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This study investigates the effect of socio-ecological networks on the willingness to
communicate (WTC) in English among Japanese people. Previous studies have shown
that relational mobility (socio-ecological factor), which is defined as the availability of
opportunities to choose new relationship partners, positively affects the WTC in English
for Japanese people. However, the network structure of the variables of relational
mobility and its effects have not been revealed yet. The present study conducted
network analysis with 474 Japanese university students and found the two clusters
that correspond to the dimensions of relational mobility in the partial correlation
network. Three variables regarding opportunities to meet new people and leave current
relationships positively affected the WTC in English; one had a negative effect. Centrality
indices, such as nodes strength, betweenness, and closeness, revealed the centrality
of several variables in the network. Bootstrapping methods showed the trustworthiness
of the estimated network structure and centrality indices as well as edges and variables
whose effects differed significantly from that of others. Contrary to the regression
analysis results, the network analysis findings can help us understand the in-depth
effect of relational mobility on the WTC in a second language, which will prove useful for
intervention studies.
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INTRODUCTION

Researchers must identify the factors influencing attitudes toward second language communication
to be able to promote positivity among language learners. Many studies have addressed
the psychological processes shaping communication attitudes toward second languages using
Canadians as participants (MacIntyre and Charos, 1996; MacIntyre et al., 1998). There have also
been studies among Asian peoples, such as the Japanese (Yashima et al., 2004, 2018; Ito, 2013),
Chinese (Peng and Woodrow, 2010), Koreans (Li, 1998), and Malaysians (Yousef et al., 2013).
Researchers have proposed the willingness to communicate (WTC) signals a positive attitude
toward language communication (MacIntyre et al., 1998). WTC in a second language is defined
as readiness to enter into a discussion voluntarily at a specific time with one or more people using
a second language (MacIntyre et al., 1998). Positive correlations between WTC and frequency of
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communication in a second language have been reported
(MacIntyre and Charos, 1996; Yashima et al., 2004). Research has
mainly focused on internal factors, such as confidence in language
communication and Big Five personality traits, to predict WTC,
and neglected the influence of social structures (Gallagher, 2019).

According to Peng (2012), EFL students’ classroom WTC is
socially constructed as a function of the interaction of individual
and environmental factors. She found that the classroom
atmosphere influenced the participants’ communication behavior
considerably, both positively and negatively. Peng (2014) offered
the socio-ecological framework for WTC and, using Chinese
university students, showed that WTC in the classroom was
influenced by a number of factors: classroom atmosphere,
teacher factors, interlocutors and communicative situations,
group mates’ participation, and tasks. She stated that a learners’
cognitive, linguistic, and affective conditions were embedded in
the classroom, and the individual and environmental factors
influenced their WTC.

Targeting Chinese students studying abroad in New Zealand,
Cao (2014) showed that WTC was interpreted as a dynamic
situational variable rather than a trait disposition where
WTC was influenced by individual characteristics, classroom
environmental conditions, and linguistic factors. Peng and
Woodrow (2010) targeted Chinese university students in the
eastern area of China and determined that teacher support,
student cohesiveness, task orientation (defined as classroom
environment), and communication confidence in English
positively predicted WTC in English.

These socio-ecological frameworks for WTC mainly focused
on the classroom. In the classroom, students communicate with
teachers and other classmates. However, university students
communicate with not only each other, but also workplace
colleagues and people from various communities. Therefore, the
present study used the socio-ecological framework, focusing on
an individual’s social surroundings, and relational mobility was
used as the socio-ecological factor.

To predict WTC, the present study focused on relational
mobility, which is the degree to which individuals in a given social
context perceive that they can form and terminate interpersonal
relationships and groups (Yuki et al., 2007; Schug et al., 2010;
Thomson et al., 2018). It measures the societal features of
opportunities to meet new people and choose interactional
partners and groups (Schug et al., 2009). Relational mobility is
an individual’s surrounding environment, such as friends’, school
mates’, and colleagues’ relational mobility.

