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Abstract: This study analyzes the spillover of human capital in the Yogyakarta Special Region 

and Central Java. The research data includes the Human Development Index (HDI), capital, 

the ratio of college graduate workers, and the number of medical personnel in 2017 published 

by the Central Bureau of Statistics (BPS). This study uses a Spatial Regression analysis that 

includes elements of human capital spillover estimated by Geoda software. The results showed 

that there was a spillover of human capital between regencies/cities in Yogyakarta Special 

Region and Central Java. Lambda coefficient value, in Spatial Error Model (SEM), amounting 

to 0.5074 indicates that the Human Development Index (HDI) score of each regency/city will 

get an influence of 0.5074 multiplied by the HDI value of the neighboring regency/city. The 

capital variable is significant and exhibits that a rise in the HDI score will follow an increase in 

the number of capital. However, the ratio of college-educated worker and medical personnel is 

not significant. Due to the linkages between these provinces, the regency government and the 

provincial government should synergize each other, especially in the formulation of economic 

policies. 
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1. Introduction 

One criticism of the study of human capital is that most of these studies are limited to one 

particular region and ignore their influence in the surrounding area. However, the interaction 

between an area and other areas around it causes the economic development of an area to be 

affected not only by economic conditions and demographics in this area but also by economic 

and demographic conditions in the surrounding area. Hence there is a spatial spillover of 

economic growth (Seif, Panahi, & Hamidi Razi, 2017). Therefore, the growth in a region to have 

an impact on the growth of the surrounding region. 

 

The spillover effect causes an increase in human capital to affect not only specific regions but 

also the surrounding areas. The economic development in an area not only affects the welfare 

of the population in this area but also affects the welfare of the population in the surrounding 

area. Spillover occurs through interaction between residents of an area with residents of the 

surrounding area. This interaction includes population migration, investment flows, and trade 

of goods and services between regions. Interaction between regions is facilitated by the 

existence of infrastructure so that economic activities between regions take place smoothly. 

 

The economy in Yogyakarta Special Region and Central Java is integrated and grows 

simultaneously in line with the interaction between regions in these provinces. The existence of 

road infrastructure that connects some cities support the integration between regions in these 

provinces. Economic developments that occur in these provinces are inseparable from the 

interaction of the residents. The excellent infrastructure supports a variety of economic activities 
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between provinces such as the movement of workers between regions (commuters), and trade 

in goods and services between cities. 

 

The presence of some prominent universities in Yogyakarta, Semarang, Solo, and Purwokerto 

support the inter-regional interaction between cities. The existence of several leading 

universities has encouraged population migration to study in some cities in the Yogyakarta 

Special Region and Central Java. Meanwhile, in the health sector, the existence of many 

hospitals and medical personnel in some cities in these provinces provide benefits not only for 

the residents of these cities but also for residents in the surrounding areas. The level of health 

of the population in these surrounding areas has increased along with the improvement of health 

infrastructure and medical personnel in some cities in the Yogyakarta Special Region and Central 

Java. 

 

Furthermore, the development of the education and health sectors in many cities in Yogyakarta 

Special Region and Central Java not only has an effect on the Human Development Index (HDI) 

in these cities but also has an effect on the HDI Score in the surrounding areas. The increasing 

human capital affects not only in certain areas but also in surrounding areas. The area around 

the city also enjoys an increase in the number and quality of human capital that takes place in 

an urban area. Various studies in the urban area (Rosenthal & Strange, 2008) and regional 

(Winters, 2010) show the existence of positive externalities of human capital. The existence of 

an educated workforce can increase overall worker productivity. It means that there is a 

spillover effect an increase in knowledge and health. Spillover of human capital occurs through 

interaction between citizens by sharing experience, knowledge, and skills. The spillover of 

human capital enables an increase in community welfare not only in urban areas that have high 

human capital but also in the surrounding areas. Moreover, this study analyzes the spillover of 

human capital in the Yogyakarta Special Region and Central Java. 

