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Abstract. This research was conducted from June to August 2024 with fishermen as respondents in 

North Minahasa Regency, Province of North Sulawesi. The respondents were fishermen who owned 

motorboats (KM) ranging in size from 26 to 64 gross tonnage (GT). The population used in this study 

was all fishermen who own a KM in North Minahasa Regency. Sample collection was carried out using a 

non-probability sampling method with a purposive sampling approach. The selection of respondents was 

based on the criteria of owners or direct managers of motorboats. The sample consisted of 50 

respondents. The research variables were ecological, economic, social, and institutional aspects, while 

the dependent variable was the productivity of the fishermen groups. This study aims to analyze the 

structural relationship between factors on fishermen's productivity. The results showed that all outer 
loadings were valid, except for the organizational indicator of the institutional variable. All variables from 

the Discriminant Validity Average Variance Extracted (AVE) method were valid. All variables from 

Composite Reliability (CR) were reliable. Only the productivity of fishermen and social factors from 

Cronbach's Alpha were reliable. Multicollinearity analysis on ecological, economic, institutional, and social 

variables on fishermen’s productivity displayed no multicollinearity. Inner model evaluation was carried 

out using the Coefficient of Determination (R2), Goodness of Fit (GoF) Test, and Hypothesis Test (Direct 

Effect and Indirect Effect). The R2 showed that Fisherman’s Productivity had a moderate value. The GoF 

Test of the model showed that this model was very good (strong fit). The results of the Hypothesis Test 

using the Path Coefficient Bootstrapping Technique showed that the effect of ecological and economic 
variables on fishermen’s productivity was positive but not significant. Meanwhile, institutional and social 

variables effect on fishermen’s productivity was positive and significant.  
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Introduction. The fisheries sector is one of the key pillars for economic and food 

security development in Indonesia, particularly in coastal areas such as North Minahasa 
Regency. As an area rich in marine resources, North Minahasa possesses great potential 

for the development of fisheries. However, the productivity of fishermen’s groups in this 

area still faces various complex and multidimensional challenges. The productivity of 
fishermen is affected not only by technical factors but also by ecological, economic, 

social, and institutional aspects. Ecological aspects include the condition of fish resources 
and the health of marine ecosystems. The decline in marine environmental quality due to 

human activities can reduce the availability of fish and disrupt the ecosystem stability. 

Schaduw (2018) found that the management of the mangrove ecosystem in Nain Island, 
North Minahasa, showed that the sustainability of coastal ecosystems is highly dependent 

on human intervention. In terms of the economic perspective, fishermen's income is 
highly influenced by access to capital, infrastructure, and markets. Klara et al (2019) 

reported that fishermen's income levels in general fluctuate daily. Fishermen's income is 

greatly affected by various factors, such as climate or weather, namely, west and east 
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winds, the use of different fishing gear, the type of boat/vessel used, and the abilities of 

fishermen themselves. However, limited access to capital and infrastructure remains a 
major constraint in improving the fishermen's productivity. Stacey et al (2021) showed 

the development of sustainable small-scale fisheries livelihoods in Indonesia related to 
factors supporting positive program outcomes, including the application of inclusive and 

holistic approaches to sustainable livelihoods, implemented and supported over 

appropriate time frames; use of participatory capacity development methodologies and 
locally; and collaborative engagement with local government, non-government 

organizations, and private-sector actors. Saksono et al (2023) explained that small-scale 

fishers are particularly exposed to pressures from the weather, gear bans, rising fuel 
prices, low levels of education, and overfishing. Small-scale fishing households adapt by 

reorganizing household tasks, utilizing various technologies, and developing group 
organizations to avoid problems like territory disputes. The fishers also do this by 

requesting support and subsidies and actively participating in religious activities. Local 

customs that forbid fishing on particular days are said to aid in the replenishment of fish 
stocks, making sea alms a safety net for fisher communities. Pangemanan et al (2025) 

concluded that the structure and status of sustainability of fishermen's livelihoods in 
North Minahasa Regency, with a location-specific approach and focusing on the capital 

dimension, is very important to ensure sustainable livelihood strategies for fishermen. 

