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FLOOR MATS TO SUPPORT PRODUCTIVITY IN DAIRY FARMING 

 
Purpose. Ribbed smoked sheet (RSS) rubber gradually loses its quality as it is stored after 

production. Rubber floor mats are recommended as a marketable upstream production in the 

Thailand rubber industry to help add economic value to low-graded RSS. However, limited attention 

in research has been paid to business development, particularly on practical models focusing on the 

demand perspectives. This study helped fill the knowledge gap by analysing factors influencing 

labour production in dairy farming and proposing a business model based on productivity analysis. 

The aim of the project was to create a practical business model for cattle rubber floor mats made of 

low-graded RSS rubber used for nourishing and housing management to promote labour productivity 

in dairy farming.  

Methodology / approach. The study used mixed-methods research. A theoretical framework 

was developed concerning rubber floor mats used in dairy farming, which helped improve the 

nourishing and housing management of dairy cattle and promote labour productivity. This research 

adopted Osterwalder’s business model canvas to examine the demand and supply elements of dairy 

cattle floor mats made of low-graded rubber. It also used the knowledge-based entrepreneurship 

concept to scrutinise knowledge-based business development. A questionnaire survey was used to 

collect data required for multiple regression analysis of labour productivity using the Ordinary Least 

Square (OLS) method. It also used semi-structured interviews to scrutinise the subjective experiences 

of farmers. A focus group discussion was conducted to investigate academics and rubber promotional 

authorities concerning potential technology and the possibility of transfer of production technology 

to promote knowledge-based business development. 

Results. The empirical evidence presented in this paper confirmed that rubber floor mats could 

help enhance cattle nourishment, dairy housing management and labour productivity. Regional 

knowledge transfer network was revealed as a driver of knowledge-based development for assisting 

local upstream rubber farmers in pursuing eco-innovation in rubber production, aligning with the 

national initiatives of Industry 4.0 and Bio-Circular-Green economy (BCG) concepts. 

Originality / scientific novelty. The originality of this paper is that it presents the results of an 

empirical study using mixed methods for the first time aiming at clarifying practical elements of the 

supply and demand sides’ components of the Osterwalder’s Business Model Canvas for developing 

a business model delivered as a knowledge-based business model for the production of dairy cattle 

floor mats made of low-graded RSS rubber to help guide practical downstream rubber business 

development. The qualitative results, together with the quantitative analysis of labour productivity, 

are based on the perceptions of local farmers in Thailand regarding the use of rubber floor mats on 

the farm; previous studies scientifically prove its positive relation to an increase in dairy cattle 

nourishing, hence the daily productivity. 

Practical value / implications. The novel business model canvas could promote the practical 

cattle floor mats business development. University engagement and public support were included as 

the critical drivers in this knowledge-based business model. The model implementation could help 
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encourage rubber farmers and smallholders in upstream rubber production to move towards 

downstream business development and become knowledge-based entrepreneurs in value-added 

rubber floor mats production. It could also guide the agricultural policymakers to benchmark and 

evaluate their policy targeting innovative knowledge-based business development for rubber 

extension. 

Key words: agricultural economics, business development, innovation, knowledge-based 

economy, labour productivity. 

 

1. INTRODUCTION 

Thailand’s domestic rubber price fluctuates depending on influencing factors and 

demand conditions (Doner & Abonyi, 2013). Thai rubber farmers in the upstream 

sector often suffer when prices are low. Fresh and concentrated rubber, the two types 

of upstream rubber products, have short storage life and are forced to sell even when 

the prices are low, resulting in a business loss. Farmers can choose to transform their 

product into ribbed smoked sheet (RSS) rubber and wait for altered market 

circumstances to help drive up market prices. However, the key challenge is that the 

stored rubber loses its quality over time and becomes a low-graded product with 

worsened market value and loses competitiveness compared to the newer rubber 

supplied to the market. Low-graded RSS rubber often becomes a burden; farmers are 

desperately forced to choose whether to keep storing them and accept declining quality, 

lessening competitiveness and possibly increasing storage costs. Alternatively, they 

must dispose of them properly at additional costs, which can ultimately result in a loss 

to the business. 

This study is relevant due to growing concern about wasted rubber becoming an 

environmental threat (Li et al., 2020) and various recent economic development 

policies focusing on circular economy and waste management (Gorokhova et al., 2023; 

Kucher et al., 2022). It also accounts for Thailand’s national economic development 

initiative, which recently promoted the Bio-Circular-Green economy, also known as 

the BCG economy (National Science and Technology Development Agency of 

Thailand, 2023). For the rubber industry, Thailand has encouraged local farmers to 

move downstream to increase their production value. Various product developments, 

such as vehicle tiles, auto parts, construction materials, and belt products 

(Weerathamrongsak & Wongsurawat, 2013), are recommended to guide innovative 

rubber business development. 

Various products recently developed to improve cattle nourishment include 

animal scratching posts, and floor mats. Among various possible marketable products, 

livestock rubber mat is often recommended at the policymaking level as a potential 

commercial product to benefit livestock productivity, given international studies 

confirming its anti-fatigue benefit for animals (Sadharakiya et al., 2019; Schütz et al., 

2018) and helping to improve productivity in livestock industries such as dairy farming 

and cattle breeding (National Science and Technology Development Agency of 

Thailand, 2023b; Weerasinghe et al., 2021). According to the National Science and 

Technology Development Agency of Thailand (2023), technology and national 

innovation policies are available to promote rubber mat production. This study was 
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conducted in Mahasarakham, Thailand, and focused on empirically studying the use of 

rubber mats in dairy cattle. This province is home to 164 dairy farms membered to two 

local dairy cooperatives. Its results could lead to further implications that could help 

improve the businesses of these local farms. 

However, most previous studies in Thailand have focused on product innovation 

on the supply side at the policymaking levels, especially on scientific techniques for 

processing upstream rubber into value-added downstream products (National Science 

and Technology Development Agency of Thailand, 2023b; Sirisinha et al., 2020); 

limited attention in research has been paid to business development, particularly on 

practical model focusing on the demand perspectives.  

This study helped fill the knowledge gap by analysing factors influencing labour 

production in dairy farming and proposing a business model based on productivity 

analysis. It aimed to present a practical business model for cattle rubber floor mats 

made of low-graded RSS rubber used for nourishing and housing management to 

promote labour productivity in dairy farming. This paper, therefore, presents the 

research results to help fill the knowledge gap by providing empirical evidence on 

demand-side analysis to promote the development of the business model. Its results are 

expected to help reduce the rubber waste of the upstream industry by delivering novel 

practical knowledge on the understanding of the demand required for rubber floor mats 

business development. This downstream rubber business promotion is expected to help 

promote sustainable agriculture in Thailand’s rubber industry and reduce the 

environmental threat caused by defunct upstream low-graded rubber. 

 

2. LITERATURE REVIEW 

Thailand exports a third of the world’s natural rubber supply (Trade Policy and 

Strategy Office of Thailand, 2023). Raw rubber production, which is considered the 

world’s leading exporter, is usually carried out by smallholders, mainly local farmers 

(Delarue, 2011). Given that rubber is always among the top ten most exported 

agricultural products of the country, domestic rubber prices, especially in the 

exploration sector, inevitably depend on the world market and are influenced by both 

external and internal factors and demand conditions, which leads to fluctuations and 

instability of market prices (Weerathamrongsak & Wongsurawat, 2013).  

Marketable rubber products have been recommended to help move Thailand’s 

rubber industry in the downstream direction. Recent scientific research and 

development (R&D) studies indicate available techniques for processing rubber into 

usable mats to serve various purposes, such as absorption mats for the elderly 

(Atthawuttikul & Chavalkul, 2018) and livestock floor mats to enhance the animals’ 

loafing area condition and to ease the pain from leg and feet injuries (National Science 

and Technology Development Agency of Thailand, 2023b). However, these studies are 

often conducted at the theoretical level to promote rubber innovation to serve the 

national policymaking aiming at the technology transfer for advancing the rubber 

industry; none has explored the demand analysis, especially to help the business 

development.  
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This study focused on rubber floor mats targeting dairy farming use and the 

potential implementation of results for promoting the rubber flooring business to reach 

dairy smallholders throughout the country. Suárez-Usbeck et al. (2023) examine 

studies and literature on various types of bedding for dairy cattle welfare and find that 

rubber mats, also known as rubber bedding, have internationally been increasingly 

introduced for use in cattle farms of importance to the economies. Studies in Australia 

(Herzog et al., 2020), Canada (Tucker et al., 2003), and the UK (Vanegas et al., 2006) 

have scientifically confirmed that floor mats installation benefits dairy cattle’s health, 

resulting in increased milk production. These studies suggest that rubber flooring helps 

improve the cows’ living conditions and lessen their health problems in the breeding 

area, allowing the farm workers to increase their productivity. 

