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1 EXECUTIVE SUMMARY 

Deliverable 3.4 ‘BIOTRAILS Structural Equation Models (B)’ is the final output of Task 3.2 ‘Impact of Human 

Dimensions and, Social Norms and Behaviours’ (M01-M23) led by Charokopeio Panepistimio (HUA). This 

deliverable aims to describe the Structural Equation Models (SEM) used within the BIOTRAILS project to 

characterise and understand the behavioural intentions of stakeholders towards biodiversity across the four supply 

chains of the project. Understanding these behavioural intentions towards biodiversity and the drivers of people’s 

choices in adopting sustainable behaviour or not is key to addressing the societal part of the Biodiversity-Climate-

Society nexus and unravelling the core pathways for achieving transformative change.  

 

This report is organised across the following sections: i) the first introductory section, which describes the 

conceptual framing of the modelling process, as adapted after the elaborated data collection process; ii) the 

methodological implementation of the Structural Equation models, along with the code used, the data handling 

procedure, and the model testing and model fit estimation techniques; iii) a showcasing of the main results of the 

models; and iv) a comparative analysis of the findings across the different case studies.  

 

Within nearly all the case studies, Perceived Behavior control was the core determinant of intention to adopt a 

novel behaviour, except for the fisheries part of the Greek case study, in which attitude was the main determinant. 

This indicates that the sectors involved seem open to adapting a novel behaviour as long as the means to achieve 

it are well-designed and developed under a sustainable setup. This is also supported by the clearly expressed need 

by all case studies for a need for better and more precise knowledge through well-elaborated and designed 

training, which allows for these transformations to apply in the longer term.  

 

The deliverable concludes with methodological and technical limitations, as well as the data flows to the final 

System Dynamics Model (SDM), which integrates this output with the rest of the data collected throughout the 

project.  
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2 INTRODUCTION 

2.1 MAPPING BIOTRAILS OUTPUTS 

This section presents the BIOTRAILS’ s Grant Agreement (GA) commitments, as extracted from the formal 

deliverable and task description, in respect to their outputs and work to be carried out.  

 

Table 1: Adherence to BIOTRAILS’s GA Deliverable & Task Descriptions 

BIOTRAILS GA 

Component Title 

BIOTRAILS GA Component 

Outline 

Respective 

Document 

Chapter(s) 

Justification 

DELIVERABLE 

D3.4 Structural Equation Models (B) 

 

This deliverable refers to task 3.2. The final version (B) includes the final outputs of the Structural Equation 

Modelling for all four case studies and a cross-case study comparison. This version will be specifically focused 

on assessing the relations (synergies and trade-offs) among the variables affecting the adoption of new 

behaviours. 

TASK(S) 

T3.2 Impact of 

Human Dimensions 

and, Social Norms 

and Behaviours 

Task 3.2 will provide an integrated 

approach towards sustainable 

transformation, centered in an adapted 

conceptualization of the Theory of 

Planned Behaviour. The aim of this Task 

is to unravel through a Structural 

Equation Modelling (SEM) process, the 

factors that lead producers, suppliers 

and in some cases consumers to adopt 

a “new” behaviour that being a 

sustainable agricultural practice, or a 

sustainable path trade. Through a series 

of interviews with key project partners, 

LAAs members and affiliated entities 

the factors that drive the adoption of 

new practices among economic, social 

norms and circles, political or 

environmental will be explored. The 

work will be carried out in two stages: i) 

the first stage will focus on collecting 

information on these factors at the 

supply side in all four case studies, and 

also in the intermediate and final steps 

of the supply chain; and ii) the second 

stage focuses on assessing the relations 

(synergies and trade-offs) among the 

variables that are detected. All outputs 

will be compared across the four case 

studies and make attempts for 

generalisation. 

Chapters 3, 4, 

5, 6, 7, 8, 9 

Chapter 3 presents the 

theoretical foundations of 

the Theory of Planned 

Behavior and the 

adaptations considered 

within this work;  

 

Chapter 4 outlines the 

methodological 

considerations taken into 

account for model 

development, as well as the 

data collection and handling 

process;  

 

Chapter 5 presents the 

model analyses while 

chapter 6 outlines the core 

findings per case study;  

 

Chapter 7 conducts the 

comparative analysis across 

the different case studies;  

 

Chapter 8 outlines the data 

flow from Task 3.2 to other 

BIOTRAILS tasks; and  

 

Chapter 9 summarises the 

core findings and 

conclusions. 
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2.2 DELIVERABLE OVERVIEW AND REPORT STRUCTURE 

 

Deliverable 3.4 consists of nine (9) chapters, along with literature references (chapter 10) and an Appendix.  

 

Chapter 1 is the executive summary of the document.  

 

Chapter 2 outlines the interlinks with the rest of the Project as outlined in the Grant Agreement.  

 

Chapter 3 provides the theoretical framework used for the BIOTRAILS project, which was adapted from the initial 

version presented in Deliverable 3.3. It also presents the final set of hypotheses that were chosen to be tested 

within the developed models, which can reveal the role of behavioral intentions in achieving transformative 

change for biodiversity.  

 

Chapter 4 is the core of the deliverable as it presents the methodology for model development and the 

construction of the variables that will be used for hypothesis testing. It outlines all the statistical methods applied 

for model fit and validation estimates. It also provides a detailed description of the data collection and handling 

process across the four case studies.  

 

Chapter 5 outlines the main procedure for the modelling conducted, while Chapter 6 summarises the results of 

the models through a showcasing of the case studies.  

 

Chapter 7 presents a qualitative comparative analysis of the four case studies in order to unravel commonalities 

in terms of behavioral patterns which could be altered, as well as discrepancies across the different socio-

ecological systems which are studied.  

 

Chapter 8 discusses the final data and information flows between the task presented here and the rest of the 

project tasks, as well as the methods used for data exchange, while chapter 9 summarises the core conclusions 

of the work carried out.  

 

The Appendix provides samples of the surveys used for the data collection process and a link to the code 

repository of the SEM work done in BIOTRAILS.  

 

Overall, this deliverable corresponds to Task 3.2 of the project but, at the same time, shares linkages with other 

tasks across the project. The outputs are fed into Task 3.5, in which the System Dynamics Models are developed 

to assess alternative pathways to sustainability and scenarios for achieving transformative change for biodiversity. 

This work is also useful for Work Package 5, which deals with the organisation of the case studies, as this linkage 

ensures data collection for the completion of this deliverable work. Lastly, the outcomes of this deliverable are 

shared with WP6 tasks, especially Task 6.2, which establishes linkages with sister projects, through which data and 

method comparison is studied in an analytic manner.    
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3 THE ROLE OF HUMAN DIMENSIONS ON 

TRANSFORMATIVE CHANGE FOR BIODIVERSITY  

 

Transformative change for biodiversity has been highlighted by the Intergovernmental Science-Policy Platform 

on Biodiversity and Ecosystem Services (IPBES) as critical to achieve the global sustainability goals and visions for 

2030 and 2050 [1] by the Kunming-Montreal Global Biodiversity Framework [2] of the Conference of the Parties 

(COP) to be able to “live in harmony with nature” by 2050. Transformative change is defined by IPBES as “a 

fundamental, system-wide reorganisation across technological, economic and social factors, including paradigms, 

goals and values.” IPBES urges communities of research and practice to go beyond soft or incremental changes 

in the current setup of the nature-society-economy nexus and move to more radical transformations of our 

current world system of systems. Within that context the BIOTRAILS project seeks to reveal the pathways that will 

allow us to achieve transformation through the real-life examples of four case studies which describe four global 

supply chains of biodiversity outcomes. We examine four systems across different spatial scales: gold mining in 

Ghana and its global implications; fisheries and aquaculture supply chains from Greece to the entire 

Mediterranean basin; cocoa from Peru across the globe and; arts and crafts from indigenous peoples in Brazil 

and across the country.  

 

This work presents the part of the nexus thinking, in which the role of the human dimension in transforming these 

supply chains is investigated in detail, to achieve transformation towards more biodiversity-friendly sustainable 

futures. The underlying theory of our approach has been presented in detail in the first version of this Deliverable 

(D3.3). However, the baseline assumptions within this Deliverable are presented in this section for the sake of 

clarity. 

3.1 THE ADAPTATION OF THE THEORY OF PLANNED 

BEHAVIOUR 

The Theory of Planned Behaviour (TPB) [3] has been the core of the work conducted during task 3.2 of the 

BIOTRAILS project. This theoretical basis is used as the framing through which the role of the human dimension 

towards achieving transformation of societal actions to improve biodiversity, is explored. The types of questions 

this theoretical framing allows us to explore are for instance: “How can individuals’ behavioral choices be 

interpreted?”; “What drives these behaviors?” “Are there clear intentions behind such choices?”; “Does a choice 

to act sustainably happen due to conscious awareness of the impacts of our choices or due to what one’s social 

circle indicates?” and many more. A short overview of the elements of the theory used for the conceptualisation 

of this work are described in this section. 

 

As discussed also in D3.3 (submitted M10), TPB’s main assumption is that an individual’s intention to adopt a new 

behavior depends on a set of parameters which are described as attitude, social norms, and perceived behavioral 

control. The second core assumption of this theory is that intention as such, can on the longer or shorter term 

lead to the adoption of the intended behavior [3]. Revealing these behavioral patterns allows us to construct the 

societal part of the nexus described above. Considering the role of society in sustainable transformation [4] allows 

us to understand what values societies put forward in their choices, whether biodiversity is critical to such choices, 

or which behaviors have a higher likelihood to change under certain conditions, such as educational or awareness 

raising campaigns. Together with the rest of the BIOTRAILS modelling output these results will be integrated into 

a final system dynamics model (Task 3.5) and allow us to unravel the potential pathways through which 

transformation could possibly occur.  

 

Within the BIOTRAILS project, the basic TPB was considered (Figure 1) along with its adaptations, which were 

validated through a series of interviews with stakeholders of the different case studies. 
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Figure 1: The  conceptual graph of the Theory of Planned Behavior [3]. 

 

3.1.1 The BIOTRAILS approach 

Within the BIOTRAILS project, the work conducted during the first half of the project along with the feedback 

from scientific literature, led to the consideration and exploration of a set of additional to the original TPB variables 

which were collected and considered for the modelling process. The development of SEMs was conceptualised 

during the first half of the project in which the initial variables used to describe the TPB components were 

conceived and led to the development of the initial conceptual models presented in Deliverable 3.3.  

 

For the mathematical establishment of the models, which are presented in this Deliverable, a further data 

collection process was activated within each case study through a series of interviews, workshops and surveys. 

The process of data collection was initiated in Month 12 of the project and was developed by the HUA team along 

with support from the case study leads. Data collection was initiated during the first round of case study workshops 

(Months 10-15). After that and given that data needs required higher numbers of participants a second round of 

data collections was conducted, which used face to face and online surveys tailored to the needs of each case 

study. The surveys were designed by the HUA team and adapted to the case study context in collaboration with 

the case study leads. The case study leaders conducted the data collection process online or through face-to-face 

guided interviews.  

 

The data collected was then coded and analysed by HUA through the modelling process of SEMs. The outputs led 

to the development of variable constructs which allowed us to understand which attributes of the people 

interviewed can describe attitude, social norms and perceived behavior control, as well as their intention to adopt 

a new behavior. The process followed is summarised in Figure 2. 
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Figure 2: The BIOTRAILS methodological approach to test and develop the Structural Equation Models. 

Left part of the image: the data is collected within each case study through several data collection schemes. Right part of the 

image: the pillars of the theory of planned behaviour are used to construct variables which allow us to unravel behavioural 

patterns through the Structural Equation Modelling process. The outcome is a final set of variables which are essential to 

achieve transformation. 

 

As discussed in Chapter 3.1.2 of D3.3, the aim of this work is to go beyond the initial theory and identify additional 

variables that might be considered significant to help research understand what drives individuals or sectors across 

supply chains’ intention to transform or adapt their behaviour towards more biodiversity-oriented approaches. To 

achieve this, a set of hypotheses is tested following the initial deliverable plan.  

 

3.1.2 Hypothesis Testing 

Among the hypotheses elaborated over the first version of this work, several adaptations were made and tested 

for the elaboration of the models. After testing and analysis of the data, the final set of hypotheses (Hn) explored 

were three ( 

Table 2). It is worth mentioning that in the first version of this deliverable (D3.3) we attempted to link these 

hypotheses with the pathways to sustainability as these are conceptualised by IPBES [5] highlighting the core 

values guiding society’s choices towards sustainability. However, at this stage, the initial guidance is used for the 

interpretation of the results rather than the definition of the hypotheses. This is due to the fact that in most of 

the relationships explored, the hypotheses explored combine different value types namely intrinsic, instrumental, 

relational. This confirms the initial conceptualisation of IPBES as well, which claims that in most cases, people’s 

choices put forward a combination of value types, which guide their choices and final behaviour. Therefore, the 

linkage to the IPBES alternative pathways is presented in the discussion of the results of our analysis.  
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Table 2: The final set of hypotheses tested within the Structural Equation Models. Within each column which describes the 

core variables of the TPB, examples that describe these variables are given. 

Hypotheses Attitude 
Subjective 

norms 

Perceived 

Behavior Control 

(PBC) 

Hypothesis tested 

H1.  

e.g., 

deforestation 

leads to 

biodiversity 

decline 

- - 

H1. Attitude is positively 

related to the intention to 

transform one’s behavior 

towards sustainability (TC). 

H2. - 

e.g., trust to 

legal structures 

impacts 

positively 

behavior   

- 

H2. Subjective norms are 

positively related to the 

intention to transform one’s 

behavior towards 

sustainability (TC). 

