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Abstract: For the success of efficient socioeconomic development, it is crucial that budget allocation
in higher education is effectively managed, with a clear focus on targeting SDG 4 (Quality Education),
which is vital for every country and should be prioritized globally. This research article attempts
to assess the socio-economic impact of Chiang Mai University based on the impact of both its
expenditure and teaching and training programs on the Northern Thailand economy. Moreover,
it also aims to develop the best model to predict the SROI for academic projects before investing
the budget for efficient financial management. All the data utilized in this research article come
from official organizations such as Chiang Mai University, the Office of the National Economic and
Social Development Council (NESDC), and the Provincial Comptroller’s Office of each province in
Northern Thailand, with the data collection covering the study period from 2023 to 2025. The key
finding is that Chiang Mai University played a significant role in creating a socioeconomic impact
on Northern Thailand’s economy, both in the industry sector and the service sector, totaling more
than an average of THB 3 billion per year for direct and indirect effects. In addition, every THB 1
million that this university spends can create more than 703 jobs in the agribusiness sector, and, for
the same budget spending, it can create 241 jobs in the service sector and 113 jobs in the industry
sector, respectively. Technically, for the prediction model to predict the SROI value, it was found that
the best model is the Decision Tree model. If the findings of this research can be applied to other
universities in Thailand or globally, it would represent a significant initiative in optimizing budget
allocation, with a particular emphasis on supporting SDG 4 (Quality Education) as a priority.

Keywords: SDG 4 (quality education); socio-economic impact; SROL higher education; Thailand;
Chiang Mai University

1. Introduction

All of the countries around the world emphasize that economic sustainable develop-
ment is the first priority for planning long-term development. The motto from the former
president of South Africa from 1994 to 1999 stated that “Education is the most powerful weapon
which you can use to change the world”. Therefore, the education system in all countries
plays an important role in the long-term development of a country, especially economic
long-term development. A high-standard education system at every level in the countries
would enhance the skilled and educated workforce based on high standards, which can
contribute to productivity and economic output. These factors are significant for sustained
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economic growth in the long term, alongside alignment with high-standard knowledge con-
tributing to environmental protection and social welfare development through high-quality
knowledge.

The universities in every country are key institutions in the education sector, playing
a significant role not only in providing knowledge-based research, higher education, and
training for students in various fields but also in having an impact on the socioeconomic
status of every country as well. In Figure 1, public spending on the education system as a
share of the GDP around the world in the year 2020 is presented. This figure provides the
perspective that high-income countries spend a higher share of their GDP on the education
system than middle-income countries, approximately 2—4% of their GDP.

No data 0% 2% 4% 6% 8%

[ — 4

Figure 1. Public spending on the education system as a share of the GDP around the world for the
year 2022. (Source: https://ourworldindata.org/financing-education, accessed on 5 October 2024).

However, for low-income countries, public spending on the education system as
a share of the GDP is less than 2%. An interesting case is that of universities in the
US contributing to socioeconomic development, especially in California. A report in
2021 indicates that this university may confirm its contribution to the socioeconomic
impact on the US economy, such as directly employing about 228,824 workers, spending
approximately $37.2 billion in the fiscal year 2018-2019, and helping 1239 startups through
UC research’.

Figure 2 shows that total world public spending on the education system as a share of
the GDP increased from 2000 to 2009. However, the trend of total world public spending
on the education system as a share of the GDP decreased starting from 2010 to 2022, except
for 2020. This finding implies that there is a trend of decreasing spending for every country
in the world. This trend is a significant weakness in the long-term sustainable development
of all countries globally. Therefore, this research result might still provide more beneficial
information to warn and influence the public and private sectors to engage in efforts empha-
sizing the development and enhancement of the education system by efficiently allocating
resources, especially by increasing investment in the education system, particularly higher
education, following the Sustainable Development Goals (SDG 4, Quality Education) of the
United Nations (UN).

Figure 3 illustrates the trend in Thailand’s public spending on education as a share
of the GDP from 2000 to 2022. The data indicate a significant downward trend, with the
proportion of spending decreasing from over 5% of the GDP to 2.5% of the GDP during
this period. This marked decline suggests that public education institutions in Thailand,
including schools, colleges, and universities, are increasingly operating under substantial
budget constraints. Consequently, there is a growing need for these institutions to prioritize
the efficient allocation of resources to maintain the quality and accessibility of education
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despite reduced financial support. However, Thailand’s public spending on education
must recognize that reducing the budget to support Thailand’s education system does
not promote long-term development, especially sustainable economic growth and the
achievement of social development goals.

O LABEL

// \\ /'\'\'/\._,.\ /\

. —_—

\/\/ AT

Figure 2. The total world public spending on the education system as a share of the GDP from the
year 2000 to 2022. (Source: https:/ /data.worldbank.org/indicator/SE.XPD.TOTL.GD.ZS, accessed
on 5 October 2024).
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Figure 3. Thailand’s public spending on the education system as a share of the GDP from the year
2000 to 2022. (Source: https:/ /apiportal.uis.unesco.org/bdds, accessed on 5 October 2024).

Although the government of Thailand is still increasing the budget to support the
overall higher education system of Thailand (but not long term), which involves support
for public universities, the National Higher Education, Science, Research and Innovation
Policy Council (Policy Council)?> approved a budget of approximately THB 146,000 mil-
lion for the year 2024, which is an increase of approximately THB 124,748 million from
2023. However, the National Higher Education, Science, Research, and Innovation Policy
Council is targeting a reduction in the burden on the state budget that the government will
support in the future®. Therefore, all public universities in Thailand should be concerned
with allocating these important resources more efficiently and with a greater impact on
socioeconomic development in Thailand, pushing forward for Thai long-term development
based on the SDG 4 point of view.

University education in Thailand plays an important role in the country’s economic
and social development, as it is a source of producing highly knowledgeable and skilled
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personnel to meet the demands of the labor market. However, university spending is still
an important issue to consider, both in terms of student expenses and the budget that
universities use for various operations. Research on university spending found that total
university and student spending has an indirect impact on the gross domestic product and
job creation in each area (Csaszar et al. 2019). At the same time, it was discovered that
universities with larger funds are typically better able to deliver higher-caliber instruction
and research, as well as the more effective use of available resources, leading to improved
research and learning outcomes for students (Charoenkul 2015; Hazelkorn 2011). Further-
more, it is critical to analyze and identify strategies for enhancing budget management at
Thai universities by promoting greater engagement in collaborative research projects with
international universities (Mangrum 2023).