Variables of gross tonnage (GT), age, and fishing trip significantly influence 
fishermen's income. In addition, social aspects also play an important role in fishermen's 

productivity (Jafar et al 2021). Education level, skills, and participation in fishermen 

groups can influence the ability of fishermen to adapt to changes and the implementation 
of new technologies. According to Longdong et al (2020) and Mustaruddin et al (2024), 

sustainable fisheries management in the socio-institutional aspect includes efforts to 
create a management system that is not only concerned with fish resource sustainability 

but also involves and empowers fishing communities and supports institutions involved in 

fisheries management. This includes strengthening local institutions, increasing 
participation of the community, and utilizing local wisdom in fisheries resource 

management. However, in many regions, including North Minahasa, fisheries institutions 
are still facing various challenges, such as inter-institutional coordination and limited 

resources. 

To analyze the effect of these four aspects simultaneously and entirely, it is 
required an analytical approach capable of handling the relationships between latent 

variables is required. Structural Equation Modeling (SEM) with the Partial Least Squares 
(PLS) approach is an accurate method for this purpose. Hair et al (2017) stated that PLS-

SEM is suitable for use in exploratory research with complex models and data that do not 

meet the assumption of normal distribution. The use of SmartPLS 4 software allows 
researchers to examine the structural models and identify causal relationships between 

the variables studied.  

This study aims to analyze the structural relationship between factors on 
fishermen's productivity using a quantitative SEM approach, by measuring ecological 

(waves, rainfall, wind), economic (investment, fishermen's income, labor, technology), 
social (profession, education, health, culture, public perception), and institutional 

(regulations, organizations) aspects to fishermen’s productivity (catch, fishing frequency, 

business efficiency). The results of this study are expected to contribute to the 
formulation of policies and strategies for improving sustainable fishermen’s productivity 

based on a multidimensional approach.  
  

Material and Method 
 

Study area. The research was conducted in one of the main fisheries areas in North 
Sulawesi Province, namely at Fish Landing Base in Kema, North Minahasa Regency 

(Figure 1), where the fishermen typically own motorboats (KM) ranging from 26 to 64 

GT. 
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Figure 1. Fish Landing Base in Kema, North Minahasa Regency. 

 
Data collection. The population used in this study was all fishing business owners in 

North Minahasa Regency who own motor boats. Sampling was carried out using a non-
probability, purposive sampling approach in which the selection of respondents was 

based on the criteria of being the owner or direct manager of a motorboat. The number 

of samples was 50. 
Primary data were collected using a questionnaire based on ecological, economic, 

social, institutional, and group productivity indicators, as well as direct interviews to 

obtain deeper perceptions and experiences of the fishing business. 
The instrument used a Likert scale of 1-4, with the following criteria:  

- 1 = strongly disagree, 
- 2 = disagree, 

- 3 = agree, 

- 4 = strongly agree.  
 

Research variables. Two main variables were used in this study: independent and 

dependent variables. 
Independent variables (X) include: 

- X1: Ecological aspects (waves, rainfall, wind) 
- X2: Economic aspects (investment, fishermen's income, labor, technology) 

- X3: Social aspects (profession, education, health, culture, public perception) 

- X4: Institutional aspects (regulations, organizations) 
Dependent variables (Y) include: 

- Productivity of the fishermen group (catch, fishing frequency, market access). 
  

Data analysis. The instrument test used was validity and reliability tests using a sample 

of 50 KM with different GT located in North Minahasa Regency. The results of validity and 
reliability tests were used to obtain data for further analysis. The effect of ecology, 

economy, social, and institutional factors on fishermen's productivity was examined using 

SmartPLS 4. 
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Results 

Partial least squares (PLS) Scheme Model. In this study, the hypothesis was 
examined through the PLS analysis technique with the SmartPLS 4 program. Figure 2 

shows the schematic of the PLS program model proposed for North Minahasa Regency. 

 
Figure 2. Partial Least Squares model scheme for North Minahasa Regency.  

(Source: primary data, 2024). 
 

Description: 

Ecological aspects: waves (EKO1), rainfall (EKO2), wind (EKO3); Economic aspects: 

investment (ECO1), fishermen's income (ECO2), labor (ECO3), technology (ECO4); Social 
aspects: professions (SOS1), education (SOS2), health (SOS3), culture (SOS4), public 

perception (SOS5); Institutional aspects: regulations (KEL1), organizations (KEL2); 

Fishermen’s Productivity: number of fish catches (PROD 1), frequency of sea trips (PROD 
2), market access (PROD 3). 
 