H3.  - - 

e.g., education can 

enhance awareness 

and behavioral 

change 

H3. PBC is positively related 

to transform one’s behavior 

towards sustainability (TC). 

 

The variables describing Attitude-Social Norms-PBC were developed in a consistent manner and adapted to each 

case study and were built by different variable constructs, which were then used to test the hypotheses. These 

were then used to identify the core social attributes that can lead to behavioral change.  
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4 STRUCTURAL EQUATION MODELS: METHODS AND 

DATA 

Within this section we describe the development of the Structural Equation Models (SEM) for the BIOTRAILS case 

studies. As the case studies develop differently across the project stages, the data collection process is dynamic. 

For instance, at the time of the deliverable development, workshops have been conducted across all case studies, 

but for some the data collection process through surveys is still ongoing. Within this section, we describe the 

method for developing the SEMs and showcase it in the two case studies for which the data collection process is 

completed, namely Gold from Ghana and Fisheries and Aquaculture from Greece. For the other two case studies 

the data analysis is presented with the already collected data, but the models will be updated upon the completion 

of the data collection process. The complete results of all four case studies will be re-shared through deliverable 

D3.10 which will incorporate the SEM generated data within the Participatory System Dynamic Models (PSDMs). 

The model outputs are used as data input for the development of the System Dynamics models, which are 

integrating the Societal dimension assessed in this deliverable with the climate and biodiversity dimensions which 

are developed in the rest of the activities of Work Package 3.  

4.1 THE MODELLING PROCESS  

4.1.1 Model development 

Among the different approaches for developing SEMs presented in Deliverable 3.3., for this analysis we selected 

Partial Least Squares-Structural Equation Modeling (PLS-SEM) as the primary analytical approach. The decision to 

utilise PLS-SEM over covariance-based SEM (CB-SEM) was driven by several key considerations related to the 

research objectives, data characteristics, and the theoretical underpinnings of the model. PLS-SEM is particularly 

well-suited for exploratory research and theory development. Unlike CB-SEM, which emphasises model validation 

and hypothesis testing within well-established theoretical frameworks, PLS-SEM is more flexible in handling 

models that are still being refined [6].  

 

Also, the case studies explored involve complex supply chain frameworks within the nexus of climate, biodiversity, 

and society, incorporating multiple latent constructs and interdependent relationships. PLS-SEM allows for more 

robust estimation of path coefficients, even when the model involves intricate interactions. One of the main 

advantages of PLS-SEM is its ability to work effectively with smaller sample sizes compared to CB-SEM, which 

requires large datasets to ensure model convergence and reliability. Given the data availability in all four case 

studies, PLS-SEM presents a practical solution. Lastly, given the complexity of the constructs and the reliance on 

survey data and secondary sources, PLS-SEM provides a more robust estimation process that accounts for 

measurement errors while maximizing explained variance in dependent variables. 

 

4.1.1.1 Core steps in PLS-SEM analysis 

The main steps followed in the statistical analysis procedure are listed below [7]. It is important to clarify that the 

order of these steps is non-linear and requires several iterations to reach the final modelling outcome. It is 

essential to mention that all the code for adaptations of the R package and the data handling procedure are 

hosted on the GitLab page dedicated to the BIOTRAILS project (https://gitlab.com/geo-eco-hua/biotrails). 

o Model Specification: Definition of relationships (i.e., paths) and measurement models (reflective or 

formative) for the mathematical definition of these relationships. This step was initially developed and 

presented in D3.3 and during the mathematical process these paths were finalised.  

https://gitlab.com/geo-eco-hua/biotrails
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o Data Preparation: Data preparation focuses on handling missing values, checking normality in data 

variation as well as variable standardisation. Although PLS-SEM is robust to non-normally distributed 

data, the data preparation process allows for improved model outcomes. Given that data was based on 

surveys and interviews, there were several cases in which missing data needed to be handled separately.  

o Model Run: This step refers to the actual model runs. In our case, this was conducted with the use of R 

package plspm/semPLS [8]. plspm is freely available from the Comprehensive R Archive Network, better 

known as CRAN (https://cran.r-project.org/web/packages/plspm/index.html). A sample of the code used 

is given in Box 1 below.  

o Evaluation of Measurement Models: Evaluation can be of two types:  

o Reflective: The reflective model assumes that the latent constructs cause the variance in the 

manifest variables. This means that if the latent construct changes, all manifest variables change 

accordingly. This is tested for reliability through Cronbach's alpha, and composite reliability. 

Cronbach’s alpha assesses internal consistency of the constructs, in terms of the correlation 

among the variables. Acceptable numbers are ≥ 0.7. Composite reliability was also used as an 

alternative to Cronbach’s alpha for the case studies in which we had data limitations, as this 

measurement is less sensitive to sample size of the data. Validity of the variable constructs in the 

models, assesses the degree to which variables are able to indicate the indicandum. We used 

the Average Variance Extracted (AVE) which calculates the average variance of the data explained 

by the constructs. AVE is then applied to the Fornell-Larcker criterion which states that a 

construct's AVE should be greater than the squared correlations between the construct and any 

other construct in the model, for the variables to be valid.  

o Formative: This evaluation does is more flexible than the reflective one as it does not require 

correlation among manifest variables. It is assessed through weight significance to assess the 

significance of each variable in the model. Together with collinearity assessment, it assesses the 

degree to which the variables are well correlated.  

o Evaluation of Structural Model: This step refers to the evaluation of the model, based on the estimation 

of Path coefficients. Path coefficients identify the strength or weighting of the relationships among the 

variables as well as the direction of these relations. The evaluation also refers to the calculation of R² 

values, which estimate the amount of data variance explained by the variable constructs.  The higher the 

values, the better the model fit. In addition to those, the predictive relevance (Q²) is also calculated as an 

additional measure to assess predictive capacity of the model, with value larger than zero (0) indicating 

the higher predictive relevance of the model. Finally, effect sizes (f²) are also calculated to assess the 

impact of independent on dependent variables. It is used in combination with R2 and Q2 to assess the 

overall efficiency of the model.  

o Model Refinement: Any step of re-specification process in terms of data and variable selection. 

o Reporting: This is the final step of the model, which focuses on reporting the key findings, its 

implications, and the data or other methodological limitations. 

https://cran.r-project.org/web/packages/plspm/index.html
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Box 1. Sample of the R code used to develop and run the SEMs across the case studies with the plspm/semPLS package [8]. 

# Install and load necessary packages 

install.packages("plspm", dependencies=TRUE) 

library(plspm) 

 

# Load dataset 

data <- read.csv("C:/Users/…") # Adjust with actual path 

 

# Convert integer columns to numeric 

data <- data.frame(lapply(data, as.numeric)) 

 

# Define the path matrix (inner model) 

path_matrix <- rbind(Attitude = c(0, 0, 0, 0),               # No paths directed to Attitude 

Subjective_Norms = c(0, 0, 0, 0),       # No paths directed to Subjective Norms 

Perceived_Behavioral_Control = c(0, 0, 0, 0), # No paths directed to PBC 

Intention = c(1, 1, 1, 0)               # Intention depends on Attitude, Norms, and PBC) 

colnames(path_matrix) <- rownames(path_matrix) 

 

# Define blocks (outer model) with further refined weak indicators 

blocks <- list(# Attitude: Climate change and biodiversity impacts (further refined - Removed Weak Indicators) 

c("attitude7.2", "attitude8.1", "attitude8.2", "attitude8.3", "attitude8.4"), 

   

# Subjective Norms: Community impacts and Stakeholder interactions (further refined - Removed Weak Indicators) 

c("Norm9.1", "Norm9.2", "Norm9.3", "Norm9.4"), 

   

# Perceived Behavioral Control (PBC): Actions and barriers (further refined - Removed Weak Indicators) 

c("PBC16.1", "PBC16.2", "PBC16.3", "PBC16.5", "PBC20.1", "PBC20.4", "PBC20.6"), 

   

# Intention: Decision-making factors for sustainability (further refined - Removed Weak Indicators) 

  c("Intention11.4", "Intention11.7", "Intention14.11", "Intention14.12") 

 

# Specify the measurement mode for each block (reflective) 

modes <- rep("A", length(blocks)) 

 

# Run PLS-PM analysis with bootstrapping 

pls_model <- plspm(data, path_matrix, blocks, modes, boot.val = TRUE, br = 400) 

 

# Summary of the model 

summary(pls_model) 

 

# Plot results 

plot(pls_model) 
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4.1.2 Fit indices 

Following the overall model development description in chapter 4.1.1.1, for the identification of model fit within 

the PLS-SEM, we employed an alternative to the traditional goodness-of-fit indices such as Root Mean Square 

Error of Approximation (RMSEA)[9]. The key fit indices we used in our analysis, along with their definitions, are 

listed in Table 3. 

 

Table 3: List of names and short descriptions of model fit indices used in our analysis across the case studies. 

Fit indices Symbol Definition 

Standardised Root Mean Square 

Residual  
SRMR 

Assesses the model’s approximate fit by measuring the 

discrepancy between observed and predicted correlations. 

Normed Fit Index  NFI 
Evaluates the comparative fit of the model by considering the 

proportion of improvement over a null model. 

Coefficient of Determination R² 
Indicates the proportion of variance explained by the 

manifest variables for each latent construct. 

Predictive Relevance Q² 
Derived from the blindfolding procedure, it assesses the 

model’s predictive accuracy. 

Effect Size f² 

Measures the impact of manifest variables on latent 

constructs, indicating the strength of relationships within the 

model. 

Heterotrait-Monotrait Ratio HTMT 
Used to assess discriminant validity, ensuring that constructs 

are distinct from one another. 

 

4.2 DATA COLLECTION AND HANDLING 

For the SEM development, testing and variable generation for the final integration and identification of pathways 

to sustainability, data on the societal part of the nexus was collected for each case study. Data collection targeted 

stakeholders from various stages of the four supply chains. It aimed to collect evidence on the values that guide 

their decision-making process, which in turn leads to the adoption of a pro-biodiversity behaviour.  

 

Data collection was conducted initially through face-to-face interviews with a targeted group of local experts, 

which led to the development of conceptual SEMs. This procedure is presented in detail in Deliverable 3.3 and 

will therefore not be further analysed. To develop the mathematical SEMs though, it was necessary to collect 

more data, both for the sake of representativity, but also due to the statistical requirements of the models. 

Therefore, a two-step process involving several BIOTRAILS consortium members was initiated.  

 

For step one, data was initially collected through stakeholder workshops which took place across all four case 

studies. These workshops varied in timing, that led to differences in the timeframe of the model development 

across case studies. The workshops allowed us to go more in depth in terms of the identification of the manifest 

variables that can be used to describe Attitude, Social Norms and Perceived Behavior Control across the 

participants with variable roles across the case studies. In these workshops, participants were given a list of 

variables (as these emerged from the initial round of interviews) and they were asked to rank them according to 

their significance in terms of its impact to the supply chain and to biodiversity. At a second step of the exercise, 

they were asked to define the dependencies and linkages between these variables. During the final part of the 

exercise, the participants were asked to think “out of the box” and define their aspirations in terms of what they 

would change in the system to be more biodiversity-friendly. For each proposed change they were also asked to 

identify the likelihood of this change to occur, as well as the tentative impact in case it ever occurred (Figure 3).  
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Figure 3: The process of manifest variable identification during the first step of data collection. 

For step two, additional data was collected through surveys, which allowed us to reach a larger data sample, 

broader geographical representativity, and also representativity in terms of the participants roles across the 

supply chain. A generic survey was developed by the task leaders, targeting members of the supply chains in 

Brazil, Ghana, Greece, and Peru with the purpose of identifying the main motivations that might or might not 

lead to the choice of sustainable practices for biodiversity transformation. The survey was then distributed to the 

case study leads and adapted to the needs of each case study. Adaptation here refers to tailoring questions or 

answers to questions, to the specificities of each case study. To give an example, within the question “what are 

the main actions you would take to improve biodiversity through your business activities?” one of the answers 

for aquaculture was “improved maritime spatial planning” while for Ghana this was not listed as it was not 

considered to be relevant.  

 

It should be noted that for the Greek case study, in which both fisheries and aquaculture were targeted, the two 

parts were treated separately in terms of data collection and model development. Although they share the same 

biodiversity element, the way it is impacted differs significantly across the supply chain, with a sole commonality 

related to the final consumption. 

4.2.1 Survey design and distribution  

4.2.1.1 Survey design 

The survey was split into three parts. The first part gathered general information, including the participants' roles 

and responsibilities within each supply chain. The second part was the main part of the questionnaire which 

covered questions, that allowed the capturing of the variables describing attitude, social norms and perceived 

behavior control. The questions were shaped around personal perceptions about how the goods production, or 

the supply chain affects the environment, the identification of values put forward to make a choice, and the 

actions that participants believe are able to hinder or promote more sustainable behaviors. The third and final 

part had a section for raising concluding remarks, including the participants' last thoughts and comments. The 

core variables to be measured were classified into four groups of variables (Table 4) based on the structural 

elements of the Theory of Planned Behavior. 

 

Table 4: Overview of the latent constructs and the manifest variables collected through the surveys from the case study 

participants. 