However, Chiang Mai University is located in Chiang Mai, which was established
in 1964. This university plays a significant role mainly in the development of the higher
education system in Thailand, especially in the area of Northern Thailand. This university
has strong academic programs in a variety of fields such as agriculture, engineering,
science, health sciences, and social sciences. In 2023, the Ministry of Higher Education,
Science, Research, and Innovation (MHESI) of Thailand is a government agency. This
agency announced that Chiang Mai University was allocated a budget supported by
the government, ranked number two in the country, amounting to THB 5788 million.
Therefore, this university must play a significant and responsible role in the utilization
of the budget, impacting the socioeconomic status of Thailand. This budget needs to
have comprehensive targets for the higher education system in Thailand by providing
quality education, promoting scientific research and development across various disciplines,
and encouraging innovation and technology development to drive economic growth in
the future.

Despite these necessary targets, the central research question of this study continues to
concentrate on the extent to which the yearly spending of Chiang Mai University influences
the economy of Northern Thailand through various multiplier effects.

The objectives of this research study are, firstly, to analyze the socio-economic impacts
of Northern Thailand, both from the annual expenditures of Chiang Mai University and
the economic impact of the university’s curriculum in achieving its intended outcomes.
The second objective of this study is to develop a model for predicting the social impact
(SROI) by selecting the best-enhanced machine learning algorithms to make Chiang Mai
University’s planning more effective.

This research article is structured into four sections: the first section elucidates the
significance of the topic under research; the second section provides a comprehensive
literature review and outlines the conceptual framework and methodology for this study;
the third section is the empirical findings; and the final section displays the conclusions of
this study along with policy recommendations.

2. Literature Review

The budget utilization of Chiang Mai University (CMU) is an important factor among
many factors in developing higher education and research in Northern Thailand, and it
has a significant influence on enhancing the northern region’s economy. The university not
only provides educational opportunities but also acts as a key economic engine, stimulating
local businesses and contributing to the region’s overall economic development. To fully
understand and measure the economic impact of CMU, this study employs a regional Input-
Output (IO) model, a powerful analytical tool that captures the complex relationships
within local economies. An effective economic analysis requires tools that can show
the relationships and interdependencies between different sectors of an economy. One
important and popular tool is the Input-Output (IO) table, which is used to analyze the
flow of goods and services between economic sectors within a region.

IO tables are important in studying economic impacts, such as the effects of changes
in production, investment, or policy changes.
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Studying through regional IO Tables allows us to understand the structure and flow
of regional economies in detail. It can also be used in economic development planning and
impact assessments of projects. Also, research by Miller and Blair (2009) demonstrates the
use of 10 Tables in analyzing economic impacts in different regions and their application
in public policy. Research by Isard (1960) also provides guidelines for creating and using
Regional IO Tables to assess the economic impacts of regional development.

The Puttanapong and Sangsubhan (2024) utilized the Regional IO Table as an im-
portant tool in analyzing and planning regional economic development. For example,
research by the National Economic and Social Development Council (NESDC) used the
IO Table to assess the economic impact of infrastructure development projects in differ-
ent regions of the country. In terms of the economic impact based on the University’s
spending measurement by the IO model, there have been many studies. For example,
Vinhais and Guilhoto (2012) attempted to analyze the economic impact of spending by the
Federal University in Brazil, and they found that the spending expansion of the Federal
University in Brazil had a significant impact on the GDP of Brazil, contributing more than
0.36% of the GDP. In 2015, a final report by New York University* demonstrated that this
university was able to generate an impact on New York City through both direct effects
and indirect effects through the multiplier effect. This report stated that this university
was able to create approximately 4030 jobs, generate approximately USD 276.5 million
in wages and salaries, and create approximately USD 777.8 million in citywide economic
output. Many universities have used the IO model to quantify the economic impact of
their budget spending, such as the University of Calgary (2020)° and the University of
Wisconsin-Madison® on the Wisconsin economy (2021). However, this research article did
not utilize the Multiplier Product Matrix (MPM)” because this matrix is more complex to
be used for the interpretation of the economic impact analysis of the university’s spending
and is also difficult for policymakers to generate policy recommendations.

Moreover, the literature review to evaluate the socio-economic impact of the univer-
sity’s educational and training programs in achieving their intended outcomes can be found
in many studies from an economist’s point of view. For example, the studies conducted by
Beck et al. (1995), Caffrey and Isaacs (1971), Elliott et al. (1988), Siegfried et al. (2007), and
Vaiciukevicitate et al. (2019) provide valuable research results for this research article.

The function of the university in an economy can be regarded as a production firm
that produces educational services. It also contributes to job creation, research, and human
capital formation in a country (Siegfried et al. 2007). Our study specifically focuses on the
university teaching and learning activities, the impacts of which are classified into two
parts: the supply and demand side (Garrido-Yserte and Gallo-Rivera 2010). The demand
side is the evaluation of the impact through spending on teaching and learning activities
by the university (Caffrey and Isaacs 1971). This spending is injected into and directly
impacts the local economy. The indirect, but longer-lasting, impact is the value added to
human capital via education. This value is quantified by assessing the return to education
of the graduates from different curricula (Williams et al. 2021). In this study, we refer to the
impact on the demand side as the direct impact and the impact on the supply side as the
indirect impact.

For the literature review to evaluate the social impact of the SROI (Social Return
on Investment) regarding the university’s expenditure on academic projects achieving
their intended outcomes, many studies have been conducted previously. The SROI
model has been used to analyze the evaluation of various research projects to enhance
community—university collaboration, which can help in decision making for each project
(Chan et al. 2021). The SROI plays a significant role in identifying the problems of the
project, which helps the university to promote and push each department
(Banke-Thomas et al. 2015).

The SROL is also a significant technique for identifying various characteristics, such as
stakeholders and project activities, that are beneficial to the development of the university,
which is the heart of the evaluation (Rotheroe and Richards 2007). Therefore, the SROI is a
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very important part of each university project, which can significantly identify the impact
of the university project so that executives or project developers can predict the impact that
will occur (Yates and Marra 2017).