People in Singapore and Taiwan do not have many chances
to meet new people or the freedom to form and terminate
interpersonal relationships, which means a lower tendency of
relational stability (Wang et al., 2011). People in a society with
higher relational mobility tend to form more new interpersonal
relationships (Schug et al., 2010). According to Yamagishi (1998),
interpersonal relationships and social networks are less flexible
in Japan than in American society. Japanese people have fewer
opportunities to build new relationships and tend not to interact
positively with people outside their groups. A lower tendency
of WTC in English for Japanese people may be caused by the
low relational mobility of the society. Relational mobility appears

to influence the English communication attitudes of Japanese
people; Ito (2019) performed regression analysis and found that
relational mobility positively influenced WTC in English for
Japanese people. Furthermore, according to Ito (2021), relational
mobility positively influenced WTC in English via perceived
competence in English for Japanese people.

However, previous studies have not shown the network
structure of the variables of relational mobility and its effect on
WTC. There is a gap in the literature on how the variables relate
to each other, how much influence each holds, and what the
central factor is. Since relational mobility is related to WTC, it
is important to examine the effect of each variable of relational
mobility on WTC for specific intervention studies, where a
bundle of variables of relational mobility cannot be suggested.

This study conducted network analysis to examine the partial
correlation network structure of relational mobility. Network
analysis allows for multiple factors to be considered (Borgatti
et al., 2009). In psychiatry, the network approach is gaining
popularity. The position of the nodes in the network is based
on an algorithm, which makes strongly correlated symptoms
cluster in the middle; symptoms with weaker connections to
other symptoms go to the periphery (Fruchterman and Reingold,
1991). Analyzing symptoms as a network makes it possible
to examine how symptoms associate and relate to each other
(Cramer et al., 2010).

Latent variable models show shared variance among
symptoms, whereas network analyses estimate unique variance
between symptoms. Network models can suggest causal
relationships among symptoms. Latent variable models can only
show that an underlying common factor is causing multiple
symptoms, accounting for symptom covariation (Smith et al.,
2018). Compared with structural equation modeling (SEM) and
mediation analysis (MA), network analysis can use a greater
number of variables at once. SEM and MA are more appropriate
for a smaller number of variables, especially if there is a clear
theoretical expectation for the relationships between the variables
(Letina et al., 2019).

MATERIALS AND METHODS

Participants
The participants were 469 Japanese undergraduate students
from four universities in Tokyo and Kanagawa prefectures
(163 men, 302 women, 4 others; mean age = 19.69 years,
SD = 1.12). The rankings of these universities in Japan were
around average, and the participants’ English proficiency levels
were also around average. Their majors were computer science,
psychology, art and design, and marine biology. Every student
takes an English speaking and listening class and an English
reading and writing class in the first year. These compulsory
courses are taught by a native English speaker or a Japanese
English speaker, using standard English textbooks published
by Japanese companies. The participants were from four
universities, and they also belonged to different circles and
communities, did part-time work, and lived in different areas.
Therefore, the relational mobility in the present study did not
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intend to determine how the participants perceived the same
environment differently.

Questionnaire
Relational Mobility
The relational mobility scale was published by Yuki et al. (2007),
and the Japanese version was used in the present study. The
participants answered each item based on the overall question,
“How much do each of the following statements accurately
describe the people in the immediate society (your school,
workplace, town, neighborhood, etc.) in which you live?” This
scale consisted of two dimensions. The items concerning meeting
new people included: “(1) They have many chances to get to
know other people”; “(2) It is common for these people to
have a conversation with someone they have never met before”;
“(3) There are few opportunities for these people to form new
friendships”; “(4) It is uncommon for these people to have a
conversation with people they have never met before”; and “(5)
It is easy for them to meet new people.” The items concerning
the choice of one’s own interaction partners included: “(6) They
can choose who they interact with”; “(7) If they did not like their
current groups, they would leave for better ones”; “(8) It is often
the case that they cannot freely choose who they associate with”;
“(9) Even if these people were not completely satisfied with the
group they belonged to, they would usually stay with it anyway”;
“(10) These people can choose the groups and organizations they
belong to”; “(11) Even if these people were not satisfied with
their current relationships, they would often have no choice but
to stay with them”; and “(12) Even though they might rather
leave, these people often have no choice but to stay in groups
they don’t like.” Items 3, 4, 8, 9, 11, and 12 were reversed. The
number of each item corresponds to its node in the network
analysis results. Twelve items were used for relational mobility
(α = 0.78). The response options for all statements ranged from 1
(not at all) to 5 (very).

