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ABSTRACT 
 

Developing human resources, especially in science, technology, engineering, and 

mathematics (STEM), is seen as important for encouraging R&D and moving developing 

economies out of the “middle income trap”. While there are calls for more post-secondary 

STEM education to fill STEM job vacancies in Thailand, it is unclear whether the value of 

STEM degrees in the labor market is adequate to entice students to pursue STEM education 

and careers. This study assesses to what extent post-secondary STEM graduates match with 

STEM occupations and estimates the private returns to STEM education in the Thai labor 

market. According to the 2007-2009 Thai Labor Force Surveys, only one-third of currently 

employed STEM graduates work in STEM occupations. OLS and IV analysis indicate that 

the value of STEM degrees is largely determined by occupation. The overall wage premium 

for STEM degree holders working in STEM fields is 30 percent, but only 2 percent for 

STEM degree holders working in non-STEM fields. Although there are substantial wage 

premiums for STEM degrees holders working in STEM fields, those working in non-STEM 

occupations face low or, as in the case of women, negative returns to STEM education.   
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Chapter 1: Introduction 
 

 

Scientific innovation is recognized as an important factor for increasing a country’s 

competiveness and long-run economic growth. Freeman (2006) argues that the United States’ 

comparative advantage in the global economy can be attributed to its leading role in 

advancing science and technology. It follows that science, technology, engineering, and 

mathematics (STEM) education is considered to be the foundation for encouraging 

innovation, leading to long-run economic growth (Atkinson and Mayo, 2010). Along these 

lines, Peri, Shih, and Sparber (2015) state that STEM workers are “fundamental inputs for 

innovations, the main drivers of the productivity growth” (2015, p.225). Winters (2013) finds 

that in the US, STEM graduates create large positive externalities in the economy compared 

to graduates with other degrees.   

Many developing economies have achieved high rates of economic growth through 

developing low- and medium-technology manufacturing. Although several of these countries 

are no longer considered low-income, they often find it difficult to develop more 

technologically advanced industries and services and thus get stuck in what is termed the 

“middle income trap”. Thailand is no exception. Thailand experienced rapid economic 

growth in the 1980s and early 1990s, however, this growth was not enough to move the 

economy into the high-income country category with Japan, Hong Kong SAR, Singapore, 

and South Korea (Jimenez et al., 2012). 

It is recognized that scientific and technological innovation is a factor that can move a 

country beyond its middle income status. Kharas and Kohli (2011) clearly state that the 

solution for middle-income countries to escape from this trap is to increase growth in the 
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capital- and skill-intensive manufacturing sectors and growth of a high-productivity service 

industry. However, highly trained human resources in STEM disciplines—fields of study 

often associated with technological innovation—are often scarce in developing economies. 

One reason for this deficit is that investment in STEM higher education is particularly 

expensive compared to other fields of study (Nelson, 2008). As a result, some studies, e.g. 

Denning and Turley (2013) and Sjoquist and Winters (2015), look at the roles of various 

tuition fee and financial assistance policies and find that these policies can affect the decision 

to choose a particular field of study. 

The lack of qualified STEM workers is frequently attributed to an insufficient supply 

of STEM education and training. In Thailand, for example, it is estimated that between 2013 

and 2017 the demand for STEM workers will reach 50,789 for vocational and 25,873 for 

master’s degree STEM graduates. Yet, it is estimated that there will only be 30,435 

vocational and 9,743 master’s degree level STEM graduates supplied to the labor market over 

the same period (TDRI, 2012). Furthermore, in particular industries, such as the electronics 

and automotive industries, there is a forecast of a shortage of skilled workers, especially those 

who graduate at the post-secondary level (OIE, 2015).  

In order to resolve this problem, the Institute for the Promotion of Teaching Science 

and Technology (IPST) developed Thailand's 5-Year STEM Master Plan (2015-2019) in 

order to raise the public perception of STEM education, as well as to create a fundamental 

foundation for developing STEM skills for the future Thai labor force. The program aims to 

increase the number of STEM students and teachers in the high school and vocational 

institutions (ATPAC, 2015).  

While there are calls for more post-secondary STEM education to fill STEM job 

vacancies in Thailand, it is unclear whether the value of STEM degrees in the labor market is 
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adequate to entice students—especially high ability students—to pursue STEM education and 

careers. If the private returns to post-secondary STEM education in the labor market of a 

developing economy are poor, this may influence students to pursue different non-STEM 

degrees, thus further exacerbating the scarcity of STEM degree holders. 

This study attempts to assess to what extent post-secondary STEM graduates match 

with STEM occupations and estimates the private returns to STEM education in the Thai 

labor market by utilizing the data from 2007-2009 Thai Labor Force Surveys. More 

specifically, this study investigates the wage premium/penalty for individuals who pursue 

post-secondary STEM degrees and/or STEM occupations in Thailand. To our knowledge, our 

study is the first study attempting to estimate both the return to STEM education and to 

STEM occupations in Thailand.  

There is no consensus on whether there is a wage premium or a wage penalty for 

STEM graduates from the previous studies. For example, O’Leary and Sloane (2005), 

Sjoquist and Winters (2015), Walker and Zhu (2010), and Freeman (2006) find mixed 

evidence on the returns to STEM degrees. Furthermore, previous studies by Blundell et al. 

(2000), Chevalier and Walker (2001), and Blackaby, Murphy, and O’Leary (1999) show that 

men and women have different returns to education in industrialized economies. Thus, we 

further analyze the returns to STEM education by gender.  

The report is organized as follows. Chapter 2 provides background on Thailand’s 

economic development and current STEM labor market situation. Chapter 3 reviews relevant 

literature concerning STEM education and economic development. Chapter 4 introduce the 

methodology and data used to evaluate matching in the labor market and estimate the private 

returns to STEM education. Chapter 5 provides results and Chapter 6 concludes. 
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Chapter 2: Background 

 

Thailand has enjoyed rapid economic growth over the past four decades similar to 

other Asian countries. The main driver of growth has been the development of the 

manufacturing sector. Following the development patterns of other industrializing countries, 

Thailand first developed labor-intensive industries such as textiles and food processing. Since 

the 1990s, Thailand has actively developed more capital-intensive manufacturing, including 

electronics and automobile assembly, which has increased demand for labor with technical 

training and skills. As a whole, the manufacturing share of Thailand’s GDP has increased 

from 25 to 31 per cent between 1990 and 2010.1 

Despite its rapid economic development in recent years, Thailand’s growth in 

manufacturing has stalled. Jitsuchon (2012, p.13) argues that “Thailand is indeed in a 

middle-income trap” due to its lack of research and development (R&D) activities. The lack 

of innovation due to the absence of R&D activities acts as a barrier to escaping the middle 

income trap. The World Bank Institute (2006) revealed that Thailand receives low score in 

the innovation composite index, which can indicate the low level of innovation in the 

country. The sources of this weakness are from a low level of total expenditure for R&D as a 

percentage of GDP, a small number of researchers in R&D, and a low number of scientific 

and technical journal articles produced in the country.  

A recent Science Report of the United Nations Educational, Scientific, and Cultural 

Organization (UNESCO, 2010) shows that the average Gross Domestic Expenditure on R&D 

(GERD) as a percentage of Gross Domestic Production (GDP) [GERD/GDP] for countries in 

Asia is around 1.6 percent. However, GERD/GDP of Thailand is only 0.21 percent. 

                                                             

1 Calculated from the National Income of Thailand 2011 report (tables 3) compiled by the National Economic 

and Social Development Board (NESDB), accessed from http://www.nesdb.go.th/Default.aspx?tabid=94. 
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Furthermore, the competitiveness level survey conducted by the International Institute for 

Management Development (IMD, 2014) indicates that despite the ratio and the value of total 

expenditure on R&D to GDP in Thailand increased from 1,340 to 1,856 million USD, the 

GERD/GDP of Thailand is still 10 times lower than Korea, and 6-7 times lower than Taiwan 

and Singapore.  

A shortage of STEM-qualified workers is cited as one reason for Thailand’s lack of 

innovation activities. Jitsuchon et al. (2011) indicate that Thailand needs to increase the 

number of researchers and technician, which would increase the level of the R&D 

expenditures as a percentage of GDP. Based on the World Competitiveness Yearbook 2012, 

the ratio of fulltime workers in the R&D sector in Thailand is around 0.95 people per 1,000 

people. As a point of comparison, Singapore employs 7.29 people per 1,000 people in R&D 

(IMD, 2012).  

In 2010, 32 percent of undergraduate students enrolled in Science and Technology 

(S&T) field compared to 68 percent enrolled in Social Science and Humanities (STI, 2013). 

In 2011, there was a small number of graduates in Sciences/Technology compared to those in 

Social Sciences/Humanities from Thai Institutions (Figure 1).  

The current Thai Government under Prime Minister General Prayut Chan-O-Cha has 

realized that the lack of STEM human resources and innovation are real problems for 

Thailand moving forward. Because of this, the Prime Minister endorsed a science, technology 

and innovation (STI) policy in the annual Government Policy for the year 2015, which was 

announced on 12 September 2014. Under this policy, the country targets to increase R&D 

expenditures to 1 percent of GDP as well as encourage the development of the STI workforce 

through STEM education (Durongkaveroj, 2014).   
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Figure 1: Graduates in Sciences/Technology and Social Sciences/Humanities  
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Sources: (1) Commission in Higher Education; (2) Office of the Education Council;  

(3) Vocational Education Commission; (4) Office of the Basic Education Commission 

 

 

Although the 32 percent of undergraduates study in science and technology fields at 

the post-secondary level, the STEM workforce consists of only 3 million workers from a total 

labor force of 39 million, where the STEM workforce can be defined as workers who 

graduated in natural sciences, engineering and technology, medical sciences, and agricultural 

sciences, or workers working in the STEM occupation (STI, 2013). The Science and 

Technology workforce is only 8 percent of the total labor force with highly skilled workers 

(holds bachelor’s degree or higher) working in Science and Technology make up less than 4 

percent of the total labor force. The fact that around 1.2 million of the 3 million current 

workers who have STEM qualifications but do not work in STEM occupations is puzzling 

(STI, 2013) (Figure 2 and Figure 3).  
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Figure 2: Mismatch between S&T Degree and S&T Jobs    
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Figure 3: Mismatch between the Program of Study and S&T Employment 

 

 

Sources: National Statistical Office, Thailand; Collected by National Science Technology and 

Innovation Policy Office 
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Chapter 3: Literature Review 
 

 

There is a general consensus that among highly educated workers that the returns to 

education vary according to one’s university degree field of study (Webber, 2014a, p.4). 

There are several existing studies focusing on the private returns to STEM education; 

however, most studies are in developed countries. One of the main problems with conducting 

this type of research, especially in developing economies, is the limited availability of 

datasets with appropriate variables for use in the analysis. In general, to conduct this type of 

study the dataset needs to include information on graduates’ fields of study at university, their 

occupations, and their earnings in the labor market. Recently several studies have come out in 

this area because more data that includes these particular variables are becoming more widely 

and publicly available (Webber, 2014a).  

Although it is expected that STEM graduates earn wage premiums compared to non-

STEM graduates, the empirical evidence is mixed. O’Leary and Sloane (2005) estimate the 

returns to degree studied using the UK Labour Force Survey from 1994-2001. This study 

controls for individual heterogeneity across fields studied. Their main result shows that there 

is a wage premium for STEM graduates compared to arts and humanity graduates in UK. 

This result is consistent with evidence from the US by Sjoquist and Winters (2015), which 

indicates that on average STEM graduates earn more than non-STEM graduates.  

