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Abstract. Global student mobility has become an emerging issue in higher education
development. Various countries assumed international students could be an important
source of income and have a disproportionate influence on the economic and innovation
systems. In this sense, this study aims to explore the trend and diversity of inbound stu-
dents. Taking Taiwan as an example, we collected series of data from the Ministry of
Education from 1956 to 2020. Becker’s D and Blau index were used to transform the da-
ta with index formats to interpret the diverse phenomena and their patterns. This study
conducts ARIMA to build related predicting models. The findings suggest the diversity
of gender has changed fundamentally in this system. The female inbound students will
grow into a critical mass in the future. Regarding the program diversity, the slight drop-
ping of the Blau index may reflect the selection of major programs that could be more
balanced in the future. The predicted values suggest the increase of inbound students will
demonstrate a positive long-term trend in the system. The findings may provide useful
information for related policy makers. The design of detecting diversity and trends for
inbound students can be extended to explore similar issues in higher education settings.
Keywords: Higher education, Higher education management, Inbound students, Inter-
nationalization, Time series analysis

1. Introduction. Global student mobility in higher education for academic, economic,
or political purposes has provided a new map of the world. OECD defines an interna-
tional mobile student as an individual who has physically crossed an international border
between two countries with the objective to participate in educational activities in a des-
tination country where it is different from his or her country of origin [1]. Traditionally,
student mobility referred to two different types: inbound and outbound mobilities. In-
bound mobile students mean students who move into a host country for the purpose of
study or study-related activities. Outbound mobile students indicate the students who
leave their country to another country for the purpose of study or traineeship in the con-
text of study [2]. Inbound and outbound mobilities might be intertwined in the number of
students. For example, Organization for Economic Co-operation and Development coun-
tries had more inbound mobility compared to outbound mobility in tertiary education.
Specifically, 89% of OECD citizens study abroad in another OECD country, and 70%
of international students in OECD countries come from a non-OECD country [3]. The
number of international and foreign tertiary students has grown on average by 4.8% per
year between 1998 and 2018 in OECD [4]. For host countries, international students may
be an important source of income and have a disproportionate effect on their economic
and innovation systems. For many countries, attracting international students to higher
education has become an essential economic target under the World Trade Organization
framework. For example, Australia, New Zealand, the United Kingdom, and the United
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States have shared a large number of international students in the world. In 2018, the
ratio of international or foreign students exceeds 10 : 1 in Australia, New Zealand, the
United Kingdom, and the United States [4]. The other ambitious project in China has
shown that China’s higher education will develop towards the internationalization of high-
er levels. The Chinese government has made relevant policies to increase the number of
inbound students [5]. A previous study suggests there is a brain drain issue in the higher
education system based on the net flow ratio in China [6]. In the longer run, highly ed-
ucated mobile students are likely to integrate into domestic labor markets, contributing
to innovation and economic performance [4]. In this sense, there are various countries
that have moved their higher education into the high participate stage in the global com-
petitive framework. The issues of attracting inbound students remain being addressed
in higher education settings. Regarding the trend analysis with innovative approaches is
still limited, this study tried to integrate the diversity index and time series analysis to
explore the phenomena.
Moreover, globalization is both external to education and a threat to local places, thus

requiring a defensive response to the phenomena of global mobility [7], especially the
global influent event, like War and COVID-19 pandemic which might cause travel con-
straints and impact the international studying or study intention of students. In 2020,
higher education institutions around the world closed down to control the spread of the
COVID-19 pandemic potentially affecting more than 3.9 million international and foreign
students studying in OECD countries [8]. In the short term, the COVID-19 lockdown has
severely affected educational systems around the world, especially international student
exchange [9]. However, how long the impact of the pandemic in higher education will be?
It is still unclear. Taking Taiwan as an example, this study explores the trends of inbound
mobile students and projects their future trends. Previous studies indicated the decline of
enrollment in higher education has caused oversupply issues in Taiwan [10,11]. Attracting
more international students has become a crucial strategy in a declining higher education
setting. The Taiwanese Ministry of Education has set an ambitious goal of attracting
approximately 130,000-140,000 foreign students by 2020, which equates to 10% of all stu-
dents in the higher education system [12,13]. Considering the students’ origins, Southeast
Asian countries have been targeted for attracting inbound mobile students. This study
will focus on the trend of inbound students, especially the pattern transformation during
higher education moving from mass to universal stages [14]. In addition, the raw data
themselves are not easy to realize the transformation of inbound students. This study
intends to utilize the related indexes to interpret the pattern transformation among the
inbound students. The result will provide clear patterns of gender, program diversity,
and inbound mobility of international students in the next decade in Taiwan. For these
purposes, this study explores the following research questions.
a) What is the trend of inbound students in the targeted higher education system?
b) What are the gender diversity patterns of inbound students in the higher education