 

2.  Literature Review 

Human capital is a workforce that has high knowledge and is a production factor that plays an 

essential role in economic growth (Kefela, 2010). Human capital has become an essential factor 

of production to achieve sustainable economic growth and a means for a country to win the 

global competition (Taty, Possumah, & Razak, 2017). The superiority of a country depends on 

the quality of human capital. The existence of human capital allows the production process to 

take place efficiently so that productivity increases. The increase in productivity shows an 

increase in output that can be generated from the use of specific resources so that public 

consumption increases. The population welfare will increase in line with increased public 

consumption. 

 

Quality human resource is one of the factors that play an essential role in mastering technology. 

Technology is one factor that significantly determines the output level. By better technology, an 

economy results in higher output. 

 

Besides, human resource is also a factor of production that can organize other resources to 

increase the effectiveness of the means of production. Increasing the effectiveness of production 

equipment supports increased value added (Blaga & Jozsef, 2014). Regions with higher human 

capital can achieve higher levels of growth (Ramos, Suriñach, & Artís, 2009). It means that 

growth depends on the quality of the human asset. Creativity and capacity of human resources 

determine the rate of economic growth. 

 

In general, human capital includes knowledge and health (Dewi & Sutrisna, 2014). Higher levels 

of education will improve one's skills so that they can work faster and more precisely. The higher 

education level is needed to support the sustainability of economic development (Pauw, Gericke, 

Olsson, & Berglund, 2015). Higher knowledge supports the emergence of innovations in 
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engineering, economics, and other aspects of life (König, Battiston, Napoletano, & Schweitzer, 

2011). Knowledge and technology can create innovation (Krstić & Petrović, 2012) to support 

economic growth (Gerguri & Ramadani, 2010). Moreover, school policy can be an essential 

instrument to encourage growth. The role of fundamental literates and high performers have 

significant effects on growth (Hanushek & Woessmann, 2012). 

 

Investment in education has positive implications for improving the quality of resources to 

increase output. Investing in education is vital for economic growth (Zivengwa et al., 2012). 

The higher a person's education, the higher his productivity (Adhadika & Pujiyono, 2014). 

Moreover, higher productivity indicates that an economy results in more output. It means that 

a rise in GDP per capita has occurred. Therefore there is a relationship between higher education 

and higher GDP per capita (Huang, Jin, & Sun, 2009). School policy can be an essential 

instrument to spur growth (Hanushek & Woessmann, 2012). 

 

The economic growth is closely related to earning level. Then, the income level determines the 

level of consumption. It means that a higher consumption level will follow the higher community 

income. Furthermore, higher levels of consumption encourage higher welfare of society. The 

community consumption in an area also affects the consumption level of the surrounding area. 

The goods and services consumed by the residents of an area not only come from the production 

of this area but also come from the surrounding area. It means that the increase in people's 

welfare in an area also has an impact on the welfare of the surrounding area. 

 

In addition to education, another factor that influences the quality of human capital is the level 

of public health. Development of the health sector is an investment to improve public health to 

realize a higher quality of human resources. A healthy workforce can work more productively 

and produce higher output. Higher life expectancy in a region reflects a higher quality of health 

in this area (Melliana & Zain, 2013). Therefore, the higher human capital stock and education 

institutions affect the quality of life (Winters, 2011). 

 

Moreover, the development of the education and health sector in an area will improve the quality 

of human capital both in the region concerned and the surrounding area. Workers who work in 

an area not only come from this area but also other areas around it. The interaction between 

workers causes a knowledge spillover from a region with high human capital to other areas 

around it. Knowledge distribution occurs because of the interaction between individuals with 

another and among workers who exchange knowledge with each other and subsequently known 

as human capital spillover. Local knowledge spillovers have a favorable effect on design and 

invention (Shang, Poon, & Yue, 2012). Therefore, the increase in worker productivity that occurs 

in a region also has an impact on increasing worker productivity in the surrounding area. 