Since dairy farming is the target customer of this study of rubber business 

development, the study focused on using rubber in cattle nourishing to help promote 

the labour productivity of dairy farming. Labour productivity is among common partial 

productivity analysis techniques; it measures the ratio of outputs to inputs (Salehi et 

al., 2013). Dairy production is commonly expressed in the gross milk output per cow 

(Kimura & Sauer, 2015). This research, therefore, analysed labour productivity, 

referring to the milk output produced per labour on the farm. Then, there was further 

investigation on how the demand for rubber floor mats should be characterised 

concerning such flooring was proven to enhance dairy nourishment, hence promoting 

milk production (Tucker et al., 2003; Vanegas et al., 2006). Ultimately, these findings 

can be used to formulate the demand analysis and production on the supply side for 

business model development.  

The authors reviewed previous studies focusing on the relationship between 

farming flooring improvement and labour productivity in dairy farms. Various 

previous studies suggested a positive relationship between labour productivity and 

rubber floor mats used in dairy farms. Haskell et al. (2006) found that farms invest in 

materials other than hard concrete flooring to provide a comfortable surface for 

standing and lying down, which helps reduce lameness and leg lesions in dairy cows. 

Less labour hours were required for cow nourishment and lameness and leg lesions 

treatment. For this reason, better nourishment conditions help increase milk production 

as the cows stay productive in the farms, increasing milk output. This study guides the 

authors in including factors related to investment, namely capital-labour ratio (CAP) 

and total input cost (COST). Ramos (2021) studies family labour organisation of dairy 

farming businesses and finds that the number of family members working for the farm, 

the farm size and comfortable flooring conditions in the loafing area positively create 

good breeding conditions and environment. Therefore, similar to Haskell et al. (2006), 

comfortable flooring positively supports labour productivity as it helps reduce the duty 

hours for treating unwell dairy cows with lameness and leg lesions. This study suggests 

that the researchers select household size (HOU), experience (EXP), and total farming 

area (AREA) as variables to be studied in this research. Kumarasekara & Edirisinghe 

(2009) point out that education level positively affects labour productivity in dairy 

smallholders. Another factor to include in this research focusing on the labour 
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productivity analysis was the labourers’ education level (EDU).  

The purpose of the article is a new study that will help to develop a practical 

business model for rubber floor mats concerning its benefits for the labour productivity 

of dairy farms. The research was based on Osterwalder’s business model, which has 

been used in studies of business development in various industries (Osterwalder & 

Pigneur, 2010). It also adopted the concept of knowledge-based entrepreneurship 

development to examine a practical business model canvas for farmers at the upstream 

rubber businesses to produce rubber floor mats, considering the possibility of product 

development made from a low-grade type of RSS rubber.  

 

3. METHODOLOGY 

This research conducted an empirical study of dairy farming smallholders in 

Mahasarakham, a province in the North-East region of Thailand. It is home to 164 dairy 

farms membered to two local dairy cooperatives (Cooperative Promotion Department, 

2023). It aimed to examine the demand for rubber floor mat to help increase the 

business performance of dairy farming – the unit of analysis as individual smallholders. 

The study used Osterwalder’s business model canvas (Osterwalder & Pigneur, 2010) 

to analyse the demand from studied farmers whose labour productivity could benefit 

from rubber floor mats installation. 

The authors used mixed-methods research with a convergent design, known as 

interactive mixed-method research (Greene et al., 1989) and equal-status mixed-

methods research (Johnson et al., 2007). For this study, the quantitative and qualitative 

components had equal value and importance in helping the researcher achieve the 

research objectives. As Chanthes (2023) points out, the convergent design is chosen 

when the researcher needs to construct a holistic understanding of the studied 

phenomenon by comparing statistical results with the qualitative elements.  

On the one hand, the quantitative analysis allowed the researcher to statistically 

examine the factors influencing the labour productivity of dairy farming, as guided by 

the literature in the field (Akzar et al., 2023; Boyer et al., 2023), to understand the 

labour productivity of relevance to its dairy nourishing and housing management. This 

quantitative research phase was designed based on a set of variables suggested by 

previous studies on the labour productivity (LP) of dairy farms (Kimura & Sauer, 2015; 

Ramos, 2021; Schroeder et al., 1986; Van der Meulen et al., 2014). These variables 

included capital-labour ratio (CAP), total input costs (COST), experience (EXP), 

education (EDU), household size (HOU) and total farming area (AREA). 

On the other hand, the qualitative analysis helped to scrutinise further and explain 

subjective perspectives embedded in the studied subjects’ experiences. As a result, the 

quantitative and qualitative analysis led this study to understand how the demand for 

rubber floor mats should be characterised as the business development targeting to help 

enhance the labour productivity of dairy farming. This research adopted Osterwalder’s 

business model canvas to guide its investigation (Table 1). 

The canvas has widely been used for studying business development in diverse 

agricultural industries (Barel-Shaked, 2023; Engelen et al., 2023), including rubber 
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products (Andren & Hedin, 2018). However, such a model has not been used for natural 

rubber mats targeting dairy farming use in Thailand. Results from this paper will, 

therefore, fill this knowledge gap. 

Table 1 

Elements of the supply and demand sides of the business model canvas 
The Supply Side  The Demand Side 

Key partners 
Key activities 

Value propositions 

Customer 

relationships 
Customer 

segments 
Key resources Channels 

Cost structure Revenue streams 

Source: based on Osterwalder’s business model canvas (Osterwalder & Pigneur, 2010). 

Following the ethical approval of the research instruments granted by the internal 

review board (IRB) of Mahasarakham University. This study used a questionnaire 

survey to collect data to calculate the average product of the labour input, or the labour 

productivity, using multiple regression modeling, a powerful statistical method for 

studying the relationships between variables (Salehi et al., 2013). The first fieldwork, 

conducted in February 2023, was the questionnaire survey. According to Krejcie and 

Morgan’s formula, the minimum sample size of the population of dairy farms, N = 164, 

in the studied province was determined to be 115 (Krejcie & Morgan, 1970). The data 

collection was assisted by the two managers of the local dairy cooperatives and two 

trained research assistants handing out the questionnaire in person to members 

randomly showing up to deliver their milk in the morning. The study received 

51 returned questionnaires or a 44.35 % response rate. Since all the responses were 

from members delivering the milk on site, all of the collected data was assured from 

those currently active in their dairy businesses while answering the questions.  

The second fieldwork, carried out in March 2023, was qualitative data collection. 

The authors interviewed 34 questionnaire respondents who agreed to provide further 

information and the two cooperatives’ managers of the sites where the questionnaires 

were distributed. Semi-structured interview questions were designed bounded within 

the five elements of Osterwalder’s business model canvas, guiding the investigative 

aspects to include customer segments, customer relationships, channels, value 

propositions, and revenue streams (Osterwalder & Pigneur, 2010). The authors also 

included questions relating to the initial statistical results of the variables studied to 

examine subjective interpretations of both statistically significant and insignificant 

variables of the regression analysis of labour productivity.  

The elements required for the demand characterisation to fill the canvas include 

customer segments, customer relationships, channels, value propositions, and revenue 

streams (Osterwalder & Pigneur, 2010).  

As a result, the review of relevant literature and previous studies, cited above, led 

the authors to construct the conceptual framework for investigating the demand, which 

is outlined in Figure 1. 

In the final data collection phase, the authors conducted a focus group discussion 

to collect further data to analyse the production possibilities for the supply side from 
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business and production technology aspects. Given the knowledge-based economy 

(KBE) development, which suggested the importance of knowledge networks and 

technology transfer for innovation development, academics and public rubber 

promotional personnel were invited as participants. Six academics from a regional 

university were invited to participate in this research: two from mechanical 

engineering, one from chemical engineering, one from business economics, one from 

management, and one from marketing. An expert from the rubber promotional 

authority, the Regional Rubber Authority of Thailand (Northeast Office), was also 

invited to participate in the discussion. 