The recent study by Webber (2014b) estimates the lifetime returns to a college 

degrees in four main fields of study, including STEM, business, social sciences, and 

art/humanities compared to a high school diploma without college degree. The results show 

that with a STEM degree, average earnings are approximately USD 1.5 million, while social 
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science degree holders earn around USD 1 million and the arts/humanities graduates earn 

around USD 700,000. The study also found that graduates who hold a biology degree earn 

the least among other STEM degree holders. Greenwood et al. (2011) shows further evidence 

that not all STEM degrees are equal in terms of labor market returns. The returns to graduates 

with engineering and technology degrees are relatively higher than the returns to graduate 

with the other STEM degrees. Furthermore, in 2012, the employment rate of graduates with 

STEM degree was around 71 percent, while the employment rate for arts/humanities 

graduates was only 54 percent.  

While the studies referenced above find a wage premium, others find no premium or 

even a wage penalty for STEM graduates. For example, Walker and Zhu (2010) find that 

there is no wage premium for science graduates. Rather, STEM graduates see a wage penalty 

relative to arts graduates, especially in the fields of economics, management, and law. 

Consistent with these results, Freeman (2006) finds that the supply of science and technology 

graduates has declined in the US as labor market conditions for science and technology 

graduates has worsened relative to other fields.    

Chevalier (2012) adds a new dimension by considering occupational choice for 

STEM graduates. The study’s results show that there is a high return for STEM graduates 

working in STEM careers, but no return to a STEM degree working outside of a science 

career. These results are consistent with Borghans and De Grip (2000), which finds that 

workers receive higher returns to education when they work in occupations related to their 

fields of study. Also, Hoekstra (2009) finds that there is a wage penalty for people working in 

occupations that do not match with their degrees.   

In addition to occupational choice of STEM graduates, there are different returns 

between genders. Evidence from OECD countries shows that some women who graduate 
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with STEM degrees tend to choose to work in non-STEM occupations (OECD, 2012). The 

recent study by Schlenker (2015) explains the employment behavior of female workers in the 

STEM labor market using data from the European Statistics on Income and Living 

Conditions. This study shows significantly different behaviors of women working in STEM 

occupations relative to other occupations. The main result is that even though women 

working in STEM with motherhood status will have more working hours, they tend to have a 

higher chance to leave the labor market compared to the others.  

Blundell et al. (2000) uses data from the National Child Development Study. Their 

results shows that male returns to education in biology, chemistry, environmental science, 

and geography are low while female returns to education in economics, accountancy, and law 

are high. Chevalier and Walker (2001) find that based on the General Household Survey data 

after the late 1980s to the early 1990s, male wage returns to education are falling for all 

subjects. Female returns to degrees in arts/humanities and the sciences are increasing, but are 

decreasing for degrees in other subjects. Blackaby, Murphy, and O’Leary (1999) estimated 

the returns to different degrees based on the Labor Force Survey from 1993-1995 and show 

that relative to men, women enjoy higher wage returns in sciences (e.g. medicine) and social 

sciences (e.g. economics, law, management), ranging from 26-47 percent.  

Econometric approaches to the estimating the returns to different college degrees face 

the problem of nonrandom selection into degree fields of study (Webber, 2014a). The main 

concern when estimating wage returns to STEM education is the existence of an ability bias, 

in particular that individuals who pursue postsecondary STEM education have higher 

unobserved ability than those who pursue non-STEM degrees. An Instrumental Variable (IV) 

approach is one of the main conventional methods to solve the problem of ability bias. A 

proper IV should be uncorrelated with the error term and have no effect on earnings other 
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than through the endogenous explanatory variable. Given these conditions, it is challenging to 

find a valid instrumental variable. Some studies e.g. Card (1995), Uusitalo (1999), Warunsiri 

and McNown (2010) use a dummy variable indicating the provinces in which universities are 

located as an instrument. The idea is that the presence of a university in a person’s locality 

increases the likelihood that an individual will pursue higher education compared to a person 

who lives in an area without local access to higher education. The location of a university 

should influence the decision to pursue higher education, but should not be correlated with 

unobserved ability, making it a potentially valid instrument.  

Similar to the choice of level of education, the choice of degree field may be 

correlated with unobserved ability. According to Leslie (2003), when students self-select into 

subjects, high ability students tend to choose fields that are perceived as difficult, including 

many STEM fields. As a result, not taking into account the problem of unobserved ability in 

the estimated regression equations will lead to an endogeneity problem. Specifically, the 

returns to STEM degrees will be biased upwards due to a correlation with unobserved ability.  

Rosenbaum and Rubin (1983), Chevalier and Colon (2003), and Bratti and Mancini 

(2003) use a different approach to overcome potential correlation between degree choice and 

unobserved ability. These studies use propensity score matching as a method to correct for 

the bias arising from the self-selection problem. A propensity score matching (PSM) 

technique will assist to reduce the effects of selection bias because “the propensity score is 

the conditional probability of assignment to a particular treatment given a vector of observed 

covariates” (Rosenbaum and Rubin, 1983, p. 41). Matching across observables between 

those who pursue STEM and those who do not pursue STEM degrees should result in an 

unbiased estimate of the impact of pursuing a STEM degree on wage returns. 
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However, O’Leary and Sloane (2005) argue that both OLS and propensity score 

matching cannot solve the self-selection problem and proposes the use of “Leslie’s degree 

acceptance quality variable” created by Leslie (2003). O’Leary and Sloane (2005) use this 

variable and then apply the Oaxaca-Blinder decomposition framework (Blinder, 1973; 

Oaxaca, 1973). In another attempt to correct for the ability bias, Chevalier (2012) uses a 

Heckman’s two-step procedure (Heckman, 1979; Lee, 1983), correcting for selection into 

occupation and selection into degree type. 

This study investigates the returns to post-secondary STEM education in a developing 

country context in which labor market opportunities for science and technology graduates 

may be limited. To correct for the ability bias due to self-selection into STEM fields of study, 

we use an instrumental variables approach. This approach was chosen based upon the fact 

that the Thai Labor Force Survey used for estimation is a repeated cross-sectional dataset and 

has limited household information that could be used to model the degree selection process. 

This paper also estimates returns to STEM education separately for males and females to 

capture possible gendered differences.  
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Chapter 4: Methodology and Data 
 

4.1. Methodology 

 

We first use a standard Mincerian ordinary least square (OLS) regression approach to 

analyze the impact of level of education on wages:  

iiii xSw   10ln
 

where ln wi is natural logarithm of the real monthly wages, Si is the level of completed 

schooling, and εi is an error term. We control for the other factors by including vector ix , 

which is a set of explanatory variables, including age, age squared, gender, residence 

(urban/rural), marital status (married/non-married), region (Bangkok, Central, North, 

Northeast, South), public sector employment, and survey year (2007-2009). We then augment 

the basic Mincer equation to take into consideration the type of post-secondary degree 

earned. 

iiiii xSSTEMw   210ln
 

The independent variable of interest is a dummy variable, STEMi, which equals 1 if the 

individual studied a STEM subject at the post-secondary level.2 Thus, 1  is the estimated 

return to post-secondary STEM education.  

Chevalier (2012) suggests that the occupation, not the STEM qualification itself, is an 

important determinant of wages. We further test for a wage premium for STEM jobs by 

                                                             

2 ISCED codes 42, 44, 46, 48, 52, and 58 are considered STEM. 
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adding another dummy variable, Ji, which equals 1 if the individual has a STEM job at the 

time of the survey. Thus, 
2  is the estimated return to STEM occupations. 

iiiiii xSJSTEMw   3210ln
 

In order to test for an extra premium for STEM degree holders working in a STEM 

occupation, we include an interaction term, )*( ii JS .  

iiiiiiii xSJSTEMJSTEMw   43210 )*(ln
 

Thus, 3  is the estimated additional return to matching a STEM degree and with a STEM 

occupation in the labor market. 

One of the problems with estimating the returns to schooling using a Mincerian wage 

regression is that the schooling variable is correlated with unobservables in the error term 

causing an upward “ability bias” in the estimation (Card, 1999). However, in our case the 

sample only includes post-secondary graduates. Since our sample is rather homogenous in the 

schooling variable, we are not overly concerned about the endogeneity of the schooling level 

decision.  

We are, however, concerned that choosing a STEM degree is correlated with 

unobserved ability. Leslie (2003) finds that high ability people tend to choose to study STEM 

subjects, which could lead to an upward bias of the coefficient on STEM degree in the 

estimation. Because Thailand is a developing country with somewhat limited career prospects 

in STEM fields, it is not clear that higher ability individuals would necessarily choose to 

pursue STEM degrees over other high-paying fields such as finance or law. In order to solve 

any potential problem of an ability bias, we apply an instrumental variables (IV) approach to 

account for unobserved ability. The instrument must be correlated with the decision to pursue 
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a STEM degree and uncorrelated with the error term. We adopt three instrumental variables 

for the estimation: 

 presence of large research university in province of residence; 

 proportion of the labor force working in a STEM occupation by age and sex; and  

 proportion of the labor force who hold STEM degrees by age and sex. 

The first instrument captures geographical proximity of the individual to large research 

universities, which are centers for post-secondary science and technology education. The idea 

is that an individual is more likely to pursue post-secondary STEM education if they live near 

an institution that provides STEM education. Using geographical proximity to educational 

institutions to instrument for schooling decisions has been used successfully by Conneely and 

Uusitalo (1997) and, specifically for the Thai case, Warunsiri and McNown (2010).  

The second instrumental variable captures labor market conditions for STEM 

graduates taking into account age and gender. The state of the STEM labor market when men 

and women enter post-secondary education could influence a student’s decision to pursue a 

STEM degree. For example, a 50 year-old woman would have faced very different STEM job 

opportunities when she entered post-secondary schooling than a 25-year-old man today. The 

variable is constructed as the proportion of workers working in STEM fields by age and by 

gender. Similarly, the third instrument is the proportion of men and women pursing STEM 

degrees by age. This variable in part captures the social acceptance of pursuing STEM 

degrees by gender. The assumption is that the higher the proportion of students pursuing 

STEM degrees at the time the worker entered post-secondary education, the more likely they 

would have chosen to pursue a STEM degree.  

We use two stage least squares (2SLS) to estimate the returns to STEM education. 

The first stage is as follows: 
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iiiiiiii xSJIVIVIVSTEM   543210 321
 

Using the coefficients from the first stage, we then generate the predicted values for the 

STEM degree variable for each individual. The original wage equation is then estimated 

using the predicted values for STEM education. 

iiiiii uxSJTEMSw   3210
ˆln

 

Assuming the instruments are valid, the coefficient, 1 , should be an unbiased estimate of 

the returns to STEM education in Thailand. 

4.2. Data 
 

The wage returns to STEM education are estimated using individual level data from 

Thailand’s National Labor Force Survey (LFS). The LFS is a quarterly survey conducted by 

the National Statistical Office of Thailand (NSO), Statistical Forecasting Bureau, Thailand. 

We utilize the 3rd quarter rounds of the survey (July-September) covering the years 2007 to 

2009. The 3rd quarter round of the LFS is considered the “full employment” round of the 

survey. Susangkornkarn and Chalamwong (1996) suggest that this round is most likely to 

capture full employment due to seasonal agricultural work migration. This is not a large 

concern with our data since it is restricted to workers who complete post-secondary 

education. The authors plan to expand the sample to cover additional quarters and years in the 

future. The sample used for estimation includes individual full-time workers (work more than 

30 hours a week) who were 16 to 59 years of age at the time of the survey. We use surveys 

starting in 2007 since this is the first year that the survey includes workers’ fields of post-

secondary study.  
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Workers’ occupations are coded in the LFS according to the International Standard 

Classification of Occupations 1988 (ISCO-88) codes. We use the Occupational Information 

Network’s (ONET) STEM classifications to classify each occupation as STEM or non-

STEM.3 Using the Standard Occupational Classification (SOC) used in ONET and the United 

States Bureau of Labor Statistics’ crosswalk with ISCO-08 (2008 update to ISCO-88), we 

coded all of the ISCO-08 occupation codes as STEM or non-STEM occupations. Using the 

ISCO-08 crosswalk with ISCO-88, we then assigned each individual in the dataset as having 

a STEM job or a non-STEM job. Most of the job classifications are clearly STEM or non-

STEM, but some of the ISCO codes are not as detailed as the SOC codes. For example, 

ISCO-88 does not specify the teaching fields for “university and higher education teachers” 

(code 2310). For this analysis, we have assumed university and higher education teachers are 

STEM workers if they previously pursued a STEM degree.  