 

The quality of human capital is reflected in the index value of health, education, and 

expenditure. These three indices are components of the human development index (HDI). Thus 

the quality of human capital is indicated by the value of the human development index (HDI). 

The spillover of human capital causes an increase in HDI in an area that also impacts on the 

HDI value of the surrounding area. 

 

3. Research Methodology 

This study uses data from the Central Bureau of Statistics (BPS) of Yogyakarta Special Region 

and Central Java and other relevant publications. The research data includes the human 

development index (HDI), and the ratio of college-educated workers, capital, and the number 

of medical personnel as control variables. The scope of the research area is all regions and cities 

in Yogyakarta Special Region and Central Java in 2017. The data published in 2017 is the latest 

publication. 
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This research uses the following operational variables. The Human Development Index (HDI) is 

a number that shows the ability of the population to access the results of development in 

obtaining income, health, and education. The HDI value reflected the level of human capital in 

an area and stated in unit point. The ratio of college-educated workers is the ratio of workers 

with the diploma and undergraduate education divided by the amount of workers. This variable 

stated in unit percent. Meanwhile, capital is the ratio of the amount of gross fixed capital 

increase (PMTB) divided by the number of the working population and stated in rupiah unit per 

worker. Furthermore, medical workers are the number of doctors and nursing according to 

regions/cities in Yogyakarta Special Region and Central Java. This variable stated in units of 

people. 

 

This study covers the condition of the human development index (HDI) in all regencies and 

cities in Yogyakarta Special Region and Central Java and the variables that influence it in 2017. 

Thus the research data is in the form of cross-section data. Furthermore, the analysis was 

carried out based on the estimation results of the following spatial regression models. 
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Respectively, Y is the human development index (HDI). The Wij is a spatial weighting matrix 

based on spatial proximity between one region/city and another region/city. Meanwhile, X1 is 

the ratio of college-educated workers to the total worker. Hereafter, X2 is capital, and X3 is the 

number of medical workers. 

 

In the autoregressive model, the neighboring relationship between the location expressed in the 

spatial weighting matrix W, with its elements Wij is a spatial weight between areal units i and j. 

The locations that closed to the location observed were given a substantial weighting, while the 

far one has given a small weighting.  

 

4. Data Analysis and Interpretation 

4.1 Data Analysis 
One characteristic of cross-section data is the emergence of diversity between locations and 

spatial autocorrelation. In this research, the Breusch-Pagan test is used to determine the variety 

between locations. Meanwhile, the Moran Index is used to detect spatial autocorrelation, which 

measures the correlation between observations that are close to each other. The results of 

calculations with Geoda show the Breusch-Pagan statistical value of 11.3837 with p-value < 

0.05. It means that the error has diversity, or in other words, there is heteroscedasticity. Thus 

the analysis will be carried out based on the spatial regression model. 

 

Besides, the Lagrange Multiplier Test produces the Lagrange Multiplier (lag) value of 9.9872 and 

the probability of 0.0016 < 0.05 so that spatial autoregressive models (SAR) are superior to 

multiple linear regression tests. Lagrange Multiplier (error) value with Z-value amounting 

7.3719 with a probability of 0.0066 < 0.05 so that the spatial error model (SEM) is also better 

than multiple linear regression. 

Table 1: Lagrange Multiplier Test Results 

 

TEST MI/DF VALUE PROB 

Moran's I (error) 0.4268 3.0925 0.0020 

Lagrange Multiplier (lag) 1 9.9872 0.0016 

Robust LM (lag) 1 2.6199 0.1055 

Lagrange Multiplier (error) 1 7.3719 0.0066 

Robust LM (error) 1 0.0046 0.9457 

Lagrange Multiplier (SARMA) 2 9.9918 0.0068 
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Furthermore, Moran's statistical value of the HDI amounting to 0.3104 indicates that there is a 

spatial autocorrelation, and the data patterns form a cluster. 