3. Conceptual Framework and Methodology
3.1. Conceptual Framework of This Research Study

Figure 4 illustrates the conceptual framework and methodology employed to quantify
the socioeconomic impact of Chiang Mai University, utilizing the government-funded
budget allocated for one year’s planning.
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Figure 4. The conceptual framework and some brief methodological concepts of research.

The conceptual framework and some brief methodological research concepts of this
study to quantify the socioeconomic impact of Chiang Mai University are defined by
three methods. The first method quantified the economic impact using the regional 10
models, and the second method was based on the SROI model prediction to quantify the
social impact. The third method involved utilizing the econometric model to evaluate the
education program of Chiang Mai University and its impact on the economy, both direct
and indirect. The final step of this research study presents the results of the socioeconomic
impact of Chiang Mai University during the study period. Also, both the output and
outcome of this research study display policy recommendations for higher education in
Thailand regarding the efficient allocation of budget impacts on the country, related to the
socioeconomic impact, to support and promote SDG 4 of the United Nations.

In addition, this research study ultimately aims to contribute by integrating quan-
titative analysis within social and economic contexts, employing a variety of methods,
including economic models, econometric models, and machine learning algorithms, along-
side the three main methodologies: regional IO models for economic impact, the SROI
model for social impact, and an econometric evaluation of Chiang Mai University’s educa-
tion program. This study culminates in the presentation of socioeconomic impact results
and policy recommendations for higher education in Thailand, with a focus on optimizing
budget allocation and supporting SDG 4 of the United Nations.
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3.2. Methodology of Research Study
3.2.1. Regional IO Model

The IO model was explained by Miller and Blair (1985, 2009, 2022). They explain that
this model allows economists to grasp how shifts in demand influence the economy and to
evaluate the movement of goods and services. The model proves to be highly beneficial for
assessing the economic impact through the multiplier effect, which is essential for economic
planning and policy evaluation.

The regional Input-Output (IO) model is a powerful tool for quantifying the economic
impact of Chiang Mai University through the multiplier effect, particularly in Northern Thai-
land. Numerous studies, including those by Ambargis et al. (2014), Gasperova et al. (2017),
and Jeffrey (2021)%, have demonstrated the effectiveness of using this model to measure the
economic contributions of universities to specific regions, highlighting the significant role
of university spending in driving regional economic growth. The principle of the regional
input coefficient, which shows the proportion of the value of input factors in a region to
the output in that region, can be calculated from the national input coefficient, or, in other
words, by converting the matrix A or the matrix of national input coefficients into the
matrix AR or the regional input coefficient matrix (Arunee Punyasavatsut 2018)

pR — (xf —ef)
IR

; —

1)

where

xR is the total output of sector i (Agriculture sector, Industry sector, and Service sector)
in region R (North of Thailand),

eR is the export of sector i (Agriculture sector, Industry sector, and Service sector) in
region R (North of Thailand), and

mX is the import of sector i (Agriculture sector, Industry sector, and Service sector) in
region R (North of Thailand).

Considering (xR — eR) is the value of sector i output produced in region R remaining
in region R (after deducting the portion exported outside the region), (xX — R +mR) is
the value of the total sector i output in region R, including both its own output in the
region and its imports from outside the region. Thus, PR represents the proportion of sector
output produced in the region to the total sector i output available in region R. PR x 100 is
the percentage of output produced in the region (regional supply percentage).

Let P be a column vector of PR where i (Agriculture sector, Industry sector, and Service
sector) is in region R (North of Thailand), and P or (P) is a square matrix with the same
diagonal elements as the Agriculture sector, Industry sector, and Service sector. The zero
represents the off-diagonal elements.

Py
| 2
P
PR 0o .. 0
. 0 P} .. 0
P=(P)= : : : (2)
0 0 .. PR

Therefore, the product of the member of row i of the factor coefficient matrix (matrix
A) with PR gives the proportion of the i factor of output produced domestically in the
region that is used in the output of the different goods, or

A

AR =DPA (3)



Economies 2024, 12, 339

8 of 23

And the impact of changes in final demand in a region on the different output sectors
in that region can be found from

xR = (1 — AR)~1yR (4)

The regional Input-Output (I0) model used to evaluate the economic impact of Chiang
Mai University can be categorized into three distinct types: the first is an IO model based
on the output multiplier, the second is an 10 model based on the income multiplier, and
the third is an IO model based on the employment multiplier.

Output Multiplier for Reginal IO Model

The output multiplier calculates the total increase in production (both direct and
indirect) throughout the economy in response to a one-unit increase in demand for a
specific industry’s output (Leontief 1936), as only direct and indirect effects are considered
from Equation (5).

dyr
dXR

We already found the inverse matrix of the output technology coefficient, which is

(I—A% )

(150 1.23 1.09
=(I-A®""1=1]183 270 070
1011 022 1.26

dyR
dXxR

Make a vertical sum to obtain the output multipliers for each output sector as follows:

1.50 1.23 1.09]

R
= —-4""=|183 270 0.70
0.11 0.22 1.26. A I S
Output multiplier ____________ i o
| 344 1 1415 | | 305 |

From the example above, it shows that the output multipliers of the agricultural,
industrial, and service sectors for the regional IO model are equal to 3.44, 4.15, and 3.05,
respectively. In the case of the multipliers” explanation, it can be implied that the multiplier
of the industrial sector of the economy has the highest impact compared to other sectors.
The lowest impact on the economy is the multiplier of the service sector.

In terms of impact on the economy by the multiplier effect, which means that, when
investing money, especially when the Thai government allocated a budget of THB 1 million
in the higher education system, if it transfers to the industrial sector, then the degree of
impact from this sector to contribute to other sectors, both the direct effect and the indirect
effect, as well as the induced effect, is equal to 4.15 times the money invested for the
regional area.

Employment Multiplier for Reginal IO Model

The employment multiplier for the Regional IO model measures how much an increase
in final demand affects the consumption of a sector’s output, considering only direct and
indirect effects (Atems 2019). The matrix multiplier can be used to calculate the employment
multiplier described above in a convenient and quick way as follows (see Equation (6)):

ER =M. (- aR)! ©)
where

ER = Total direct and indirect impact on employment growth in the economy.
For the regional Input-Output (I0) model.
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(T(R)

model.