 

The summary statistics for the sample can be found in table 1. 

[Table 1] 

 

The dataset contains 43,611 observations on fulltime workers who earn on average 

16,357 baht per month.4 Approximately 70 percent of workers are bachelor degree graduates, 

20 percent are upper vocational graduates, and 10 percent completed a master’s or doctoral 

degree. Of these workers, 19 percent earned STEM degrees. However, only 9 percent of the 

sample works in STEM occupations and only 29 percent of STEM graduates have STEM 

jobs. Figure 4 illustrates the degree to which STEM graduates match with STEM jobs in the 

sample from the 2007-2009 Thai Labor Force Survey. 

                                                             

3 http://www.onetonline.org/. 
4 The analysis does not include own-account workers since no income information is recorded for this group. 
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Figure 4: Matching between STEM degree and STEM jobs 

 
Source: Authors’ calculations from the LFS, 2007-2009 

 

The figure indicates that there is significant mismatch between science degree holders and 

jobs in STEM, but better matching among engineering and architecture graduates. If we 

assume that postsecondary students gain some specific human capital in their degree fields of 

study (i.e. laboratory skills for chemistry students), the inability to match with jobs 

commensurate with their acquired skills can have a negative impact on the returns to their 

degree. The results of the returns to STEM education are presented in the next section. 
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Chapter 5: Results 
 

 

5.1. Returns to STEM Degrees – OLS Pooled Sample  

 

The regression results for the pooled sample are reported in table 2. 

 

[Table 2] 

 

OLS regression 1 is the baseline Mincer estimation, which indicates that bachelor degree 

holders earn on average 34 percent more and masters/doctoral graduates earn 66 percent 

more than upper vocational graduates. Regression 2 adds the indicator variable that equals 1 

if the worker earned a STEM degree. As expected, the returns to a STEM degree are higher 

than for a non-STEM degree, with a magnitude of 10 percent. 

 Previous work by Chevalier (2012) finds that working in a STEM field—not the 

STEM degree itself—can explain the higher wage returns. After controlling for occupation, 

our findings in regression 3 are consistent with Chevalier (2012). On average the wage 

returns to workers in STEM occupation is large (18 percent) relative to workers in non-

STEM occupation. The wage returns to the STEM degree itself falls to 6 percent when we 

control for STEM occupation.  

The summary statistics indicate that only 31 percent of STEM graduates enter STEM 

occupations. Thus, it is of interest to know whether STEM graduates who match with STEM 

occupations reap additional benefits from matching in the labor market. Column 4 reports the 

results for the regression that includes an interaction term between STEM degree and STEM 

occupation in order to capture any additional wage returns for these workers. The coefficient 
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on the interaction term is 0.21, which means that STEM degree holders who match with 

STEM occupations can expect a large additional bump in wages. The overall premium for 

STEM degree holders working in STEM jobs is substantial at 30 percent relative to a non-

STEM degree holder in a non-STEM occupation.  

5.2. Returns to STEM Degrees – IV Estimation 

 

 As mentioned above, there is concern that the coefficients on the STEM degree 

variable are biased upwards since individuals who select into STEM subjects tend to be of 

higher ability (Leslie, 2003). Thus, we perform IV regressions using proximity to a large 

research university, proportion of labor force working in STEM jobs by age and gender, and 

proportion of degree holders with STEM qualifications by age and gender as instruments for 

the STEM degree variable. The results are reported in table 3. The first stage results (reported 

in appendix table 1) show that the instruments are correlated with the decision to pursue a 

STEM degree and that the instruments pass the overidentification tests. The second stage 

results reported in column 5 in table 1 indicate that the coefficient estimate for the STEM 

degree is larger than the analogous OLS regression reported in column 3. Although we 

expected an upward bias on the OLS STEM coefficient, the IV estimate is significantly larger 

at 17 percent compared to the OLS estimate of 8 percent.  

A possible explanation of the surprising result from the IV regression is that it is 

possible that STEM fields do not attract higher ability students in Thailand. The main 

concern in this paper Thailand’s membership in the “middle income trap” and whether the 

country can attract competent human resources to STEM fields in order to drive future 

innovations in the economy. If high ability individuals choose degree fields based on 

expected labor market returns and compatibility with unobservable innate ability, it would be 

no surprise to see high ability Thais choose degree fields such as business, finance, and law. 
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In fact, estimates from the LFS indicate that social science, business, and law graduates earn 

on average 15,190 baht per month compared to 12,538 baht per month in the sciences and 

14,467 per month in engineering, construction, and architecture. Thus, it is possible that OLS 

estimates on STEM degree are biased downwards rather than upwards due to labor market 

prospects in other degree fields. The IV results suggest that this is the case are consistent with 

the downward bias found on the OLS returns to education estimates for Thailand in 

Warunsiri and McNown (2010).  

Ideally, we would like to include the interaction term between STEM degree and 

STEM job in the IV estimation. However, since the interaction term includes the endogenous 

STEM degree indicator, this presents a problem for estimation via IV methods. To solve this, 

the IV regressions are run separately for the sample working in non-STEM occupations and 

the sample working in STEM occupations. It might be worrisome that there are not enough 

individuals who mismatch between degree and occupation. However, because of a low 

degree of matching between STEM degrees and STEM jobs in the Thai labor market, it turns 

out that there are enough mismatched individuals to gain valid estimates. A cross-tabulation 

of STEM/non-STEM degree holders and STEM/non-STEM jobs can be seen in table 3. 

  

[Table 3]    

 

The OLS and IV regression results for the sample stratified by STEM occupation are 

displayed in table 4. 

 

[Table 4] 
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The first two columns of table 4 give the results for the OLS and IV regressions for the 

sample engaged in non-STEM occupations. The OLS result indicates that the returns to a 

STEM degree outside of a STEM occupation are quite modest at 3 percent. The IV estimate, 

however, is much higher at 15 percent. This situation, where the OLS estimate is biased 

downwards, is consistent with the story that STEM graduates in Thailand are finding high 

returns in non-STEM occupations. It is likely that skills learned via STEM education are 

translatable to other occupational fields. 

 The IV results for the sample working in STEM occupations are different. In this 

case, the OLS estimates indicate that there is a large return to matching a STEM degree in a 

STEM occupation of about 17 percent. However, once the STEM degree is instrumented, the 

return to a STEM degree in a STEM occupation is no different from zero. This result is 

consistent with an unobserved ability bias on the choice of selecting into STEM degrees, 

which has been found in other studies (i.e. Leslie, 2003). In this case, it seems that the STEM 

occupation determines the labor market returns, not the STEM degree per se.   

5.3. Returns to STEM Degrees by Gender 

  

Men and women are differently represented in both STEM education and occupations 

in Thailand. These differences in postsecondary degrees are illustrated in figures 5 below. 

Around 35 percent of men in the sample earned a STEM degree (science degrees and 

engineering, manufacturing, and construction degrees) while only 8 percent of the women 

earned STEM degrees.  While men are more likely to pursue STEM degrees, women are 

more likely to pursue education, social sciences, and health and social services. One of the 

most striking differences is the disparity between the participation of men and women in 

engineering education. A total of 29 percent of men with postsecondary degrees pursued 

engineering while only 1 percent of women pursued the same types of degrees. 
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Figure 5: Distribution of Postsecondary Degrees (Broad Categories) by Gender 

 

 

Source: Authors’ calculations from the LFS, 2007-2009 
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There are also gendered differences between men in women in terms of matching 

between STEM degrees and STEM jobs. On average, men are more likely to be employed in 

STEM occupations after earning postsecondary STEM degrees than women. Overall, 33 

percent of male STEM degree holders matched with STEM occupations. In contrast, only 17 

percent of female STEM degree holders work in STEM occupations. The matching between 

degree and STEM occupations varies across both gender and degree field and is depicted in 

figure 6 below. 

 

Figure 6: STEM Occupation Matching by Gender 

 

Source: Authors’ calculations from the LFS, 2007-2009 

There are two main conclusions that one can draw from figure 6. First, both men and women 

with degrees in engineering and architecture (ISCED broad category 5) are more likely to 

match with STEM occupations than those who obtain degrees in the sciences (ISCED 

category 4). Second, men are more likely to match with STEM occupations after obtaining 

degrees in every STEM category, with the exception of engineering. 
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It is clear that men and women who hold STEM degrees have different labor market 

outcomes, which can lead to differences in wage returns from STEM education. For this 

reason, we run the interacted version of the OLS regression separately for men and women. 

The results are reported in table 5. 

 

[Table 5] 

 

 The results confirm that men and women have different returns to STEM education 

and jobs. For men, a STEM degree holder can expect to earn on average 3 percent more than 

a non-STEM degree holder. Men also earn a moderate premium for working in a STEM 

occupation of 9 percent and a large return to matching in the market of 17 percent. The 

overall wage premium for male STEM degree holders working in STEM jobs is 29 percent. 

 Interestingly, the wage returns to a female STEM degree holder who is not working in 

a STEM job is negative 3 percent. The premium from working in a STEM occupation is only 

3 percent, while the return to matching a STEM degree with a STEM job in the labor market 

is a significant 28 percent. The results indicate that women only receive wage premiums from 

STEM degrees if they match with a STEM occupations. However, as we saw above, the 

matching rate between STEM degrees and STEM occupations is only about 17 percent, 

making matching in the labor market a rather somewhat low probability event for women. It 

has to be noted, however, that the results need to be interpreted with caution since these OLS 

estimates may be biased. The researchers plan to address this issue in the future. 
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Chapter 6: Conclusions 
 

Recently there have been calls by the Thai Government to expand STEM education in 

order to strengthen R&D activities and help Thailand move out of the middle income trap. 

This paper takes a different view of the problem. It is clear from the Labor Force Survey that 

most Thai STEM graduates do not pursue STEM occupations. We propose that Thailand is 

not facing a problem of too little supply of STEM education. Rather we propose that STEM 

labor market conditions could be influencing whether individuals pursue STEM 

qualifications at the post-secondary level.  

 The OLS and IV results for workers in non-STEM occupations suggest that the OLS 

estimates are biased downwards and that STEM graduates are reaping large returns to their 

degrees in the non-STEM labor market. On the other hand, the OLS and IV estimates for the 

sample engaged in STEM occupations suggest that there is an upward bias on the STEM 

degree coefficient. The IV results indicate that it is the STEM job that determines the wage, 

not the degree earned. In fact, the coefficient on the STEM degree is no difference from zero 

within STEM occupations.  

The results for men and women are strikingly different. Men receive modest returns to 

STEM degrees and STEM occupations and significant additional returns for matching a 

STEM degree with a STEM occupation. The total return for a man who matches a STEM 

degree to STEM job is 29 percent compared to a non-STEM degree holder working in a non-

STEM occupation. Women, on the other hand, have a negative return to the STEM degree 

itself. On average, women only see benefits to earning a STEM degree if they also work in a 

STEM occupation, with an overall return of 28 percent compared to female non-STEM 
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degree holders in non-STEM occupations. The results for the analysis stratified by gender 

need to be interpreted with caution since the estimates are not corrected for endogeneity. 