 
Figure 1. The conceptual framework for analysing the demand  

for dairy cattle floor mats 
Source: created by the authors based on selected variables guided by Haskell et al. (2006), 

Ramos (2021), Van der Meulen et al. (2014) and demand elements of Osterwalder’s business model 

canvas (Osterwalder & Pigneur, 2010). 

Throughout the data analysis, the authors also examined the secondary data source 

using a documentary analysis approach (Yin, 2017). They analysed public documents 

and reports provided by government authorities of Thailand at the regional and national 

levels. The selected authorities were those responsible for rubber production 

development and cattle breeding promotion. The authors used a generic interpretive 

approach to analyse the research data. They constructed codes and categories based on 

the underpinning conceptions to provide the scope of the data analysis and 

interpretation of the results (Merriam & Tisdell, 2015). They also used a coding of 

conceptual interest technique (Creswell & Creswell, 2018) to conceptualise the 

empirical evidence discovered from the studied sites. This analysis technique allowed 

the researchers to adopt the underlying concepts of the business model canvas 

(Osterwalder & Pigneur, 2010) and the knowledge-based entrepreneurship 

development by Akuhwa et al. (2015) to lay the analysis foundation for cattle floor 

mats business development in a sustainable rubber ecosystem. Coding at this eventual 
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step was guided by elements of Osterwalder’s business model canvas’s supply and 

demand sides analysis (Osterwalder & Pigneur, 2010). 
 

4. RESULTS  

Based on the farmers’ responses to questions in the survey and interviews, the 

socio-economic characteristics of the respondents are given in Table 2, and the 

background of the studied farmers’ experience and perceptions of rubber floor mats 

installed in dairy farms are summarised in Table 3. The Table summarises the farmers’ 

experience and perceptions of rubber floor mats on dairy farms based on the questions 

asked in the survey and interviews. These experiences were the empirical evidence 

laying a foundation for presenting research results and discussions in this section. 

Table 2 

Socio-economic profile of the respondents 
Indicators Household Percentage 

Gender 

Male 23 45.10 

Female 28 54.90 

Total 51 100.00 

Age, years 

20–30 5 9.80 

31–40 9 17.65 

41–50 15 29.41 

51–60 15 29.41 

61–70 5 9.80 

71–80  2 3.92 

Total 51 100.00 

Farm size 

Small farm with no more than 20 dairy cows 3 5.88 

Medium-sized dairy farm, 21–100 cows 47 92.16 

Large dairy farms, 100 cows or more 1 1.96 

Total 51 100.00 

Total area for 

dairy farming, 

acres 

0–5 35 80.40 

6–10 6 17.60 

11–15 7 2.00 

Total 51 100.00 

Dairy 

farming 

experience, 

years 

1–5 20 39.22 

6–10 18 35.29 

11–15 8 15.69 

16–20 4 7.84 

20 years and more 1 1.96 

Total 51 100.00 

Educational 

level 

No compulsory education (0 years) 1 1.96 

Primary school (6 years) 16 31.37 

Secondary school (9 years)  7 13.73 

High school (12 years)  9 17.65 

Vocational college (12 years) 3 5.88 

Higher vocational college (14 years) 2 3.92 

Bachelor degrees (13 years and more) 13 25.49 

Total 51 100.00 

Source: created by the authors based on the collected survey and interview data. 
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Table 3 

Experiences and perceptions of studied farmers relating to rubber floor mats 

Questions 
Number of 

farms 

% of total 

observations 

Have you ever considered using rubber floor mats for livestock? 

  Yes 35 68.60 

  No 16 31.40 

Do you perceive rubber flooring to benefit dairy output?* 

  Yes 18 35.30 

  No 33 64.70 

Expected specifications of rubber floor mats 

  None (rubber flooring is not necessary on the farm) 10 4.80 

  Stability 20 9.50 

  Durability 10 4.80 

  Suitable thickness 15 7.10 

  Non-slip 32 15.20 

  Shock-resistance 38 18.10 

  Easy care for cleaning routine 26 12.40 

  Waterproof 17 8.10 

  Anti-mould 19 9.00 

  Strength and thickness for tractor trucks passing 22 10.50 

  Other (good design) 1 0.50 

Acceptable price ranges 

  None (rubber flooring is not necessary on the farm) 15 29.40 

  100–150 Baht**/square metres 30 58.80 

  151–200 Baht/square metres 2 3.90 

  201–250 Baht/square metres 1 2.00 

  > 250 Baht/square metres 3 5.90 

Are you willing to try installing rubber floor mats for free? 

  No (suspect negative effects) 12 19.05 

  Yes (know the benefits without prior trial) 14 22.22 

  Yes (know the benefits and wanting to learn more from trying 

the product) 
12 19.05 

  Yes (have previous experience using the product and already 

knowing the benefits) 
12 19.05 

  Yes (with other positive perceptions) 13 20.63 

Notes. *The participants answered based on their perceptions rather than their direct experience 

using rubber mats on their farms. Most previous experiences comes from trial installations for 

research or demonstration purposes. Although 64.70 % of the respondents answered “No” to the 

question “Do you perceive rubber flooring to benefit dairy output?” (see Table 3) due to the limited 

direct experience, both Yes and No respondents agreed to continue answering all the following 

questions relating to their expectations regarding installing rubber mats in their farms. 

**As of 2023, the exchange rate of Thailand Baht/US Dollar (THB/USD) ranged between (34–

35 THB/USD). 

Source: created by the authors based on the collected survey and interview data. 

Labour productivity analysis in dairy cattle farming. The authors used the 

Ordinary Least Squares (OLS) method to compute the multivariable regression model, 

using the data collected in the first fieldwork, the survey. The production function 
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estimated was: 

LPi = β0
+β

1
CAPi+β

2
EXPi+β

3
EDUi+β

4
HOUi+β

5
COSTi+β

6
AREAi,       (1) 

where LPi – the value of milk output in Baht/person per year for the ith farm 

(household); 
CAPi – capital-labour ratio in Baht/person of the ith household; 

EXPi – average number of years of all labourers working in the dairy farm of the 

ith household;  
EDUi – average number of years of all labourers attending schools in the 

Thailand’s educational system in the dairy farm of the ith household;  
HOUi – total number of family labourers in the ith household; 

COSTi – total input costs in Baht/year of the ith household; 

AREAi – total farming areas in square metres (sq. m) of the ith household; 

β – values of the coefficients to be estimated. 

Descriptive statistics of the variables used in the labour productivity function are 

given in Table 4, showing the mean, median, maximum, minimum and standard 

deviation values of each variable used to analyse the 51 observations. 

Table 4 

Descriptive statistics of the variables 

Indicators 
LP, 

Baht/person 
CAP, 

Baht/person 

EXP, 

years 

EDU, 

years 

HOU, 

person 

COST, 

Baht 

AREA, 

sq. m 

Mean 394,846.80 238,762.40 8.52 9.86 3.15 720,065.30 17,874.51 

Median 327,456.80 169,000.00 7.00 9.33 3.00 646,512.80 12,800.00 

Maximum 1,160,928.00 1,281,667.00 29.00 22.00 7.00 1,771,681.00 64,000.00 

Minimum 56,590.46 26,250.00 2.00 2.00 2.00 128,706.00 3,200.00 

Std. Dev. 243,506.80 230,288.60 5.48 3.95 1.12 365,620.60 13,266.62 

Observations 51 51 51 51 51 51 51 

Note. All values in the Table on a year basis. 

Source: created by the authors based on the collected survey data. 

The authors used SPSS as the statistical software for analysing the data. They 

verified the regression model by controlling the multi-collinearity and 

heteroscedasticity using simple correlation coefficient testing variables and the 

Heteroskedasticity test: ARCH (Salehi et al., 2013). As presented in Table 5 and 

Table 6, the model does not contain multi-collinearity (-0.8 < rxy < 0.8) and 

heteroscedasticity for significance at the 0.1 level (α = 0.01), Prob. > α.  