(I — AR)~! = Inverse matrix of technology coefficients for the regional Input-Output
(I0) model.

Therefore, from the above equation example, the employment multiplier of each
branch can be calculated by the following method:

= Transpose of employment to output vector for the regional Input-Output (IO)

A M S
1.50 123 1.09
1.83 270 0.70(=[118.14 103.23 97.49]
0.11 022 126

According to the example of the employment multiplier for the regional IO model, it
can be calculated using the matrix form mentioned above. The employment multipliers
of the agriculture sector, industrial sector, and service sector are equal to 1.62 (118.14/73),
25.81 (103.23/4), and 8.12 (97.49/12), respectively. For example, when the Thai government
allocated a budget of THB 1 million to the higher education system, if it transfers to the
industrial sector (M), then it can create at least 25.81 jobs in the industrial sector (M) for the
regional economy of Thailand.

ER =173 4 12]-

Income Multiplier for Reginal IO Model

By taking into account solely direct and indirect impacts, the income multiplier for
the regional 10 model (Thirlwall 2011) calculates the amount that a rise in final demand
will alter for every household in the economy (Keynes 1936). The income multiplier as
previously mentioned may be quickly and easily calculated using the matrix multiplier
system for the regional IO model as follows (see Equation (7)) (Blanchard and Perotti 2002):

RR =y T(R) (1 — aR)~1 %)

where

RR = The overall income impact of regional areas on Thailand’s economy including
both direct and indirect effects.

*T(R) = Transpose of the income-to-output vector of regional areas on Thailand’s
economy.

(I— AR)~! = Inverse matrix of output technology coefficients for the income-to-
output vector of regional areas on Thailand’s economy.

Therefore, from the above equation example, the income multiplier of each branch can
be calculated by the following method:

1.50 1.23 1.09 A M S
ER =10.16 0.07 0.22]-]|1.83 2.70 0.70[=1[039 0.43 0.50]
0.11 022 1.26

For example, suppose that, whenever the Thai government allocates a budget of THB
1 million to the higher education system, the impact on the Thai economy, both in terms of
direct and indirect effects, depends on the size of the multipliers. Adding to this example
based on Equation (7), the income multipliers of the industrial sector (M) are the highest
for generating income for Thailand’s economy. For example, when the Thai government
allocates a budget of THB 1 million to the higher education system, it will be transferred
to the industrial sector, which is able to generate income for the economy, both directly
and indirectly, of approximately THB 6.2 million. This finding is because the income
multiplier of the industrial sector (M) is equal to 6.20 (0.43/0.07). From this example, it
can be demonstrated that the income multiplier of the agricultural sector (A) is equal to
2.45 (0.39/0.16) and that the income multiplier of the service sector (S) is equal to 2.28
(0.50/0.22), respectively.
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3.2.2. Econometric Model for Economic Impact

For the assessment of indirect economic impact, we proceeded with this process by
mainly using econometric models to explore and understand the economic impact of
the education program that was taught at Chiang Mai University in terms of indirect
effects. To assess the return to education, this research study relied on an Ordinary Least
Squares (OLS) estimation to regress the current salary on the dummy variable indicating
the curriculum from which the samples graduated (Atkinson 2005; Blackwell et al. 2002;
Williams et al. 2021). The estimated model is shown in Equation (8), which is the multiple
regression model based on the literature that was already mentioned previously to estimate
CMU’s student salary. For an accurate and nuanced understanding of the specific factors
that impact salary outcomes in this study, the dependent variable is defined as the salary
of students who graduated from Chiang Mai University, and the independent variables
are those of interest, such as Male, Age, and GPAX. In addition, the control variables used
to estimate the salary of CMU'’s students are Curriculum, Hometown, and ParentOcc.
Furthermore, multiple regression is very useful for handling confounding variables, which
might provide a more reliable estimate of the salaries of students who graduated from
Chiang Mai University.

Salary, = By +p1Male; + BoAge; + P3GPAX; + B4Curriculumy ®)
+pBsHometown; + BgParentOcc; + €
where Salary; is the salary of individual (i), and Male; is a dummy variable equal to 1 if
individual (i) is male and equal to 0 otherwise. Age, is the age of individual (i). GPAX; is
the cumulative grade point average of individual (i). The Curriculum;, Hometown;, and
ParentOcc; are the fixed effects of curriculum, hometown, and the occupation of the parents
of individual (i), respectively. The dataset utilized in this research study, aimed at evaluating
the indirect economic impact of Chiang Mai University with a focus on curriculum-based
teaching, was originally sourced from Chiang Mai University. This dataset serves as the
foundation for estimating the indirect impact of the institution’s educational activities.
For the assessment of direct economic impact, this research study relied on
Siegfried et al. (2007) to classify the university spending in each curriculum according
to economic activity with different regional multipliers. The direct cost is categorized into
three types: salary, materials, and investment. The indirect cost came from two sources:
outside the faculty and within the faculty. Since the production of academic institutions is
regarded as an educational service, this research study employed the regional multiplier
in service production to estimate the economic impact of teaching and learning activities
(Vaiciukevicitteé et al. 2019). Specifically, this research study employed the regional multi-
plier in income, which is equal to 1.006 (Equation (7)), to the cost in the salary of university
employees and the multiplier in production, which is equal to 1.0104 (Equation (5)), to
materials, investment, and indirect costs.

3.2.3. SROI Model Prediction

This research study attempted to develop an SROI model prediction to predict the
social impact, economic impact, and environmental impact based on machine learning algo-
rithms. Most of these algorithms belong to the supervised algorithm family, such as Naive
Bayes, the Generalized Linear Model, Logistic Regression, the Fast Large Margin, Deep
Learning, Decision Trees, Random Forests, Gradient Boosted Trees, and Support Vector
Machines. These algorithms were used to predict the SROI based on the historical database
of the Social Return on Investment (SROI), which was collected by Chiang Mai University
during the period of 2019, comprising approximately 7150 projects. Because the SROI
aligns with SDG 4 (Quality Education), if it can predict or forecast the value of the SROI
before the university grants funding to those projects, then it might benefit policymakers
at the university to understand the broader impacts of educational development program
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initiatives, which includes not only financial returns but also how educational development
programs contribute to enhancing social, economic, and environmental well-being.