 
Figure 1: Custer Perform of HDI in Yogyakarta Special Region and Central Java 

 

Based on Figure 1, very high HDI values occur in Sleman, Bantul, Klaten, Sukoharjo, 

Karanganyar, Yogyakarta, Solo, Salatiga, Semarang, and Magelang regencies. Meanwhile, 

regencies/cities with high HDI values include Kulonprogo, Purworejo, Banyumas, Boyolali, 

Semarang, Sragen, Jepara, Kudus, Tegal City, and Pekalongan City. The regencies/cities with 

medium HDI values include Gunungkidul, Wonogiri, Cilacap, Magelang, Kendal, Pekalongan, 

Demak, Grobogan, and Pati. Furthermore, low HDI values include Blora, Kebumen, 

Temanggung, Wonosobo, Banjarnegara, Purbalingga, Pemalang, Tegal, Brebes, and Batang 

regencies. Based on the results of the HDI Scatter Plot Frame that shows the cluster pattern, 

the weighting matrix that used is Quinn Continuity with provision = 1 for areas that have direct 

borders, and = 0 for areas that do not have direct borders. It means that the weighting variable 

is determined based on the Quinn Continuity method. 

 

In the spatial regression, there are 2 (two) models, namely the spatial autoregressive model 

(SAR) and spatial error model (SEM). The spatial autoregressive (SAR) model is a model that 

combines a simple regression model with spatial lag on the dependent variable using a cross-
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section. Meanwhile, the spatial error model (SEM) built by taking into account the spatial effect 

on errors. 

 

The estimation results of the SAR and SEM models produce similar results. In the SAR model, 

the W_HDI coefficient is significant, while the LAMBDA coefficient on SEM is also significant. The 

capital regression coefficient is important in both the SAR model and SEM. Meanwhile, the 

regression coefficient of the ratio college-educated worker and medical personnel variables is 

not significant in both the SAR and SEM model. 

 

Table 2: Results of Spatial Regression Estimation 

 Spatial Lag Model Spatial Error Model 

 Coefficient z-value Prob. Coefficient z-value Prob. 

W_HDI   0.3824  3.4957*  0.0005 - -  - 

CONSTANT  40.6703  5.1749*  0.0000 68.4387   57.772*   0.0000 

College-educated 

workers 

 0.0132  0.5939  0.5526  0.0101  0.5200 0.6031 

Capital   0.1619  5.2090*  0.0000  0.1623 6.1212*  0.0000 

Medical Worker   0.0008 0.6731 0.5009  0.0004 0.3753  0.7074 

LAMBDA  - - -  0.5079 4.3423*  0.0000 

 

4.2 Interpretation 

The coefficient of W_HDI (on the SAR model) is positive and significant, and the LAMBDA 

coefficient (in SEM) is also positive and significant. It shows the occurrence of spillover of human 

capital. The Human Development Index (HDI) value in an area is not only influenced by 

independent variables which include the ratio of the college-educated worker, capital, and the 

medical worker in the area but also by the presence of human capital spillover from the 

surrounding area. 

 

The location of Yogyakarta Special Region, which is surrounded by the Central Java region 

causes the two provinces to be integrated and grow together. The regional roads that connect 

cities in the Yogyakarta Special Region and Central Java support the integration between these 

provinces.The excellent infrastructure supports the smooth running of economic activities 

between the two provinces. Movement of workers between regency (commuters), investment 

flows, and trade in goods and services between cities runs smoothly. Economic developments 

that occur in a regency are inseparable from the interaction of the population between regencies. 

The process of economic growth in an area is carried out by involving residents of the 

surrounding area. The contribution of the resident in the surrounding area includes the provision 

of labor, investment, and trade. It means that the economy Yogyakarta Special Region and 

Central Java are growing together. The spillover of human capital causes the HDI value of a 

region influenced by the development of HDI in the surrounding area. 