Latent construct Manifest variables 
Examples of questions (tailored 

to each case study) 

Attitude 

- Severity of biodiversity impacts 

- Climate change impacts on the 

ecosystem level 

In your opinion, how severe is the impact of e.g., 

mining/fishing, on biodiversity along the supply 

chain? 
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- Climate change impacts at the species 

level 

Subjective norms 

- Cultural values 

- Relational values 

- Well-being values 

- Trust in social circle 

What mainly drives your decision towards the 

adoption of environmentally sustainable 

practices/behavior among:  

- Economic incentives 

- Corporate social responsibility 

- Regulatory compliance 

- Long-term sustainability goals 

Perceived 

Behavior Control 

- Trust in rules and regulations 

- Information flow 

- Alliances 

- Frequency of trainings 

- Consumer education 

- Consumer marketing 

Who do you trust most when you have to make 

a decision and/or take action in relation to your 

role/status in the supply chain: 

- Family 

- Colleagues 

- Trade unions 

- Scientific community 

- Media 

- …. 

Intention 

 

- Facilitators for the adoption of 

sustainable practices 

- Perceived obstacles for the adoption 

of sustainable practices 

Would you be willing to pay a higher price for 

xxx products that come from environmentally 

sustainable sources and contribute positively to 

biodiversity conservation efforts? 

4.2.1.2 Survey distribution and data collection 

As discussed above, the survey was finalised based on the feedback of the partners leading each case study. The 

latter were also responsible for making necessary adaptations based on the supply chains in their respective 

countries, without changing the number of questions, their order, or their basic meaning/scope. The project 

partners involved in the research were also responsible for the translation of the questionnaire into their national 

languages, to ensure that it is comprehensive and increase the number of answers received. Again, during this 

process, partners had the option to make any necessary adjustments in their national contexts, but without 

altering the meaning, the number, or the order of the questions.  

 

The survey was entirely anonymous since participants were not required to disclose any information that could 

lead to their identity or tracking, such as names, contact details, residence, or employer names (if applicable). 

Their participation was also entirely voluntary. The collection and processing of sensitive personal data during 

this field research (and, in general, during the implementation of the project) complied with the General Data 

Protection Regulation (EU 2016/679) [10]. 

 

The questionnaire was semi-structured [11], meaning that a core of questions was similar for all target groups, 

while several questions would appear, depending on responses to previous answers. The vast majority of the 

questions were close-ended to facilitate comparative analysis as well as to limit the time needed for its 

completion, thus limiting potential dropouts of research participants. While the questionnaire in all participating 

countries was distributed in a printed copy, partners also had the option to create an online version of the 

questionnaire, thus facilitating the participation of stakeholders from across their countries, for a broader 

geographical coverage. When distributing the questionnaire in all countries, at least one researcher from the case 

study leaders was present to assist if needed, namely, provide clarifications for the meaning of some questions 

or terminology used. 

 

Each tailored version of the questionnaire included an introductory section with information about the project, 

the research objectives, and the collection of data. Next, the survey participants were asked to consent to the 

storage, processing, and, processing of their answers or part of them, always under their anonymity and 

exclusively for the aforementioned purposes, as well as to state that they have been informed of their right to 

withdraw their consent by contacting the project partners that were appointed as responsible for the survey 

compilation. The entire procedure was fully compliant with Article 19 of the Regulation (EU) 2021/695 establishing 

Horizon Europe – the Framework Programme for Research and Innovation, referring among others to the rights 
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of privacy and protection of personal data. It was also fully compliant with the European Code of Conduct (ALLEA) 

for Research Integrity targeting both privacy rules as well as the rules of participation of third countries (in our 

case the latter referred to Ghana, Brazil and Peru).  

 

The survey introductory section also included information about the funding resource of the project as well as a 

disclaimer according to which the content of the survey was the sole responsibility of the creators/authors and 

did not necessarily reflect the views of the European Union and that the European Commission bore no 

responsibility for the use of the information it contains. All the above-mentioned information was provided to all 

research participants in their national language and in terms they could fully understand. Furthermore, research 

participants received definitions for key terms (such as sustainability, biodiversity, etc.) used in the questionnaire 

before it began. A sample version of the survey developed is provided in Annex I.  

 

The case study lead partners collected data responses from members of different groups of the four supply chains 

of traded goods and products. The end goal was to reach on average sixty (60) participants per case study. To 

achieve that, case studies partners used different ways to approach and attract the target groups, some of which 

are listed below: 

 

o Seek the support of relevant organisations and associations such as trade unions, professionals’ or 

consumers’ associations, etc. This support took many forms, such as the encouragement of their 

members to participate in the research. 

o Make use of their already existing professional and personal networks, some of which have been 

developed and/or enhanced during the development of the BIOTRAILS Learning and Action Alliances 

(LAAs). 

 

For some case studies, the required data entries were completed at the time of the data compilation, while for 

others, the data collection process is still ongoing. This did not hinder the model development process, but as 

the project moves on to its final year, the models will be populated with the new complete data to ensure the 

highest possible relevance of the outcomes.  

 

The project's partners were assigned the responsibility of collecting data responses from stakeholders across six 

distinct stakeholder categories: suppliers, intermediates, transporters, retailers, consumers, and others (e.g., 

policymakers, decision-makers, and academic professionals). Partners were urged to gather more comments from 

stakeholders within the suppliers' group, as this is the “closer to biodiversity” part of the supply chain. To fulfill 

the requisite number of research participants, partners employed several strategies to engage and attract the 

target demographics, some of which are given below: 

o Disseminate and endorse the survey via their official websites and social media platforms. 

o Promote the survey via social media platforms (e.g., Facebook), groups and online forums relevant to the 

target demographics (where applicable). 

o Solicit assistance from relevant associations, including trade unions and professional associations (in the 

case, of Greece, BIOTRAILS project partner Hellenic Aquaculture Producers Organisation – HAPO played 

a crucial role). This support manifested in several ways, including encouraging members to engage in the 

research. 

o Utilise their pre-existing professional and personal networks, as well as the LAAs developed in the 

framework of the BIOTRAILS project. 

4.2.2 Data handling 

This section describes the handling of the data collected from the surveys which was then used for the 

development of the SEMs. To ensure consistency in measurement, variables were categorised as either latent 

constructs or manifest variables. Manifest variables were coded based on survey responses, while their latent 

constructs were derived using weighted contributions from observed variables. The coding scheme adhered to 

standard Likert scale transformations [12]. 

 

Variables measured on a five-point Likert scale were coded as follows (depending on the type of question asked): 
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o 1: Very Low / Strongly Disagree / Very Low Importance 

o 2: Low / Disagree / Low Importance 

o 3: Moderate / Neutral / Moderate Importance 

o 4: High / Agree / High Importance 

o 5: Very High / Strongly Agree / Very High Importance 

 

In addition, for some variables, a binary coding scheme (0 or 1) was applied to indicate presence or absence of 

specific responses. In these cases: 

o 0 = Absent (the attribute or factor is not applicable or not observed) 

o 1 = Present (the attribute or factor is applicable or observed) 

 

This approach in data coding ensured that categorical data was effectively captured and appropriately processed 

within the PLS-SEM framework. 

 

The distribution of the dataset did not fully meet the normality assumptions required by CB-SEM. Therefore PLS-

SEM, being a variance-based technique, which does not impose strict distributional requirements, made this 

analysis more suitable for the type of data analyzed in this study. 

 

Data handling and preprocessing steps included a series of decisions and assumptions which allowed us to 

achieve a robust approach to the modelling process used.  

 

Missing data was handled using median imputation. For each column with missing values, we replaced the 

missing values with the median of the non-missing values in that column. The median is less sensitive to extreme 

values (outliers) compared to the mean and it maintains the distribution of ordinal and Likert-scale data, which is 

appropriate for the datasets we handle in all four case studies. 

 

In the cases in which more than 20-30% of the data was missing, we chose to remove the variable unless 

imputation methods could possibly be reliably applied. Therefore, in some cases, especially in the gold case study 

in Ghana, some indicators with very few data points, were excluded from the pre-processing step. 

 

Lastly, if the manifest variables had low loadings (< 0.5) or weak reliability, we considered it to be contributing 

very little to the corresponding latent construct and therefore it was excluded from the analysis. By removing 

“weak” variables in terms of their contributions, we were able to improve the robustness, reliability, and validity 

of the PLS-SEM results, leading to stronger and more interpretable findings. 
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5 MODEL ANALYSIS 

5.1 STATISTICAL METHODS APPLIED FOR SEMS 

With the PLS-SEM method, the results are generated through a combination of assessment of the measurement 

and the structural model, as a way to capture the most statistically significant and therefore explanatory variables 

from each case study. In this section we provide a breakdown of the overall tests used and their significance for 

the assessment of the measurement model (Outer Model) and the assessment of the structural model (Inner 

Model). 

5.1.1 Measurement model assessment (Outer Model) 

The assessment of the outer model ensures that the latent constructs are reliably and validly measured. We 

therefore conducted reliability tests, convergent validity tests and discriminant validity tests. The details of the 

method are presented in Chapter 4.1. We only summarise them here for the sake of clarity and to facilitate 

understanding.  

o Reliability Tests 

Reliability tests assess whether the manifest variables can consistently measure the latent constructs. The ones 

used were mostly Cronbach’s Alpha which measures internal consistency and Composite Reliability (CR). The 

outer model is assessed using factor loadings which indicate the strength of the relationship between a manifest 

variable and its underlying latent construct in PLS-SEM. Higher loadings suggest that a variable contributes more 

significantly to explaining the variance of the latent construct.  

 

An acceptable threshold for loadings is a factor loading of 0.7 or higher. This ensures that at least 50% of the 

variance in the manifest variable is explained by the corresponding latent construct. Manifest variables with 

loadings between 0.4 and 0.7 can be retained if the Average Variance Extracted (AVE) and Composite Reliability 

(CR) of the latent construct are strong (AVE>0.5 and CR>0.7). The acceptable threshold value of Cronbach’s Alpha 

is > 0.7. CR was considered as a more robust measure than Cronbach’s Alpha. The acceptable threshold for CR is 

also > 0.7.  

o Convergent Validity Tests 

These tests were conducted to ensure that the manifest variables truly represent the latent construct. We used 

the Average Variance Extracted (AVE) which should be > 0.5. In that case it would mean that at least 50% of the 

variance in manifest variables is explained by the construct. 

o Discriminant Validity Tests 

These tests check whether the latent constructs are sufficiently distinct from each other and therefore can 

interpret in a meaningful way the hypotheses tested. We used the Fornell-Larcker Criterion and the Heterotrait-

Monotrait Ratio (HTMT). The Fornell-Larcker criterion is a discriminant validity test used in PLS-SEM to ensure 

that a latent construct shares more variance with its own variables than with other constructs. This means that a 

construct should be more strongly correlated with its own measurement items than with any other latent variable 

in the model. According to this criterion, the square root of the Average Variance Extracted (AVE) of a latent 

variable should be greater than its highest correlation with any other latent variable. Thus, the construct better 

explains its own indicators rather than being explained by another construct. The criterion is evaluated by the 

formula:  AVEi  > max(correlationij) where AVEi  is the average variance extracted for construct 𝑖 and correlation 

i,j  is the correlation between constructs i and 𝑗. The HTMT should be < 0.9 (strict) or < 0.85 (conservative) to 

confirm latent constructs are distinct. 
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5.1.2 Structural Model Assessment (Inner Model) 

This assessment of the inner model i.e., the structural model evaluates the relationships between latent constructs 

[6]. To assess this, we conducted several tests as explained in detail in Chapter 4.1.1. 

o Collinearity Check 

To assess collinearity of the constructs, we used Variance Inflation Factor (VIF) which tests whether the constructs 

are not too highly correlated. This is confirmed if the VIF is < 5. 

o Path Coefficients & Hypothesis Testing 

To identify the significance of each variable within the different paths connecting variables (path coefficients), 

bootstrapping was used. For those T-Statistics & P-Values were estimated. 

A t-value > 1.96 (for 95% confidence) suggests a significant relationship, while a p-value < 0.05 confirms 

significance. 

o Model Fit & Predictive Power 

To estimate the model fit and the predictive power of the SEM we calculated the measures described in Chapter 

4.1.1. In particular we used: R² (R-Squared), which explains the variance in dependent constructs; higher R² values 

indicate stronger explanatory power. Overall, in social sciences, an R² of 0.5 or above is generally considered 

meaningful given the complexity of human behavior and decision making [13].   

 

Literature suggests the following R² thresholds for PLS-SEM [6]: 

o 0.75 or above → Substantial explanatory power 

o 0.50 – 0.74 → Moderate explanatory power 

o 0.25 – 0.49 → Weak explanatory power 

o Below 0.25 → Limited explanatory power 

 

Q² (Predictive Relevance, using Blindfolding). If Q² > 0, the model has predictive relevance. 

f² (Effect Size), which measures how much a manifest variable contributes to R². Values of f² around 0.02 indicate 

small contribution, 0.15 a medium contribution, and 0.35 a large contribution. 

o Predictive Validity 

Lastly to compare the out-of-sample predictions in order to assess real-world applicability of the model, we 

assessed PLS Predict [6]. We use these tests to ensure robustness in the models we studied. PLS-SEM is a non-

parametric method, therefore bootstrapping is necessary to test significance [6]. Unlike CB-SEM, PLS-SEM allows 

for small sample sizes and non-normal data, making it useful for field-based studies like the four cases we have 

examined. The combination of reliability, validity, and predictive power used in this analysis ensured that the 

model findings are credible and applicable. The detailed outputs of the models for each case study are presented 

in the following sections (Chapters 5.2).   
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5.2 STATISTICAL MODELLING APPLIED FOR SMALLER SAMPLE 

SIZES 

When working with small sample sizes, traditional regression techniques like PLS-SEM can lead to overfitting, 

unreliable parameter estimates, and poor predictive performance. A systematic review highlighted that many 

studies using PLS-SEM lack proper statistical power analysis, indicating poor sampling design and the potential 

for inaccurate results for smaller samples [14]. In the cases of small sample sizes, or a more limited dataset, 

Principal Component Analysis (PCA) and Partial Least Squares Regression (PLSR) offer better alternatives due to 

their ability to handle collinearity, reduce dimensionality, and extract meaningful patterns even with smaller data 

sizes. However, in our case given that data were mostly categorical (qualitative data from surveys) PCA and PLSR 

cannot be applied correctly and the results are generated with significant errors. Therefore, Multiple 

Correspondence Analysis (MCA) was selected as it offers better alternatives due to its ability to handle collinearity, 

reduce dimensionality, and extract meaningful patterns even with smaller data sizes. Multicollinearity occurs when 

variables are highly correlated, leading to unstable regression coefficients. MCA mitigates this by creating a low-

dimensional representation of categorical data that effectively captures the underlying associations between 

variables, even when the sample size is limited. It is widely used for analyzing complex categorical data across 

various fields, including social sciences, healthcare, and education, especially in research with survey data [15]. 

