.A.; Johnson, S.E.; Codde, J.P.; Hart, M.B.; Straton, J.A.; Mittinty, M.N.; Silburn, S.R. Efficacy of
infant simulator programmes to prevent teenage pregnancy: A school-based cluster randomised controlled
trial in Western Australia. Lancet 2016, 388, 2264–2271. [CrossRef]
Barnett, J.E. Evaluating “baby think it over” infant simulators: A comparison group study. Adolescence 2006,
41, 103–110.

Healthcare 2019, 7, 147

35.
36.

37.
38.

39.

40.
41.

42.
43.
44.
45.

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.

13 of 14

McBreen, H.M.; Jack, M.A. Evaluating humanoid synthetic agents in e-retail applications. IEEE Trans. Syst.
Man Cybern. Part A Syst. Hum. 2001, 31, 394–405. [CrossRef]
Gazepidis, N.; Rigas, D.; Gazepidis, N. An Empirical Investigation for the Role of Facial Expressions and
Body Gestures in Interactive Environments. In Proceedings of the 7th WSEAS International Conference on
Applied Computer & Applied Computational science (ACACOS 0 08), Hangzhou, China, 6–8 April 2008;
pp. 672–677.
Takeuchi, A.; Nagao, K. Communicative facial displays as a new conversational modality. In Proceedings of
the INTERCHI, Amsterdam, The Netherlands, 1 August 1993; pp. 187–193.
DiSalvo, C.F.; Gemperle, F.; Forlizzi, J.; Kiesler, S. All robots are not created equal: The design and perception
of humanoid robot heads. In Proceedings of the Conference on Designing Interactive Systems (DIS 0 02),
London, UK, 25–28 June 2002; pp. 321–326.
Dowling, C. Intelligent Agents: Some Ethical Issues and Dilemmas. In Proceedings of the Selected Papers
from the Second Australian Institute Conference on Computer Ethics (CRPIT ’00), Canberra, Australia,
1 Novermber 2000; pp. 28–32.
Mathur, M.B.; Reichling, D.B. Navigating a social world with robot partners: A quantitative cartography of
the Uncanny Valley. Cognition 2016, 146, 22–32. [CrossRef]
Kätsyri, J.; Förger, K.; Mäkäräinen, M.; Takala, T. A review of empirical evidence on different uncanny valley
hypotheses: Support for perceptual mismatch as one road to the valley of eeriness. Front. Psychol. 2015, 6,
390. [CrossRef]
Aizen, I.; Klobas, J. Fertility intentions. Demogr. Res. 2013, 29, 203–232. [CrossRef]
Costa, P.A.; Bidell, M. Modern Families: Parenting Desire, Intention, and Experience among Portuguese
Lesbian, Gay, and Bisexual Individuals. J. Fam. Issues 2017, 38, 500–521. [CrossRef]
Jiang, Q.; Li, Y.; Sánchez-Barricarte, J.J. Fertility Intention, Son Preference, and Second Childbirth: Survey
Findings from Shaanxi Province of China. Soc. Indic. Res. 2016, 125, 935–953. [CrossRef] [PubMed]
Ogilvie, G.S.; Palepu, A.; Remple, V.P.; Maan, E.; Heath, K.; MacDonald, G.; Christilaw, J.; Berkowitz, J.;
Fisher, W.A.; Burdge, D.R. Fertility intentions of women of reproductive age living with HIV in British
Columbia, Canada. AIDS 2007, 21, S83–S88. [CrossRef] [PubMed]
Park, S.-M.; Cho, S.-I.; Choi, M.-K. The effect of paternal investment on female fertility intention in South
Korea. Evol. Hum. Behav. 2010, 31, 447–452. [CrossRef]
Zhenzhen, Z.; Cai, Y.; Feng, W.; Baochang, G. Below-Replacement Fertility and Childbearing Intention in
Jiangsu Provience, China. Asian Popul. Stud. 2009, 5, 329–347. [CrossRef]
Schoen, R.; Astone, N.M.; Kim, Y.J.; Nathanson, C.A.; Fields, J.M. Do Fertility Intentions Affect Fertility
Behavior? J. Marriage Fam. 2006, 61, 790. [CrossRef]
Islam, M.M.; Bairagi, R. Fertility intentions and subsequent fertility behaviour in MATLAB: Do fertility
intentions matter? J. Biosoc. Sci. 2003, 35, 615–619. [CrossRef]
Toulemon, L.; Testa, M.R. Fertility intentions and actual fertility: A complex relationship. Popul. Soc. 2005,
415, 2003–2006.
Bongaarts, J. Fertility and reproductive preferences in post-transitional societies. Popul. Dev. Rev. 2001, 27,
260–281.
Bongaarts, J. The Causes of Educational Differences in Fertility in Sub-Saharan Africa; Population Council:
New York, NY, USA, 2010.
Chen, W.; Jin, Y.A. Gaps between Fertility Intensions and Fertility Outcomes in China: Patterns and
Determinants. Popul. J. 2011, 186, 3–13.
Taylor, S.; Todd, P.A. Understanding information technology usage: A test of competing models. Inf. Syst.
Res. 1995, 6, 144–176. [CrossRef]
Taylor, S.; Todd, P. Decomposition and crossover effects in the theory of planned behavior: A study of
consumer adoption intentions. Int. J. Res. Mark. 1995, 12, 137–155. [CrossRef]
Ajzen, I. Nature and Operation of Attitudes. Annu. Rev. Psychol. 2001, 52, 27–58. [CrossRef] [PubMed]
Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Dec. Process. 1991, 50, 179–211. [CrossRef]
Zheng, Z. Reproductive behaviour and determinants in a low-fertility era in China. Asian Popul. Stud. 2019,
15, 127–130. [CrossRef]
Jiang, Q.; Liu, Y. Low fertility and concurrent birth control policy in China. Hist. Fam. 2016, 21, 551–577.
[CrossRef]