WTC in English
The WTC scale was published by McCroskey (1992), and
the Japanese version (Yashima et al., 2004) was used in
the present study. The participants answered how willing
they were to perform what each item described. This scale
consisted of four communication contexts (talking in dyads,
small groups, large meetings, and in front of an audience)
with three types of receivers: strangers, acquaintances,
and friends. Twelve items were used for WTC in English
(α = 0.95, acquaintances: “Talking with an acquaintance,”
“Talking with a small group of acquaintances,” “Talking in
a large meeting of acquaintances,” “Presenting a talk to a
group of acquaintances”; strangers: “Talking with a stranger,”
“Talking with a small group of strangers,” “Talking in a
large meeting of strangers,” “Presenting a talk to a group
of strangers”; and friends: “Talking with a friend,” “Talking
with a small group of friends,” “Talking in a large meeting of
friends,” and “Presenting a talk to a group of friends”). The
response options for all statements ranged from 1 (not at
all) to 5 (very).

Procedure
Questionnaires with scales assessing relational mobility and WTC
in English were administered to students in the classes. The
instructors distributed paper-based questionnaires or links to
web-based questionnaires for the students to complete. The
first page of the questionnaire contained information written
in Japanese that the students’ participation was voluntary and
anonymous. The students provided their consent to participate.

RESULTS

Before conducting the network analysis, we examined whether
relational mobility positively influenced WTC in English. The
regression analysis of relational mobility on WTC in English
revealed a significant positive effect (β = 0.10, p < 0.05; Figure 1),
replicating the results found by Ito (2019).

After we checked the replication, to examine the partial
correlation network structure of relational mobility and its effect
on WTC in English, we used LASSO (least absolute shrinkage
and selection operator) regularization with EBIC (minimizing
the extended Bayesian information criterion) model selection.
The LASSO shrinks partial correlation coefficients for estimating
a network structure whose edges show the value of association
between nodes, after controlling the influence of all other nodes
in the network, and sets small coefficients to zero (Epskamp,
2017). EBIC was used to find the true network structure (Foygel
Barber and Drton, 2015; Foygel and Drton, 2010). Therefore,
LASSO regularization with EBIC does not estimate edges that are
not in the true network; it estimates edges that are in the true
network based on the true network structure and sample size
(Epskamp, 2017). LASSO needs considerable power to get stable
parameter estimates (Epskamp, 2017).

For the analysis, the R package qgraph (Epskamp et al., 2012)
and glasso (Friedman et al., 2014) were used to estimate a partial
correlation network using EBIC selection (Figure 2). The scale of
relational mobility has the two dimensions “meeting new people”
(variables 1–5) and “choice of one’s own interaction partners”
(variables 6–12). Variables 3, 4, 8, 9, 11, and 12 were reversed. As
a result, the variables of relational mobility had the two clusters of
the dimensions in the network. Therefore, the network structure
shows the two dimensions well. Furthermore, four variables of
relational mobility directly affected WTC in English: Variables
2, “It is common for these people to have a conversation with
someone they have never met before,” 9, “Even if these people
were not completely satisfied with the group they belonged to,
they would usually stay with it anyway,” and 12, “Even though
they might rather leave, these people often have no choice but
to stay in groups they don’t like” had positive effects; variable

FIGURE 1 | The regression analysis results of relational mobility on WTC in
English. *p < 0.05.
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FIGURE 2 | The network structure of relational mobility and WTC in English. Nodes represent observed variables, and links represent partial correlations between
two variables, after controlling for all other variables. Node numbers correspond to the variable numbers in “Materials and Methods” section.

3, “There are few opportunities for these people to form new
friendships” had a negative effect.