5.2.1 Multiple correspondence analysis (MCA) 

MCA is an unsupervised statistical technique used to analyse and visualise patterns in categorical data by 

transforming it into a smaller set of dimensions while preserving the relationships between variables [16]. It is 

particularly beneficial for analysing datasets with ordinal categorical variables, where traditional techniques like 

PCA may not be appropriate due to the non-numeric nature of the data. MCA is also advantageous for small 

sample sizes as it allows for an effective reduction in dimensionality without requiring large datasets to produce 

meaningful insights [16]. The steps towards performing MCA in research dealing with ordinal categorical data are 

outlined below: 

 

o Cramér's V test: It is an effect size measurement for the chi-square test of independence. It measures how 

strongly two categorical fields are associated. This test provides a standardised value between 0 (no 

association) and 1 (strong association), allowing us to identify relationships among key constructs. Given that 

our dataset consists of ordinal/categorical data, Cramér’s V is an appropriate choice over Pearson’s 

correlation, which assumes continuous data. 

o Indicator Matrix Construction: The categorical dataset is transformed into a complete disjunctive table (binary 

indicator matrix), where each category of a variable is represented as a separate column. This step ensures 

that all categorical levels are appropriately captured. 

o Computation of the Correspondence Matrix: The relative frequencies of category occurrences are used to 

compute a correspondence matrix, which measures the associations between different categorical levels. 

o Singular Value Decomposition (SVD): Instead of an eigenvalue decomposition of a covariance matrix, MCA 

relies on SVD to extract dimensions that best represent the variation in categorical data. Eigenvalues in this 

context represent the amount of variance explained by each dimension. 

o Generation of a scree Plot and Dimensional Selection: A scree plot visualises the proportion of variance 

explained by each dimension, helping to determine the number of dimensions to retain. The "elbow" of the 

scree plot indicates the optimal number of dimensions for interpretation. 

o Factor Loadings: The original categorical data is projected onto the selected dimensions to obtain a reduced-

dimensional representation. Categories and observations are plotted in a low-dimensional space to identify 

relationships, clusters, or group structures within the data. 

o Analysis of Corresponding variables and Interpretation: analysing corresponding variables by identifying 

associations between categorical data points and scoring contributions for multidimensional space. 

 

Overall, MCA provides effective solutions for small sample sizes by addressing multicollinearity, reducing 

dimensionality, improving predictive power, and stabilizing estimates, which makes this method ideal for the 

analysis we carried out in the case studies in which our sample size was smaller. In our case MCA was used for 
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the cocoa from Peru case study, and the arts and crafts in Brazil, as the collected data at this stage of the project 

development, did not meet the minimum requirements for the development of SEMs. As mentioned before, in 

these two case studies, data collection is ongoing and SEMs will be run in order to feed the System Dynamics 

Model, which will serve as the integration space among the different models and data produced throughout the 

project. However, for the sake of a qualitative comparative analysis across the four case studies, MCA was used 

to generate a first set of results.  
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6 SEM RESULTS PER CASE STUDY  

6.1 THE GOLD FROM GHANA CASE STUDY 

Developing and running an SEM for this case study had as its main aim to reveal the stakeholder perceptions 

with relevance to the gold supply chain. Given that the gold mining activities within the country share a complex 

landscape [17], all research carried out here refers to the artisanal gold mining which is a small-scale activity. Any 

kind of illegal mining activities are excluded from the analysis due to lack of relevant data. Within this modeling 

procedure the three hypotheses presented in Chapter 3.1.2 of this Deliverable were tested under the initial model 

structure (Figure 1).  

6.1.1 Overview of participant profiles in Ghana 

Data was collected from 44 participants in Ghana. The participants belonged mostly to 18-34 (~39%) and 35-49 

(~48%) age groups, indicating these demographics are prominent within the sample. The responses from the 

research participants in Ghana predominantly indicate a strong male representation (81%) in self-identification, 

with females being significantly fewer in number.  

 

A diverse representation across various sectors of the supply chain has also been identified - based on the 

responses collected - with a notable emphasis on government regulators, agencies, and producers/miners. This 

highlights the multifaceted nature of the supply chain and the critical roles played by different stakeholders within 

it. The responses from research participants in the country also indicate a diverse range of experience in the 

supply chain, with a significant number of individuals having worked in their current positions for three to ten 

years, while others have varying lengths of tenure, including those with over twenty years of experience. This 

distribution highlights the varying levels of expertise and experience within the supply chain workforce in the 

region. 

 

Participants were also requested to identify whether they have received prior training on environmental 

challenges, with a majority (55%) reporting no such training. This highlights a potential gap in environmental 

education that may need to be addressed to enhance awareness and understanding of these critical issues.  

6.1.2 Variable selection 

In this study, the classification of variables was structured to align with the theoretical framework and empirical 

objectives of the PLS-SEM model for the gold case study. The variables were categorized into latent constructs 

(Table 5), each measured using multiple measured variables that allowed us to capture key environmental, social, 

and economic dimensions of individuals’ choices towards sustainability and biodiversity. These classifications 

provide a structured approach to understanding the impacts of choices on biodiversity aspects within the gold 

supply chain from Ghana. Table 5 gives a detailed overview of the variables and their composition, as well as the 

coding of the answers given. It is important to note here that this case study is presented in full detail to increase 

comprehension in terms of the methods applied and the model construction.  
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Table 5. Analytical presentation of measurement variables and their contribution to the construction of the latent variables for the Gold from Ghana case study. 

Latent construct Variable category Manifest (measured) variables Coding 
Value 

range 
Interpretation 

Attitude 

Biodiversity impacts 

Aquatic and terrestrial species reduction 6.1 

1-5 

1: very low impact; 2: low impact; 

3: moderate impact; 4: large 

impact; 5: very large impact 

Deforestation at the ecosystem level 6.2 

Expansion of infrastructure developments (deforestation, 

species loss, etc) 
6.3 

Soil degradation or erosion, reduction of soil fertility 6.4 

Water quality degradation 6.5 

Landscape quality degradation 6.6 

Habitat destruction 6.7 

River baseflow reduction 6.8 

Riverbank erosion 6.9 

Plant species diversity reduction 6.10 

Climate Change impacts 

Extreme heat conditions or heatwaves 7.1 

1-5 

1: very low impact; 2: low impact; 

3: moderate impact; 4: large 

impact; 5: very large impact 

Landslides 7.2 

Excessive rainfall or flooding 7.3 

Wildfires 7.4 

Extreme wind conditions 7.5 

Drought risk 7.6 

Atmospheric pollution (greenhouse gasses, plastic packaging, 

etc.) 
7.7 

Crop failure due to climate conditions 7.8  

Subjective norm Community impacts 

Community displacement due to infrastructure developments 8.1 

1-5 

1: very low impact; 2: low impact; 

3: moderate impact; 4: large 

impact; 5: very large impact 

Child labor 8.2 

Labor shortage 8.3 

Waste management 8.4 

Corruption 8.5 

Limited availability of food/resources 8.6 

Peace and security 8.7 

Community Health and well-being 8.8 

Safety in the work areas 8.9 

Illegal mining activities 8.10 

Conflict among miners 8.11 

Lack of economic opportunities 8.12 

Food insecurity 8.13 
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Perceived stakeholder 

connectivity 
Level of stakeholder interactions 14 1-5 

1: smooth; 2: competition; 3: no 

interaction; 4: lack of trust; 5: lack 

of information or transparency 

Actors important for 

collaboration 

Producers or miners 17.1 

0 or 1 
0: absent; 

1: present 

Carriers 17.2 

Processors 17.3 

Consumers 17.4 

Local community 17.5 

Scientific community 17.6 

Civil society agents 17.7 

Government regulators 17.8  

Perceived 

Behavioral Control 

(PBC) 

Actions taken to build trust 

Getting involved with activities within the community 15.1 

1-5 

1: very low importance; 2: low 

importance; 3: moderate 

importance; 4: high importance; 

5: very high importance 

Education and information 15.2 

Consumer information and awareness 15.3 

Communication through forums or frequent meetings 15.4 

Transparency in information 15.5 

Transparency along the supply chain through a digital data 

platform 
15.6 

Barriers to sustainable 

adoption 

Cost or availability of funds 16.1 

1-5 

1: very low importance; 2: low 

importance; 3: moderate 

importance; 4: high importance; 

5: very high importance 

Lack of spatial planning 16.2 

Lack of staff training and information 16.3 

Lack of partnerships 16.4 

Insufficient infrastructure 16.5 

Lack of trust 16.6 

Policies and regulators are not aligned or do not coordinate 16.7 

Actions taken to adapt to CC 

or biodiversity 

Adopting sustainable practices in my work 18.1 

0 or 1 
0: absent; 

1: present 

Rehabilitation 18.2 

Deforestation avoidance 18.3 

Waste recycling 18.4 

I keep up to date with the latest market trends for organic 

farming 
18.5 

Factors needed for 

marketing sustainable 

choices 

Use of sustainable production methods 20.1 1-5 

1: very low importance; 2: low 

importance; 3: moderate 

importance; 4: high importance; 

5: very high importance 

Marketing and 

communication 
Role biodiversity management practices play 21 1-4 

1: they don’t; 2: limited role; 3: 

important role; 4: very important 

role 
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Marketing strategies/campaigns to promote biodiversity 

practices 
22 1-3 1: Yes; 2: No; 3: don’t know 

main criteria for choosing 

gold products 

Low price 25.1 

1-5 

1: very low importance; 2: low 

importance; 3: moderate 

importance; 4: high importance; 

5: very high importance 

Value for money 25.2 

Training and education 

Level of consumer awareness 26 1-5 
1: very low; 2: low; 3: moderate; 4: 

large; 5: very large 

Influence consumers have on adoption of sustainable practices 27 1-5 
1: none; 2: limited/small; 3: 

moderate; 4: enough; 5: great 

Training & Education frequency on sustainable matters 28 1-5 

1: once every two years; 2: once 

every year; 3: once every six 

months; 4: once every three 

months; 5: once every month 

Intention 

Factors that affect decision 

for taking action 

financial incentives 10.1 

1-5 

1: very low importance; 2: low 

importance; 3: moderate 

importance; 4: high importance; 

5: very high importance 

adoption of a corporate social responsibility 10.2 

regulatory compliance (laws, certification) 10.3 

market demand 10.4 

Community responsibilities 10.5 

long-term sustainability goals 10.6 

Influence of principles, 

values and social 

characteristics to adopt 

environmentally sustainable 

practices 

Sense of personal responsibility 12.1 

1-5 

1: very low importance; 2: low 

importance; 3: moderate 

importance; 4: high importance; 

5: very high importance 

Confidence in the institutional framework 12.2 

Communication between actors along the supply chain 12.3 

Family 12.4 

Traditions 12.5 

Equality/Equity 12.6 

Relevant training 12.7 

Getting involved in activities within the community 12.8 

Adaptability to changes 12.9 

Who do you trust to take 

action? 

Local community 13.1 

1-5 

1: very low importance; 2: low 

importance; 3: moderate 

importance; 4: high importance; 

5: very high importance 

My family 13.2 

Company employees 13.3 

Colleagues / people with the same capacity/role 13.4 

Trade unions, professional associations 13.5 

Consumer associations 13.6 

Media 13.7 

Social Media 13.8 

Business community 13.9 
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Scientific / research community 13.10 

Regulators 13.11 

National political bodies / institutions 13.12 

International institutions such as the EU 13.13 

Are you willing to pay a 

higher price for sustainably 

produced goods? 

 24 1-3 1: Yes; 2: No; 3: maybe 
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6.1.3 Analytical SEM results for the gold from Ghana case study 

This section presents the outcomes of the SEM analysis in terms of model specification and fit, the construction 

of the variables and the fit indicators. Out of the data collected, 44 answers were maintained for further analysis 

based on criteria of data completeness.  

To best describe the four latent constructs (Attitude, Subjective Norms, Perceived Behavioral Control (PBC) and 

Intention), we performed tests which allowed us to maintain 43 out of 67 collected manifest variables. Within that 

analysis we conducted Bootstrapping analysis to assess variable significance which was enabled with 500 

resamples. Within this outcome the Goodness-of-Fit (GoF) was estimated to be 0.5914 for the model. This 

indicates a stable and strong model fit after many iterations.  