system?
c) Did they show diversities of inbound students participating in major programs with

the trend analysis?
d) What is the trend of inbound mobility ratio in the higher education system?
The rest part of the paper will be presented as follows: Firstly, we will address the

method section, which includes the definition of the terms, evaluating the diversities and
time series models; Secondly, the results will be displayed; Finally, we will suggest a fitted
strategy for future development in higher education and the conclusion will be drawn.

2. Methods. This study collected inbound student data from the Ministry of Education
[15]. The data sets include the total number of inbound students, art and humanities,
social science, STEM, and others. We selected the inbound students enrolled in art and
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humanities, social science, STEM programs from 1956 to 2020. The series data cover 65
periods. We transformed the data for Becker’s D [16] and Blau index [17] to determine
their diversities and conducted a time series analysis for their future development.

2.1. Definition of the terms. In this study, the technical terms include inbound stu-
dents, inbound mobility ratio, and major programs.

• Inbound students refer to the full-time international students in the target country.
The data were based on the data bank in the Ministry of Education, Taiwan.

• Diversity of gender refers to the differences of male and female inbound students
participating in higher education.

• Major programs refer to art and humanity, social science, and STEM (science, tech-
nology, engineering, and mathematics) programs which did not include law, educa-
tion, life science, medicine, and agriculture programs in this study. We will calculate
the inbound students enrolled in the major programs respectively for evaluating their
diversity.

• Inbound mobility ratio refers to the number of international students with the total
tertiary enrollment in that country. The calculation will present as [18]: Inbound
mobility ratio = 100 × [Total number of students from abroad studying in a given
country (inbound students)]/[Total tertiary enrollment in that country].

2.2. Becker’s coefficient of discrimination (D). This study applied Becker’s formula
of D to representing the gender diversity of the inbound students [16]. The series data
cover 65 periods from 1956 to 2020. The D is defined as follows:

Di = (EMi/EFi)− 1

EMi refers to the male international students enroll in higher education; EFi refers to
female international students enroll in higher education.

The positive calculated D implies the females’ enrollment is less than that of males,
whereas, the negative D means that the females are preferred to select the related pro-
grams in the target higher education system [16,19]. If D becomes zero or nearly zero,
it means the diversity of males and females are equal. The calculated D will be used to
represent the index of gender diversity in the higher education system.

2.3. Blau index. Blau index has been used to assess heterogeneity or diversity in wide
settings. Diversity has been an important concept applied in various ways across fields
like ecology, demography, sociology, economics, and psychology [17,20-24]. Blau index
computes proper theoretical upper bound for Blau index as well as a normalized measure
that allows researchers to get a measure that ranges from 0 to 1. This index reaches its
minimum value of 0 when there is no variety. A high index value indicates a high degree
of heterogeneity. The various categories can be standardized to conduct the index. The
standardized Blau index is defined as follows [17,25]:

1−
k∑

i=1

p2
i

where pi corresponds to the proportion of group members in the ith category and k
denotes the number of categories.