In addition, the network structure was revealed and node
centrality was examined. The importance of each node in the
network is indicated by the node centrality. Node strength
sums up the strength of all connected edges to a node.
The network is the partial correlation coefficients, and the
node strength shows the sum of absolute partial correlation
coefficients between the node and all other nodes. Closeness
indicates the inverse of the sum of all the shortest paths
between the node and all other nodes in the network.
Betweenness refers to how many of the shortest paths between
two nodes go through the node; the higher the betweenness,
the more important the node is in connecting other nodes
(Epskamp, 2017).

For the analysis, the function centralityPlot was used to
estimate the centrality of the partial correlation network using
EBIC selection (Foygel and Drton, 2010; Figure 3). For strength,
variables 1, “They have many chances to get to know other
people,” 3, “There are few opportunities for these people to form
new friendships,” and 12, “Even though they might rather leave,
these people often have no choice but to stay in groups they
don’t like” exceeded one. For closeness, variables 3 and 7, “If
they did not like their current groups, they would leave for
better ones” exceeded one. For betweenness, variables 1, 3, and
7 exceeded one. The centrality indices of almost all the variables
were around or under zero. Therefore, the variables over 1 mean
high centrality.

Were these results replicable? To overcome replication
concern, bootstrapping methods were used. The bootnet package
can estimate different network models and assess the accuracy
of the estimated network structure (Epskamp, 2017). The
package includes the bootstrapping methods, CS-coefficient, and
bootstrapped difference tests. After estimating nonparametric
bootstraps, bootnet returns plots that show the bootstrapped

CIs of edge-weights, which refers to which edges and nodes
significantly differ from one another (Epskamp, 2017).

For the analysis, the function estimateNetwork was used to
estimate the network structure (Figure 4). As in Figure 2,
the variables of relational mobility had the two clusters of the
dimensions in the network. Therefore, the network structure
shows the two dimensions well. Furthermore, three variables of
relational mobility directly affected WTC in English: variables
9 and 12 had positive effects, and variable 3 had a negative
effect. Contrary to Figure 2, variable 2 did not directly
affect WTC in English.

Furthermore, the function centralityPlot was used to estimate
the centrality of the partial correlation network using EBIC
selection (Foygel and Drton, 2010; Figure 5). For strength,
variables 1 and 12 exceeded one; for closeness, variables 7 and
10, “These people can choose the groups and organizations they
belong to” exceeded one; and for betweenness, variables 1 and 3
exceeded one. This centrality estimation nearly overlaps with that
of Figure 3.

Figure 6 depicts bootstrapped CIs around the estimated edge-
weights, indicating that many edge-weights likely do not differ
significantly from one another. The bootstrapped CIs imply that
interpreting the order of most edges in the network should
be done with care (Epskamp, 2017). The single strongest edge
between variables 11 and 12 is reliable as their bootstrapped CIs
do not overlap with the bootstrapped CIs of any other edges.
Non-overlapping CIs indicate two statistics significantly differ
at the given significance level (Epskamp, 2017). In the bootnet
function, the nBoots (n = 2,500, this time) argument was used to
achieve smoother plots. The nCores (n = 8, this time) argument
was used to speed up bootstrapping and to use multiple computer
cores. The plot function was used to plot the bootstrapped
CIs for estimates.

Next, we examined the stability of the centrality indices of
the estimated network models based on subsets of the data. The
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FIGURE 3 | Centrality indices are shown as standardized z-scores.

FIGURE 4 | The estimated network structure of relational mobility and WTC by bootstrapping methods. The network structure is a Gaussian graphical model, which
is a network of partial correlation coefficients. Node numbers correspond to the variable numbers in “Materials and Methods” section, and No. 13 refers to WTC.

case-dropping bootstrap by the corStability function was used.
Figure 7 shows the resulting plot: the stability of betweenness
dropped steeply, while the stability of node strength and closeness
improved. CS-coefficient calculates the maximum proportion of
cases that can be dropped to retain a correlation with the original
centrality of higher than (by default) 0.7 (Epskamp, 2017). The
CS-coefficient of betweenness was not good [CS(cor = 0.7) = 0].

Node strength performed better [CS(cor = 0.7) = 0.75], as did
closeness [CS(cor = 0.7) = 0.28].