Table 5 

Testing for multi-collinearity of variables influencing dairy output per labour 
Correlation CAP EXP EDU HOU COST AREA 

CAP 1.000000 - - - - - 

EXP -0.214920 1.000000 - - - - 

EDU 0.227089 0.129977 1.000000 - - - 

HOU -0.174796 0.079340 -0.010005 1.000000 - - 

COST 0.151336 0.208861 0.275281 0.109345 1.000000 - 

AREA 0.371697 0.164461 0.131587 0.114932 0.173080 1.000000 

Source: created by the authors based on the collected survey data. 
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Table 6 

Heteroskedasticity test: ARCH 
Heteroskedasticity test: ARCH 

F-statistic 1.757888     Prob. F(1.48) 0.1912 

Obs·R-squared 1.766442     Prob. Chi-Square(1) 0.1838 

Source: created by the authors based on the collected survey data. 

Finally, given the production function, the estimation of parameters through OLS 

was calculated as presented in Table 7.  

Table 7 

Estimated parameters of the production function model through OLS 
Variable Coefficient Std. error t-Statistic Prob. 

CAP 0.088647 0.069802 1.269973 0.21 

EXP -1,993.314 2,754.249 -0.723723 0.47 

EDU -1,070.526 4,245.243 -0.252171 0.80 

HOU -103,957.9 15,581.20 -6.672008 0.00* 

COST 0.560213 0.038568 14.52547 0.00* 

AREA -0.053690 1.421267 -0.037776 0.97 

Constant 328,874.7 86,075.38 3.820775 0.00 

Notes. R2 = 0.843, Adj R2 = 0.813, P-value = 0.000, F-stat = 28.301, Obs = 51. 

*Presents the significance level at 1 %. 

Source: created by the authors based on the collected survey data. 

Table 7 shows that two factors used in the production function are significant at a 

99 % confidence level (p < 0.01). Total input costs (COST) positively influenced the 

average productivity of milk output in the sampled observations, meaning higher input 

costs in the business led to more milk output. Conversely, household size (HOU) 

significantly has a negative influence on the labour productivity of milk output, 

indicating that larger household sizes showed less labour productivity. Four variables 

showed statically insignificance in labour productivity of milk output (p > 0.05) despite 

being selected for the estimated production function following related previous studies 

in the field (Kimura & Sauer, 2015; Ramos, 2021; Van der Meulen et al., 2014). 

Creswell & Creswell (2018) suggested that insignificant quantitative results could be 

caused by the differences in demographics, different socio-economic, or different sample 

sizes of different studied fieldwork, resulting in insignificant hypothetical variables.  

Accordingly, an additional qualitative investigation was designed to scrutinise 

further explanations concerning the specific settings of this research’s empirical site. 

The qualitative analysis was based on all significant and non-significant variables. It 

examined the positive influences of capital-labour ratio (CAP) and total input costs 

(COST) and the negative influences of experience (EXP), education (EDU), household 

size (HOU) and total farming area (AREA). The following is an explanation of the 

research findings organized by elements of the demand analysis for canvas business 

model, including customer segments, customer relationships, channels, value 

propositions, and revenue streams. The presentation of results and corresponding 

discussions combine both quantitative and qualitative analysis of the empirical 

evidence from the research data.  
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There are three common types of housing management in local smallholder dairy 

farming in Thailand: straw-yard, free-stall, and mixed-type. This study’s survey 

respondents were 11.30 % straw-yard, 43.40 free-stall and 45.30 % mixed-type farms 

(Table 8). These numbers were consistent with the Cooperative Promotion Department 

(2023), indicating that most local dairy farms in Thailand have been promoted through 

the cooperative networks to manage the farm using free-stall or cubicle housing areas 

to raise higher productivity. Thus, only the minority work entirely on conventional 

straw-yard farms. Results from the interview data helped explain that the traditional 

type of farming family preferred traditional straw-yard farming; they only managed to 

have a small area for concrete as a milking parlour and feeding the cows in the family’s 

grazing land area. They bred the cows and grazed them in the family pasture. 

Table 8 

Dairy farm housing 
Housing management type Number of farms % of total observations 

Straw-yard 6 11.30 

Free-stall 22 43.40 

Mixed-type 23 45.30 

Total 51 100.00 

Source: created by the authors based on the collected survey data. 

The qualitative examination revealed that family labourers with longer experience 

were mostly experienced in conventional straw-yard farms. Although statistically 

insignificant, this result was consistent with the variable experience (EXP) for having 

a negative relation to labour productivity (LP). Additional evidence collected through 

interviews helped explain that the traditional housing technique was based on the 

farmers’ indigenous knowledge; this finding was consistent with scientific studies 

(Haskell et al., 2006; Langford et al., 2021) confirming that soil and grazing surfaced 

yards provide cushioning effects helping to reduce cow foot and hoof problems caused 

by concrete. Therefore, rubber flooring was unnecessary for conventional straw-yard 

farming (Figure 2, Appendix A). This type of traditional farming used a larger land 

area (AREA) while delivering relatively less productivity, as seen earlier in Table 4, 

showing a negative influence of AREA on LP, significant at a 99 % confidence level 

(p < 0.01). 

Considering the three types of dairy housing management, traditional straw yards, 

modern free stalls, and mixed-type, this paper suggests modern free stalls farms using 

cubicle housing design as the target market segment (Figure 3, Appendix A). 

Interviews with the farmers confirmed the positive relation between total input costs 

(COST) and labour productivity (LP), with statistical significance (p < 0.01), 

indicating that farms with higher costs resulted in higher labour productivity. The 

results also helped explain the positive effects of the capital-labour ratio (CAP) on 

labour productivity (LP), revealing that free-stall farms invested more in construction 

design and housing facilities, such as permanent sheds and concrete flooring. Agreeing 

with the study of Haskell et al. (2006), a good free-stall design helps reduce lameness 

and leg lesions in dairy cows. These results implied that farmers could increase their 

https://are-journal.com/


Agricultural and Resource Economics: International Scientific E-Journal 
https://are-journal.com  

Vol. 10, No. 2, 2024 227 ISSN 2414-584X 

investment in enhancing the sheds and flooring materials to promote the breeding 

environment where the labourers nurtured the cows to increase productivity. 

The survey findings showed that 68.60 % of the respondents had experience using 

the mats, and 64.70 % found rubber flooring useful for promoting the cows’ well-

being. Most past experiences has come from a trial installation for research or 

demonstration purposes. Therefore, the farmers only try using the mats in a partial 

housing area. Despite the benefits, the movable mats led to multiple hygienic and 

routine care problems caused by debris, cow drops, and water trapped underneath the 

mats. Considering the difficulties, these removable large and heavy mats eventually 

became a burden to remove. Accordingly, the finding suggested that rubber floor mats 

should be placed on a concrete floor instead of a removable construction, which most 

in the market recently offered.  

Suitable mat installation requires high personnel involvement and the provision 

of extended training in customer relations. This result suggested that training is based 

on the research findings revealing the average year of education of labourers on the 

surveyed farms. The mean value of education (EDU) was only 9.86 years, meaning 

that most labourers achieved only the national compulsory secondary school education 

with no specific expertise in livestock sciences. Furthermore, higher-educated family 

labourers obtained their degrees from other areas not specific to livestock sciences or 

dairy farm business; these labourers often had another job and only worked for family 

farms, providing little productivity. Although statistically insignificant, these data 

helped explain the negative relation between education (EDU) and labour productivity 

(LP). 

This paper, therefore, suggests that floor mat business development should 

include an on-site fitting service to help enhance the farm design for better productivity. 

Additional training for housing management and using rubber flooring to promote 

productivity should also be offered as part of the business model for customer 

relationships. Kumarasekara & Edirisinghe (2009) point out that education level of the 

farmers and training extension positively affects dairy smallholders’ labour 

productivity. Recommended activities for farm improvement, based on Andren & 

Hedin (2018) and Vanegas et al. (2006), may include on-site service, technical training 

for product installation and maintenance and custom free-stall flooring design for 

individual customers. 