This index quantifies the probability that two members randomly selected from a pop-
ulation will be in different categories if the population size is infinite or if the sampling is
carried out with a replacement. This study defines the Blau index for tackling the inbound
student diversity in specific programs of the higher education system. Blau Programs
refers to the Blau index for humanity, social science, and STEM programs according to
the change of participation ratios.
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2.4. Time series analysis. Time series analysis has been used for wide settings, for
example, environment, medicine, and social-related issues [26-28]. Various studies discuss
the innovative approach to transform the time series data [29,30]. This study applied time
series analysis to the flow of international students in higher education. We conducted
time series analysis to explore the patterns of D, Blau index, and inbound mobility ratio
and build fitted models for projecting their future trends. Before the model selection, this
study will verify the series data sets which belong to seasonal or non-seasonal data. Then,
the fitted model will follow the criteria of ARIMA(p, d, q) selection. The p as the order of
the autoregressive part in terms of the number of autoregressive terms (AR) while d as
the difference; the q as the order of the moving average, i.e., the number of lagged forecast
errors in the prediction equation (MA) [31-34]. The white noise examination will use the
Box-Pierce Chi-square statistics test to determine whether the model met the assumptions
that the residuals were independent [35,36]. This study verifies the robustness of the series
with the fitted ARIMA model for the next decade.

3. Results. In this higher education system, the inbound students have shown increasing
from 39 in 1956 to 64,268 in 2019. The average increasing ratio is 14% from 1956 to 2020.
In 2019, the COVID-19 has caused the number of inbound students to drop significantly.
There are 18% of inbound students dropped in 2020. The trend of the total number of
inbound students in the higher education system has shown in Figure 1.

Figure 1. The trend of inbound students from 1956 to 2020

3.1. Trend of gender participation. Based on the number of inbound students, both
males and females are similar with increasing patterns while the patterns of gender par-
ticipation have shown changed. Before 1988, males are the critical mass in the inbound
students. During 1999-2013, the male and female inbound students are equivalent, some-
times male-dominated, the other time female-dominated in the system. After 2014, the
system becomes female inbound students dominated. Compared to the gender differ-
ences of inbound students, both are impacted by COVID-19 after 2019 with a significant
dropping as seen in Figure 2.
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Figure 2. Changing of inbound students with gender participation

Figure 3. The percentage of inbound students in art & humanity, social
science, and STEM

3.2. The trend of inbound students participating in major programs. The result
reveals the art & humanity with a large share of inbound students. While the percentage
of inbound students in art & humanity drops significantly in last two decades. Social
science and STEM programs have shown increasing their inbound students in the last
two decades. This phenomenon may reflect the government’s science-oriented policy can
attract more international students to select their study journey in this higher education
system. Basically, the transformed patterns may also reflect the effect of higher education
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expansion during the last decades. Since 1999, the higher education system has moved
into the universal stage in terms that the gross entrance ratio has reached 50% [14,19].
The expansion provides much more capacity for international students.

3.3. Diversity of gender. This study transformed the gender differences of inbound
students with the D index. The D has been projected to next decade with the ARIMA
model. The result reveals the ARIMA(1, 1, 1) is the fitted model to project D. The final
estimates of parameters show AR(1) = −0.997, p = .000; MA(1) = −0.827, p = .000.
The modified Box-Pierce Chi-square statistic for testing while noise shows the p-value in
lag 12 = 0.413, in lag 24 = 0.660, in lag 36 = 0.970, and in lag 48 = 0.998. The error
terms are not significant. It implies the errors are randomized. Based on the suggested
model, the forecast D will decrease from −0.202 to −0.875 in the next decade, as seen
in Table 1 and Figure 4. The result suggests the number of female inbound students in
higher education might increase significantly in the future.

Table 1. Forecasts of D from 2021 to 2030

Period Year Forecast
95% limits

Lower Upper
66 2021 −0.202 −0.88241 0.47794
67 2022 −0.266 −1.15026 0.61826
68 2023 −0.354 −1.46965 0.76106
69 2024 −0.418 −1.66864 0.83234
70 2025 −0.506 −1.92949 0.91677
71 2026 −0.570 −2.10179 0.96119
72 2027 −0.658 −2.33368 1.01683
73 2028 −0.722 −2.49080 1.04591
74 2029 −0.811 −2.70458 1.08361
75 2030 −0.875 −2.85162 1.10244

Figure 4. Forecasting D from 2021 (period 66) to 2030 (period 75)
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3.4. Diversity of enrolling in major programs. Based on the calculation of the Blau
index with the diversity of major programs, this study suggests ARIMA(0, 1, 1) could be
the fitted model. After one difference, the series data of the Blau index show stationary.
The final estimate of the parameter of MA(1) shows coefficient is −0.510, p = .001. The
modified Box-Pierce Chi-square statistic shows p-values are larger than .05. It suggests
the error terms are randomized. Table 2 reveals the projected Blau index will drop from
0.333 in 2021 to 0.226 in 2030. The slight dropping of the Blau index may reflect the
selection of major programs that could be more balanced in the future. Figure 5 displays
the result of forecasting the trend of the Blau index with participating in major programs.