The method proposes leveraging machine learning algorithms to enhance the Social
Return on Investment (SROI) classification process. By automating the classification of
outcomes and impacts using supervised learning techniques, the approach aims to improve
the accuracy, consistency, and efficiency of SROI evaluations. Utilizing data from historical
SROI reports, including qualitative and quantitative aspects, the method employed the
Fast Large Margin to identify the most accurate classifiers. This approach standardized the
SROI analysis, making it more accessible and reliable for the research project. Therefore,
this section provides the scope of the SROI and the estimation of the Fast Large Margin.
For the first method, the scope of the SROI as outlined by Social Value U.K. provided
a structured six-stage framework for evaluating the social and environmental impact of
investments. This process includes establishing the scope and identifying stakeholders,
mapping outcomes, evidencing outcomes and availability, establishing impact, calculating
the SROI, and reporting and embedding the results. By following these stages, investors
can gain a comprehensive understanding of the financial, social, and environmental returns
on their investments, enabling them to make informed decisions that prioritize positive
societal and ecological outcomes.

The methodology not only aids in demonstrating a commitment to social value but also
facilitates continuous improvement in investment practices, ensuring sustained positive
change (Social Value U.K. 2021).

The Fast Large Margin was used to identify the most accurate classifiers (see Equation (9)).
The fundamental resource for training a Statistical Machine Translation (SMT) system is a
training set denoted as D = {(s;, 7;.) }; <;< 5, Which consists of N source sentences s;, each
paired with a reference translation ;. ‘The set of possible translations for a sentence s; is
represented as Hs, = (h; ;) 1<j<n; The search space of the decoder is often approximated

by an explicit list of the n-best hypotheses or by a lattice, which efficiently encodes a larger
set of potential translations (Chiang et al. 2008).

arg max

hi = f (s;; w) _<h cH, ) (h|w) 9)

where h] represents the predicted translation, and (:|-)(-|-) denotes the dot product in R4
The objective of training a Statistical Machine Translation (SMT) system is to identify a
weight vector w (see Equation (9)) that maximizes the quality of the predicted translations.
Formally, the training process involves solving the following optimization problem to
ensure that the predictions are as accurate as possible (see Equation (10)).

. (arg max G(D; H)) (10)

W =
w

The gain function GG, such as the BLEU score, measures the quality of the hypotheses
H = {hj,s; € D} generated for a given weight vector w (Sokolov et al. 2012). Let us
consider an extended version of the Hinge loss as the following (see Equation (11)):

max
Li(w) =, < j((gsmt (hij,hi1) — (wlhj; —h;;)) (11)

This loss function is convex, as it is defined as the maximum over a set of linear
functions, though it is not differentiable at all points. It also clearly served as an upper
bound for ™ (h; ;, h;1). The approach from a reformulation of the general large-margin
classification problem, where the objective is to learn a function that scores the correct
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output h; ; was higher than any other possible output of both h;; and h; ; by a specified
margin (see Equation (12)) (Taskar et al. 2004).

max

(hig|w) +& > 5 <

((hj|w) + £ (hj, hiy)) (12)

When transforming the constraints of all examples into the objective function of the
large-margin problem, it is important to note that, while both margin rescaling and slack
rescaling provide general methods to derive a convex upper bound for any loss function ¢,
the effectiveness of this bound highly depends on the task and the loss function considered
(Wisniewski and Yvon 2013). All the Equations (8)—(11) were applied to select the best algo-
rithms, which consist of Naive Bayes, the Generalized Linear Model, Logistic Regression,
the Fast Large Margin, Deep Learning, Decision Trees, Random Forests, Gradient Boosted
Trees, and Support Vector Machines for the prediction of SROI values in this research study.

4. Results
4.1. The Results of the IO Model for Socio-Economic Impact Based on University Spending

According to Chiang Mai University, it is the largest university in the north of Thailand.
This university was allocated a budget supported by the government, ranked number two
in the country, amounting to THB 5788 million in 2023. Therefore, this university must
play a significant and responsible role in the utilization of the budget, impacting the
socioeconomic status of Thailand. From the calculation of output multipliers, it can be
summarized and grouped into three sectors. The first sector is the agriculture sector, with
an average output multiplier of 1.0080. The second sector is the industrial sector, with an
average output multiplier of 1.0131. The last sector is the service sector, with an average
output multiplier of 1.0130 (see Table 1 and Figure 5).

Table 1. The output multipliers for the economic structure of the northern region of Thailand’s

economy.
Service Output Multipliers

Agriculture 1.0080

Industry 1.0131

Service 1.0130

Source: Author’s computation.

Output multipliers

1.014
1.013
1.012
1.011

1.01
1.009

1.008
1.007 1.008

1.0131 1.013

1.006

1.005
Agriculture Industry Service

Figure 5. The output multipliers for the economic structure of the northern region of Thailand’s
economy.
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From the economic impact results, the economic impact of Chiang Mai University in
terms of output effect on the northern economy from 2024 to 2025 can be summarized in
the following Table 2 and Figure 6.

Table 2. The economic impact of Chiang Mai University in terms of output effect on the northern
economy from 2024 to 2025.

Output Impact (THB)

Years Budget - -
Agriculture Industry Service

1,187,990,194 1,194,000,858 1,193,883,002
1,095,981,970 1,101,527,116 1,101,418,388

2024 1,178,561,700

2025 1,087,283,700
Source: Author’s computation.

1,220,000,000

1,200,000,000 1,187,990,194 1,134,000,858 1,193,883,002

1,178,561,700
1,180,000,000
1,160,000,000
1,140,000,000
1,120,000,000

1,100,000,000

1,101,418,388

1,095,981, 970 1,101,527,116

Budget Agriculture Industry Service

1,087,283,700

1,080,000,000
1,060,000,000
1,040,000,000

1,020,000,000
w2024 m2025

Figure 6. The economic impact of Chiang Mai University in terms of output effect on the northern
economy from 2024 to 2025.

The following are the findings determined from the economic impact of Chiang Mai
University in terms of output effect on the northern economy from 2024 to 2025: In 2024,
there was an impact on agriculture of THB 1,187,990,194; in the industrial sector of THB
1,194,000,858; and, in the service sector, of THB 1,193,883,002. In 2025, there was an impact
on the agriculture sector of THB 1,095,981,970; in the industrial sector of THB 1,101,527,116;
and, in the service sector, of THB 1,101,418,388, respectively.