 

Furthermore, based on the output of spatial regression analysis, this research found that the 

superior model is the Spatial Error Model (SEM) model because it has higher R2 (Table 3). 

According to the SEM model, the value of the Lambda coefficient of 0.5074 indicates that the 

worth of the Human Development Index (HDI) of each Regency/city will have an influence of 

0.3824 multiplied by the value of the neighboring region/city HDI. This result supports the 

findings of (Salam & Prishardoyo, 2016) which stated that there is an impact of human capital 

spillover on the productivity of manufacturing industry in the Kedungsepur area. The industry 

labor with lower education takes no impact, in other hands the force labor with higher education, 

the industry labor higher education, capital, and wages have positive impacts on the productivity 

of the manufacturing industry at Kedungsepur. 

 

 



Joko Susanto, Didit Welly Udjianto 

Human Capital Spillovers and Human Development Index in Yogyakarta Special Region and Central Java 

63 

 

Table 3: Comparison of R-square Results of Model Spatial Lag and Spatial Error Model 

 Spatial Lag Model Spatial Error Model 

R-square  0.6283  0.6601 

 

The capital coefficient is significant in both the SAR model and SEM. In the SAR model, an 

increase in capital of 1 million rupiahs per worker followed, by an increase in the HDI value of 

0.1619 points. In the SEM, an increase the same amount of capital followed, by an increase in 

the HDI value of 0.1623 points. A rise in capital indicates the increase in the means of production 

that can be used by workers. Moreover, a rise in production equipment can increase worker 

productivity so that the income also increases. A rise in earning is followed by an increase of 

consumption so that the HDI value also rises. This result support (Segarra & Teruel, 2011) that 

investment in physical capital has a positive impact on labor productivity in both the 

manufacturing and service sector.  

 

Meanwhile, the coefficient of the ratio of college-educated worker is not significant both in the 

SAR model and SEM. The insignificant variable is suspected because most workers in Yogyakarta 

Special Region and Central Java are elementary, middle, and high school educated workers. The 

percentage of college-educated workers is relatively small. Thus the influence of the number of 

college-educated workers is also relatively small and tends to be insignificant. A rise in the ratio 

of the college-educated worker not followed by an increase of the HDI score. 

 

Furthermore, the regression coefficient of the number of medical personnel is also not significant 

because there are still many residents who are unable to access health facilities. In some 

regions, the amount and quality of health and sanitation facilities and management of water 

resources are not right. The increase in the amount of medical personnel was not followed by 

improvements in health facilities so that the contribution of the medical servant was not 

optimum. Moreover, an increase in the count of a medical servant, both doctors and nurses 

were not followed by an increase in the performance of the public health sector so that it did 

not affect the HDI value. 

 

5. Conclusion and Recommendations 

 

5.1 Conclusion 

There is a spillover of human capital between regencies/cities in Yogyakarta Special Region and 

Central Java. Lambda coefficient value, in Spatial Error Model (SEM), amounting to 0.5074 

indicates that the Human Development Index (HDI) score of each regency/city will get an 

influence of 0.5074 multiplied by the value of the neighboring regency/city HDI. The HDI value 

of a region also influenced by the amount of capital in this area. Meanwhile, the influences of 

the ratio of college-educated worker and medical personnel are not significant. 

 

5.2 Recommendation  

There are the linkages between the Yogyakarta Special Region and Central Java regions. The 

region/city economy benefits from economic growth that occurs in the surrounding it. For this 

reason, the regency/city government and the provincial government should synergize each 

other, especially in the formulation of economic policies. The synergy between the regency/city 

and the provincial government make economic policy work as it had and avoid overlapping 

policies so that they get a maximum impact of the economic growth in the two provinces. 
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