The finding showed that no respondents who worked for local family farms ever 

purchased rubber floor mats at their own cost; even those who had previous experience 

using rubber floor mats were offered a trial use for either demonstration or research 

purposes through various channels: from the cooperatives they membered for 

commercial demonstration; from regional universities offering a trial product for 

research purposes; and from local agricultural promotional authorities for technology 

and knowledge transfer purposes. This result suggested an extension of training about 

the contributary benefit of farming facilities, such as rubber mats, to positively benefit 

productivity. This paper, therefore, recommends a rubber floor mat business model that 

includes networking promotional schemes to encourage demand. It perceives existing 
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connections among farmers and the established networks engaged by public and 

educational sectors as essential for business development. As a result, the paper 

suggests basic channels for connecting with the target customers based on personal 

references among local farmers, their cooperatives, local agricultural authorities, and 

regional universities. 

As discussed earlier, 64.70 % of the respondents, having tried rubber mats on their 

farm, confirmed acknowledging the benefits of rubber flooring. Langford et al. (2021) 

also insist that the concrete floor with its unyielding nature adversely affected the 

health of the legs and feet of the cows. Accordingly, the perceived benefits led these 

respondents to identify their expectations for product development, including 

permanent installation with a minimum of fifteen years of durability (based on the 

expected lifetime of all investing capital of the housing construction (Table 9). 

Table 9 

Dairy farm investing capital 

Investment category 

Average 

investment 

value, Baht 

Current usage, 

years 

Expected 

remaining usage, 

years 

Housing construction (including 

loafing area and milking parlour) 
452,291.04 7.14 9.47 

Milking machines 67,391.11 6.45 6.61 

Farming machinery (including tractor 

truck) 
211,411.76 3.08 5.96 

Milking equipment 17,039.22 3.24 2.94 

Miscellaneous 4,147.06 0.45 0.59 

Source: created by the authors based on the collected survey data. 

The value propositions of rubber mats also concerned various reported hygienic 

problems and impractical installation caused by the removable construction of most 

available mats, either those recently supplied in the market or those resulting from 

rubber research and development (R&D) projects. This finding helped change the 

direction of livestock mat design regarding how rubber mats should be developed to 

address many of the perceived defects that hinder the desire to purchase. It suggested 

that rubber flooring should be permanently installed and designed in such a way that 

they do not cause hygiene problems and complicate routine maintenance during long-

term use. Also, the promotion of mat value should focus on the following qualities, as 

summarised based on the farmers’ perspectives presented in Table 3: durability, non-

slip, shock-resistance, anti-mould, waterproof, easy-care for cleaning routine, strength 

and thickness for tractor trucks passing. 

According to the interview data and multiple site visits to the farms during the 

second fieldwork, the recommended installation for the loafing area was 10 square 

metres per cow. These data suggest that more cows require more fenced area to install 

mats, leading to an increase in the farm’s capital-labour ratio (CAP) and input costs 

(COST) to influence an increase in LP positively. Table 10 illustrates the calculated 

housing area of the research site, given that most observed farms (> 85 % of the total 

surveyed area) operated cubical farming, regarded as the target market segment.  
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Table 10 

Farm sizes and recommended housing areas for healthy loafing activity 
Farm size 

(classified by numbers of cows*) 

Number of 

farms 

% of total 

observations 

Total surveyed 

housing area, sq. m 

Small (1–20) 8 15.69 195.03 

Medium (21–100) 42 82.35 500.38 

Large (101 and more) 1 1.96 1,264.74 

Total  653.38 

Note. *As guided by the interview with the managers of dairy cooperatives at the research sites.  

Source: created by the authors based on the collected survey data. 

Although no respondents had ever purchased rubber mats, those who expressed a 

positive perception of the benefits of rubber flooring predicted an acceptable price 

range, provided the installation met their expectations. The following price ranges were 

given as part of the descriptive statistics of the survey results (see also Table 3): 

58.80 % for 100–150 Baht/sq. m, 3.90 % for 151–200 Baht/sq. m, 2.00 % for 151–

200 Baht/sq. m, while 5.90 % would agree to pay above 251 Baht/sq. m. Only 29.40 % 

asserted rubber floor mats were unnecessary for their farms, hence no intention to pay 

for the product. Given the anticipated price ranges, these findings suggested that private 

demand for rubber installation could be created. 

In circumstances where farmers do not pay their own costs, such as the mat being 

offered for demonstration, public support or research purposes, 81.95% of respondents 

said they would agree to try installation. This finding suggested that in addition to 

private demand, there was another source for demand creation involving public sources 

of funds, including public authorities, regional universities, and research institutions. 

These public and educational sectors could purchase rubber floor mats to provide to 

local dairy smallholders, offering the installation for agricultural research or 

promotional policy implementation. 

The analysis conducted by the authors on the supply side was informed by the 

insights of rubber innovation specialists and academics. Additionally, the authors 

supplemented their findings using a secondary data analysis of government reports and 

public records. This study showed that the studied regional university possesses the 

necessary innovative rubber technology for processing low-grade rubber for the 

production of cattle floor mats. One of the participants in the focus group, who 

possessed expertise in mechanical engineering and had a research interest in rubber 

science and production, verified the existence of production technology that enables 

the customisation of low-quality RSS rubber. This customisation involves the use of 

various chemical substances to facilitate the processing of the rubber, resulting in 

desired qualities such as thickness, hardness, durability, or water resistance. The author 

presented instances of compounds incorporated into untreated RSS rubber by diverse 

formulas in order to convert the rubber into distinct specifications suitable for further 

forming into new rubber products. Examples are shown in Figure 4 (Appendix A).  

Furthermore, it has been recommended by other scholars in the field of 

engineering to pursue the establishment of a sustainable rubber production ecosystem 

in alignment with the contemporary national economic development framework known 
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as the Bio-Circular-Green economy model (National Science and Technology 

Development Agency of Thailand, 2023). The research findings, therefore, revealed 

biofuel production technology that can be utilised to convert RSS rubber and obsolete 

products, including raw low-graded RSS rubber, waste generated during rubber sheet 

manufacture, and aged RSS products, into biofuel; see also Figure 5 (Appendix A). 

Given the diverse range of raw and discarded RSS rubber, which holds the 

potential for conversion into rubber biofuel that has been scientifically demonstrated 

to be comparably effective to diesel fuel, this new rubber product might be afterwards 

marketed as downstream rubber products within the framework of the BCG model. 

From an academic viewpoint, engineering academics confirmed that there was a viable 

potential for the transfer of production technology as a means of university outreach to 

facilitate the advancement of rubber innovation. This result was consistent with prior 

research examining the development of a KBE in small agricultural commodities in 

Thailand (Chanthes & Sriboonlue, 2021; Puangpronpitag, 2019). It states that small-

scale local farmers face constraints on research and development opportunities, which 

hinder their ability to collaborate with local higher education institutions and benefit 

from university outreach programs and technology transfer initiatives. 

The data sources were conceptualised in accordance with the five parts of the 

canvas supply side, namely key partners, key activities, key resources, cost structure, 

and value propositions. This conceptualisation was complemented by the analysis 

conducted from the demand side, as proposed by Osterwalder & Pigneur (2010). 

Consequently, the findings were organised within the framework of the canvas, 

encompassing both the supply and demand aspects. The shared value propositions for 

the rubber cow floor mat products are presented in Table 11, which provides a 

formation of the knowledge-based business model canvas for RSS rubber cattle floor 

mats. 

The business model canvas outlined in Table 11 led to a practical implementation 

this research offered as a contribution to knowledge in the field. The components filled 

in each of all the nine modules could lead to developing a business for transforming 

low-graded RSS rubber into a value-added product of cattle rubbers to encourage its 

use in dairy farming to promote productivity, based on the analysis of the supply and 

demand sides this empirical research has delivered. All the elements listed in the nine 

modules, namely key partners, key activities, key resources, cost structure, customer 

relationships, customer segments, channels, revenue streams, and value propositions, 

could be essential guidelines for establishing a high-potential success business. 

 

5. DISCUSSION 

Considering the research results about encouraging demand for using rubber floor 

mats to promote a nourishing environment for dairy cattle and hence increase dairy 

productivity, agricultural promotional policies should be implemented through public 

and private connections between local authorities and local farmers. The results of this 

study support previous studies by Chanthes (2022) and Puangpronpitag (2019); public 

and private connections in agribusiness development through personal references can 
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promote knowledge transfer among the involved parties. According to the findings of 

these previous studies, Chanthes (2022) studies the public-private connection in the 

organic rice production business, and Puangpronpitag (2019) considers various local 

farming businesses, including dairy farms in the UK. They similarly discover the 

positive effect of the relationship on promoting demand for using agricultural supplies 

and equipment following public agricultural promotional policies.  