The calculation of income multipliers can be summarized and grouped into three
averages. The first aspect is the agriculture sector, with an average income multiplier equal
to 1.0055; the second aspect is the industrial sector, with an average income multiplier equal
to 1.0191; and the last aspect is the service sector, with an average income multiplier equal
to 1.0184, as can be seen in Table 3 and Figure 7.

Table 3. The income multipliers for the economic structure of the northern region of Thailand’s

economy.
Service Income Multipliers
Agriculture 1.0055
Industry 1.0191
Service 1.0184

Source: Author’s computation.
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Income multipliers

1.025
1.02
1.015
1.01

1.005

[

0.995
Agriculture Industry Service

Figure 7. The income multipliers for the economic structure of the northern region of Thailand’s
economy.

From the economic impact results, the economic impact of Chiang Mai University in
terms of income effect on the northern economy from 2024 to 2025 can be summarized in
the following Table 4 and Figure 8.

Table 4. The economic impact of Chiang Mai University in terms of income effect on the northern
economy from 2024 to 2025.

Income Impact (THB)
Years Budget - -
Agriculture Industry Service
2024 1,178,561,700 1,185,043,789 1,201,072,228 1,200,247,235
2025 1,087,283,700 1,093,263,760 1,108,050,819 1,107,289,720
Source: Author’s computation.

1,220,000,000

1,200,000,000

1,180,000,000

1,160,000,000

1,140,000,000

1,120,000,000

1,100,000,000

1,080,000,000

1,060,000,000

1,040,000,000

1,020,000,000

Budget Agriculture Industry Service

W 2024 w2025

Figure 8. The economic impact of Chiang Mai University in terms of income effect on the northern
economy from 2024 to 2025.

The following are the findings determined from the economic impact of Chiang Mai
University in terms of income effect on the northern economy from 2024 to 2025. In 2024,
there was an impact on the agriculture sector of THB 1,185,043,789; in the industrial sector
of THB 1,201,072,228; and, in the service sector, of THB 1,200,247,235. In 2025, there was
an impact on the agriculture sector of THB 1,093,263,760; in the industrial sector of THB
1,108,050,819; and, in the service sector, of THB 1,107,289,720, respectively.
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The calculation of employment multipliers can be summarized and grouped into three
averages. The first aspect is the agriculture sector, with an average employment multiplier
of 1.0021; the second aspect is the industry sector, with an average employment multiplier
of 1.1762; and the last aspect is the service sector, with an average employment multiplier
of 1.1089, as can be seen in Table 5 and Figure 9.

Table 5. The employment multipliers for the economic structure of the northern region of Thailand’s

economy.
Service Employment Multipliers

Agriculture 1.0021

Industry 1.1762

Service 1.1089

Source: Author’s computation.

Employment multipliers

1.2

11

1.05

0.95

0.9
Agriculture Industry Service

Figure 9. The employment multipliers for the economic structure of the northern region of Thailand’s
economy.

Chiang Mai University’s socioeconomic impact can be assessed through its contri-
bution to employment generation, driven by the institution’s expenditures and activities,
utilizing the employment multiplier effect. This effect captures the total employment
impact resulting from university operations.

For example, suppose that, when Chiang Mai University’s expenditure and activities
are approximately THB 1,000,000 the effect of socioeconomic impact equals 1,002,100
(1,000,000 x 1.0021 = 1,002,100). Because this spending and these activities transfer to
the agriculture sector, this money is able to create jobs or employment for more than
704 workers (1 Baht = 0.0007 workers). In the same way, when Chiang Mai University’s
expenditure and activities are approximately THB 1,000,000, and it transfers to the industry
sector, it would create jobs for more than 133 workers (1,000,000 x 1.1762 = 1,176,200; 1
Baht = 0.0001 workers). For the service sector, when Chiang Mai University’s expenditure
and activities are approximately THB 1,000,000, and it transfers to the service sector, it
would create jobs for 267 workers (1,000,000 x 1.1089 = 1,108,900; 1 Baht = 0.0002 workers),
respectively.
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4.2. The Results of Socio-Economic Impact Based on Teaching and Learning Activities

For the result of the economic impact of Chiang Mai University’s expenditure and
activities, the direct impact of teaching and learning activities is shown in Table 6. It is
the economic impact based on the educational group, which is classified by the Interna-
tional Standard Classification of Education (ISCED) into ten groups (UNESCO 2015). The
estimated direct economic impact of Chiang Mai University in producing 6972 graduates
in 2023 is equal to THB 2,071,874,186.31. The highest average cost per graduate, THB
1,011,296.00, is in the Health and Welfare group, while the lowest average cost per graduate,
THB 330,565.90, is in the Business Administration and Law group. The curriculum in the
Health and Welfare group includes Medicine, Dentistry, Nursing, Pharmacy, and Medical
Sciences, which, on average, takes longer to complete than other groups of education.
This longer completion time could be another reason that the cost per graduate in these
groups of curricula is notably higher than in other groups, rather than just the fixed and
material costs.

Table 6. Direct economic impact of teaching and learning activities (Baht) in 2023.

Educational Group

Average Cost

Per Graduate Total Economic Impact

Agriculture, forestry, fisheries, and veterinary 681,908.80 230,769,496.00
Arts and humanities 433,247.40 253,906,372.00
Business administration and law 330,565.90 340,752,275.44
Education 552,666.80 85,920,409.50
Engineering, manufacturing, and construction 493,144.70 229,877,438.00
Health and welfare 1,011,296.00 680,014,469.38
Information and Communication Technologies (ICTs) 551,547.60 9,376,310.00
Natural sciences, mathematics, and statistics 534,864.90 97,484,242.00
Services 482,004.40 68,419,878.00
Social sciences, journalism, and information 368,629.30 75,353,296.00
Total 2,071,874,186.31

Source: Author’s computation.