Finally, the differenceTest function was used to compare
edge-weights with the bootstrapped difference test. It uses non-
parametric bootstrap results rather than case-dropping bootstrap
results. The plot function was used to plot the difference tests
between all pairs of edges (Figure 8). The plot argument was
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FIGURE 5 | Centrality indices are shown as standardized z-scores.

FIGURE 6 | Bootstrapped confidence intervals of estimated edge-weights for the estimated network. The red line shows the sample values, and the gray area
shows the bootstrapped CIs. Each horizontal line represents one edge of the network. The top is the highest edge-weight, and the bottom is the lowest
edge-weight. Y-axis labels were removed to avoid cluttering.
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FIGURE 7 | Average correlations between the centrality indices of networks sampled with participants dropped and the original participants. Colored lines depict the
means, and areas depict the range from the 2.5th quantile to the 97.5th quantile.

used because the function plots bootstrapped CIs for edge-
weights. The onlyNonZero argument was used so that the only
edges shown are nonzero in the estimated network; the order
argument orders the edge-weights from the most positive to the
most negative edge-weight in the sample network (Epskamp,
2017). According to Figure 8, the edge-weight between variable
11, “Even if these people were not satisfied with their current
relationships, they would often have no choice but to stay with
them,” and variable 12 differed significantly from all other edge-
weights.

The plot function was also used to plot the differences of the
centrality indices between all nodes. According to Figure 9, the
node strength of variable 12 showed more differences than all
the other nodes.

DISCUSSION

Before conducting the network analysis, the regression analysis
of relational mobility on WTC in English revealed a significant
positive effect, reproducing the findings from Ito (2019). The
socio-ecological factor positively influenced WTC in English for
Japanese people.

For revealing the in-depth effect of relational mobility on
WTC by examining the partial correlation network structure of
relational mobility and its effect on WTC, LASSO regularization
with EBIC model selection was used. The two clusters of
the network structure of relational mobility, which were
“meeting new people” and “choice of one’s own interaction

partners,” were accurately located. Four variables directly
affected WTC in English: Variables 2, 9, and 12 had positive
effects, whereas variable 3 had a negative effect. Although
regression analysis showed that relational mobility positively
influenced WTC in English, network analysis showed variable
3 had a negative effect on it. This result suggests that, after
controlling for all other variables, some variables of relational
mobility did not impact WTC in English; in fact, one had a
negative effect.

After showing the network structure, it is important
to examine the centrality. The importance of each node
in the network was indicated by the node centrality. For
strength, variables 1, 3, and 12 exceeded one; for closeness,
variables 3 and 7 exceeded one; and for in betweenness,
variables 1, 3, and 7 exceeded one. Variable 3, “There are
few opportunities for these people to form new friendships”
exceeded one in the three indices, meaning it could be a
central variable in the network, even though its impact
on WTC in English is negative. The result suggests that
if the central variables change, the others will change
simultaneously. Therefore, if we want to change WTC in
English, changing these central variables will be effective
because these variables change the structure of relational
mobility largely, and the changed relational mobility will
influence WTC. Regression analysis cannot find central
variables in the network and tell which variables effectively
change a bundle of variables of relational mobility.
However, it is important to check whether the network
result is replicable.
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FIGURE 8 | Bootstrapped differences (α = 0.05) between edge-weights that were non-zero in the estimated network. Gray boxes indicate edges that do not differ
significantly from one another. Black boxes indicate edges that differ significantly from one another. Colored boxes correspond to the colors of the edges in Figure 4.

To overcome replication concern, bootstrapping methods
were used on the network structure with the same two
clusters as that used in the LASSO regularization with
EBIC model selection. Therefore, the structure was replicated
with bootstrapping methods. Three variables of relational
mobility directly affected WTC in English: Variables 9 and
12 had positive effects, and variable 3 had a negative
effect. Variable 2 did not affect WTC. These results showed
that the network estimation of the LASSO regularization
was trustworthy.

Furthermore, the centrality indices of the estimated network
with bootstrapping methods showed that for strength, variables
1 and 12 exceeded one; for closeness, variables 7 and
10 exceeded one; and for betweenness, variables 1 and 3
exceeded one. This centrality estimation almost overlapped
with the original network, showing the trustworthiness of its
centrality indices.