Table 11 

Knowledge-based business model canvas for RSS rubber cattle floor mats 
Key partners: 

- RSS rubber 

farmers 

- Knowledge 

and technology 

transfer partners, 

i.e., regional 

universities and 

local public 

authorities for 

cattle promotion 

- Local 

distributing 

partners 

- Local sales 

and marketing 

partners 

Key activities: 

- Raw RSS rubber 

transformation by 

adding active agents 

- Moulding processed 

RSS rubber sheet into 

designed cattle floor 

mats shapes production 

- Machinery design 

assisted by the 

production technology 

transfer through 

university outreach and 

regional engagement 

Value 

propositions: 

- Rubber flooring 

has been 

scientifically 

proven to reduce 

the health 

problems 

concerning the 

cow’s legs and 

feet caused by 

unyielding 

concrete floors 

- Permanent 

superimposed 

installation on 

concrete is 

required 

- Customer’s 

product 

expectations: non-

slip, shock-

resistance, anti-

mould, waterproof, 

easy-care for 

cleaning routine, 

strength and 

thickness for 

tractor trucks 

passing 

Customer relationships: 

- Highly personal 

- On-site service for 

product installation 

- Technical training for 

product installation and 

maintenance is provided 

- Custom free-stall 

flooring design for 

individual customers 

Customer 

segments: 

- Free-stall farms 

- Cubicle housing 

areas in mixed-

type farms 

- Farms with 

concrete-surfaced 

loafing areas 

- Prioritising 

farms with 

relatively high 

capital-labour 

ratio and higher 

investment costs, 

e.g. larger farms 

with more cows, 

more housing 

construction area 

or higher business 

investment value 

Key resources: 

- Raw RSS rubbers 

- Skilled workforce 

- Cost of chemical 

substances 

- Financial support 

(public initiatives / 

private investment) 

- Technical support 

from regional 

universities and rubber 

promotional authorities 

Channels: 

- Direct contact through 

personal references and 

networks 

- Through dairy 

cooperatives, they 

membered for commercial 

demonstration 

- Through regional 

universities for research 

purposes 

- Through local 

agricultural authorities, 

responsible for promoting 

technology and knowledge 

transfer policies 

Cost structure: 

- Material costs: raw RSS rubber supplies 

(Fluctuating prices based on the world rubber 

markets) 

- Costs for investment and maintenance of 

forming equipment 

- Labor costs 

- Marketing costs 

- Customer relations costs 

- Product distribution costs 

Revenue streams: 

- The expected price range is 100–150 Baht/sq. m for 

general customers’ expectations 

- The expected price range is above 250 Baht/sq. m for 

premium products 

- Government subsidies or public funding schemes are used 

to initiate wider public recognition of rubber flooring benefits 

- Recommended installation for the loafing area is 10 sq. m 

per 1 cow; more cows, more areas, more installation area 

Source: created by the authors based on Osterwalder’s business model canvas (Osterwalder & 

Pigneur, 2010).  

Similar results to the previous study by Puangpronpitag (2019) were discovered 

in this study because the respondents were members of the local dairy cooperatives, 

where public authorities for dairy farming regularly visit to help educate and monitor 

the farmers’ milk production. Also, similar to the empirical findings of Chanthes 
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(2022), academics from regional public universities in this region who research 

agricultural promotion typically establish strong relationships with cooperative 

managers to create access and further linkages with farmers. Given these strong 

communication channels, the research findings confirmed a positive impact on demand 

stimulation. 

The results of the study also indicate support for environmental innovations, 

which play a significant role in the economic development of Industry 4.0 (Noronha et 

al., 2023). Furthermore, similar to the study conducted by Kucher et al. (2022), 

adopting environmentally sustainable production practices was perceived as viable 

way for agricultural companies to achieve improved financial performance. Hence, the 

business model suggested by this study also included local knowledge providers, such 

as regional universities and rubber promotional authorities, who played a crucial role 

in facilitating the dissemination of innovative production knowledge and technology 

transfer. This support assisted local upstream farmers in pursuing eco-innovation in 

rubber production, aligning with the national initiatives of Industry 4.0 and BCG 

concepts. 

This study has delivered a crucial contribution to knowledge in the field by 

providing evidence to support the business development of rubber floor mats, focusing 

on both the supply and demand sides based on the expectations of the targeted 

customers. These local dairy farm owners labour for their businesses. The study 

ultimately utilised the evidence to construct a resourceful business model for 

establishing cattle rubber floor mats made from low-quality RSS rubber, which are 

utilised for feeding and housing management to enhance labour productivity in dairy 

farming. 

 

6. CONCLUSIONS 

Livestock rubber floor mats has been proposed as a product with potential for the 

Thai market. However, existing studies from the country mainly focus on scientific 

experiments for processing rubber at the theoretical level. None has explored the 

demand analysis, especially in terms of business model development. This paper has 

filled the knowledge gap by delivering empirical evidence of the demand analysis 

targeting dairy farm use. The study used mixed-method research, starting with a 

questionnaire survey to collect quantitative data required for labour productivity 

analysis. Then, the results were used to guide the further qualitative investigation, using 

interviews to collect the data for scrutinising dairy farm management relating to the 

rubber installation to help increase its labour productivity, hence creating the demand 

for using the floor mats.  

This study examined the labour productivity of dairy farming, as the demand side 

of cattle floor mats, using the OLS method for computing the multivariable regression 

model using the data collected by a questionnaire survey. Two factors of the proposed 

production function showed significant at a 99 % confidence level (p < 0.01). Total 

input costs (COST) positively influenced the average productivity of milk output in the 

sampled observations, meaning higher input costs in the business led to more milk 
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output. Conversely, household size (HOU) significantly negatively influences milk 

output’s labour productivity, indicating that larger household sizes showed less labour 

productivity. 

The survey data showed that the respondents of this study were 11.30 % straw-

yard, 43.40 % free-stall and 45.30 % mixed-type farms. The findings showed that 

68.60 % of the respondents had experience using the mats, and 64.70 % found rubber 

flooring helpful in promoting the cows’ well-being. Given that the findings of total 

input costs positively influenced the productivity in dairy farming and interviews with 

the respondents helped explain the positive effects of the capital-labour ratio (CAP) on 

labour productivity (LP), these results suggested that free-stall farms invested more in 

construction design and housing facilities, such as permanent sheds and concrete 

flooring. It showed that increasing capital-labour ratios and input costs, such as 

enhanced farming construction materials and better housing design, could significantly 

promote the farm’s output.  

Based on the demand analysis, this paper suggests business development to 

promote rubber flooring in free-stall dairy farms as permanent superimposed 

installation on concrete, which is rare, providing the most available products in the 

market, which are detachable mats. However, despite the confirmed positive 

perceptions of rubber flooring, the recommended customer segment indicated the price 

ranges of their willingness to pay as low as 100–150 Baht/sq. m. This outcome implies 

limited market awareness of the product value despite its scientifically proven 

usefulness. Thus, further strategies for demand creation were recommended. 

Considering the national policy for promoting the rubber industry, this paper suggests 

creating demand through promotional schemes and financial and knowledge support 

from the public and educational sectors to expand market awareness and stimulate 

product value.  

The paper also provided findings that led to two critical practical implications that 

are discussed in this paper. First, the market for cow mats targeting cattle farms or 

livestock use should target innovative knowledge-based farms ready to accept 

innovative products proven to help increase their productivity. Secondly, considering 

the available technologies and the possibility for knowledge transfer from the academic 

sector, the production of RSS rubber cow mats shows potential for business 

development for local farmers and small regional enterprises. This paper will help shed 

light on tackling problems rubber farmers face in the upstream industries. 

In addition to the practical implications, this paper also contains three critical 

policy implications. First, concerning limited resources and knowledge, local rubber 

farmers and small regional RSS rubber enterprises will require public support for 

knowledge and technology transfer. Government authorities overseeing policies for 

agricultural extension and promotion of the rubber industries are advised to provide 

financial support and promotional schemes at the policymaking level to foster business 

development. Secondly, the Thai government should promote a sustainable ecosystem 

for RSS rubber production, which should involve not only targeted commercial 

products but also rubber biofuel production. Finally, outreach and engagement for 
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innovation and knowledge transfer of regional universities should be promoted at the 

policymaking level, which could shape the directions of future research and academic 

service delivery to impact regional economic development.  