The indirect impact, which is estimated from the return on education, is shown
in Table 7. From all models, demonstrates that salary positively correlates with male
sex, GPAX, and age. Under control variables are curriculum, hometown, and parental
occupation. Under fixed effects in model 3, a one-point increase in GPAX leads to about a
THB 2667 increase in salary, which is statistically significant at the 0.01 level. In addition,
the male variable also has a positive influence correlated with the salary of CMU’s students.
It can be implied that male students can potentially receive a salary higher than that of other
sexes by approximately THB 2471, which is statistically significant at the 0.01 level. The
last independent variable is age; this factor also positively influences the salary of CMU’s
students, which is statistically significant at the 0.01 level. This finding means that the
higher age of a student has the potential to receive a salary approximately increased by THB
1189. In terms of control variables, the curriculum, hometown, and parental occupation are
appropriate to control for and explain the salary of CMU’s students because the R? of this
model estimation is the highest (see Table 7).

Next, this research study utilizes the estimated coefficients in model 3 to predict
individual salaries based on their personal characteristics (highest R?). The predicted
salary is then multiplied by the number of graduates in each curriculum and the regional
multiplier in income, 1.006. Therefore, the result portrays the total indirect economic impact
categorized by the educational group in Table 8.
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Table 7. The result of estimation for the econometric model to estimate the return on education.

Variable Model-1 Model-2 Model-3
Male 3558.538 *** 2160.624 *** 2470.498 ***
(843.570) (826.997) (739.555)
GPAX 2388.564 *** 1441.438 2666.995 ***
(904.361) (1017.823) (920.517)
Age 1259.228 *** 1301.617 *** 1188.865 ***
(89.913) (156.937) (139.946)
Constant —16,290.739 *** 16,596.652 *** 12,280.409 **
(2918.106) (5954.932) (5538.550)
Curriculum No Yes Yes
Hometown No No Yes
Parental occupation No No Yes
Observations 2920 2920 2918
R? 0.095 0.360 0.522

Notes: (1) Standard errors in parentheses (2) *** p < 0.01, ** p < 0.05 (3) The estimated coefficients are in Baht.
(4) Parental occupation is categorized into 10 types: business, agriculture, government employee, government
officer, retiree, private employee, state enterprise employee, student, unemployed, and other.

Table 8. Indirect economic impact of teaching and learning activities (Baht) in 2023.

Total Indirect

Educational Group Average Return on Education E .
conomic Impact
Agriculture, forestry, fisheries, and veterinary 24,352.41 12,745,156.64
Arts and humanities 24,363.07 18,067,949.82
Business administration and law 32,822.99 28,174,243.95
Education 20,436.10 6,709,061.13
Engineering, manufacturing, and construction 33,187.95 23,161,931.12
Health and welfare 37,297.22 39,409,458.59
Information and Communication Technologies (ICTs) 42,040.89 1,238,799.74
Natural sciences, mathematics, and statistics 31,493.03 14,192,467.18
Services 24,731.02 4,099,242.08
Social sciences, journalism, and information 26,531.74 16,224,970.74
Total 164,023,280.99

Source: Author’s computation.

The group that generates the highest economic return is the Information and Commu-
nication Technology (ICT) group, which, on average, generates THB 42,040.89 of monthly
income. To estimate economic impact, this research study excludes the samples who work
abroad. It turns out that the Health and Welfare group generates the highest total indirect
economic impact at THB 39,409,458.59. This finding is also influenced by the largest por-
tion of the graduates in the Health and Welfare group compared to others. Among the
6972 graduates, the graduates who are categorized in the Health and Welfare group equal
1331 individuals or about 19 percent of the total graduates. In total, in 2023, the indirect
economic impact of teaching and learning activities of Chiang Mai University is estimated
to be THB 164,023,280.99.

4.3. The Result of SROI Model Prediction

This research study attempts to look for the best machine learning algorithms to
predict the value of the SROI of Chiang Mai University for each academic project before
the university grants funding to those projects. In terms of the results for feature selection,
it can display the correlation among them (see Table 9).
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Table 9. The correlation among three features (department, time, and budget).

Attribute Features Correlation
1 Department 7.76
2 Time 3.74
3 Budget 49.52

Source: Author’s computation.

In machine learning, the selection of appropriate input features is critical for the
model’s accuracy and effectiveness. By analyzing the correlation between features and the
target variable (SROI), this research study aims to identify the most influential features.
The correlation between each feature and the target variable was assessed, resulting in the
following values (see Table 9). The data indicate that the Budget attribute, with a correlation
value of 0.4952, is the most significant predictor of the SROI, while the Time attribute, with
a correlation of 0.0374, is the least significant. According to data stability, the stability of
each feature was evaluated to ensure that the features contain a diverse range of values,
which is essential for effective classification in machine learning tasks. Features with less
variation contribute less to the model’s predictive power (see Table 10).

Table 10. The results of data stability were utilized in training the model for machine learning
algorithms to predict the value of SROL

Attribute Feature Stability (%)
1 Department 8.41
2 Time 17.76
3 Budget 5.61

Source: Author’s computation.

From Table 10, the results show that the Time feature exhibits the highest stability at
17.76%, suggesting that it may offer less utility in distinguishing between different SROI
outcomes. By employing these methods, we aim to optimize the model’s performance by
focusing on the most relevant and variable features, thereby enhancing the accuracy of
SROI predictions.

According to the model training and testing results, it is crucial to select an appropriate
machine learning algorithm for SROI predictions. The dataset contains input features and
output targets (SROIs), making it suitable for a supervised learning approach. Possible
algorithms include Naive Bayes, Generalized Linear Models, Logistic Regression, the Fast
Large Margin, Deep Learning, Decision Trees, Random Forests, Gradient Boosted Trees,
and Support Vector Machines. This project treats SROI predictions as a classification task,
necessitating the grading of the SROI historical dataset (see Table 11). The choice of grading
levels can significantly impact model accuracy, as more grades may increase the risk of
incorrect predictions. Table 11 shows the criteria for various grading levels.

Table 11. Presents the classification of grades for the SROI data.

0-2 2-4 4-6
0 1 2

After evaluating the models using Altair Al Studio (see Figure 10 and Table 12), the
Fast Large Margin model was found to have the highest accuracy among the options. Along
with this model, the Decision Tree and Naive Bayes were also selected for their notable
performance in predicting the SROI (see Table 12).
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Figure 10. The results of the accuracy of the classification models for the SROI value prediction based
on the training model and testing model.

Table 12. Accuracy comparison of models from Al Altair Studio and Python implementation based
on training and testing models.