Healthcare 2019, 7, 147

60.

61.
62.
63.

64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

76.
77.

14 of 14

Anderson, M.R. Robot Babies from Japan Raise All Sorts of Questions about How Parents Bond with AI.
Available online: https://theconversation.com/robot-babies-from-japan-raise-all-sorts-of-questions-abouthow-parents-bond-with-ai-66815 (accessed on 9 August 2019).
Osaka University Prototype Upper Body for a Child Robot Affetto. Available online: https://www.youtube.
com/watch?v=GjwXjqSuBZw (accessed on 9 August 2019).
Song, Y.; Qin, Z.; Yuan, Q. The Impact of Eco-Label on the Young Chinese Generation: The Mediation Role of
Environmental Awareness and Product Attributes in Green Purchase. Sustainability 2019, 11, 973. [CrossRef]
Qin, Z.; Song, Y.; Tian, Y. The Impact of Product Design with Traditional Cultural Properties (TCPs)
on Consumer Behavior Through Cultural Perceptions: Evidence from the Young Chinese Generation.
Sustainability 2019, 11, 426. [CrossRef]
Song, Y.; Qin, Z. Buddhists Care: Examining the Impact of Religious Elements on Reducing Discriminatory
Attitudes toward People Living with HIV/AIDS. Religions 2019, 10, 409. [CrossRef]
Ho, C.-C.; MacDorman, K.F. Measuring the Uncanny Valley Effect. Int. J. Soc. Robot. 2017, 9, 129–139.
[CrossRef]
Adaval, R.; Saluja, G.; Jiang, Y. Seeing and thinking in pictures: A review of visual information processing.
Consum. Psychol. Rev. 2018, 2, arcp.1049. [CrossRef]
Wyerjr, R.; Hung, I.; Jiang, Y. Visual and verbal processing strategies in comprehension and judgment.
J. Consum. Psychol. 2008, 18, 244–257. [CrossRef]
Chang, M.K. Predicting Unethical Behavior: A Comparison of the Theory of Reasoned Action and the Theory
of Planned Behavior. J. Bus. Ethics 1998, 17, 1825–1834. [CrossRef]
Manning, M. The effects of subjective norms on behaviour in the theory of planned behaviour: A meta-analysis.
Br. J. Soc. Psychol. 2009, 48, 649–705. [CrossRef] [PubMed]
Lapinski, M.K.; Rimal, R.N. An explication of social norms. Commun. Theory 2005, 15, 127–147. [CrossRef]
Jiawei, H. Changes in the Chinese Population’s Fertility Intentions: 1980–2011. Soc. Sci. China 2015, 36,
46–63. [CrossRef]
Qian, Y.; Jin, Y. Women’s Fertility Autonomy in Urban China: The Role of Couple Dynamics under the
Universal Two-Child Policy. Chin. Sociol. Rev. 2018, 50, 275–309. [CrossRef]
Menne, I.M.; Schwab, F. Faces of Emotion: Investigating Emotional Facial Expressions Towards a Robot.
Int. J. Soc. Robot. 2018, 10, 199–209. [CrossRef]
Johnston, L.; Miles, L.; Macrae, C.N. Why are you smiling at me? Social functions of enjoyment and
non-enjoyment smiles. Br. J. Soc. Psychol. 2010, 49, 107–127. [CrossRef]
Lahti, M.; Evans, C.B.R.; Goodman, G.; Schmidt, M.C.; LeCroy, C.W. Parents as Teachers (PAT) home-visiting
intervention: A path to improved academic outcomes, school behavior, and parenting skills. Child. Youth
Serv. Rev. 2019, 99, 451–460. [CrossRef]
Song, Y.; Qin, Z. Towards the Beauty of Buddhism: The Development and Validation of a Buddhist Aesthetics
Scale. Religions 2019, 10, 343. [CrossRef]
Qin, Z.; Song, Y.; Jin, Y. Green Worship: The Effects of Devotional and Behavioral Factors on Adopting
Electronic Incense Products in Religious Practices. Int. J. Environ. Res. Public Health 2019, 16, 3618. [CrossRef]
[PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