Evaluation of the outer model or measurement model. Evaluation of the outcome of 
this study generated economic variables reflected by four indicators, ecological variables 

by three indicators, social variables by five indicators, institutional variables by two 
indicators, and fishermen’s productivity by three indicators. The steps in SmartPLS 4 

analysis to evaluate the Outer Model reflect the use of four criteria, consisting of validity 

and reliability testing of variables by examining Cronbach's Alpha, CR, and Average 
Variance Extracted (AVE) for each variable. The four testing criteria were as follows: 

1) Convergent validity: An indicator is considered valid if the coefficient value is > 

0.70 (Hair et al 2017) or 0.60 (Chin 1998). The loading factor for all indicator 
variables in this study had a value of > 0.70. This means that the indicator can be 

considered valid. 
2) Discriminant Validity: A variable is considered valid if the AVE from each variable 

is > 0.50. 

3) CR: A variable is considered reliable if the CR of each variable is > 0.70. 
Cronbach's Alpha: A variable is considered reliable if the Cronbach's Alpha of each 

variable is > 0.70. 
 

Convergent validity. Convergent validity was examined using the outer loading or 

loading factor value. An indicator is considered to meet the convergent validity in the 
good category if the outer loadings are > 0.70. The outer loading values for each 

indicator in the research variables were presented in Table 1.  
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Table 1 

Outer loadings of North Minahasa Regency 
 

Variable Indicator 
North Minahasa Regency 

Outer Loadings Description 

Ecology (EKO) EKO 1 0.843 Valid 

EKO 2 0.726 Valid 

EKO 3 0.783 Valid 

Economy (ECO) ECO 1 0.665 Valid 

ECO 2 0.682 Valid 

ECO 3 0.862 Valid 

ECO 4 0.626 Valid 

Social (SOS) SOS 1 0.675 Valid 

SOS 2 0.609 Valid 

SOS 3 0.736 Valid 

SOS 4 0.761 Valid 

SOS 5 0.820 Valid 

Institution (KEL) KEL 1 0.995 Valid 

KEL 2 0.471 Invalid 

Fishermen’s productivity (PROD) PROD 1 0.846 Valid 

PROD 2 0.912 Valid 

PROD 3 0.830 Valid 

Source: Primary Data, 2025. 

 

The results using SmartPLS 4 were shown in Table 1, where the outer model value or 
correlation between constructs and variables had one institutional indicator, namely the 

organization having a value of < 0.7. The value was close to the threshold for loading 
factors; therefore, it was considered valid. 

 

Discriminant validity. Discriminant Validity was determined using the AVE method. 
Each indicator having a criterion of > 0.5 was considered valid (Table 2). 

 

Table 2 
Discriminant validity using the Average Variance Extracted method 

 

Variable 
North Minahasa Regency 

AVE Description 

Ecology 0.617 Valid 
Economy 0.510 Valid 

Social 0.524 Valid 
Institution 0.605 Valid 

Fishermen’s productivity 0.746 Valid 
Source: Primary Data, 2025. 

 

Table 2 showed that the AVE value in North Minahasa Regency for the ecological variable 

was > 0.5 with a value of 0.617, the economic variable was > 0.5 with a value of 0.510, 

the social variable was > 0.5 with a value of 0.524, institutional variable was > 0.5 with 
a value of 0.605, and fisherman’s productivity variable was > 0.5 with a value of 0.746. 

This indicated that each variable had good discriminant validity. 
 

Composite reliability (CR). CR was used to examine the reliability of variable 

indicators. A variable is considered to meet CR if the CR value for each variable is > 0.70. 
In CR, two approaches were used: Rho_a and Rho_c. Rho_c evaluates the reliability of 

the latent construct based on the estimated measurement model, while Rho_a evaluates 
the maximum potential reliability of the latent construct. If the Rho_c and Rho_a values 

are consistent and above 0.7, the model is considered to have good reliability. The CR 

values for each variable are presented in Table 3. 
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Table 3 

Composite reliability 
 

Variable 

North Minahasa Regency 

Composite reliability 

(rho_a) (rho_c) Description 

Ecology 0.714 0.828 Reliable 
Economy 0.769 0.804 Reliable 

Institution 2.956 0.731 Reliable 

Fishermen’s productivity 0.833 0.898 Reliable 
Social 0.780 0.845 Reliable 

Source: Primary Data, 2025. 
 