 

6.1.3.1 Measurement Model: Construct reliability and Validity 

After testing, all latent constructs exhibit strong reliability (Cronbach’s Alpha > 0.8), meaning the manifest 

variables within each latent constructs are highly correlated. Upon testing the Dijkstra-Henseler Rho values (> 

0.9) confirm composite reliability, ensuring construct validity and first eigenvalues significantly exceed the value 

of 1, confirming uni-dimensionality. This means that each latent construct measures a single underlying concept.  

 

The strongest constructs that emerge from the PLS-SEM results in terms of significance, is PBC and intention 

reinforcing the role of both towards predicting behavioral change (Table 6).  

 

Thus, the model is statistically sound, and all latent variables are valid and reliable. It is worth noting that the 

construct of Subjective Norms shows a relatively weaker contribution compared to other variables, which aligns 

with the path analysis conducted (following Chapter 5.2 in which it did not significantly predict intention. 

 

Table 6: Outcomes of unidimentionality tests conducted for the SEM model. 

Latent Construct 
Cronbach’s 

Alpha 

Dijkstra-

Henseler Rho 

First 

Eigenvalue 
Interpretation 

Attitude 0.934 (Very High) 0.945 6.75 
Highly reliable and 

unidimensional.  

Subjective Norms 0.895 (High) 0.920 4.42 
Good reliability and strong 

construct validity. 

PBC (Perceived 

Behavioral Control) 
0.941 (Very High) 0.949 6.94 

Most reliable construct with 

excellent internal consistency. 

Intention 0.921 (Very High) 0.932 6.98 
Strong internal consistency and 

construct validity. 

 

The results for Convergent Validity (Average Variance Extracted - AVE) per latent construct are: 

o Attitude: 0.613 

o Subjective Norms: 0.622 

o PBC: 0.630 

o Intention: 0.498 (Slightly below 0.5, but acceptable) 

 

All constructs except Intention meet AVE standards. The low AVE for Intention suggests a need for further 

refinement of the constructs’ measurement. 

6.1.3.2 Measurement Model - Indicator Reliability 

In this case study, no critically weak indicators were found (loading < 0.4) which suggests that all manifest 

variables contribute to the measurement model to some extent. The variable “financial incentives” (Intention10.1, 

Table 5) has a 0.482 loading which is at the borderline but AVE and CR remain strong. The variable “Getting 

involved in activities within the community” (Intention12.8, Table 5) has a 0.672 loading which is closer to the 0.7 

threshold but at an acceptable level. 
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6.1.3.3 Measurement Model: Discriminant Validity (Cross-loadings & Correlations) 

➢ Cross-loadings 

A way to verify discriminant validity is through cross-loadings, where each indicator should load higher on its 

assigned latent variable than on any other variable. In summary, Attitude is clearly distinct from other constructs 

(Table 7) while Subjective Norms remain a valid construct but have some shared variance with Attitude and PBC, 

meaning these three concepts are somewhat related but distinct (Table 8). Also, PBC is strongly distinct, but some 

items share variance with Subjective Norms, which may reflect the real-world influence of social factors on 

perceived control (Table 9). Lastly, The Intention construct remains valid but has some theoretical overlap with 

PBC, which aligns with the model’s findings that PBC is the strongest predictor of Intention (Table 10). 

 

Table 7: Cross-loadings for the construct of Attitude for the Ghana case study. 

Variable Attitude Subjective Norms PBC Intention 

attitude6.6 0.920 0.621 0.467 0.587 

attitude6.7 0.870 0.598 0.489 0.555 

attitude6.8 0.890 0.599 0.495 0.571 

attitude6.9 0.876 0.616 0.498 0.582 

attitude6.10 0.792 0.571 0.525 0.591 

 

Table 8: Cross-loadings for the construct of Subjective Norms for the Ghana case study. 

Variable Attitude Subjective Norms PBC Intention 

Norm8.6 0.627 0.870 0.644 0.522 

Norm8.7 0.537 0.808 0.437 0.382 

Norm8.8 0.621 0.843 0.528 0.517 

Norm8.9 0.559 0.859 0.549 0.582 

Norm8.10 0.580 0.815 0.476 0.482 

 

Table 9: Cross-loadings for the construct of Perceived Behaviour Control for the Ghana case study. 

Variable Attitude Subjective Norms PBC Intention 

PBC16.7 0.639 0.612 0.865 0.660 

PBC16.3 0.420 0.653 0.833 0.624 

PBC16.2 0.472 0.718 0.826 0.627 

PBC15.3 0.475 0.554 0.859 0.575 

PBC15.1 0.438 0.469 0.757 0.558 

 

Table 10: Cross-loadings for the construct of Intention to adopt a behavioural change for the Ghana case study. 

Variable Attitude Subjective Norms PBC Intention 

Intention12.4 0.507 0.558 0.649 0.839 

Intention12.6 0.491 0.510 0.580 0.822 

Intention12.5 0.503 0.600 0.555 0.782 

Intention10.4 0.557 0.560 0.588 0.738 

Intention10.2 0.436 0.293 0.330 0.644 

 

➢ Correlations 
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To confirm if the Fornell-Larcker criterion is met, we check whether each diagonal value of the generated analysis 

table (Table 11 

 

Table 11:  Results of the Correlation Matrix for the assessed variables for the Ghana case study. 

Latent construct Attitude Subjective Norms PBC Intention 

Attitude 0.721 0.709 -0.554 -0.571 

Subjective Norms 0.709 0.729 -0.664 -0.612 

PBC -0.554 -0.664 0.676 0.677 

Intention -0.571 -0.612 0.677 0.611 

 

After conducting the HTMT test which is considered a reliable measure, it appears that all HTMT values (Table 12) 

are below 0.85, indicating that there is no discriminant validity violation and there are no collinearity concerns 

since all VIF values are below 5 (Table 13). Since HTMT and VIF test passed, we do not need to merge or redefine 

the latent constructs.  

 

Table 12 

After conducting the HTMT test which is considered a reliable measure, it appears that all HTMT values (Table 12) 

are below 0.85, indicating that there is no discriminant validity violation and there are no collinearity concerns 

since all VIF values are below 5 (Table 13). Since HTMT and VIF test passed, we do not need to merge or redefine 

the latent constructs.  

 

) is greater than all the off-diagonal values in its row or column. For Attitude (0.722) the value is higher than its 

correlations (0.709, -0.554, -0.571) and the same for Subjective Norms (0.729). For PBC (0.676) the value is slightly 

lower than its correlation with Intention (0.677) and for Intention (0.611) the value is lower than its correlation 

with Subjective Norms (-0.612) and PBC (0.677). Therefore, PBC and Intention show potential issues with 

discriminant validity which are further tested with the HTMT and VIF test. 

 

Table 11:  Results of the Correlation Matrix for the assessed variables for the Ghana case study. 

Latent construct Attitude Subjective Norms PBC Intention 

Attitude 0.721 0.709 -0.554 -0.571 

Subjective Norms 0.709 0.729 -0.664 -0.612 

PBC -0.554 -0.664 0.676 0.677 

Intention -0.571 -0.612 0.677 0.611 

 

After conducting the HTMT test which is considered a reliable measure, it appears that all HTMT values (Table 12) 

are below 0.85, indicating that there is no discriminant validity violation and there are no collinearity concerns 

since all VIF values are below 5 (Table 13). Since HTMT and VIF test passed, we do not need to merge or redefine 

the latent constructs.  

 

Table 12: HTMT Test results for the Ghana case study. 

Latent construct Attitude Subjective Norms PBC Intention 

Attitude 1.0 0.7091 0.5544 0.5713 

Subjective Norms 0.7091 1.0 0.6649 0.6126 

PBC 0.5544 0.6649 1.0 0.6773 

Intention 0.5713 0.6126 0.6773 1.0 

 

Table 13: Variance Inflation Factor (VIF) results for the Ghana case study. 

Latent Construct VIF 

Attitude 2.15 
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Subjective Norms 2.27 

PBC 2.11 

Intention 2.62 

 

6.1.3.4 Structural Model-Path Analysis 

  

Path Coefficients & Hypothesis Testing 

After examining the structural Model’s path coefficients (Table 14) we found that PBC has the strongest and most 

significant impact on Intention to adopt a sustainable behavior. In other words, if people believe they have control 

over their behavior, they are more likely to engage in this behavior. From our testing, we determined that the 

very low p-value (p < 0.01) indicates a highly significant effect reinforcing the importance of perceived ease or 

difficulty in shaping Intention. Also, the results indicated that Attitude significantly influences Intention. This 

means that people with a positive attitude towards a certain behavior are more likely to intend to engage in it. 

This effect is also statistically meaningful since the significance level is p < 0.05. On the contrary, Subjective Norms 

do not significantly influence Intention. In other words, the social pressure or the perceived expectations from 

others may not play a significant role in shaping Intention. 

 

Table 14: Significance of the SEM paths and hypothesis testing results. 

Relationship 

Path 

Coefficient 

(β) 

Std. 

Error 
t-value 

p-

value 

Significance Level - 

Hypothesis testing 

Attitude → Intention 0.312 0.1464 2.13 0.0395 Significant – Hypothesis supported 

Subjective Norms → 

Intention 
0.180 0.1678 1.07 0.2908 

Not Significant - Hypothesis not 

Supported 

PBC → Intention 0.390 0.1417 2.75 0.0089 
Highly Significant – Hypothesis 

supported 

 

Model Fit and Predictive Power 

We tested the R² (Variance Explained) to determine the model fit (Table 15) and we found that 60.2% of the 

variance in Intention is explained by Attitude, Subjective Norms and PBC showing a strong model fit. After 

examining the predictive relevance (Q²), we can conclude that the model has predictive relevance (Q² > 0). Also, 

the estimation of f² effect sizes (Table 16) suggests that the path PBC → Intention has the largest effect (0.290), 

while the Attitude → Intention path has a medium effect (0.102) and the Subjective Norms → Intention path has 

a small effect (0.041). These results further support the importance of PBC and Attitude in predicting behavioral 

intention, while Subjective Norms contribute minimally. 

 

Table 15. The outcomes from the calculation of R² (Variance Explained) and Q² (predictive relevance) measures. 

Latent Variable R² (Variance Explained) Q² (Predictive Relevance) 

Intention 0.602 0.412 

 

Table 16: f² (effect size) 

Path f² (Effect Size) Interpretation 

Attitude → Intention 0.102 Medium contribution (close to 0.15) 

Subjective Norms → Intention 0.041 Small contribution (close to 0.02) 

PBC → Intention 0.290 Large contribution (close to 0.35) 

 

Bootstrapping Results (Robustness Test) 

After performing the robustness test, we found that PBC is the strongest and most stable predictor of Intention 
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and Attitude significantly affects Intention but at a lesser extent than PBC. On the other hand, Subjective Norms 

do not significantly predict Intention, making it the weakest construct in the model. In fact, Bootstrap Confidence 

Intervals (Table 17) confirm the robustness of PBC and Attitude but not for Subjective Norms. The Subjective 

Norms construct should be reconsidered in future model refinements as the indicators associated with it do not 

significantly contribute to Intention. 

 

Table 17: Bootstrapping Results (95% confidence intervals) 

Path 
Original 

β 

Bootstrap 

Mean 

Std. 

Error 

95% CI 

(Lower - 

Upper) 

p-

value 
Robustness 

Attitude → 

Intention 
0.312 0.318 0.157 0.0147 – 0.603 0.039 Robust 

Subjective Norms 

→ Intention 
0.180 0.172 0.127 -0.0787 – 0.394 0.291 Not Robust 

PBC → Intention 0.390 0.406 0.129 0.1646 – 0.653 0.009 Robust 

 

 

Total Effects 

After examining the results for the total effects of the model, we found that Attitude (β = 0.312) and PBC (β = 

0.390) have a direct impact on Intention. Also, Subjective Norms (β = 0.180) have a direct effect, but it is weaker 

and not statistically significant. It is important to denote that no mediation is occurring in this model, meaning 

all relationships between predictors and intention are direct (Table 18). Since no indirect effects were detected, 

this suggests for the overall goal of the case study that tentative social interventions should target directly 

changes in Attitude and PBC rather than indirect behavioral change strategies. 

 

Table 18: Total effects 

Predictor Direct Effect Indirect Effect Total Effect 

Attitude → Intention 0.183 0.000 0.183 

Subjective Norms → Intention 0.306 0.000 0.306 

PBC → Intention 0.407 0.000 0.407 

 

6.1.3.5 Interpretation of final SEM results for the gold from Ghana case study 

In PLS-PM (Partial Least Squares Path Modeling), each latent construct is measured using multiple manifest 

variables. The loadings of the values represent how strongly each variable contributes to its respective construct 

(the closer the value to 1, the stronger the contribution to the construct). The higher the loading, the better the 

variable represents the latent variable. 

 

Communality measures how well a variable explains the variance within its latent construct.  

Within the set of variables tested (Table 19), we observe that participants’ Attitude is mostly defined by the 

observed degradation in the landscape, as well as the diminishing of the water flow and the erosion caused to 

the riverbank by the gold mining activities. For subjective norms, we saw a less strong signal, and the contributing 

variables all had a moderate contribution in shaping the construct. These are mainly summarized in the impact 

gold mining will have on the availability of food resources, the safety risk in the mining locations, as well as the 

impacts to human health of the workers. PBC, similar to Attitude had clear and strong contributions of manifest 

variables. In particular the results indicated that the alignment of policies and regulations are perceived as crucial 

to ensure transformation towards sustainable practices, and with lower but still large contribution, the training of 

staff to more biodiversity-friendly practices, as well as the need for spatial planning which can best define the 

locations for landscape interventions with the minimum cost to biodiversity.  
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The people’s intention to adopt a behavior that can lead to transformation of the gold mining industry in Ghana, 

seems to be mainly guided by decisions related to family well-being first, then by a need towards a more equitable 

use and access to the natural resources, and lastly by local traditions and practices.  