Bootstrapped CIs around the estimated edge-weights showed
that many edge-weights likely did not differ significantly from
one another. The strongest edge occurred between variables
11 and 12 whose bootstrapped CIs did not overlap with the
bootstrapped CIs of any other edges. The edge had the strongest
value in the network.

Then, the centrality indices of the estimated network models,
based on data subsets, showed that the stability of betweenness
dropped steeply, while that of node strength and closeness were
better. The CS-coefficient of betweenness was not good, while

node strength and closeness performed better. Therefore, the
orders of node strength and closeness may be interpretable, while
the orders of betweenness are not.

Lastly, comparing edge-weights using the bootstrapped
difference test showed that the edge-weight between
variables 11 and 12 differed significantly from all other
edge-weights. Comparing nodes using the bootstrapped
difference test revealed that the node strength of variable
12 was the most different from all other nodes. These
results suggest that variable 12 worked more differently
than did the other variables in the network. As the
centrality indices of strength indicated, variable 12 had
high centrality, and this variable had the power to change the
relational mobility as a whole and WTC, which regression
analysis cannot suggest.

Previous studies have not reported on the network structure
of the variables of relational mobility and its effect on
human attitudes. In this study, network analysis showed
that the partial correlation network had the two clusters
that correspond to the dimensions of relational mobility.
Some variables positively influenced WTC in English, but
one discouraged it. Several variables showed centrality in the
network structure. Furthermore, bootstrapping methods showed
the trustworthiness of the estimated network structure and
centrality indices as well as edges and variables that had
significantly different effects than all the others. These findings
are useful for intervention studies in language education because
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FIGURE 9 | Bootstrapped differences (α = 0.05) between the node strengths of the thirteen variables. Gray boxes indicate nodes that do not differ significantly from
one another. Black boxes indicate nodes that differ significantly from one another. White boxes in the centrality plot show the value of the node strength.

they suggest an effective way to change the socio-ecological
factors and WTC.

One limitation of this study is that it did not focus on
other nationalities, such as an American population. According
to Yamagishi (1998), interpersonal relationships and social
networks are flexible in western countries, where individuals have
opportunities to build new relationships and tend to trust others
in general. Based on these findings, we expect the relational
mobility of a western population to be high, and its partial
correlation network structure and effects on WTC to differ
from that of the present study. Future research should focus
on the relational mobility of multiple countries to generalize
the findings of this study and compare them to make the
findings convincing.

The present study focused on relational mobility, which was
broken up into items, to compare the previous analyses, such
as regression analysis. However, if WTC is broken up into the
different contexts (“dyads,” “small groups,” “large meetings,” and
“audience”) or different receivers (“strangers,” “acquaintances,”
and “friends”), the analysis reveals the whole structure of the
psychological network. A future study will examine the subscales
of WTC in the network.

Even though students who attend the same university have
different work or living environments, these environments
are partially overlapped, that is to say, at university. The
present study did not compare students who had partially
overlapped environments with those who had completely

different environments. Relational mobility in the present
study did not indicate how the participants perceived the
same environment differently; however, to make this point
convincing, future studies should investigate the effect of partially
overlapped environments.

CONCLUSION

The present study showed the network structure of the
variables of relational mobility and its effect on WTC in
English for Japanese people. Contrary to the regression analysis
results, the findings from our network analysis showed how
each variable related to each other and which variable
was central. Even though previous studies have shown the
effect of socio-ecological factors on WTC, the present study
revealed the network structure of socio-ecological factors
and how the variables influenced WTC and each other
simultaneously. Therefore, WTC can be interpreted as a dynamic
situational variable.

These findings can help us understand the in-
depth effect of relational mobility on WTC in
a second language; an implication lacking from
the regression analysis of a bundle of variables.
Through the network analysis, we now know which
variables of relational mobility effectively change the
relational mobility and, consequently, change WTC.
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Therefore, it helps us prepare intervention studies by showing
specific variables that efficiently affect WTC in a second language.
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