Table 3 displayed the CR value of North Minahasa Regency. For economic variables. the 

value of CR was > 0.7 with a value of 0.769 (Rho_a) and 0.804 (Rho_c), institutional 
variables was > 0.7, namely 2.956 (Rho_a) and 0.731 (Rho_c), the fishermen's 

productivity variable was > 0.7, namely 0.833 (Rho_a) and 0.898 (Rho_c), and social 
variables had a value greater than 0.7, 0.780 (Rho_a) and 0.845 (Rho_c). This showed 

that each variable had a CR of >0.70, indicating that the four variables are reliable. 

 
Cronbach's alpha. The CR test above could be strengthened by using Cronbach's Alpha 

value. A variable is said to be reliable if it has a Cronbach's Alpha > 0.70. The Cronbach's 

Alpha values for each variable are shown in Table 4.  
 

Table 4 
Cronbach's Alpha 

 

Variable 
North Minahasa Regency 

Cronbach's alpha Description 

Ecology 0.695 Unreliable 
Economy 0.686 Unreliable 

Institution 0.547 Unreliable 

Fishermen’s productivity 0.828 Reliable 
Social 0.770 Reliable 

Source: Primary Data, 2025. 

 
The data in the Table 4 above showed that the Cronbach's Alpha value of North Minahasa 

Regency for ecological variables was < 0.7 with a value of 0.695, economic variables was 

< 0.7 which was 0.686, institutional variables was < 0.7 which was 0.547. These three 
variables were not reliable, while the fishermen's productivity variable had a value > 0.7, 

which was 0.828, and the social variable was > 0.7, which was 0.770. These results 
showed that ecological, economic, and institutional variables had a Cronbach's Alpha < 

0.70 each, indicating that these three variables are not reliable, while fishermen's 

productivity and social variables had a Cronbach's Alpha > 0.70, indicating that both 
variables are reliable. 

 

Multicollinearity test. The purpose of the Multicollinearity test was to determine 
multicollinearity between variables by assessing the correlation between the independent 

variables. In general, this test is used to detect whether there is a very strong linear 
relationship between the independent variables in the structural model (Inner Model) that 

could influence the analysis results. The results of the multicollinearity test were 

presented in Table 5. 
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Table 5 

Multicollinearity test 
 

Inner VIF Values 
North Minahasa Regency 

VIF Description 

Ecology -> Fishermen’s productivity 2.354 Non multicollinearity 

Economy -> Fishermen’s productivity 1.944 Non multicollinearity 
Institution -> Fishermen’s productivity 1.789 Non multicollinearity 

Social -> Fishermen’s productivity 1.908 Non multicollinearity 
Source: Primary Data, 2025. 

 

Table 5 showed the results of Collinearity Statistics (VIF) to evaluate the multicollinearity 

test with the outer result of the ecology variable on Fisherman's Productivity was 2.354. 
The value of the economic variable on Fisherman's Productivity was 1.944. The value of 

the institutional variable on Fisherman's Productivity was 1.789. The value of the social 
variable on Fisherman's Productivity was 1.908. Variable VIF with a value of <5 does not 

interrupt the multicollinearity test. 

 
Inner model evaluation. Evaluation of this model was carried out using the Coefficient 

of Determination (R2), GoF Test, and Hypothesis Test (Direct Effect and Indirect Effect). 

The schematic of the proposed PLS program model was presented in Figure 3. 
 

 
Figure 3. Inner Model Evaluation of North Minahasa Regency. 

(Source: Primary Data, 2025). 

 

Coefficient of determination (R2). The R2 is used to measure how much a dependent 
variable is influenced by other variables. Chin (1998) stated that the value of R2 higher 

than 0.67 for a dependent latent variable in a structural model indicates that the 
independent variable (which influences) influences the dependent variable (which is 

influenced), designated as a good category. A value of 0.33-0.67 designates a moderate 

value, and a value of 0.19-0.33 indicates a weak value. The R-square value was obtained 

using SmartPLS 4 (Table 6). 
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Table 6 

Coefficient of determination 
 

Variable 
North Minahasa Regency 

R-square R Square Adjusted 

Fishermen’s productivity 0.512 0.469 
Source: Primary Data, 2025. 