 

Table 19: Ranking based on the loading of each variable. CI: confidence intervals. 

Latent 

construct 
Indicator 

Indicator 

description 
Weight Loading Communality 

95% 

CI 
Interpretation 

Attitude 

Αttitude6.6 

Landscape 

quality 

degradation 

0.1311 0.920 0.846 

0.866 

- 

0.954 

Strongest 

contribution to 

Attitude 

Αttitude6.8 
River baseflow 

reduction 
0.1276 0.890 0.791 

0.816 

- 

0.940 

Large contribution 

to Attitude 

Αttitude6.9 
Riverbank 

erosion 
0.1300 0.876 0.767 

0.790 

-  

0.930 

Large contribution 

to Attitude 

Subjective 

Norms 

Norm8.6 

Limited 

availability of 

food/resources 

0.1850 0.870 0.757 

0.768 

- 

0.933 

Moderate 

contribution to 

Norms 

Norm8.9 
Safety in the 

work areas 
0.2064 0.859 0.737 

0.748 

- 

0.931 

Moderate 

contribution to 

Norms 

Norm8.8 

Community 

Health and 

well-being 

0.1832 0.843 0.710 

0.666 

- 

0.934 

Moderate 

contribution to 

Norms 

Perceived 

Behavioral 

Control 

(PBC)  

PBC16.7 

Policies and 

regulators are 

not aligned or 

do not 

coordinate 

0.1396 0.865 0.748 

0.784 

- 

0.921 

Strongest 

contribution to 

PBC 

PBC16.3 

Lack of staff 

training and 

information 

0.1320 0.833 0.693 

0.738 

- 

0.910 

Large contribution 

to PBC 

PBC16.2 
Lack of spatial 

planning 
0.1326 0.826 0.682 

0.737 

- 

0.910 

Large contribution 

to PBC 

Intention 

Intention12.4 Family 0.1220 0.839 0.703 

0.750 

- 

0.917 

Strongest 

contribution to 

Intention 

Intention12.6 Equality/Equity 0.1126 0.822 0.675 

0.719 

- 

0.912 

Large contribution 

to Intention 

Intention12.5 Traditions 0.1180 0.782 0.612 

0.671 

- 

0.889 

Moderate 

contribution to 

Intention 

 

To conclude and based on the analysis presented in the above sections, the SEM for the Gold from Ghana and 

the hypotheses tested, can be summarized as shown in Figure 4. Perceived Behavioral Control (PBC) is the 

strongest predictor of behavioral intention (β = 0.390, p < 0.01). This suggests that individuals' confidence in their 

ability to perform the behavior significantly influences their intention. Attitude has a significant impact on 

intention (β = 0.312, p = 0.039). This means that personal beliefs and evaluations about the behavior play a crucial 

role in shaping motivation. Subjective Norms are not a significant predictor of behavioral intention (β = 0.180, p 

= 0.291). This indicates that social pressure and peer expectations do not strongly influence individual decisions 

in this context. The model explains 60.2% of the variance (R² = 0.602) in behavioral intention, demonstrating a 

strong predictive capability. The Goodness-of-Fit (GoF) is 0.5914, confirming the robustness of the model. 
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Figure 4: SEM of the TPB for the Gold from Ghana case study. 

Along the paths the significance of each path is indicated with the PBC showing the higher significance towards intention to 

behavioural change, followed by Attitude. Subjective norms did not show a significant impact on the intention to behavioural 

change. 

6.2 THE FISHERIES AND AQUACULTURE FROM GREECE CASE 

STUDY 

For the Greek case study, we assessed the role of the social dimension in shaping decisions towards a 

transformation of the fisheries and aquaculture practices in the country. This refers to a regional supply chain, in 

which fish resources are used by two sectors, fisheries and aquaculture and are distributed through two different 

supply chains to consumers across the country in Greece but are also exported mainly within the Mediterranean 

basin countries. Both sectors exploit a vital natural resource which contributes significantly to the increased 

nutritional needs of the human population. Still, overexploitation, lack of maritime spatial planning strategies and 

uncontrolled and unregulated activities, pose a severe threat to marine biodiversity, having as a consequence 

degradation of the quantity and quality of food resources, with long term impacts on human well-being [18], [19]. 

The final aim of the SEMs is to unravel the main parameters that guide decisions of individuals working in the 

fisheries and aquaculture sectors, as well as those involved in the different steps across the supply chain, to change 

their decisions, practices and behaviors.  

 

Given that the two sectors of fisheries and aquaculture share the same natural resource, but on the other hand 

they are very different across the supply chain, we treated them as two separate datasets to run the SEMs, to 

ensure that the results are meaningful. The results are only “merged” and discussed jointly to reach the main 

conclusions for identifying social pathways to transformative change.  

 

Within the SEM modeling procedure the three hypotheses presented in Chapter 3.1.2 of this Deliverable were 

tested under the initial model structure (Figure 1).  

 

6.2.1 Overview of participant profiles in Greece 

Data was collected from 59 participants in Greece, coming from both the fisheries (29 participants) and 

aquaculture (30 participants) sectors. Within the aquaculture sector participants belonged mostly to 35-49 (~47%) 

and 50+ (40%) age groups, while only ~13% belonged to the 18-34 age group. Within the fisheries sector 

participants mostly belonged to the 50+ age group (58%) and a bit less to the 35-49 group (34%), with only a few 
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of them being below 35. This is not surprising as the fisheries sector within the country is facing severe insecurity 

[20], making it less appealing to younger generations to follow the job.  

  

Similar to the Ghana case participants within the aquaculture sector were mostly males (72%) in self-identification, 

with females representing 28% of them. In fisheries all by 2 participants were males. Respondents ranged from 

those working in the packaging sector within the aquaculture industry, to suppliers, processors and wholesalers, 

indicating that the sample covered a broad range of the supply chain steps. Participants were also requested to 

identify whether they have received prior training on environmental challenges, with a majority (52%) reporting 

no such training, highlighting again a potential gap in environmental education that may need to be addressed 

to enhance awareness and understanding of these critical issues. 

 

6.2.2 THE AQUACULTURE SEM 

This section presents the outcomes of the SEM analysis in terms of model specification and fit, the construction 

of the variables and the fit indicators. Out of the data collected, 30 answers were maintained for further analysis 

based on criteria of data completeness. In order to best describe the four latent constructs (Attitude, Subjective 

Norms, Perceived Behavioral Control (PBC) and Intention), we performed tests which allowed us to maintain 20 

out of 86 collected manifest variables. Within this analysis, Bootstrapping was conducted with 400 resamples to 

assess variable significance. The Goodness-of-Fit (GoF) was estimated to be 0.4799, indicating a stable and 

moderately strong model fit. 

 

6.2.2.1 Variable selection 

For the case of the aquaculture sector, the classification of variables was structured to align with the theoretical 

framework and empirical objectives of the PLS-SEM model. The manifest variables were assigned to their latent 

constructs (Table 20), each assessed using multiple measured variables that allowed us to capture key 

environmental, social, and economic dimensions of individuals’ choices towards sustainability and biodiversity 

within the aquaculture sector. Table 20Table 5 gives a detailed overview of the variables and their composition, 

as well as the coding of the answers given.  
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Table 20: Analytical presentation of measurement variables and their contribution to the construction of the latent variables for the aquaculture case study. 

Latent construct Variable category Measured variables coding 
Coded 

answer 
Interpretation per answer 

Attitude 

Climate Change impacts 
Sea level rise 7.1 

1-5 
1: very low impact; 2: low impact; 3: moderate 

impact; 4: large impact; 5: very large impact Temperature rise 7.2 

Biodiversity impacts 

Climate Change 8.1 

1-5 
1: very low impact; 2: low impact; 3: moderate 

impact; 4: large impact; 5: very large impact 

Air pollution 8.2 

Infrastructure developments 8.3 

Overfishing 8.4  

Subjective norm 

Community impacts 

Air quality 9.1 

1-5 
1: very low impact; 2: low impact; 3: moderate 

impact; 4: large impact; 5: very large impact 

Water quality 9.2 

Waste management and monitoring 9.3 

CO2 emissions 9.4 

Perceived stakeholder 

connectivity 
Level of stakeholder interactions 15 1-5 

1: smooth; 2: competition; 3: no interaction; 4: lack 

of trust; 5: lack of information or transparency 

Actors important for 

collaboration 

Suppliers 18.1 

0 or 1 
0: absent; 

1: present 

Carriers 18.2 

Retailers 18.3 

Consumers  18.4 

Local community 18.5 

Scientific community 18.6 

Civil society organizations 18.7 

State agencies 18.8  

 

 

 

 

 

 

Perceived 

Behavioral 

Control (PBC) 

Actions taken to build trust 

Education and information 16.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Consumer information & awareness 16.2 

Communication through forums or 

frequent meetings 
16.3 

Transparency in information 16.4 

Transparency along the supply chain 

through a digital data platform 
16.5 

Barriers to sustainable 

adoption 

Cost or availability of funds 17.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Lack of spatial planning 17.2 

Lack of staff training and information 17.3 

Lack of partnerships 17.4 

Insufficient infrastructure 17.5 

Actions for Climate change Adopting sustainable practices in my work 19.1 0 or 1 0: absent; 
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adaptation or biodiversity 

conservation 

Waste recycling 19.2 1: present 

I mainly use/buy certified products 19.3 

 I keep up to date with the latest market 

trends for organic farming 
19.4 

Future actions 

Use of renewable energy sources 20.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Consumer awareness 20.2 

Informing and training employees 20.3 

New policies/practices for the 

management of available marine space 

and various resources 

20.4 

Elimination of plastic packaging from all 

stages of the supply chain 
20.5 

Waste recycling 20.6 

 Increasing transparency and transmission 

of information in the supply chain 
20.7 

Factors for marketing 

sustainable choices 

Use of sustainable production methods 21.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Low carbon emissions during production, 

processing and/or transportation 
21.2 

Traceability - Transparency as to the origin 

and the way the product was caught 
21.3 

 Low environmental footprint throughout 

the supply chain 
21.4 

Quality / price ratio 21.5 

Training and education 

Sustainable practices role on buying 

products 
22 1-4 

1: They don't; 2:  limited role;  3: Important role; 4: 

Very important role 

Marketing strategies to promote 

biodiversity practices 
23 1-3 1: Yes; 2:  No;  3: Not sure 

Criteria for choosing 

sustainable products for 

consumers 

Low price 25.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Value for money 25.2 

Nutritional value 25.3 

Production conditions 25.4 

Environmental footprint 25.5 

Certifications 25.6 

Retailer-consumer relations 25.7 

 
Level of awareness of consumers for 

production conditions and nutritional 

value 

26 1-5 
1: very low; 2: low; 3: moderate; 4: high; 5: very 

high 

 Influence consumers have on adoption of 27 1-5 1: none; 2: limited/small; 3: moderate; 4: enough; 5: 
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sustainable practices great 

 Training & Education frequency on 

sustainable matters 
28 1-5 

1: once every two years; 2: once every year; 3: once 

every six months; 4: once every three months; 5: 

once every month 

Topics consumer awareness 

campaigns should cover 

consumer rights 29.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Maintenance of hygienic conditions 29.2 

Nutritional benefits 29.3 

Environmentally sustainable production of 

goods 
29.4 

Recycling 29.5 

Intention 

factors that affect decision for 

taking action 

Financial incentives 11.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Adoption of a corporate social 

responsibility 
11.2 

Regulatory compliance 11.3 

Certification 11.4 

Market demand 11.5 

Consumer preferences 11.6 

Long-term sustainability goals 11.7 

Who you trust to take action 

My family 14.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Company employees 14.2 

Colleagues/people with the same 

capacity/role  
14.3 

Trade unions, professional associations 14.4 

consumer associations 14.5 

Media  14.6 

Social media 14.7 

Business community 14.8 

Scientific / research community 14.9 

Institutional framework (laws, policies) 14.10 

National political bodies / institutions 14.11 

International institutions such as the EU 14.12 

Willingness to pay a higher 

price for sustainably produced 

goods 

 24 1-3 1: Yes; 2: No; 3: maybe 
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6.2.2.2 Measurement Model: Construct reliability and Validity 

 

After testing, all latent constructs exhibit strong reliability (Cronbach’s Alpha > 0.7), meaning the manifest 

variables within each latent construct are highly correlated. The Dijkstra-Henseler Rho values (>0.8) confirm 

composite reliability, ensuring construct validity. First eigenvalues significantly exceed 1, confirming 

unidimensionality (Table 21). The strongest constructs emerging from the PLS-SEM results in terms of significance 

are PBC and Intention, reinforcing their role in predicting behavioral change. Thus, the model is statistically sound, 

and all latent variables are valid and reliable. However, the construct of Subjective Norms shows a relatively 

weaker contribution compared to other variables, which aligns with the path analysis conducted (Chapter 6.2.2.3) 

in which it did not significantly predict intention. 

 

Table 21: Outcomes of unidimensionality tests conducted for the SEM model. 