Table 2. Forecasts of Blau index for participation in major programs

Period Year Forecast
95% limits

Lower Upper
66 2021 0.333 0.243174 0.422182
67 2022 0.296 0.183745 0.408727
68 2023 0.238 0.099490 0.377445
69 2024 0.237 0.031739 0.441589
70 2025 0.235 −0.019449 0.489172
71 2026 0.233 −0.062497 0.528614
72 2027 0.231 −0.100456 0.562967
73 2028 0.229 −0.134844 0.593749
74 2029 0.228 −0.166547 0.621847
75 2030 0.226 −0.196137 0.647832

Figure 5. Blau index of participating in major programs

3.5. Future trend of inbound mobility ratio. The inbound mobility ratio refers to
the proportion of inbound students in the total tertiary students. The result reveals
ARIMA(0, 1, 3) could be the fittest model to project the inbound mobility ratio. After
one difference, the suggested model shows the coefficient of MA(3) is 0.472, p = .000. The
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modified Box-Pierce Chi-square statistic shows p-values are larger than .05. It suggests
the error terms are randomized. Based on the fittest ARIMA(0, 1, 3) model, the findings
suggest the forecasts of inbound mobility ratio will increase from 0.0345 in 2021 to 0.0431
in 2030, as seen in Table 3. It implies the forecasts of inbound mobility ratio will increase
to 4.31% in the future. The result reveals the impact of COVID-19 in 2019-2020 which
results in the decline of the inbound students. The inbound mobility ratio has also shown
significantly dropped in 2020. The trend of the inbound mobility ratio from 1956 to 2030
is displayed in Figure 6.

Table 3. Forecasts of inbound mobility ratio from 2021 to 2030

Period Year Forecast
95% limits

Lower Upper
66 2021 0.0345 0.0300460 0.0388660
67 2022 0.0347 0.0257688 0.0437150
68 2023 0.0392 0.0274878 0.0508272
69 2024 0.0397 0.0268741 0.0525746
70 2025 0.0403 0.0263600 0.0542223
71 2026 0.0409 0.0259240 0.0557919
72 2027 0.0414 0.0255512 0.0572983
73 2028 0.0420 0.0252310 0.0587521
74 2029 0.0426 0.0249555 0.0601613
75 2030 0.0431 0.0247184 0.0615320

Figure 6. The trend of inbound mobility ratio from 1956 (period 1) to
2030 (period 75)

4. Conclusion. The study considered the diversity of gender and programs among the
inbound students in Taiwan. The time series data has been transformed into an index
format to conduct trend analyses. This study found the inbound students increase very
quickly during the last decades. The impact of COVID-19 in 2019 resulted in the decline
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of the inbound students significantly. However, we assume it is a short-term phenomenon
only. The predicted values suggest the increase of inbound students will demonstrate
a positive long-term trend in the system. Even though the inbound mobility ratio has
shown to increase steadily and reaches 5%, the increasing inbound mobility ratio still did
not fulfill the government’s policy agenda reaching 10% in 2020. Moreover, the higher
education system has attracted more female international students. The diversity of gen-
der has displayed a fundamentally changed pattern in this system. The female inbound
students will become the critical mass in the future. Regarding the program diversity,
this study found the slight dropping of the Blau index may reflect the selection of major
programs that could be more balanced in the future. This study provides a design with
index transformation and ARIMA model building strategies to mine the issues among
inbound students. We found the Becker’s D and Blau index are useful to detect the
diversity in a specific topic. The time series can widen the explanation to a long-term
trend. The design of detecting diversity and trends for inbound students can be extended
to explore similar issues in higher education settings. For further studies, we encourage
the data collected can be extended to outbound studies, which can interpret the net flow
of students in the target higher education. In addition, the design of the study can be
used for international comparison, for example, Korea, Japan, or other countries, if the
data are available.
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