The results for women indicate a possible negative return to STEM degrees if they do 

not match with a STEM job in the market. These facts bring up a dilemma when choosing a 

post-secondary degree field. The summary statistics indicate that only 29 percent of STEM 

graduates work in STEM fields. Thus, the probability of working in a non-STEM field after 

pursuing a STEM degree is high. Women in particular are very unlikely to pursue and/or to 

find STEM jobs (we cannot tell which is true from the data) even with a STEM degree. In 

fact, only 17 percent of female STEM degree holders in the sample matched with a STEM 

job. Thus, the probability of facing a wage penalty relative to non-STEM degree holders is 

high. We are not addressing the barriers to entry into male-dominated professions such as 

engineering here in this paper, but we are suggesting that the negative returns to STEM 

education for Thai women may be an additional barrier that would further dissuade highly 

able women from pursuing STEM education, entering STEM occupations, and contributing 

to Thailand’s innovative activities.  

This paper raises further questions regarding Thailand’s STEM worker puzzle. On the 

one hand, previous labor market analysis shows that there is a growing shortage of STEM 

workers (TDRI, 2012). Our paper suggests that there is not a shortage of STEM degree 

holders to fill these positions. In fact, only 29 percent of workers with STEM degrees work in 

STEM occupations. The IV regressions suggest that compared to non-STEM degrees, there 

are significant returns to STEM degrees in non-STEM occupations and no differential returns 

to STEM degrees in STEM occupations. Thus, the labor market reality is that there are 

relatively high wage returns in non-STEM occupations for STEM degree holders, which may 

be a critical reason why we see a lack of matching. Furthermore, it is likely that the high 
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ability STEM degree holders are being attracted to non-STEM jobs, thus further stunting 

Thailand’s ability to innovate.  

Our results show that Thailand’s situation is consistent with the survey of Gill and 

Kharas (2015). This study indicates that the labor market for skilled workers in most middle 

income countries are small, thus the government needs to be the one who takes serious action 

on closing the gap between the institutions and labor market. If the government fails to do so, 

these countries will be trapped in a situation of significant mismatch in the labor market for 

skilled workers for many years to come. Singapore could be the good example of a country 

that is heavily investing in vocational education and controlling the number of students at the 

university level. The government also provides training programs for students. These policies 

are effective in increasing matching between degree attainment and jobs available in the 

market. 
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Table 1: Summary Statistics 

Variable Obs Mean Std. Dev.

Real Monthly Income (baht; 2005 base year) 43611 16356.810 17133.680

STEM Degree Indicator 43611 0.189 0.391

STEM Job Indicator 43611 0.088 0.284

STEM Degree*STEM Job Indicator 43611 0.052 0.223

Upper Vocational Degree Indicator 43611 0.201 0.401

BA Degree Indicator 43611 0.701 0.458

MA/PhD Degree Indicator 43611 0.098 0.297

Age 43611 37.829 10.028

Age 2̂ 43611 1531.623 790.779

Female Indicator 43611 0.571 0.495

Urban Indicator 43611 0.526 0.499

Married Indicator 43611 0.615 0.487

Public Employee Indicator 43611 0.615 0.486

Bangkok Region 43611 0.113 0.317

Central Region 43611 0.325 0.468

Northern Region 43611 0.185 0.388

Northeastern Region 43611 0.223 0.416

Southern Region 43611 0.154 0.361

IV Variables

Lives in province with research university 43611 0.1646603 0.3708779

Proportion STEM degree by age and gender cell 43611 0.1888514 0.1775978

Proportion STEM occupation by age and gender cell 43611 0.0883951 0.0686683  
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Table 2: Returns to STEM Education (Pooled OLS) 
 

OLS OLS OLS OLS

(1) (2) (3) (4)

VARIABLES

STEM Degree Indicator 0.10*** 0.06*** 0.02***

(0.006) (0.006) (0.007)

STEM Job Indicator 0.18*** 0.07***

(0.008) (0.011)

STEM Degree in STEM Job Indicator 0.21***

(0.015)

BA Degree Indicator 0.34*** 0.37*** 0.36*** 0.36***

(0.006) (0.006) (0.006) (0.006)

MA/PhD Degree Indicator 0.66*** 0.69*** 0.68*** 0.67***

(0.009) (0.009) (0.009) (0.009)

Age 0.03*** 0.03*** 0.03*** 0.03***

(0.002) (0.002) (0.002) (0.002)

Age 2̂ 0.00*** 0.00*** 0.00*** 0.00***

(0.000) (0.000) (0.000) (0.000)

Female Indicator -0.09*** -0.06*** -0.05*** -0.05***

(0.004) (0.005) (0.005) (0.005)

Urban Indicator 0.04*** 0.04*** 0.04*** 0.04***

(0.007) (0.007) (0.007) (0.007)

Married Indicator 0.06*** 0.06*** 0.06*** 0.06***

(0.005) (0.005) (0.005) (0.005)

Public Employee Indicator 0.05*** 0.05*** 0.05*** 0.05***

(0.005) (0.005) (0.005) (0.005)

Central Region -0.27*** -0.27*** -0.27*** -0.26***

(0.007) (0.007) (0.007) (0.007)

Northern Region -0.41*** -0.40*** -0.40*** -0.39***

(0.008) (0.008) (0.008) (0.008)

Northeastern Region -0.40*** -0.39*** -0.39*** -0.38***

(0.008) (0.008) (0.008) (0.008)

Southern Region -0.40*** -0.39*** -0.39*** -0.38***

(0.009) (0.009) (0.009) (0.008)

Year 2008 0.00 0.00 0.00 0.00

(0.007) (0.007) (0.007) (0.007)

Year 2009 -0.03*** -0.03*** -0.03*** -0.03***

(0.005) (0.005) (0.005) (0.005)

Constant 8.14*** 8.04*** 8.06*** 8.08***

(0.035) (0.036) (0.035) (0.035)

Observations 43,611 43,611 43,611 43,611

R-squared 0.56 0.57 0.57 0.57

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Dependent Variable: Real Log Monthly Wages
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Table 3: Cross Tabulation of STEM Degree and STEM Occupation Observations 

 

Non-STEM Job STEM Job Total

Non-STEM Degree 33,936 1,439 35,375

Stem Degree 5,820 2,416 8,236

Total 39,756 3,855 43,611  
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Table 4: Returns to STEM Education (IV Regressions) 

OLS IV OLS IV

(1) (2) (3) (4)

VARIABLES

STEM Degree Indicator 0.03*** 0.15*** 0.17*** -0.01

(0.007) (0.041) (0.015) (0.245)

BA Degree Indicator 0.35*** 0.39*** 0.38*** 0.34***

(0.006) (0.014) (0.016) (0.052)

MA/PhD Degree Indicator 0.67*** 0.70*** 0.70*** 0.68***

(0.009) (0.017) (0.027) (0.038)

Age 0.03*** 0.03*** 0.04*** 0.04***

(0.002) (0.002) (0.006) (0.007)

Age 2̂ 0.00*** 0.00*** -0.00 -0.00

(0.000) (0.000) (0.000) (0.000)

Female Indicator -0.05*** -0.03*** -0.15*** -0.21**

(0.005) (0.009) (0.018) (0.085)

Urban Indicator 0.04*** 0.04*** 0.02 0.02

(0.007) (0.007) (0.021) (0.023)

Married Indicator 0.06*** 0.06*** 0.02 0.02

(0.005) (0.005) (0.017) (0.017)

Public Employee Indicator 0.08*** 0.08*** -0.19*** -0.18***

(0.005) (0.007) (0.017) (0.018)

Central Region -0.27*** -0.28*** -0.23*** -0.26***

(0.008) (0.010) (0.021) (0.042)

Northern Region -0.40*** -0.40*** -0.39*** -0.43***

(0.009) (0.010) (0.027) (0.057)

Northeastern Region -0.39*** -0.39*** -0.40*** -0.44***

(0.009) (0.010) (0.027) (0.061)

Southern Region -0.39*** -0.39*** -0.35*** -0.39***

(0.009) (0.010) (0.029) (0.059)

Year 2008 0.00 0.00 0.00 0.01

(0.008) (0.008) (0.024) (0.028)

Year 2009 -0.03*** -0.03*** -0.03 -0.02

(0.005) (0.005) (0.017) (0.019)

Constant 8.10*** 7.98*** 7.99*** 8.21***

(0.037) (0.056) (0.121) (0.325)

Observations 39,756 39,756 3,855 3,855

R-squared 0.58 0.58 0.55 0.54

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Dependent Variable: Real Log Monthly Wages

Non-STEM Occupations STEM Occupations
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Table 5: OLS Results – Returns to STEM Education by Gender 

Men Women

(1) (2)

VARIABLES

STEM Degree Indicator 0.03*** -0.03***

(0.010) (0.011)

STEM Job Indicator 0.09*** 0.03*

(0.015) (0.017)

STEM Degree in STEM Job Indicator 0.17*** 0.28***

(0.019) (0.032)

BA Degree Indicator 0.36*** 0.37***

(0.009) (0.008)

MA/PhD Degree Indicator 0.68*** 0.69***

(0.013) (0.012)

Age 0.04*** 0.02***

(0.003) (0.002)

Age 2̂ 0.00 0.00***

(0.000) (0.000)

Urban Indicator 0.03** 0.04***

(0.010) (0.009)

Married Indicator 0.07*** 0.06***

(0.008) (0.006)

Public Employee Indicator -0.03*** 0.11***

(0.008) (0.006)

Central Region -0.25*** -0.28***

(0.012) (0.010)

Northern Region -0.40*** -0.39***

(0.013) (0.011)

Northeastern Region -0.40*** -0.37***

(0.013) (0.011)

Southern Region -0.39*** -0.38***

(0.014) (0.011)

Year 2008 -0.02 0.02

(0.011) (0.010)

Year 2009 -0.04*** -0.02***

(0.008) (0.007)

Constant 7.93*** 8.18***

(0.057) (0.045)

Observations 18,713 24,898

R-squared 0.58 0.57

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Dependent Variable: Real Log Monthly Wages
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Annex Table 1: First Stage IV Regression and Test of Overidentification Restrictions 

Pooled Sample Non-STEM Occupation STEM Occupation

(1) (2) (3)

VARIABLES

STEM Job Indicator 0.35***

(0.008)

BA Degree Indicator -0.27*** -0.28*** -0.21***

(0.005) (0.006) (0.015)

MA/PhD Degree Indicator -0.27*** -0.28*** -0.10***

(0.007) (0.007) (0.030)

Age 0.00 0.00 0.00

(0.002) (0.002) (0.010)

Age 2̂ -0.00 -0.00 -0.00

(0.000) (0.000) (0.000)

Female Indicator 0.01 0.01 -0.20***

(0.009) (0.010) (0.054)

Urban Indicator 0.00 -0.00 0.02

(0.005) (0.005) (0.022)

Married Indicator 0.01 0.01* 0.00

(0.003) (0.003) (0.017)

Public Employee Indicator -0.03*** -0.04*** 0.02

(0.004) (0.004) (0.018)

Central Region 0.02*** 0.04*** -0.06

(0.009) (0.009) (0.039)

Northern Region -0.01 0.00 -0.13***

(0.009) (0.009) (0.039)

Northeastern Region -0.01 0.01 -0.15***

(0.009) (0.009) (0.036)

Southern Region -0.02** -0.00 -0.13***

(0.009) (0.009) (0.041)

Year 2008 -0.00 -0.01 0.05**

(0.006) (0.005) (0.024)

Year 2009 -0.01** -0.01*** 0.02

(0.004) (0.004) (0.018)

large_uni 0.02** 0.01 0.09***

(0.007) (0.007) (0.032)

stem_occ_environment -0.17* -0.27*** 0.18

(0.092) (0.097) (0.308)

stem_deg_environment 0.80*** 0.83*** 0.36**

(0.030) (0.032) (0.141)

Constant 0.19*** 0.19*** 0.73***

(0.037) (0.037) (0.220)

Observations 43,611 39,756 3,855

R-squared 0.35 0.29 0.17

Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Test of Overidentifying Restrictions Score chi2(2)=2.74281 Score chi2(2)=3.52 Score chi2(2)=3.80

(p = 0.2538) (p=0.1717) (p=0.1492)

Dependent Variable: STEM Degree
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1. Introduction 
 

Scientific innovation is recognized as an important factor for increasing a country’s 

competiveness and long-run economic growth. Freeman (2006) argues that the United States’ 

comparative advantage in the global economy can be attributed to its leading role in 

advancing science and technology. It follows that science, technology, engineering, and 

mathematics (STEM) education is considered to be the foundation for encouraging 

innovation, leading to long-run economic growth (Atkinson and Mayo, 2010). Along these 

lines, Peri, Shih, and Sparber (2015) state that STEM workers are “fundamental inputs for 

innovations, the main drivers of the productivity growth” (2015, p.225). Winters (2013) finds 

that in the US, STEM graduates create large positive externalities in the economy compared 

to graduates with other degrees.   