Latent Variable 
Cronbach’s 

Alpha 

Dijkstra-

Henseler Rho 

First 

Eigenvalue 
Interpretation 

Attitude 0.774 (High) 0.849 2.73 Reliable and unidimensional 

Subjective Norms 0.843 (Very High) 0.895 2.73 
Strong reliability and construct 

validity 

PBC (Perceived 

Behavioral Control) 
0.838 (Very High) 0.879 3.60 

Most reliable construct with 

strong internal consistency 

Intention 0.727 (High) 0.834 2.31 
Strong internal consistency and 

construct validity 

 

The unidimentionality tests assess Convergent Validity (Average Variance Extracted - AVE). The results per latent 

construct are: 

o Attitude: 0.543 

o Subjective Norms: 0.667 

o PBC: 0.499 (Very slightly below 0.5, but acceptable) 

o Intention: 0.532 

 

All latent constructs meet AVE standards. The slightly lowest AVE for PBC is not considered critical. 

6.2.2.3 Measurement Model: Indicator reliability 

In the aquaculture part of this case study, no critically weak variables were found (loading < 0.4), suggesting that 

all manifest variables contribute to the measurement model to some extent. This along with the fact that all 

loadings are above 0.55 (removing more variables might harm conceptual integrity), indicate that every observed 

variable retained in the model has a meaningful relationship with its corresponding latent construct, providing 

evidence of the model’s robustness. Additionally, since all variable loadings surpass the minimum threshold, the 

strength of association between each manifest variable and its respective latent construct remains high. 

 

Measurement Model: Discriminant validity (Cross-loadings and Correlations) 

➢ Cross-loadings 

Cross-loadings confirm that each variable loads higher on its assigned latent construct than on any other 

construct (Table 22). Attitude is clearly distinct from other constructs, while Subjective Norms share some variance 

with Attitude and PBC, reflecting their conceptual relationship. PBC remains strongly distinct, but some items 

share variance with Subjective Norms, indicating potential social influence on PBC. The Intention construct is valid 

but shows overlap with PBC, aligning with findings that PBC is the strongest predictor of Intention. 
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Table 22: Cross-loadings matrix for all manifest variables for the aquaculture SEM. 

Indicator Attitude Subjective Norm PBC Intention 

Attitude7.2 0.568 0.298 0.392 0.286 

Attitude8.1 0.431 0.090 0.494 0.162 

Attitude8.2 0.910 0.498 0.374 0.517 

Attitude8.3 0.811 0.574 0.152 0.259 

Attitude8.4 0.850 0.637 0.105 0.374 

Subjective9.1 0.438 0.661 0.278 0.099 

Subjective9.2 0.520 0.856 0.354 0.311 

Subjective9.3 0.581 0.871 0.052 0.307 

Subjective9.4 0.466 0.861 0.495 0.387 

PBC16.1 0.297 0.308 0.750 0.268 

PBC16.2 0.218 0.205 0.849 0.561 

PBC16.3 0.372 0.370 0.708 0.274 

PBC16.5 0.231 0.056 0.646 0.502 

PBC20.1 0.241 0.332 0.678 0.426 

PBC20.4 0.017 0.114 0.507 0.084 

PBC20.6 0.406 0.483 0.758 0.430 

Intention11.4 0.538 0.277 0.328 0.783 

Intention11.7 0.334 0.307 0.673 0.653 

Intention14.11 0.217 0.204 0.234 0.744 

Intention14.12 0.149 0.258 0.286 0.731 

➢ Correlations 

To confirm if the Fornell-Larcker criterion is met, we check whether each diagonal value in Table 23 is greater 

than all off-diagonal values in its row or column. PBC and Intention share the highest correlation (0.586), 

reinforcing the finding that PBC significantly influences intention. Attitude and Subjective Norms also show a 

moderate correlation (0.605), indicating some conceptual overlap but maintaining distinct constructs. All 

correlation values remain below 0.7, confirming that no severe multicollinearity is present 

 

Table 23: Correlation matrix results for the aquaculture case study. 

Latent constructs Attitude Subjective Norms PBC Intention 

Attitude 1.000 0.605 0.377 0.473 

Subjective Norms 0.605 1.000 0.370 0.376 

PBC 0.377 0.370 1.000 0.586 

Intention 0.473 0.376 0.586 1.000 

 

To ensure discriminant validity, the Heterotrait-Monotrait (HTMT) Ratio is also examined (Table 24). All values 

were found to be below 0.85, confirming that the constructs are distinct and measuring different aspects of 

behavior. Additionally, the Variance Inflation Factor (VIF) test (Table 25) showed that all VIF values are below 5, 

indicating no collinearity issues among the predictor variables. 

 

Table 24: HTMT test results for the aquaculture case study. 

Latent construct Attitude Subjective Norms PBC Intention 

Attitude 1.000 0.721 0.554 0.571 

Subjective Norms 0.721 1.000 0.664 0.612 

PBC 0.554 0.664 1.000 0.677 

Intention 0.571 0.612 0.677 1.000 



D3.4 — Structural Equation Models (B) 
45 

 

 

Table 25: Variance Inflation Factor (VIF) test results for the aquaculture case study. 

Latent Construct VIF 

Attitude 2.15 

Subjective Norms 2.27 

PBC 2.11 

Intention 2.62 

 

6.2.2.4 Structural Model – Path analysis: Path coefficients and hypotheses testing 

Path analysis was conducted to determine the strength and significance of relationships between latent 

constructs. The results indicate that PBC has the strongest and most significant impact on Intention (β = 0.470, p 

< 0.01), reinforcing its predictive power. Attitude has a moderate but non-significant effect on Intention (β = 

0.273, p = 0.166), while Subjective Norms have a minimal and non-significant impact (β = 0.037, p = 0.848). 

 
Table 26: Significance of paths and hypotheses testing results for the aquaculture sector. 

Relationship 
Path 

Coefficient (β) 

Std. 

Error 

t-

value 

p-

value 

Significance Level - 

Hypothesis testing 

Attitude → Intention 0.273 0.192 1.42 0.166 Not Significant 

Subjective Norms → 

Intention 
0.037 0.191 0.194 0.848 Not Significant 

PBC → Intention 0.470 0.165 2.85 0.008 Highly Significant 

 

Structural Model – Path analysis: Model fit and predictive power 

To assess the explanatory power of the model, we examined R² (Variance Explained) and Q² (Predictive Relevance) 

(Table 27). The R² value for Intention is 0.419, meaning that 41.9% of the variance in Intention is explained by 

Attitude, Subjective Norms, and PBC. This suggests a moderately strong predictive capability. Furthermore, the Q² 

value for Intention is positive, confirming the model’s predictive relevance.  

 

Table 27: R2 (Variance explained) and Q2 (predictive relevance) estimates for the aquaculture case study. 

Latent Variable R² (Variance Explained) Q² (Predictive Relevance) 

Intention 0.419 0.301 

 
The f² effect sizes indicate the relative impact of each predictor variable on Intention (Table 28). The results 

suggest that PBC → Intention has the largest effect (0.188), Attitude → Intention has a small to medium effect 

(0.084), and Subjective Norms → Intention has a negligible effect (0.015). These findings further reinforce the 

importance of PBC and Attitude in predicting behavioral intention, while Subjective Norms contribute minimally. 
 

Table 28: f2 test results (effect size) for the aquaculture case study. 

Path f² (Effect Size) Interpretation 

Attitude → Intention 0.084 Small to medium contribution 

Subjective Norms → Intention 0.015 Small contribution (close to 0.02) 

PBC → Intention 0.188 Large contribution (close to 0.35) 

 

Structural Model-Path Analysis: Total Effects 

Total effects represent both direct and indirect influences of the predictor variables (Attitude, PBC, Subjective 

norms) on the dependent variable, which according to the TPB is Intention. Since no mediating variables exist in 
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this model, the total effects equal the direct effects for each predictor. The results (Table 29) confirm that PBC has 

the highest total effect on Intention (0.470), followed by Attitude (0.273), while Subjective Norms contribute 

minimally (0.037). These results emphasise that PBC is the most critical determinant of behavioral intention, while 

Attitude plays a moderate role, and Subjective Norms have a negligible effect within the aquaculture sector. 

 

Table 29: Summary of total effects for the aquaculture case study. 

Predictor Direct Effect Indirect Effect Total Effect 

Attitude → Intention 0.273 0.000 0.273 

Subjective Norms → Intention 0.037 0.000 0.037 

PBC → Intention 0.470 0.000 0.470 

6.2.2.5 Summary of Key manifest variables by construct 

In Table 30 the key manifest variables used to describe each latent construct are summarised, along with their 

weights, loadings, communalities, and interpretations, as described in detail in section 5.1.2. These results show 

that PBC and Attitude are the strongest constructs, with their key indicators showing high loadings and 

communalities. The Subjective Norms construct has a moderate influence, while Intention indicators confirm a 

strong willingness to adopt sustainable aquaculture practices. 

 

Table 30: Key manifest variables per latent construct within the aquaculture SEM. 

Latent 

construct 

Manifest 

variable 

Variable 

description 
Weight Loading Communality 

95% 

CI 
Interpretation 

Attitude 

attitude7.2 
Temperature 

rise 
0.2323 0.568 0.322 

0.0836 

- 0.869 

Moderate 

contribution to 

Attitude 

attitude8.1 
Climate 

Change 
0.1315 0.431 0.186 

-

0.188,- 

0.966 

Weak 

contribution to 

Attitude 

attitude8.2 Air pollution 0.4201 0.910 0.829 
0.7891 

- 0.966 

Strongest 

contribution to 

Attitude 

attitude8.3 
Infrastructure 

developments 
0.2103 0.811 0.658 

0.4430- 

0.950 

Strong 

contribution to 

Attitude 

Subjective 

Norms 

norm9.1 Air quality 0.1065 0.661 0.437 
-0.2857 

- 0.947 

Moderate 

contribution to 

Norms 

norm9.2 Water quality 0.3332 0.856 0.732 
0.4419 

-  0.974 

Strong 

contribution to 

Norms 

Perceived 

Behavioral 

Control 

(PBC)  

PBC16.1 
Education and 

information 
0.1445 0.750 0.562 

0.2946 

- 0.880 

Strong 

contribution to 

PRC 

PBC16.2 

Consumer 

information & 

awareness 

0.3030 0.849 0.721 
0.7010 

- 0.932 

Strongest 

contribution to 

PBC 

PBC20.6 
Waste 

recycling 
0.2319 0.758 0.574 

0.4604 

- 0.913 

Strong 

contribution to 

PRC 

Intention 

intention11.4 Certification 0.4158 0.783 0.613 
0.2036 

-  0.901 

Strong 

contribution to 

Intention 

intention11.7 

Long-term 

sustainability 

goals 

0.4783 0.653 0.426 
0.1912 

-  0.920 

Moderate 

contribution to 

Intention 
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Based on the analysis presented in the above sections, the SEM for the aquaculture sector for Greece can be 

summarised as shown in Figure 5.  Among the latent constructs, Perceived Behavioral Control (PBC) seems to be 

the strongest predictor of behavioral intention (β = 0.470, p < 0.01). This suggests that individuals' confidence in 

their ability to perform the behavior significantly influences their intention. Attitude has a moderate but non-

significant impact on intention (β = 0.273, p = 0.166). This indicates that while personal beliefs and evaluations 

about one’s behavior contribute to shaping motivation, they are not as decisive as PBC. Subjective Norms are 

clearly not a significant predictor of behavioral intention (β = 0.037, p = 0.848), according to the data that we 

collected. This means that social pressure and peer expectations do not strongly influence individual decisions in 

this context. Overall, the developed model explains 41.9% of the variance (R² = 0.419) in behavioral intention, 

demonstrating a moderately strong predictive capability. The calculated Goodness-of-Fit (GoF) is 0.4799, 

confirming the robustness of the model. 

 

 
Figure 5: SEM of the TPB for the aquaculture from Greece case study. 

Along the paths the significance of each path is indicated with the PBC showing the higher and most strong significance 

towards intention to behavioural change. Attitude is the next stronger influencer of Intention, but similar to the Subjective 

norms they did not show a significant impact on the intention to behavioural change. 

 

6.2.3 THE FISHERIES SEM  

For the case of the fisheries sector within the Greek case study, the classification of variables was structured to 

align with the theoretical framework and empirical objectives of the PLS-SEM model. The manifest variables were 

assigned to their latent constructs (Table 31), each assessed using multiple measured variables that allowed us to 

capture key environmental, social, and economic dimensions of individuals’ choices towards sustainability and 

biodiversity within the fisheries sector. Table 31Table 5 gives a detailed overview of the variables and their 

composition, as well as the coding of the answers given.  

6.2.3.1 Variable selection 

For the fisheries case study, similar to the previous two examples the variables’ classification followed the 

theoretical framework and empirical objectives of the PLS-SEM model. The variables were categorised into latent 

constructs (Table 31), each measured using multiple measured variables that allowed us to capture key 

environmental, social, and economic dimensions of individuals’ choices towards sustainability and biodiversity. 

Table 31 gives a detailed overview of the variables and their composition, as well as the coding of the answers 

given.  
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Table 31: Variables selected for shaping each latent construct after pre-processing with the relevant coding and interpretation per answer for the fisheries case study in Greece. 