 
The R-Square table is used to determine how much the effect of ecological, economic, 

social, and institutional variables on the Fishermen’s productivity in North Minahasa 
Regency. The R-Square was 0.512, which was categorized as a moderate value. 

 

Goodness of fit (GoF). GoF combines the R² of the dependent variable and the AVE 
(Average Variance Extracted) of the reflective latent variables to assess how far the 

tested model can explain the data as a whole. GoF is calculated using the following 
formula: 

 

 

Description: 

AVE = mean value of the variance of all latent constructs. 
R² (R-Square) = determination value of a structural model that measures how great the 

independent variable explains the dependent variable. 

 
Table 7 

Category of GoF values 
 

GoF value Model quality 

GoF ≥ 0.36 Strong Fit 
0.25 ≤ GoF < 0.36 Moderate Fit 

0.10 ≤ GoF < 0.25 Weak Fit 

GoF < 0.10 Very Weak Fit 
Source: Tenenhaus et al 2005. 

Table 8 

Calculation of GoF values 
 

Construct Latent AVE R² 

Fishermen’s productivity 0.600 0.512 

  

GoF Minut= √0.600 x 0.512 = √0.396 = 0.629 
 

GoF Minut value of 0.629 indicates that the model used is very good (strong fit). Thus, 

this research model has good goodness of fit. 
 

Hypothesis test. The hypothesis in this study was proved by examining the r-statistics 
and P-values. The hypothesis is accepted if the P-value is < 0.05. In this study, there 

were direct and indirect influences due to the presence of independent and dependent 

variables, and mediating variables. In the SmartPLS 4 program, the results of the 
hypothesis test were shown through the Path Coefficient Bootstrapping Technique (Table 

9). 
This research proposed four hypotheses to analyze the direct effect. Analysis of 

the hypothesis was conducted using bootstrapping analysis techniques. Using the t-

statistic, it was found that the level of significance effect between the independent and 
the dependent variable. If the t-statistic value is > 1.967 = TINV (0.05), then the effect 

is significant. 
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Table 9 

The results of the hypothesis test using the Path Coefficient Bootstrapping Technique in 
North Minahasa Regency 

 

Variable 
Original 
sample 

(O) 

Sample 
mean 

(M) 

Standard 
deviation 

(STDEV) 

T statistics 

(|O/STDEV|) 

P 

values 
Description 

Ecology -> Fishermen’s 

productivity 

0.061 0.045 0.189 0.322 0.747 Positive and 

not significant 
Economy -> 

Fishermen’s 

productivity 

-0.164 -0.095 0.186 0.883 0.377 Negative and 

not significant 

Institution -> 
Fishermen’s 

productivity 

0.462 0.420 0.150 3.091 0.002 Positive and 
significant 

Social -> Fishermen’s 

productivity 

0.355 0.355 0.166 2.134 0.033 Positive and 

significant 

Source: Primary Data, 2025. 

 

Furthermore, if the p-value for each variable is < 0.05, then H0 is rejected. The 
positive effect was displayed through the Original Sample. The summary results of the 

direct effect analysis were presented in Table 10. 

 
Table 10 

Direct effect analysis 
 

Effect Description 

Ecology on 

Fishermen’s 
productivity 

➢ Path Coefficient (O): 0.061 

➢ T-Statistic: 0.322 
➢ P-Value: 0.747 

➢ note: Positive, not Significant 

Ecological factors had a positive effect but not significant on fishermen's 

productivity. This indicates that ecological conditions are not yet a major factor 
directly influencing fishermen's productivity. Therefore, ecological aspects have 

a positive effect on fishermen's productivity, thus H1 is rejected. 

Economy on 

Fishermen’s 
productivity 

➢ Path Coefficient (O): -0.164 

➢ T-Statistic: 0.883 
➢ P-Value: 0.377 

➢ note: Negative, not Significant 

Economic factors had a negative effect and not significant on fishermen's 

productivity. This indicates that economic conditions are not strong enough to 
directly influence fishermen's productivity. Therefore, economic aspects have a 

negative effect on fishermen's productivity, thus H2 is rejected. 