Many developing economies have achieved high rates of economic growth through 

developing low- and medium-technology manufacturing. Although several of these countries 

are no longer considered low-income, they often find it difficult to develop more 

technologically advanced industries and services and thus get stuck in what is termed the 

“middle income trap”. Thailand is no exception. Thailand experienced rapid economic 

growth in the 1980s and early 1990s, however, this growth was not enough to move the 

economy into the high-income country category with Japan, Hong Kong SAR, Singapore, 

and South Korea (Jimenez et al., 2012). 

It is recognized that scientific and technological innovation is a factor that can move a 

country beyond its middle income status. Kharas and Kohli (2011) clearly state that the 

solution for middle-income countries to escape from this trap is to increase growth in the 

capital- and skill-intensive manufacturing sectors and growth of a high-productivity service 
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industry. However, highly trained human resources in STEM disciplines—fields of study 

often associated with technological innovation—are often scarce in developing economies. 

One reason for this deficit is that investment in STEM higher education is particularly 

expensive compared to other fields of study (Nelson, 2008). As a result, some studies, e.g. 

Denning and Turley (2013) and Sjoquist and Winters (2015), look at the roles of various 

tuition fee and financial assistance policies and find that these policies can affect the decision 

to choose a particular field of study. 

The lack of qualified STEM workers is frequently attributed to an insufficient supply 

of STEM education and training. In Thailand, for example, it is estimated that between 2013 

and 2017 the demand for STEM workers will reach 50,789 for vocational and 25,873 for 

master’s degree STEM graduates. Yet, it is estimated that there will only be 30,435 

vocational and 9,743 master’s degree level STEM graduates supplied to the labor market over 

the same period (TDRI, 2012). Furthermore, in particular industries, such as the electronics 

and automotive industries, there is a forecast of a shortage of skilled workers, especially those 

who graduate at the post-secondary level (OIE, 2015).  

In order to resolve this problem, the Institute for the Promotion of Teaching Science 

and Technology (IPST) developed Thailand's 5-Year STEM Master Plan (2015-2019) in 

order to raise the public perception of STEM education, as well as to create a fundamental 

foundation for developing STEM skills for the future Thai labor force. The program aims to 

increase the number of STEM students and teachers in the high school and vocational 

institutions (ATPAC, 2015).  

While there are calls for more post-secondary STEM education to fill STEM job 

vacancies in Thailand, it is unclear whether the value of STEM degrees in the labor market is 

adequate to entice students—especially high ability students—to pursue STEM education and 
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careers. If the private returns to post-secondary STEM education in the labor market of a 

developing economy are poor, this may influence students to pursue different non-STEM 

degrees, thus further exacerbating the scarcity of STEM degree holders. 

This study attempts to assess to what extent post-secondary STEM graduates match 

with STEM occupations and estimates the private returns to STEM education in the Thai 

labor market by utilizing the data from 2007-2009 Thai Labor Force Surveys. More 

specifically, this study investigates the wage premium/penalty for individuals who pursue 

post-secondary STEM degrees and/or STEM occupations in Thailand. To our knowledge, our 

study is the first study attempting to estimate both the return to STEM education and to 

STEM occupations in Thailand.  

There is no consensus on whether there is a wage premium or a wage penalty for 

STEM graduates from the previous studies. For example, O’Leary and Sloane (2005), 

Sjoquist and Winters (2015), Walker and Zhu (2010), and Freeman (2006) find mixed 

evidence on the returns to STEM degrees. Furthermore, previous studies by Blundell et al. 

(2000), Chevalier and Walker (2001), and Blackaby, Murphy, and O’Leary (1999) show that 

men and women have different returns to education in industrialized economies. Thus, we 

further analyze the returns to STEM education by gender.  

The report is organized as follows. Chapter 2 provides background on Thailand’s 

economic development and current STEM labor market situation. Chapter 3 reviews relevant 

literature concerning STEM education and economic development. Chapter 4 introduce the 

methodology and data used to evaluate matching in the labor market and estimate the private 

returns to STEM education. Chapter 5 provides results and Chapter 6 concludes. 
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2. Background 

 

Thailand has enjoyed rapid economic growth over the past four decades similar to 

other Asian countries. The main driver of growth has been the development of the 

manufacturing sector. Following the development patterns of other industrializing countries, 

Thailand first developed labor-intensive industries such as textiles and food processing. Since 

the 1990s, Thailand has actively developed more capital-intensive manufacturing, including 

electronics and automobile assembly, which has increased demand for labor with technical 

training and skills. As a whole, the manufacturing share of Thailand’s GDP has increased 

from 25 to 31 per cent between 1990 and 2010.1 

Despite its rapid economic development in recent years, Thailand’s growth in 

manufacturing has stalled. Jitsuchon (2012, p.13) argues that “Thailand is indeed in a 

middle-income trap” due to its lack of research and development (R&D) activities. The lack 

of innovation due to the absence of R&D activities acts as a barrier to escaping the middle 

income trap. The World Bank Institute (2006) revealed that Thailand receives low score in 

the innovation composite index, which can indicate the low level of innovation in the 

country. The sources of this weakness are from a low level of total expenditure for R&D as a 

percentage of GDP, a small number of researchers in R&D, and a low number of scientific 

and technical journal articles produced in the country.  

A recent Science Report of the United Nations Educational, Scientific, and Cultural 

Organization (UNESCO, 2010) shows that the average Gross Domestic Expenditure on R&D 

(GERD) as a percentage of Gross Domestic Production (GDP) [GERD/GDP] for countries in 

Asia is around 1.6 percent. However, GERD/GDP of Thailand is only 0.21 percent. 

                                                             

1 Calculated from the National Income of Thailand 2011 report (tables 3) compiled by the National Economic 

and Social Development Board (NESDB), accessed from http://www.nesdb.go.th/Default.aspx?tabid=94. 
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Furthermore, the competitiveness level survey conducted by the International Institute for 

Management Development (IMD, 2014) indicates that despite the ratio and the value of total 

expenditure on R&D to GDP in Thailand increased from 1,340 to 1,856 million USD, the 

GERD/GDP of Thailand is still 10 times lower than Korea, and 6-7 times lower than Taiwan 

and Singapore.  

A shortage of STEM-qualified workers is cited as one reason for Thailand’s lack of 

innovation activities. Jitsuchon et al. (2011) indicate that Thailand needs to increase the 

number of researchers and technician, which would increase the level of the R&D 

expenditures as a percentage of GDP. Based on the World Competitiveness Yearbook 2012, 

the ratio of fulltime workers in the R&D sector in Thailand is around 0.95 people per 1,000 

people. As a point of comparison, Singapore employs 7.29 people per 1,000 people in R&D 

(IMD, 2012).  

In 2010, 32 percent of undergraduate students enrolled in Science and Technology 

(S&T) field compared to 68 percent enrolled in Social Science and Humanities (STI, 2013). 

In 2011, there was a small number of graduates in Sciences/Technology compared to those in 

Social Sciences/Humanities from Thai Institutions (Figure 1).  

The current Thai Government under Prime Minister General Prayut Chan-O-Cha has 

realized that the lack of STEM human resources and innovation are real problems for 

Thailand moving forward. Because of this, the Prime Minister endorsed a science, technology 

and innovation (STI) policy in the annual Government Policy for the year 2015, which was 

announced on 12 September 2014. Under this policy, the country targets to increase R&D 

expenditures to 1 percent of GDP as well as encourage the development of the STI workforce 

through STEM education (Durongkaveroj, 2014).   
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Figure 1: Graduates in Sciences/Technology and Social Sciences/Humanities  
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Sources: (1) Commission in Higher Education; (2) Office of the Education Council;  

(3) Vocational Education Commission; (4) Office of the Basic Education Commission 

 

 

Although the 32 percent of undergraduates study in science and technology fields at 

the post-secondary level, the STEM workforce consists of only 3 million workers from a total 

labor force of 39 million, where the STEM workforce can be defined as workers who 

graduated in natural sciences, engineering and technology, medical sciences, and agricultural 

sciences, or workers working in the STEM occupation (STI, 2013). The Science and 

Technology workforce is only 8 percent of the total labor force with highly skilled workers 

(holds bachelor’s degree or higher) working in Science and Technology make up less than 4 

percent of the total labor force. The fact that around 1.2 million of the 3 million current 

workers who have STEM qualifications but do not work in STEM occupations is puzzling 

(STI, 2013) (Figure 2 and Figure 3).  
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Figure 2: Mismatch between S&T Degree and S&T Jobs    
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Sources: National Statistical Office, Thailand; Collected by National Science Technology and 

Innovation Policy Office 

 

Figure 3: Mismatch between the Program of Study and S&T Employment 

 

 

Sources: National Statistical Office, Thailand; Collected by National Science Technology and 

Innovation Policy Office 
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3. Literature Review 
 

There is a general consensus that among highly educated workers that the returns to 

education vary according to one’s university degree field of study (Webber, 2014a, p.4). 

There are several existing studies focusing on the private returns to STEM education; 

however, most studies are in developed countries. One of the main problems with conducting 

this type of research, especially in developing economies, is the limited availability of 

datasets with appropriate variables for use in the analysis. In general, to conduct this type of 

study the dataset needs to include information on graduates’ fields of study at university, their 

occupations, and their earnings in the labor market. Recently several studies have come out in 

this area because more data that includes these particular variables are becoming more widely 

and publicly available (Webber, 2014a).  

Although it is expected that STEM graduates earn wage premiums compared to non-

STEM graduates, the empirical evidence is mixed. O’Leary and Sloane (2005) estimate the 

returns to degree studied using the UK Labour Force Survey from 1994-2001. This study 

controls for individual heterogeneity across fields studied. Their main result shows that there 

is a wage premium for STEM graduates compared to arts and humanity graduates in UK. 

This result is consistent with evidence from the US by Sjoquist and Winters (2015), which 

indicates that on average STEM graduates earn more than non-STEM graduates.  

The recent study by Webber (2014b) estimates the lifetime returns to a college 

degrees in four main fields of study, including STEM, business, social sciences, and 

art/humanities compared to a high school diploma without college degree. The results show 

that with a STEM degree, average earnings are approximately USD 1.5 million, while social 

science degree holders earn around USD 1 million and the arts/humanities graduates earn 
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around USD 700,000. The study also found that graduates who hold a biology degree earn 

the least among other STEM degree holders. Greenwood et al. (2011) shows further evidence 

that not all STEM degrees are equal in terms of labor market returns. The returns to graduates 

with engineering and technology degrees are relatively higher than the returns to graduate 

with the other STEM degrees. Furthermore, in 2012, the employment rate of graduates with 

STEM degree was around 71 percent, while the employment rate for arts/humanities 

graduates was only 54 percent.  