Model Al Altair Studio Model from Python
Fast large margin 49% 45%
Decision tree 45% 50%
Naive Bayes 45% 45%

However, the Fast Large Margin model, initially selected for its high accuracy, showed
a slight decrease from 49% in Altair Studio to 45% in Python (see Table 12). Despite this
decrease, it remains a key model for forecasting SROI grades due to its overall performance.
The Decision Tree model improved in accuracy when implemented in Python, while the
Naive Bayes model maintained consistent accuracy across both platforms (see Table 12).

5. Conclusions and Policy Recommendation

The conclusion and policy recommendation are aligned with the objectives of this
research study. The first main objective of this research study is to analyze the socio-
economic impacts of Northern Thailand, both from the annual expenditures of Chiang Mai
University and to evaluate the economic impact of the university’s educational programs
and training initiatives in achieving their intended outcomes. The second main objective of
this study is to develop a model for predicting the social impact (SROI) by selecting the
best enhanced machine learning algorithms to make Chiang Mai University’s planning
more effective in social impact.

For the first main objective of this research study, this research study aims to conclude
that the annual expenditures of Chiang Mai University between 2024 and 2025 have a
greater economic impact on Northern Thailand’s economy, specifically in both the industry
and service sectors, than in the agriculture sector. This result is examined only by the size of
the multiplier effect from the output multiplier effect and the income multiplier effect. This
finding implies that the annual expenditures of Chiang Mai University between 2024 and
2025 played an important role in driving Northern Thailand’s economy, particularly in these
two sectors (Garrido-Yserte and Gallo-Rivera 2010; Fongwa et al. 2023). However, in terms
of socioeconomic impact, it can be concluded that Chiang Mai University can be assessed
through its contribution to employment generation. Based on this analysis, it can be
concluded that Chiang Mai University significantly contributes to employment generation
in Northern Thailand, particularly within the agriculture sector. With the region’s economy
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still primarily employing workers in agriculture, the university’s expenditure of THB
1,000,000 can generate employment for over 703 workers in agriculture, compared to only
113 workers in the industrial sector and 241 workers in the service sector, reflecting the
labor-intensive nature of agriculture in this northern Thai economy (Siegfried et al. 2007;
Carrascal Incera et al. 2021).

For the conclusion of the economic impact achievement effect based on Chiang Mai
University’s teaching and learning activities, it was found that the direct impact is higher
than the indirect impact on Northern Thailand’s economy substantially. The direct impact
on Northern Thailand’s economy is around THB 2.0 billion in 2023, and the indirect impact
on this region is around THB 164 million. The total economic impact from Chiang Mai
University’s teaching and learning activities is equal to THB 2.1 billion. It is implied that
Chiang Mai University not only plays an important role in providing advanced education
and training to students but also in driving the Northern Thailand economy substantially
(de Jong and Balaban 2022). However, this research conclusion does not include the
economic impact of CMU students’ spending while studying at Chiang Mai University;
also, the spending of CMU staff is not included in this study. Therefore, future research
may concentrate on the spending of CMU students and staff, as this spending may still be
a significant factor influencing the economic impact on the economies of Chiang Mai City
and Northern Thailand (Acevedo-Duque et al. 2020).

However, the IO model has a limitation in analysis when the prices of goods and
services are not stable or when substitution effects play an important role in the economy.
Additionally, the dynamic economic impact analysis has more bias when using the IO
model to analyze the economic impact as well (Dixon and Jorgenson 2013). Therefore, this
conclusion might be limited regarding the university’s spending impact on the economy,
which might have errors occurring in the measurement of this economic impact study.

The last conclusion of this research result is quite technical because the main second
object of this study attempts to look for the best model to predict the SROI (Social Return on
Investment) for the effective assessment of university academic projects. The Forecast-type
SROI is very helpful in providing valuable insights for long-term planning and helps
evaluate investments by showing the potential future impact of these projects, especially
the academic projects of universities, before investing money (Pathak and Dattani 2014;
Zulkefly et al. 2022).

The best model for the SROI prediction for Chiang Mai University is the Decision Tree
model. If the model can be applied to other universities, then it might benefit not only
Chiang Mai University but also other universities or organizations that would use this
algorithm to predict the SROI and project the size of social impact before investing money
substantially.

Finally, based on the findings of this research, the formulated policy recommendations
highlight three key proposals. The first policy recommendation based on SDG 4 must
confirm that financing the education efficiency allocation for the higher education system
is the first priority for universities to be concerned with, especially regarding the size of
the socioeconomic impact. The second policy suggests that universities must recognize the
need to create teaching programs and learning activities that prioritize sustainability based
on socioeconomic impact. All teaching programs and learning activities must reflect the
university’s attempts to enhance the community’s living standards and develop society
sustainably. The last of the policy recommendations emphasizes that both the public and
private sectors must adopt a strong perspective on budget allocation to universities, taking
into account that the initial reflection of their socioeconomic impact is the top priority.
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Notes

1 https:/ /universityofcalifornia.edu/sites/default/files /economic-impact-report-2021.pdf?_gl=1*18ia4qo*_ga*NzEwNTE3NzU2

LJE3MzA1MzY2MzI1.*_ga_FL92T52KS0*MTezMDUzNjYzMS4xLjEuMTczMDUZzNzUzZNC4wLjAuMA (accessed on 8 October 2024).
2 https:/ /www.nxpo.or.th/th/13522/ (accessed on 8 October 2024).
3 https:/ /s002.tci-thaijo.org/index.php/sahasart/article /view /252989 (accessed on 8 October 2024).

https:/ /www.nyu.edu/content/dam/nyu/govCommunAffairs /documents/Government/EconomicImpact/2015-01-14-NYU%
20Economic%20Impact%20Report%20Final.pdf (accessed on 8 October 2024).

5 https:/ /www.ucalgary.ca/sites /default/files /2021-01/University%200f%20Calgary%20-%20Economic%20Impact%20Analysis %
20-%20December%202020.pdf (accessed on 8 October 2024).

UW-Madison’s 30 Billion Dollar Impact on the Wisconsin Economy.
7 https://www.bea.gov /system/files /papers/WP2000-1.pdf (accessed on 8 October 2024).

8 https:/ /provost.gsu.edu/document/usg-fy-2020-gsu-economic-impact/?ind=1627675188021&filename=USG_Impact_2020.pdf&
wpdmdl=9403&refresh=66c9d7e02de301724504032. (accessed on 8 October 2024).
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