 

7. LIMITATIONS AND FUTURE RESEARCH 

The limitations of this research and the implementation of the results relate to the 

contextual conditions of the empirical environment in which it was studied; the 

sampled observations were local dairy smallholders from the selected province in 

Thailand. Hence, studies in different environments, such as in larger farm sizes, farms 

managed at the corporate level, and farms in other regions or countries, may deliver 

different results. 

Despite the limitations, this paper helps fill the knowledge gap by exploring the 

demand and supply elements of natural rubber floor mats for the development of 

knowledge-based businesses. Its novel demand analysis may be used as a benchmark 

for policymakers to evaluate their rubber promotion policies and for other stakeholders 

of the floor mats industry in search of practical business strategies. Given its 

contribution to knowledge, this paper encourages future research to use the demand 

characterisation to examine its practical implication for business development. Also, it 

recommends further studies to include rubber farmers in investigating the supply side 

of the business model canvas to make the practical business model ready to transform 

the proposed model into practice possible.  

Additionally, although the empirical setting of this study was in Thailand, the 

practical and policy implications presented in this paper can be applied to a broad 

extent in agribusiness development in other comparable agricultural commodities not 

limited to the Thailand context. 

Funding: this research project was financially supported by Mahasarakham 

University. 

Acknowledgments: we are grateful to Dr. Peth Laupattarakasem, Khun Bank and 

Khun Pop of PPP Farm Khon Kaen, Thailand for their valuable information on modern 

cattle farming and farm management.  

Conflicts of interest: the authors declare no conflict of interest. 

 

REFERENCES 

1. Akuhwa, P. T., Gbande, C. A., Akorga, B. S., & Adye, Z. S. (2015). 

Knowledge-based entrepreneurship and globalization: correlates for the wealth of 

nations and perspectives from Nigeria. Open Journal of Applied Sciences, 5(8), 460–

484. https://doi.org/10.4236/ojapps.2015.58046. 

2. Akzar, R., Umberger, W., & Peralta, A. (2023). Understanding heterogeneity 

in technology adoption among Indonesian smallholder dairy farmers. Agribusiness, 

39(2), 347–370. https://doi.org/https://doi.org/10.1002/agr.21782. 

3. Andren, S., & Hedin, M. (2018). Business model innovation for asphalt with 

rubber content. Karlstad, Karistad Univeristy. 

4. Atthawuttikul, A., & Chavalkul, Y. (2018). The effect of form factors of shock 

https://are-journal.com/


Agricultural and Resource Economics: International Scientific E-Journal 
https://are-journal.com  

Vol. 10, No. 2, 2024 235 ISSN 2414-584X 

absorption mat’s subunits on attenuation of force from elderly’s fall. The Open 

Construction and Building Technology Journal, 12, 350–361. 

https://doi.org/10.2174/1874836801812010350. 

5. Barel-Shaked, S. (2023). Network-based business model in the agri-food 

sector: a case study of Green Fingers. Agricultural Economics, 69(4), 162–170. 

https://doi.org/10.17221/2/2023-AGRICECON. 

6. Boyer, V., Shepley, E., McPherson, S. E., St John, J., & Vasseur, E. (2023). 

Housing of dairy cattle: enhancing movement opportunity in housing systems. In 

M. Haskell (Ed.), Cattle welfare in dairy and beef systems. a new approach to global 

issues (pp. 91–104), vol. 23. Springer, Cham. https://doi.org/10.1007/978-3-031-

21020-4_4. 

7. Chanthes, S. (2022). University outreach in the triple helix model of 

collaboration for entrepreneurial development. Journal of Educational Issues, 8(2), 

178–192. https://doi.org/10.5296/jei.v8i2.20086. 

8. Chanthes, S. (2023). Grounded theory study in economics and management 

research. Mahasarakham University. Available at: https://pubhtml5.com/dtys/remj. 

9. Cooperative Promotion Department (2023). Cooperative profiles. Ministry of 

Agricuture and Cooperatives of Thailand. Available at: 

https://app1.cpd.go.th/profile/coop_notkey.asp?year_in=2558&province_n=%C1%C

B%D2%CA%D2ä%D2%C1&org_org_id=5045. 

10. Creswell, J. W., & Creswell, J. D. (2018). Research design: qualitative, 

quantitative, and mixed methods approaches, 5th ed. SAGE Publications. Available at: 

https://spada.uns.ac.id/pluginfile.php/510378/mod_resource/content/1/creswell.pdf. 

11. Delarue, J. (2011). Thailand: the world’s leading exporter of natural rubber 

owing to its smallholders. Working Paper No. 96. Available at: 

https://www.afd.fr/en/ressources/thailand-worlds-leading-exporter-natural-rubber-

owing-its-smallholders. 

12. Doner, R., & Abonyi, G. (2013). Upgrading Thailand’s rubber industry: 

opportunities and challenges. Thammasat Economic Journal, 31(4), 44–66. Available at: 

https://www.researchgate.net/publication/337991986_Upgrading_Thailand's_Rubber_In

dustry_Opportunities_and_Challenges. 

13. Engelen, A., von Gagern, C., & Engelen, M. (2023). Company-related 

opportunity recognition tools. In Opportunity Recognition (pp. 21–84). Springer, 

Wiesbaden. https://doi.org/10.1007/978-3-658-39811-8_2. 

14. Gorokhova, T., Shpatakova, O., Toponar, O., Zolotarova, O., & Pavliuk, S. 

(2023). Circular economy as an alternative to the traditional linear economy: case study 

of the EU. Revista De Gestão Social E Ambiental, 17(5), e03385. 

https://doi.org/10.24857/rgsa.v17n5-002. 

15. Greene, J. C., Caracelli, V. J., & Graham, W. F. (1989). Toward a conceptual 

framework for mixed-method evaluation designs. Educational Evaluation and Policy 

Analysis, 11(3), 255–274. https://doi.org/10.3102/01623737011003255. 

16. Haskell, M. J, Rennie, L. J., Bowell, V. A., Bell, M. J., & Lawrence, A. B. 

(2006). Housing system, milk production, and zero-grazing effects on lameness and 

https://are-journal.com/


Agricultural and Resource Economics: International Scientific E-Journal 
https://are-journal.com  

Vol. 10, No. 2, 2024 236 ISSN 2414-584X 

leg injury in dairy cows. Journal of Dairy Science, 89(11), 4259–66. 

https://doi.org/https://doi.org/10.3168/jds.S0022-0302(06)72472-9. 

17. Herzog, A., Hörtenhuber, S., Winckler, C., Kral, I., & Zollitsch, W. (2020). 

Welfare intervention and environmental impacts of milk production – cradle-to-farm-

gate effects of implementing rubber mats in Austrian dairy farms. Journal of Cleaner 

Production, 277, 123953. https://doi.org/10.1016/j.jclepro.2020.123953. 

18. Johnson, R. B., Onwuegbuzie, A. J., & Turner, L. A. (2007). Toward a 

definition of mixed methods research. Journal of Mixed Methods Research, 1, 112–

133. https://doi.org/10.1177/1558689806298224. 

19. Kimura, S., & Sauer, J. (2015). Dynamics of dairy farm productivity growth: 

cross-country comparison. OECD Food, Agriculture and Fisheries, Papers No. 87. 

Paris, OECD Publishing. https://doi.org/10.1787/5jrw8ffbzf7l-en. 

20. Krejcie, R. V, & Morgan, D. W. (1970). Determining sample size for research 

activities. Educational and Psychological Measurement, 30(3), 607–610. 

https://doi.org/10.1177/001316447003000308. 

21. Kucher, L., Kucher, A., Morozova, H., Pashchenko, Yu. (2022). 

Development of circular agricultural economy: potential sources of financing 

innovative projects. Agricultural and Resource Economics, 8(2), 206–227. 

https://doi.org/10.51599/are.2022.08.02.11. 

22. Kumarasekara, K., & Edirisinghe, J. (2009). Improving labour productivity of 

smallholder dairy farmers: a case study from Kurunegala and Anuradhapura districts. 