Institution -> 

Fishermen’s 
productivity 

➢ Path Coefficient (O): 0.355 

➢ T-Statistic: 2.134 
➢ P-Value: 0.033 

➢ note: Positive, Significant 

Social factors had a positive and significant effect on fishermen's productivity. 

This indicates that social aspects such as cooperation among fishermen, 
community support, and social networks can increase their productivity. 

Therefore, social aspects have a positive effect on fishermen's productivity, 

thus H3 is accepted. 

Institution on 
Fishermen’s 

productivity 

➢ Path Coefficient (O): 0.462 
➢ T-Statistic: 3.091 

➢ P-Value: 0.002 

➢ Note: Positive, Significant 

Institutional factors had a positive and significant effect on fishermen's 
productivity. This indicates that good institutions (such as regulations, policies, 

or fishermen organizations) play an important role in increasing fishermen’s 

productivity. Therefore, institutional aspects have a positive effect on fisher 

productivity, thus H4 is accepted. 
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Discussion. Convergent validity is measured from the outer loading value. The ideal 

value is > 0.70. In this research, most indicators fulfilled this criterion, showing that the 
indicators consistently measure their latent constructs. Hair et al (2017) stated that a 

high outer loading value indicates good measurement quality. Even though the 
institutional indicator (KEL2) had a value of 0.471, it was acceptable in terms of 

exploratory. Chin (1998) stated that a value between 0.4-0.7 can still be considered if it 

increases the overall construct validity. 
Discriminant validity is indicated by an AVE value > 0.50. Research results showed 

that all variables met this criterion. Fornell & Larcker (1981) stated that a higher AVE 

than the correlation between constructs indicates good discriminant validity. This is in 
line with the study by Hia et al (2023) in the context of fisheries institutions, who found 

similar results, supporting the clarity of construct measurement. 
The CR is considered good if the CR value is >0.70. This research found that all 

constructs met this threshold, meaning that the indicators within the construct have high 

internal consistency (Hair et al 2017). This result was consistent with the study by 
Prasetyono et al (2017) that analyzed farmer group empowerment, in which factors 

based on social and institutional capital were used as indicators of the reliability of survey 
instruments. 

Cronbach's alpha was used to assess internal reliability. Only the social and 

fishermen’s productivity variables had a value over 0.70. This implied that there were 
weaknesses in other variables, such as ecology and economics. Nunnally & Bernstein 

(1994) suggest a minimum value of 0.70, but in exploratory research, a limit of 0.60 is 

still acceptable. A study by Hermawan et al (2006) on fishermen institutions also noted 
several constructs with low alpha values, but still used for further exploration. 

The VIF values of all variables were below 5, indicating the absence of 
multicollinearity between constructs. According to Kock & Lynn (2012), a VIF value <5 

indicates that the model is free from multiple correlation bias between independent 

variables. This is in line with the research results by Noviyanti & Nuhasanah (2019), who 
also used PLS-SEM to study factors influencing fishermen's competence. 

The R-square (R²) value of 0.512 indicates that the model has moderate 
predictive ability (Chin 1998). A GoF of 0.629 indicates excellent model compatibility 

(Tenenhaus et al 2005). 

Hypothesis analysis results showed that social and institutional variables had a 
significant influence on fishermen’s productivity. This is consistent with research by 

Primantika & Adi (2023), who found that institutional support and social dynamics of 
fishing groups significantly influence the catch yields and business sustainability. 

Conversely, ecological and economic variables were not significant. This is consistent with 

the findings by Oktopura et al (2020), who explained that ecological conditions only have 
a significant effect on productivity if accompanied by technological adaptation and 

effective fisheries management.  

 
Conclusions. Based on the analysis using SmartPLS 4, it was found that the productivity 

of fishermen groups in North Minahasa Regency was significantly influenced by 
institutional and social aspects. Ecological and economic aspects did not show a 

significant direct influence on productivity. The research model has good validity, 

reliability, and goodness of fit, making it applicable for formulating strategies to improve 
productivity based on a multidimensional approach. 
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