While the studies referenced above find a wage premium, others find no premium or 

even a wage penalty for STEM graduates. For example, Walker and Zhu (2010) find that 

there is no wage premium for science graduates. Rather, STEM graduates see a wage penalty 

relative to arts graduates, especially in the fields of economics, management, and law. 

Consistent with these results, Freeman (2006) finds that the supply of science and technology 

graduates has declined in the US as labor market conditions for science and technology 

graduates has worsened relative to other fields.    

Chevalier (2012) adds a new dimension by considering occupational choice for 

STEM graduates. The study’s results show that there is a high return for STEM graduates 

working in STEM careers, but no return to a STEM degree working outside of a science 

career. These results are consistent with Borghans and De Grip (2000), which finds that 

workers receive higher returns to education when they work in occupations related to their 

fields of study. Also, Hoekstra (2009) finds that there is a wage penalty for people working in 

occupations that do not match with their degrees.   

In addition to occupational choice of STEM graduates, there are different returns 

between genders. Evidence from OECD countries shows that some women who graduate 

with STEM degrees tend to choose to work in non-STEM occupations (OECD, 2012). The 
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recent study by Schlenker (2015) explains the employment behavior of female workers in the 

STEM labor market using data from the European Statistics on Income and Living 

Conditions. This study shows significantly different behaviors of women working in STEM 

occupations relative to other occupations. The main result is that even though women 

working in STEM with motherhood status will have more working hours, they tend to have a 

higher chance to leave the labor market compared to the others.  

Blundell et al. (2000) uses data from the National Child Development Study. Their 

results shows that male returns to education in biology, chemistry, environmental science, 

and geography are low while female returns to education in economics, accountancy, and law 

are high. Chevalier and Walker (2001) find that based on the General Household Survey data 

after the late 1980s to the early 1990s, male wage returns to education are falling for all 

subjects. Female returns to degrees in arts/humanities and the sciences are increasing, but are 

decreasing for degrees in other subjects. Blackaby, Murphy, and O’Leary (1999) estimated 

the returns to different degrees based on the Labor Force Survey from 1993-1995 and show 

that relative to men, women enjoy higher wage returns in sciences (e.g. medicine) and social 

sciences (e.g. economics, law, management), ranging from 26-47 percent.  

Econometric approaches to the estimating the returns to different college degrees face 

the problem of nonrandom selection into degree fields of study (Webber, 2014a). The main 

concern when estimating wage returns to STEM education is the existence of an ability bias, 

in particular that individuals who pursue postsecondary STEM education have higher 

unobserved ability than those who pursue non-STEM degrees. An Instrumental Variable (IV) 

approach is one of the main conventional methods to solve the problem of ability bias. A 

proper IV should be uncorrelated with the error term and have no effect on earnings other 

than through the endogenous explanatory variable. Given these conditions, it is challenging to 
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find a valid instrumental variable. Some studies e.g. Card (1995), Uusitalo (1999), Warunsiri 

and McNown (2010) use a dummy variable indicating the provinces in which universities are 

located as an instrument. The idea is that the presence of a university in a person’s locality 

increases the likelihood that an individual will pursue higher education compared to a person 

who lives in an area without local access to higher education. The location of a university 

should influence the decision to pursue higher education, but should not be correlated with 

unobserved ability, making it a potentially valid instrument.  

Similar to the choice of level of education, the choice of degree field may be 

correlated with unobserved ability. According to Leslie (2003), when students self-select into 

subjects, high ability students tend to choose fields that are perceived as difficult, including 

many STEM fields. As a result, not taking into account the problem of unobserved ability in 

the estimated regression equations will lead to an endogeneity problem. Specifically, the 

returns to STEM degrees will be biased upwards due to a correlation with unobserved ability.  

Rosenbaum and Rubin (1983), Chevalier and Colon (2003), and Bratti and Mancini 

(2003) use a different approach to overcome potential correlation between degree choice and 

unobserved ability. These studies use propensity score matching as a method to correct for 

the bias arising from the self-selection problem. A propensity score matching (PSM) 

technique will assist to reduce the effects of selection bias because “the propensity score is 

the conditional probability of assignment to a particular treatment given a vector of observed 

covariates” (Rosenbaum and Rubin, 1983, p. 41). Matching across observables between 

those who pursue STEM and those who do not pursue STEM degrees should result in an 

unbiased estimate of the impact of pursuing a STEM degree on wage returns. 

However, O’Leary and Sloane (2005) argue that both OLS and propensity score 

matching cannot solve the self-selection problem and proposes the use of “Leslie’s degree 
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acceptance quality variable” created by Leslie (2003). O’Leary and Sloane (2005) use this 

variable and then apply the Oaxaca-Blinder decomposition framework (Blinder, 1973; 

Oaxaca, 1973). In another attempt to correct for the ability bias, Chevalier (2012) uses a 

Heckman’s two-step procedure (Heckman, 1979; Lee, 1983), correcting for selection into 

occupation and selection into degree type. 

This study investigates the returns to post-secondary STEM education in a developing 

country context in which labor market opportunities for science and technology graduates 

may be limited. To correct for the ability bias due to self-selection into STEM fields of study, 

we use an instrumental variables approach. This approach was chosen based upon the fact 

that the Thai Labor Force Survey used for estimation is a repeated cross-sectional dataset and 

has limited household information that could be used to model the degree selection process. 

This paper also estimates returns to STEM education separately for males and females to 

capture possible gendered differences.  
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4. Methodology and Data 
 

4.1. Methodology 

 

We first use a standard Mincerian ordinary least square (OLS) regression approach to 

analyze the impact of level of education on wages:  

iiii xSw   10ln
 

where ln wi is natural logarithm of the real monthly wages, Si is the level of completed 

schooling, and εi is an error term. We control for the other factors by including vector ix , 

which is a set of explanatory variables, including age, age squared, gender, residence 

(urban/rural), marital status (married/non-married), region (Bangkok, Central, North, 

Northeast, South), public sector employment, and survey year (2007-2009). We then augment 

the basic Mincer equation to take into consideration the type of post-secondary degree 

earned. 

iiiii xSSTEMw   210ln
 

The independent variable of interest is a dummy variable, STEMi, which equals 1 if the 

individual studied a STEM subject at the post-secondary level.2 Thus, 1  is the estimated 

return to post-secondary STEM education.  

Chevalier (2012) suggests that the occupation, not the STEM qualification itself, is an 

important determinant of wages. We further test for a wage premium for STEM jobs by 

                                                             

2 ISCED codes 42, 44, 46, 48, 52, and 58 are considered STEM. 
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adding another dummy variable, Ji, which equals 1 if the individual has a STEM job at the 

time of the survey. Thus, 
2  is the estimated return to STEM occupations. 

iiiiii xSJSTEMw   3210ln
 

In order to test for an extra premium for STEM degree holders working in a STEM 

occupation, we include an interaction term, )*( ii JS .  

iiiiiiii xSJSTEMJSTEMw   43210 )*(ln
 

Thus, 3  is the estimated additional return to matching a STEM degree and with a STEM 

occupation in the labor market. 

One of the problems with estimating the returns to schooling using a Mincerian wage 

regression is that the schooling variable is correlated with unobservables in the error term 

causing an upward “ability bias” in the estimation (Card, 1999). However, in our case the 

sample only includes post-secondary graduates. Since our sample is rather homogenous in the 

schooling variable, we are not overly concerned about the endogeneity of the schooling level 

decision.  

We are, however, concerned that choosing a STEM degree is correlated with 

unobserved ability. Leslie (2003) finds that high ability people tend to choose to study STEM 

subjects, which could lead to an upward bias of the coefficient on STEM degree in the 

estimation. Because Thailand is a developing country with somewhat limited career prospects 

in STEM fields, it is not clear that higher ability individuals would necessarily choose to 

pursue STEM degrees over other high-paying fields such as finance or law. In order to solve 

any potential problem of an ability bias, we apply an instrumental variables (IV) approach to 

account for unobserved ability. The instrument must be correlated with the decision to pursue 
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a STEM degree and uncorrelated with the error term. We adopt three instrumental variables 

for the estimation: 

 presence of large research university in province of residence; 

 proportion of the labor force working in a STEM occupation by age and sex; and  

 proportion of the labor force who hold STEM degrees by age and sex. 

The first instrument captures geographical proximity of the individual to large research 

universities, which are centers for post-secondary science and technology education. The idea 

is that an individual is more likely to pursue post-secondary STEM education if they live near 

an institution that provides STEM education. Using geographical proximity to educational 

institutions to instrument for schooling decisions has been used successfully by Conneely and 

Uusitalo (1997) and, specifically for the Thai case, Warunsiri and McNown (2010).  

The second instrumental variable captures labor market conditions for STEM 

graduates taking into account age and gender. The state of the STEM labor market when men 

and women enter post-secondary education could influence a student’s decision to pursue a 

STEM degree. For example, a 50 year-old woman would have faced very different STEM job 

opportunities when she entered post-secondary schooling than a 25-year-old man today. The 

variable is constructed as the proportion of workers working in STEM fields by age and by 

gender. Similarly, the third instrument is the proportion of men and women pursing STEM 

degrees by age. This variable in part captures the social acceptance of pursuing STEM 

degrees by gender. The assumption is that the higher the proportion of students pursuing 

STEM degrees at the time the worker entered post-secondary education, the more likely they 

would have chosen to pursue a STEM degree.  

We use two stage least squares (2SLS) to estimate the returns to STEM education. 

The first stage is as follows: 
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iiiiiiii xSJIVIVIVSTEM   543210 321
 

Using the coefficients from the first stage, we then generate the predicted values for the 

STEM degree variable for each individual. The original wage equation is then estimated 

using the predicted values for STEM education. 

iiiiii uxSJTEMSw   3210
ˆln

 

Assuming the instruments are valid, the coefficient, 1 , should be an unbiased estimate of 

the returns to STEM education in Thailand. 

4.2. Data 
 

The wage returns to STEM education are estimated using individual level data from 

Thailand’s National Labor Force Survey (LFS). The LFS is a quarterly survey conducted by 

the National Statistical Office of Thailand (NSO), Statistical Forecasting Bureau, Thailand. 

We utilize the 3rd quarter rounds of the survey (July-September) covering the years 2007 to 

2009. The 3rd quarter round of the LFS is considered the “full employment” round of the 

survey. Susangkornkarn and Chalamwong (1996) suggest that this round is most likely to 

capture full employment due to seasonal agricultural work migration. This is not a large 

concern with our data since it is restricted to workers who complete post-secondary 

education. The authors plan to expand the sample to cover additional quarters and years in the 

future. The sample used for estimation includes individual full-time workers (work more than 

30 hours a week) who were 16 to 59 years of age at the time of the survey. We use surveys 

starting in 2007 since this is the first year that the survey includes workers’ fields of post-

secondary study.  
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Workers’ occupations are coded in the LFS according to the International Standard 

Classification of Occupations 1988 (ISCO-88) codes. We use the Occupational Information 

Network’s (ONET) STEM classifications to classify each occupation as STEM or non-

STEM.3 Using the Standard Occupational Classification (SOC) used in ONET and the United 

States Bureau of Labor Statistics’ crosswalk with ISCO-08 (2008 update to ISCO-88), we 

coded all of the ISCO-08 occupation codes as STEM or non-STEM occupations. Using the 

ISCO-08 crosswalk with ISCO-88, we then assigned each individual in the dataset as having 

a STEM job or a non-STEM job. Most of the job classifications are clearly STEM or non-

STEM, but some of the ISCO codes are not as detailed as the SOC codes. For example, 

ISCO-88 does not specify the teaching fields for “university and higher education teachers” 

(code 2310). For this analysis, we have assumed university and higher education teachers are 

STEM workers if they previously pursued a STEM degree.  