Journal of Food and Agriculture, 2(2), 16–21. https://doi.org/10.4038/jfa.v2i2.4176. 

23. Langford, F. M., Bell, D. J., Nevison, I. M., Tolkamp, B. J., Roberts, D. J., & 

Haskell, M. J. (2021). What type of loafing areas do housed dairy cattle prefer? Applied 

Animal Behaviour Science, 245, 105511. 

https://doi.org/https://doi.org/10.1016/j.applanim.2021.105511. 

24. Li, X., Ling, T.-C., & Hung Mo, K. (2020). Functions and impacts of 

plastic/rubber wastes as eco-friendly aggregate in concrete – a review. Construction 

and Building Materials, 240, 117869. 

https://doi.org/10.1016/j.conbuildmat.2019.117869. 

25. Merriam, S. B., & Tisdell, E. J. (2015). Qualitative research: a guide to 

design and implementation, 4th ed. San Francisco, CA, John Wiley & Sons. Available 

at: https://www.wiley.com/en-

us/Qualitative+Research%3A+A+Guide+to+Design+and+Implementation%2C+4th+

Edition-p-9781119003601. 

26. Salehi, M., Shirouyehzad, H., & Dabestani, R. (2013). Labour productivity 

measurement through classification and standardisation of products. International 

Journal of Productivity and Quality Management, 11(1), 57–72. 

https://doi.org/10.1504/IJPQM.2013.050568. 

27. National Science and Technology Development Agency of Thailand (2023a). 

Bio-circular-green economy (BCG). NSTDA. Available at: 

https://www.bcg.in.th/background. 

28. National Science and Technology Development Agency of Thailand (2023b). 

https://are-journal.com/


Agricultural and Resource Economics: International Scientific E-Journal 
https://are-journal.com  

Vol. 10, No. 2, 2024 237 ISSN 2414-584X 

Eco-friendly rubber flooring for livestock. NSTDA. Available at: 

https://www.nstda.or.th/en/news/news-years-2023/eco-friendly-rubber-flooring-for-

livestock.html. 

29. Osterwalder, A., & Pigneur, Y. (2010). Business model generation: a 

handbook for visionaries, game changers, and challengers. John Wiley and Sons. 

Available at: 

https://vace.uky.edu/sites/vace/files/downloads/9_business_model_generation.pdf. 

30. Puangpronpitag, S. (2019). University engagement and knowledge-based 

entrepreneurship development: an empirical study from a UK university. Proceedings 

of the European Conference on Innovation and Entrepreneurship, ECIE, 2, 834–842. 

https://doi.org/10.34190/ECIE.19.148. 

31. Ramos, R. N. M. (2021). Family labour organization for dairy farming in 

western Mexico. Between the search for productivity and well-being. Journal of Rural 

Studies, 88, 354–367. https://doi.org/10.1016/j.jrurstud.2021.08.005. 

32. Sadharakiya, K., Sorathiya, L., Raval, A., Sabapara, G., & Patel, P. (2019). 

Effects of rubber mat flooring on hygiene, locomotion, hock and knee injury in 

crossbred cows. International Journal of Livestock Research, 9(1), 195–201. 

https://doi.org/10.5455/ijlr.20180709055929.  

33. Schroeder, R., Van de Ven, A., Scudder, G., & Polley, D. (1986). Managing 

innovation and change processes: findings from the Minnesota innovation research 

program. Agribusiness, 2(4), 501–523. https://doi.org/10.1002/1520-

6297(198624)2:4<501::AID-AGR2720020412>3.0.CO;2-G. 

34. Schütz, K. E., Rajapaksha, E., Mintline, E. M., Cox, N. R., & Tucker, C. B. 

(2018). Stepping behavior and muscle activity of dairy cattle standing on concrete or 

rubber flooring for 1 or 3 hours. Journal of Dairy Science, 101(10), 9472–9482. 

https://doi.org/10.3168/jds.2018-14607.  

35. Sirisinha, C., Sae-oui, P., Suchiva, K., & Thaptong, P. (2020). Properties of 

tire tread compounds based on functionalized styrene butadiene rubber and 

functionalized natural rubber. Journal of Applied Polymer Science, 137(20), 48696. 

https://doi.org/https://doi.org/10.1002/app.48696. 

36. Suárez-Usbeck, A., Villagómez-Estrada, S., Vinueza, P., Haro, A. N., & 

Maldonado, T. (2023). The type of bedding on the welfare of dairy cattle. Journal of 

Survey in Fisheries Sciences, 10(3s), 379–384. https://doi.org/10.17762/sfs.v10i3S.42. 

37. Trade policy and strategy office of Thailand (2023). Thai international trade 

in march 2023. Available at: 

https://uploads.tpso.go.th/press_release_eng_march_23_final.pdf. 

38. Tucker, C. B., Weary, D. M., & Fraser, D. (2003). Effects of three types of 

free-stall surfaces on preferences and stall usage by dairy cows. Journal of Dairy 

Science, 86(2), 521–529. https://doi.org/10.3168/jds.S0022-0302(03)73630-3. 

39. Van der Meulen, H. A. B., Dolman, M. A., Jager, J. H., & Venema, G. S. 

(2014). The impact of farm size on sustainability of Dutch dairy farms. International 

Journal of Agricultural Management, 3(2), 119–123. 

https://doi.org/10.5836/ijam/2014-02-07.  

https://are-journal.com/


Agricultural and Resource Economics: International Scientific E-Journal 
https://are-journal.com  

Vol. 10, No. 2, 2024 238 ISSN 2414-584X 

40. Vanegas, J., Overton, M., Berry, S. L., & Sischo, W. M. (2006). Effect of 

rubber flooring on claw health in lactating dairy cows housed in free-stall barns. 

Journal of Dairy Science, 89(11), 4251–4258. https://doi.org/10.3168/jds.S0022-

0302(06)72471-7. 

41. Weerasinghe, W., Rajapaksha, E., Gunawardena, W., Ammunekumbura, I., 

& Samarakone, T. S. (2021). Effect of rubber and concrete flooring on resting 

behavior, hock injuries, and milk production of primiparous Friesian crossbred dairy 

cows housed in a free-stall barn in Mid-Country, Sri Lanka. Tropical Animal Health 

and Production, 53(5), 447. https://doi.org/10.1007/s11250-021-02885-y. 

42. Weerathamrongsak, P., & Wongsurawat, W. (2013). The rubber industry of 

Thailand: a review of past achievements and future prospects. Journal of Agribusiness 

in Developing and Emerging Economies, 3(1), 49–63. 

https://doi.org/10.1108/20440831311321665. 

43. Yin, R. K. (2017). Case study research and applications: design and methods, 

6th ed. Washington DC, SAGE Publications. Available at: 

https://pubhtml5.com/axep/wwbs/Case_study_research_and_applications_design_and

_methods_by_Campbell%2C_Donald_Thomas_Yin%2C_Robert_K._z-

lib.org/#google_vignette. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://are-journal.com/


Agricultural and Resource Economics: International Scientific E-Journal 
https://are-journal.com  

Vol. 10, No. 2, 2024 239 ISSN 2414-584X 

 

Appendix A 

 

Supplementing materials 

 

 

 

 

 

 

 

 

 

 

 

 

              (a) Straw-yard land area                                (b) Milking parlour area 

 

Figure 2. Examples of a traditional straw-yard farm with a small milking  

parlour 

 
Source: photos taken by the authors from the interview fieldwork. 

 

 

 

 

 

 

 

 

 

 

 

 

        (a) Cubical housing area                              (b) Open loafing area 

 

Figure 3. Examples of modern free-stall farms with permanent sheds and open 

loafing areas 
Source: photos taken by the authors from the interview fieldwork. 
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(a) Raw low-graded RSS rubber                     (b) Processed RSS rubber 

 

Figure 4. Comparing raw low-graded RSS rubber and an RSS rubber sheet 

after processed 
Source: photos taken by the authors from the focus group discussion fieldwork. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Raw low-graded RSS rubber    (b) Processed RSS rubber waste  (c) Rubber biofuel 

 

Figure 5. Comparing raw, waste of processed RSS rubber and rubber biofuel 

Source: photos taken by the authors from the focus group discussion fieldwork. 
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