 

The summary statistics for the sample can be found in table 1. 

[Table 1] 

 

The dataset contains 43,611 observations on fulltime workers who earn on average 

16,357 baht per month.4 Approximately 70 percent of workers are bachelor degree graduates, 

20 percent are upper vocational graduates, and 10 percent completed a master’s or doctoral 

degree. Of these workers, 19 percent earned STEM degrees. However, only 9 percent of the 

sample works in STEM occupations and only 29 percent of STEM graduates have STEM 

jobs. Figure 4 illustrates the degree to which STEM graduates match with STEM jobs in the 

sample from the 2007-2009 Thai Labor Force Survey. 

                                                             

3 http://www.onetonline.org/. 
4 The analysis does not include own-account workers since no income information is recorded for this group. 
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Figure 4: Matching between STEM degree and STEM jobs 

 
Source: Authors’ calculations from the LFS, 2007-2009 

 

The figure indicates that there is significant mismatch between science degree holders and 

jobs in STEM, but better matching among engineering and architecture graduates. If we 

assume that postsecondary students gain some specific human capital in their degree fields of 

study (i.e. laboratory skills for chemistry students), the inability to match with jobs 

commensurate with their acquired skills can have a negative impact on the returns to their 

degree. The results of the returns to STEM education are presented in the next section. 
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5. Results 
 

 

5.1. Returns to STEM Degrees – OLS Pooled Sample  

 

The regression results for the pooled sample are reported in table 2. 

 

[Table 2] 

 

OLS regression 1 is the baseline Mincer estimation, which indicates that bachelor degree 

holders earn on average 34 percent more and masters/doctoral graduates earn 66 percent 

more than upper vocational graduates. Regression 2 adds the indicator variable that equals 1 

if the worker earned a STEM degree. As expected, the returns to a STEM degree are higher 

than for a non-STEM degree, with a magnitude of 10 percent. 

 Previous work by Chevalier (2012) finds that working in a STEM field—not the 

STEM degree itself—can explain the higher wage returns. After controlling for occupation, 

our findings in regression 3 are consistent with Chevalier (2012). On average the wage 

returns to workers in STEM occupation is large (18 percent) relative to workers in non-

STEM occupation. The wage returns to the STEM degree itself falls to 6 percent when we 

control for STEM occupation.  

The summary statistics indicate that only 31 percent of STEM graduates enter STEM 

occupations. Thus, it is of interest to know whether STEM graduates who match with STEM 

occupations reap additional benefits from matching in the labor market. Column 4 reports the 

results for the regression that includes an interaction term between STEM degree and STEM 

occupation in order to capture any additional wage returns for these workers. The coefficient 
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on the interaction term is 0.21, which means that STEM degree holders who match with 

STEM occupations can expect a large additional bump in wages. The overall premium for 

STEM degree holders working in STEM jobs is substantial at 30 percent relative to a non-

STEM degree holder in a non-STEM occupation.  

5.2. Returns to STEM Degrees – IV Estimation 

 

 As mentioned above, there is concern that the coefficients on the STEM degree 

variable are biased upwards since individuals who select into STEM subjects tend to be of 

higher ability (Leslie, 2003). Thus, we perform IV regressions using proximity to a large 

research university, proportion of labor force working in STEM jobs by age and gender, and 

proportion of degree holders with STEM qualifications by age and gender as instruments for 

the STEM degree variable. The results are reported in table 3. The first stage results (reported 

in appendix table 1) show that the instruments are correlated with the decision to pursue a 

STEM degree and that the instruments pass the overidentification tests. The second stage 

results reported in column 5 in table 1 indicate that the coefficient estimate for the STEM 

degree is larger than the analogous OLS regression reported in column 3. Although we 

expected an upward bias on the OLS STEM coefficient, the IV estimate is significantly larger 

at 17 percent compared to the OLS estimate of 8 percent.  

A possible explanation of the surprising result from the IV regression is that it is 

possible that STEM fields do not attract higher ability students in Thailand. The main 

concern in this paper Thailand’s membership in the “middle income trap” and whether the 

country can attract competent human resources to STEM fields in order to drive future 

innovations in the economy. If high ability individuals choose degree fields based on 

expected labor market returns and compatibility with unobservable innate ability, it would be 

no surprise to see high ability Thais choose degree fields such as business, finance, and law. 
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In fact, estimates from the LFS indicate that social science, business, and law graduates earn 

on average 15,190 baht per month compared to 12,538 baht per month in the sciences and 

14,467 per month in engineering, construction, and architecture. Thus, it is possible that OLS 

estimates on STEM degree are biased downwards rather than upwards due to labor market 

prospects in other degree fields. The IV results suggest that this is the case are consistent with 

the downward bias found on the OLS returns to education estimates for Thailand in 

Warunsiri and McNown (2010).  

Ideally, we would like to include the interaction term between STEM degree and 

STEM job in the IV estimation. However, since the interaction term includes the endogenous 

STEM degree indicator, this presents a problem for estimation via IV methods. To solve this, 

the IV regressions are run separately for the sample working in non-STEM occupations and 

the sample working in STEM occupations. It might be worrisome that there are not enough 

individuals who mismatch between degree and occupation. However, because of a low 

degree of matching between STEM degrees and STEM jobs in the Thai labor market, it turns 

out that there are enough mismatched individuals to gain valid estimates. A cross-tabulation 

of STEM/non-STEM degree holders and STEM/non-STEM jobs can be seen in table 3. 

  

[Table 3]    

 

The OLS and IV regression results for the sample stratified by STEM occupation are 

displayed in table 4. 

 

[Table 4] 
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The first two columns of table 4 give the results for the OLS and IV regressions for the 

sample engaged in non-STEM occupations. The OLS result indicates that the returns to a 

STEM degree outside of a STEM occupation are quite modest at 3 percent. The IV estimate, 

however, is much higher at 15 percent. This situation, where the OLS estimate is biased 

downwards, is consistent with the story that STEM graduates in Thailand are finding high 

returns in non-STEM occupations. It is likely that skills learned via STEM education are 

translatable to other occupational fields. 

 The IV results for the sample working in STEM occupations are different. In this 

case, the OLS estimates indicate that there is a large return to matching a STEM degree in a 

STEM occupation of about 17 percent. However, once the STEM degree is instrumented, the 

return to a STEM degree in a STEM occupation is no different from zero. This result is 

consistent with an unobserved ability bias on the choice of selecting into STEM degrees, 

which has been found in other studies (i.e. Leslie, 2003). In this case, it seems that the STEM 

occupation determines the labor market returns, not the STEM degree per se.   

5.3. Returns to STEM Degrees by Gender 

  

Men and women are differently represented in both STEM education and occupations 

in Thailand. These differences in postsecondary degrees are illustrated in figures 5 below. 

Around 35 percent of men in the sample earned a STEM degree (science degrees and 

engineering, manufacturing, and construction degrees) while only 8 percent of the women 

earned STEM degrees.  While men are more likely to pursue STEM degrees, women are 

more likely to pursue education, social sciences, and health and social services. One of the 

most striking differences is the disparity between the participation of men and women in 

engineering education. A total of 29 percent of men with postsecondary degrees pursued 

engineering while only 1 percent of women pursued the same types of degrees. 
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Figure 5: Distribution of Postsecondary Degrees (Broad Categories) by Gender 

 

 

Source: Authors’ calculations from the LFS, 2007-2009 
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There are also gendered differences between men in women in terms of matching 

between STEM degrees and STEM jobs. On average, men are more likely to be employed in 

STEM occupations after earning postsecondary STEM degrees than women. Overall, 33 

percent of male STEM degree holders matched with STEM occupations. In contrast, only 17 

percent of female STEM degree holders work in STEM occupations. The matching between 

degree and STEM occupations varies across both gender and degree field and is depicted in 

figure 6 below. 

 

Figure 6: STEM Occupation Matching by Gender 

 

Source: Authors’ calculations from the LFS, 2007-2009 

There are two main conclusions that one can draw from figure 6. First, both men and women 

with degrees in engineering and architecture (ISCED broad category 5) are more likely to 

match with STEM occupations than those who obtain degrees in the sciences (ISCED 

category 4). Second, men are more likely to match with STEM occupations after obtaining 

degrees in every STEM category, with the exception of engineering. 
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It is clear that men and women who hold STEM degrees have different labor market 

outcomes, which can lead to differences in wage returns from STEM education. For this 

reason, we run the interacted version of the OLS regression separately for men and women. 

The results are reported in table 5. 

 

[Table 5] 

 

 The results confirm that men and women have different returns to STEM education 

and jobs. For men, a STEM degree holder can expect to earn on average 3 percent more than 

a non-STEM degree holder. Men also earn a moderate premium for working in a STEM 

occupation of 9 percent and a large return to matching in the market of 17 percent. The 

overall wage premium for male STEM degree holders working in STEM jobs is 29 percent. 

 Interestingly, the wage returns to a female STEM degree holder who is not working in 

a STEM job is negative 3 percent. The premium from working in a STEM occupation is only 

3 percent, while the return to matching a STEM degree with a STEM job in the labor market 

is a significant 28 percent. The results indicate that women only receive wage premiums from 

STEM degrees if they match with a STEM occupations. However, as we saw above, the 

matching rate between STEM degrees and STEM occupations is only about 17 percent, 

making matching in the labor market a rather somewhat low probability event for women. It 

has to be noted, however, that the results need to be interpreted with caution since these OLS 

estimates may be biased. The researchers plan to address this issue in the future. 
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6. Conclusions 
 

Recently there have been calls by the Thai Government to expand STEM education in 

order to strengthen R&D activities and help Thailand move out of the middle income trap. 

This paper takes a different view of the problem. It is clear from the Labor Force Survey that 

most Thai STEM graduates do not pursue STEM occupations. We propose that Thailand is 

not facing a problem of too little supply of STEM education. Rather we propose that STEM 

labor market conditions could be influencing whether individuals pursue STEM 

qualifications at the post-secondary level.  

 The OLS and IV results for workers in non-STEM occupations suggest that the OLS 

estimates are biased downwards and that STEM graduates are reaping large returns to their 

degrees in the non-STEM labor market. On the other hand, the OLS and IV estimates for the 

sample engaged in STEM occupations suggest that there is an upward bias on the STEM 

degree coefficient. The IV results indicate that it is the STEM job that determines the wage, 

not the degree earned. In fact, the coefficient on the STEM degree is no difference from zero 

within STEM occupations.  

The results for men and women are strikingly different. Men receive modest returns to 

STEM degrees and STEM occupations and significant additional returns for matching a 

STEM degree with a STEM occupation. The total return for a man who matches a STEM 

degree to STEM job is 29 percent compared to a non-STEM degree holder working in a non-

STEM occupation. Women, on the other hand, have a negative return to the STEM degree 

itself. On average, women only see benefits to earning a STEM degree if they also work in a 

STEM occupation, with an overall return of 28 percent compared to female non-STEM 
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degree holders in non-STEM occupations. The results for the analysis stratified by gender 

need to be interpreted with caution since the estimates are not corrected for endogeneity. 

The results for women indicate a possible negative return to STEM degrees if they do 

not match with a STEM job in the market. These facts bring up a dilemma when choosing a 

post-secondary degree field. The summary statistics indicate that only 29 percent of STEM 

graduates work in STEM fields. Thus, the probability of working in a non-STEM field after 

pursuing a STEM degree is high. Women in particular are very unlikely to pursue and/or to 

find STEM jobs (we cannot tell which is true from the data) even with a STEM degree. In 

fact, only 17 percent of female STEM degree holders in the sample matched with a STEM 

job. Thus, the probability of facing a wage penalty relative to non-STEM degree holders is 

high. We are not addressing the barriers to entry into male-dominated professions such as 

engineering here in this paper, but we are suggesting that the negative returns to STEM 

education for Thai women may be an additional barrier that would further dissuade highly 

able women from pursuing STEM education, entering STEM occupations, and contributing 

to Thailand’s innovative activities.  

This paper raises further questions regarding Thailand’s STEM worker puzzle. On the 

one hand, previous labor market analysis shows that there is a growing shortage of STEM 

workers (TDRI, 2012). Our paper suggests that there is not a shortage of STEM degree 

holders to fill these positions. In fact, only 29 percent of workers with STEM degrees work in 

STEM occupations. The IV regressions suggest that compared to non-STEM degrees, there 

are significant returns to STEM degrees in non-STEM occupations and no differential returns 

to STEM degrees in STEM occupations. Thus, the labor market reality is that there are 

relatively high wage returns in non-STEM occupations for STEM degree holders, which may 

be a critical reason why we see a lack of matching. Furthermore, it is likely that the high 



 

29 

 

ability STEM degree holders are being attracted to non-STEM jobs, thus further stunting 

Thailand’s ability to innovate.  

Our results show that Thailand’s situation is consistent with the survey of Gill and 

Kharas (2015). This study indicates that the labor market for skilled workers in most middle 

income countries are small, thus the government needs to be the one who takes serious action 

on closing the gap between the institutions and labor market. If the government fails to do so, 

these countries will be trapped in a situation of significant mismatch in the labor market for 

skilled workers for many years to come. Singapore could be the good example of a country 

that is heavily investing in vocational education and controlling the number of students at the 

university level. The government also provides training programs for students. These policies 

are effective in increasing matching between degree attainment and jobs available in the 

market. 
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Table 1: Summary Statistics 

Variable Obs Mean Std. Dev.

Real Monthly Income (baht; 2005 base year) 43611 16356.810 17133.680

STEM Degree Indicator 43611 0.189 0.391

STEM Job Indicator 43611 0.088 0.284

STEM Degree*STEM Job Indicator 43611 0.052 0.223

Upper Vocational Degree Indicator 43611 0.201 0.401

BA Degree Indicator 43611 0.701 0.458

MA/PhD Degree Indicator 43611 0.098 0.297

Age 43611 37.829 10.028

Age 2̂ 43611 1531.623 790.779

Female Indicator 43611 0.571 0.495

Urban Indicator 43611 0.526 0.499

Married Indicator 43611 0.615 0.487

Public Employee Indicator 43611 0.615 0.486

Bangkok Region 43611 0.113 0.317

Central Region 43611 0.325 0.468

Northern Region 43611 0.185 0.388

Northeastern Region 43611 0.223 0.416

Southern Region 43611 0.154 0.361

IV Variables

Lives in province with research university 43611 0.1646603 0.3708779

Proportion STEM degree by age and gender cell 43611 0.1888514 0.1775978

Proportion STEM occupation by age and gender cell 43611 0.0883951 0.0686683  
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Table 2: Returns to STEM Education (Pooled OLS) 
 

OLS OLS OLS OLS

(1) (2) (3) (4)

VARIABLES

STEM Degree Indicator 0.10*** 0.06*** 0.02***

(0.006) (0.006) (0.007)

STEM Job Indicator 0.18*** 0.07***

(0.008) (0.011)

STEM Degree in STEM Job Indicator 0.21***

(0.015)

BA Degree Indicator 0.34*** 0.37*** 0.36*** 0.36***

(0.006) (0.006) (0.006) (0.006)

MA/PhD Degree Indicator 0.66*** 0.69*** 0.68*** 0.67***

(0.009) (0.009) (0.009) (0.009)

Age 0.03*** 0.03*** 0.03*** 0.03***

(0.002) (0.002) (0.002) (0.002)

Age 2̂ 0.00*** 0.00*** 0.00*** 0.00***

(0.000) (0.000) (0.000) (0.000)

Female Indicator -0.09*** -0.06*** -0.05*** -0.05***

(0.004) (0.005) (0.005) (0.005)

Urban Indicator 0.04*** 0.04*** 0.04*** 0.04***

(0.007) (0.007) (0.007) (0.007)

Married Indicator 0.06*** 0.06*** 0.06*** 0.06***

(0.005) (0.005) (0.005) (0.005)

Public Employee Indicator 0.05*** 0.05*** 0.05*** 0.05***

(0.005) (0.005) (0.005) (0.005)

Central Region -0.27*** -0.27*** -0.27*** -0.26***

(0.007) (0.007) (0.007) (0.007)

Northern Region -0.41*** -0.40*** -0.40*** -0.39***

(0.008) (0.008) (0.008) (0.008)

Northeastern Region -0.40*** -0.39*** -0.39*** -0.38***

(0.008) (0.008) (0.008) (0.008)

Southern Region -0.40*** -0.39*** -0.39*** -0.38***

(0.009) (0.009) (0.009) (0.008)

Year 2008 0.00 0.00 0.00 0.00

(0.007) (0.007) (0.007) (0.007)

Year 2009 -0.03*** -0.03*** -0.03*** -0.03***

(0.005) (0.005) (0.005) (0.005)

Constant 8.14*** 8.04*** 8.06*** 8.08***

(0.035) (0.036) (0.035) (0.035)

Observations 43,611 43,611 43,611 43,611

R-squared 0.56 0.57 0.57 0.57

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Dependent Variable: Real Log Monthly Wages
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Table 3: Cross Tabulation of STEM Degree and STEM Occupation Observations 

 

Non-STEM Job STEM Job Total

Non-STEM Degree 33,936 1,439 35,375

Stem Degree 5,820 2,416 8,236

Total 39,756 3,855 43,611  
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Table 4: Returns to STEM Education (IV Regressions) 

OLS IV OLS IV

(1) (2) (3) (4)

VARIABLES

STEM Degree Indicator 0.03*** 0.15*** 0.17*** -0.01

(0.007) (0.041) (0.015) (0.245)

BA Degree Indicator 0.35*** 0.39*** 0.38*** 0.34***

(0.006) (0.014) (0.016) (0.052)

MA/PhD Degree Indicator 0.67*** 0.70*** 0.70*** 0.68***

(0.009) (0.017) (0.027) (0.038)

Age 0.03*** 0.03*** 0.04*** 0.04***

(0.002) (0.002) (0.006) (0.007)

Age 2̂ 0.00*** 0.00*** -0.00 -0.00

(0.000) (0.000) (0.000) (0.000)

Female Indicator -0.05*** -0.03*** -0.15*** -0.21**

(0.005) (0.009) (0.018) (0.085)

Urban Indicator 0.04*** 0.04*** 0.02 0.02

(0.007) (0.007) (0.021) (0.023)

Married Indicator 0.06*** 0.06*** 0.02 0.02

(0.005) (0.005) (0.017) (0.017)

Public Employee Indicator 0.08*** 0.08*** -0.19*** -0.18***

(0.005) (0.007) (0.017) (0.018)

Central Region -0.27*** -0.28*** -0.23*** -0.26***

(0.008) (0.010) (0.021) (0.042)

Northern Region -0.40*** -0.40*** -0.39*** -0.43***

(0.009) (0.010) (0.027) (0.057)

Northeastern Region -0.39*** -0.39*** -0.40*** -0.44***

(0.009) (0.010) (0.027) (0.061)

Southern Region -0.39*** -0.39*** -0.35*** -0.39***

(0.009) (0.010) (0.029) (0.059)

Year 2008 0.00 0.00 0.00 0.01

(0.008) (0.008) (0.024) (0.028)

Year 2009 -0.03*** -0.03*** -0.03 -0.02

(0.005) (0.005) (0.017) (0.019)

Constant 8.10*** 7.98*** 7.99*** 8.21***

(0.037) (0.056) (0.121) (0.325)

Observations 39,756 39,756 3,855 3,855

R-squared 0.58 0.58 0.55 0.54

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Dependent Variable: Real Log Monthly Wages

Non-STEM Occupations STEM Occupations
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Table 5: OLS Results – Returns to STEM Education by Gender 

Men Women

(1) (2)

VARIABLES

STEM Degree Indicator 0.03*** -0.03***

(0.010) (0.011)

STEM Job Indicator 0.09*** 0.03*

(0.015) (0.017)

STEM Degree in STEM Job Indicator 0.17*** 0.28***

(0.019) (0.032)

BA Degree Indicator 0.36*** 0.37***

(0.009) (0.008)

MA/PhD Degree Indicator 0.68*** 0.69***

(0.013) (0.012)

Age 0.04*** 0.02***

(0.003) (0.002)

Age 2̂ 0.00 0.00***

(0.000) (0.000)

Urban Indicator 0.03** 0.04***

(0.010) (0.009)

Married Indicator 0.07*** 0.06***

(0.008) (0.006)

Public Employee Indicator -0.03*** 0.11***

(0.008) (0.006)

Central Region -0.25*** -0.28***

(0.012) (0.010)

Northern Region -0.40*** -0.39***

(0.013) (0.011)

Northeastern Region -0.40*** -0.37***

(0.013) (0.011)

Southern Region -0.39*** -0.38***

(0.014) (0.011)

Year 2008 -0.02 0.02

(0.011) (0.010)

Year 2009 -0.04*** -0.02***

(0.008) (0.007)

Constant 7.93*** 8.18***

(0.057) (0.045)

Observations 18,713 24,898

R-squared 0.58 0.57

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Dependent Variable: Real Log Monthly Wages
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Annex Table 1: First Stage IV Regression and Test of Overidentification Restrictions 

Pooled Sample Non-STEM Occupation STEM Occupation

(1) (2) (3)

VARIABLES

STEM Job Indicator 0.35***

(0.008)

BA Degree Indicator -0.27*** -0.28*** -0.21***

(0.005) (0.006) (0.015)

MA/PhD Degree Indicator -0.27*** -0.28*** -0.10***

(0.007) (0.007) (0.030)

Age 0.00 0.00 0.00

(0.002) (0.002) (0.010)

Age 2̂ -0.00 -0.00 -0.00

(0.000) (0.000) (0.000)

Female Indicator 0.01 0.01 -0.20***

(0.009) (0.010) (0.054)

Urban Indicator 0.00 -0.00 0.02

(0.005) (0.005) (0.022)

Married Indicator 0.01 0.01* 0.00

(0.003) (0.003) (0.017)

Public Employee Indicator -0.03*** -0.04*** 0.02

(0.004) (0.004) (0.018)

Central Region 0.02*** 0.04*** -0.06

(0.009) (0.009) (0.039)

Northern Region -0.01 0.00 -0.13***

(0.009) (0.009) (0.039)

Northeastern Region -0.01 0.01 -0.15***

(0.009) (0.009) (0.036)

Southern Region -0.02** -0.00 -0.13***

(0.009) (0.009) (0.041)

Year 2008 -0.00 -0.01 0.05**

(0.006) (0.005) (0.024)

Year 2009 -0.01** -0.01*** 0.02

(0.004) (0.004) (0.018)

large_uni 0.02** 0.01 0.09***

(0.007) (0.007) (0.032)

stem_occ_environment -0.17* -0.27*** 0.18

(0.092) (0.097) (0.308)

stem_deg_environment 0.80*** 0.83*** 0.36**

(0.030) (0.032) (0.141)

Constant 0.19*** 0.19*** 0.73***

(0.037) (0.037) (0.220)

Observations 43,611 39,756 3,855

R-squared 0.35 0.29 0.17

Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Test of Overidentifying Restrictions Score chi2(2)=2.74281 Score chi2(2)=3.52 Score chi2(2)=3.80

(p = 0.2538) (p=0.1717) (p=0.1492)

Dependent Variable: STEM Degree
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