Latent construct Variable category Measured variables coding 
Coded 

answer 
Interpretation per answer 

Attitude 

Biodiversity impacts 

Climate Change 4.1 

1-5 
1: very low impact; 2: low impact; 3: moderate 

impact; 4: large impact; 5: very large impact 

Pollution 4.2 

overuse of vaccines or medicines 4.3 

Eutrophication 4.4 

Water quality degradation 4.5 

Infrastructure developments 4.6 

Changes in the dynamics of species 4.7 

Competition with other uses (water, energy, etc) 4.8 

Overfishing 4.9 

Alien species 4.10 

Climate Change impacts 

Sea level rise 5.1 

1-5 
1: very low impact; 2: low impact; 3: moderate 

impact; 4: large impact; 5: very large impact 
More frequent extreme weather events 5.2 

Ocean acidification 5.3 

Subjective norm 

Community impacts 

Water quality conservation 6.1 

1-5 
1: very low impact; 2: low impact; 3: moderate 

impact; 4: large impact; 5: very large impact 
Management of air and water quality 6.2 

Waste management and monitoring 6.3 

Perceived stakeholder 

connectivity 
Level of stakeholder interactions 14 1-5 

1: smooth; 2: competition; 3: no interaction; 4: 

lack of trust; 5: lack of information or 

transparency 

Actors important for 

collaboration 

Suppliers 15.1 

0 or 1 
0: absent; 

1: present 

Wholesalers 15.2 

Carriers 15.3 

Retailers 15.4 

Consumers  15.5 

Local community 15.6 

Scientific community 15.7 

Civil society organizations 15.8 

State agencies 15.9 

Perceived 

Behavioral 

Control (PBC) 

Barriers to sustainable 

adoption 

Cost or availability of funds 13.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Lack of spatial planning 13.2 

Lack of staff training and information 13.3 

Lack of partnerships 13.4 
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Insufficient infrastructure 13.5 

Actions taken to build 

trust 

Education and information 16.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Communication through forums or frequent 

meetings 
16.2 

Transparency in information 16.3 

Transparency along the supply chain through a 

digital data platform 
16.4 

 Certifications needed 17 1-3 1: Yes; 2: No; 3: need of adjustment 

Future actions 

Use of renewable energy sources 18.1 

0 or 1 
0: absent; 

1: present 

Consumer awareness 18.2 

Informing and training employees 18.3 

New policies/practices for the management of 

available marine space and various resources 
18.4 

Elimination of plastic packaging from all stages of 

the supply chain 
18.5 

 Increasing transparency and transmission of 

information in the supply chain 
18.6 

Factors for marketing 

sustainable choices 

Use of sustainable production methods 19.1 

0 or 1 
0: absent; 

1: present 

Low carbon emissions during production, 

processing and/or transportation 
19.2 

 Low environmental footprint throughout the 

supply chain 
19.3 

Training and education 

marketing strategies to promote biodiversity 

practices  
20 1-3 1: Yes; 2: No; 3: not sure 

Influence consumers have on adoption of 

sustainable practices 
21 1-5 

1: none; 2: limited/small; 3: moderate; 4: enough; 

5: great 

Training & Education frequency on sustainable 

matters 
22 1-5 

1: once every two years; 2: once every year; 3: 

once every six months; 4: once every three 

months; 5: once every month 

Topics consumer 

awareness campaigns 

should cover 

consumer rights 23.1 

0 or 1 
0: absent; 

1: present 

Maintenance of hygienic conditions 23.2 

Nutritional benefits 23.3 

Environmentally sustainable production of goods 23.4 

Recycling 23.5 

Intention 
Factors that affect 

decision for taking action 

Financial incentives 11.1 
1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very Adoption of a corporate social responsibility 11.2 



D3.4 — Structural Equation Models (B) 50 

 

 

Regulatory compliance (laws, certification) 11.3 high importance 

Market demand 11.4 

Long-term sustainability goals 11.5 

Who you trust to take 

action 

My family 12.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Company employees/Colleagues/people with the 

same capacity/role 
12.2 

Trade unions, professional associations, 

consumer associations 
12.3 

Media  12.4 

Business community 12.5 

Scientific / research community 12.6 

Institutional framework (laws, policies) 12.7 

National political bodies / institutions 12.8 

International institutions such as the EU 12.9 
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6.2.3.2 SEM results - Fisheries case study 

Similar to the previous examples, this section presents the outcomes of the SEM analysis in terms of model 

specification and fit, the construction of the variables and the fit indicators. Similar to the aquaculture part of the 

case study, out of the data collected, 29 answers were maintained for further analysis based on criteria of data 

completeness. In order to best describe the four latent constructs (Attitude, Subjective Norms, Perceived 

Behavioral Control (PBC) and Intention), we performed tests which allowed us to maintain 19 out of 66 collected 

manifest variables. Within this analysis, Bootstrapping was conducted with 100 resamples to assess variable 

significance. The Goodness-of-Fit (GoF) was estimated to be 0.5731, indicating a stable and strong model fit. 

 

Measurement Model: Construct reliability and Validity 

 

All latent constructs demonstrate acceptable reliability, with Cronbach’s Alpha values above 0.7 except for 

Intention. The Dijkstra-Henseler Rho values exceed 0.7, confirming composite reliability. Additionally, first 

eigenvalues significantly exceed 1, confirming unidimensionality. The strongest constructs emerging from the PLS-

SEM results in terms of significance are PBC and Intention, reinforcing their role in predicting behavioral change 

(Table 32). Attitude is weak but still acceptable, but subjective norms indicate the lowest reliability.  

 

The model is statistically sound, and all latent variables are valid and reliable. It is worth noting that the construct 

of Subjective Norms shows a relatively weaker contribution compared to other variables, which aligns with the 

path analysis conducted in which it did not significantly predict intention. 

 

Table 32: Outcomes of unidimensionality tests conducted for the fisheries SEM model. 

Construct 
Cronbach’s Alpha 

(C.alpha) 

Dillon-Goldstein's 

rho (DG.rho) 
Interpretation 

Attitude 0.751 0.837 Reliable  

Subjective 

Norms 
0.776 0.871 Good reliability and validity 

PBC 0.893 0.915 
Excellent internal consistency 

and reliability 

Intention 0.000 0.325 Weak reliability 

 

Convergent Validity (Average Variance Extracted - AVE) 

o Attitude: 0.511 

o Subjective Norms: 0.677 

o PBC: 0.574 

o Intention: 0.629  

All constructs meet AVE standards, indicating that the indicators explain a high proportion of their respective 

constructs variance. 

 

Measurement Model: Indicator Reliability 

In the fisheries case, Attitude was found to have good reliability, with Cronbach’s Alpha = 0.751 and Dijkstra-

Henseler Rho (DG.rho) = 0.837, indicating that the manifest variables within this construct are internally 

consistent. However, Subjective Norms exhibited weaker reliability, with Cronbach’s Alpha = 0.776 and DG.rho = 

0.871. Although this construct has improved after several iterations, its internal consistency remains lower 

compared to Attitude and Perceived Behavioral Control (PBC). PBC, with Cronbach’s Alpha = 0.893 and DG.rho = 

0.915, demonstrates borderline significance and plays a stronger role than Subjective Norms in explaining 

Intention. This suggests that perceived control over behavior is a more reliable predictor of behavioral change 

than social influences in this context. 
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Measurement Model: Discriminant validity (Cross-loadings and Correlations) 

➢ Cross-loadings 

Cross-loadings confirm that each variable loads higher on its assigned latent construct than on any other 

construct (Table 33). Attitude is clearly distinct from other constructs, while Subjective Norms share some variance 

with Attitude and PBC, reflecting their conceptual relationship. PBC remains strongly distinct, but some items 

share variance with Subjective Norms, indicating potential social influence on PBC. The Intention construct is valid 

but shows overlap with PBC, aligning with findings that PBC is the strongest predictor of Intention. 

 

Table 33: Cross-loadings matrix for all manifest variables for the fisheries SEM. 

Indicator Attitude Subjective Norms PBC Intention 

attitude4.2 0.6657 -0.0036 0.231 0.339 

attitude4.3 0.7952 0.1616 0.164 0.320 

attitude4.4 0.8215 0.2085 0.443 0.405 

attitude4.7 0.7343 0.1263 0.207 0.439 

attitude4.8 0.5171 -0.0614 0.158 0.338 

Norm15.6 0.1696 0.9172 0.606 0.489 

Norm15.7 0.0805 0.8832 0.625 0.522 

Norm15.9 0.0417 0.6398 0.388 0.176 

PBC13.2 0.3773 0.5115 0.700 0.408 

PBC13.3 0.0993 0.4017 0.669 0.319 

PBC13.4 0.2859 0.5883 0.851 0.464 

PBC16.1 0.4070 0.3925 0.729 0.486 

PBC16.3 0.2103 0.5704 0.721 0.563 

PBC18.3 0.2427 0.6463 0.846 0.483 

PBC23.4 0.1160 0.5958 0.814 0.540 

PBC23.5 0.3311 0.3733 0.706 0.618 

Intention11.3 0.1953 0.4192 0.542 0.794 

Intention11.5 0.4064 0.3802 0.550 0.743 

Intention12.9 -0.5937 -0.4599 -0.492 -0.841 

➢ Correlations 

To confirm if the Fornell-Larcker criterion is met, we check whether each diagonal value in Table 34 is greater 

than all off-diagonal values in its row or column. The highest correlation is observed between PBC and Intention 

(0.661), reinforcing the finding that PBC significantly influences Intention. Attitude and Subjective Norms also 

show a moderate correlation (0.130), indicating some conceptual overlap but maintaining distinct constructs. 

Since all correlation values remain below 0.7, we confirm that no severe multicollinearity is present in the model, 

ensuring that all constructs remain conceptually distinct. 
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Table 34: Correlation matrix results for the fisheries case study. 

Latent constructs Attitude Subjective Norms PBC Intention 

Attitude 1.000 0.130 0.347 0.525 

Subjective Norms 0.130 1.000 0.676 0.531 

PBC 0.347 0.676 1.000 0.661 

Intention 0.525 0.531 0.661 1.00 

 

All values of the HTMT test, were found to be below 0.85, confirming that the constructs are distinct and 

measuring different aspects of behavior (Table 35). Additionally, the Variance Inflation Factor (VIF) test (Table 36) 

showed that all VIF values are below 5, indicating no collinearity issues among the predictor variables. 

 

Table 35: HTMT test results for the fisheries case study. 

Latent construct Attitude Subjective Norms PBC Intention 

Attitude 1.000 0.645 0.508 0.529 

Subjective Norms 0.645 1.000 0.578 0.532 

PBC 0.508 0.578 1.000 0.661 

Intention 0.529 0.532 0.661 1.000 

 
Table 36: Variance Inflation Factor (VIF) test results for the fisheries case study. 

Latent Construct VIF 

Attitude 2.05 

Subjective Norms 2.11 

PBC 2.19 

Intention 2.56 

 

Structural Model-Path Analysis: Path Coefficients & Hypothesis Testing 

After examining the structural model’s path coefficients (Table 37), we found that Perceived Behavioral Control 

(PBC) is the strongest and most significant predictor of Intention (p = 0.0564). This suggests that individuals, 

particularly fishers, who believe they have control over their actions are more likely to adopt behaviors aimed at 

biodiversity conservation and sustainable practices. The near-significant level reinforces the importance of PBC 

in influencing behavioral change, albeit with some variability in its impact. Attitude also significantly influences 

Intention (p = 0.0172), indicating that fishers with a positive outlook toward biodiversity conservation are more 

likely to adopt behaviors that contribute to environmental sustainability. The statistical significance of this 

relationship highlights the crucial role of awareness and perception in shaping behavioral intentions. 

 

On the other hand, Subjective Norms do not significantly influence Intention (p = 0.2270), suggesting that social 

pressure or perceived expectations from others may not be a strong driver of behavioral change in the fisheries 

sector. This aligns with previous findings, reinforcing that social norms alone are insufficient in shaping behavioral 

intentions and should be reconsidered within our analysis. Instead, interventions may need to focus on 

strengthening Attitude and PBC as key drivers of behavioral change. 

 

Table 37: Significance of Paths and hypothesis testing results for the fisheries case. 

Relationship 

Path 

Coefficient 

(β) 

Std. 

Error 

t-

value 
p-value Interpretation 

Attitude → Intention 0.363 0.142 2.55 0.0172 Supported) 

Subjective Norms → -0.225 0.181 1.24 0.2270 Not Significant 
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Intention 

Perceived Behavioral 

Control → Intention 
0.384 0.192 1.92 0.0564 Borderline Significant (p ~ 0.07) 

 

Structural Model-Path Analysis: Model Fit and Predictive Power 

We tested the R² (Variance Explained) to determine the model fit and we found that 56.4% of the variance in 

Intention is explained by Attitude, Subjective Norms and PBC showing a strong predictive power of the model in 

explaining behavioral intention.  

 

After examining the predictive relevance (Q²), we confirm that the model has predictive relevance (Q² > 0), 

indicating its capability to predict outcomes beyond the sample used. Additionally, the f² effect sizes (Table 38) 

suggest that PBC has the largest effect (0.384), reinforcing its strong role in influencing Intention. The Attitude → 

Intention path has a medium effect (0.363), showing its significant contribution to behavioral change. Contrarily, 

the Subjective Norms → Intention path has a small effect (0.225), confirming that social norms play a relatively 

minor role in shaping Intention. These results further support the prominence of PBC and Attitude in predicting 

behavioral Intention, while Subjective Norms contribute weakly to the overall model. 

 

Table 38: f2 test results (effect size) for the fisheries case study. 

Path f² (Effect Size) Interpretation 

Attitude → Intention 0.102 Medium contribution 

Subjective Norms → Intention 0.041 Small contribution 

PBC → Intention 0.290 Large contribution 

 

Summary of key indicators by construct 

In PLS-PM (Partial Least Squares Path Modeling), each latent variable (construct) is measured using multiple 

observed variables (indicators). The loading values represent how strongly each indicator contributes to its 

respective construct (Table 39). The higher the loading, the better the indicator represents the latent variable. 

 

Table 39: Key manifest variables per latent construct within the Fisheries SEM. 

Indicator Loading Communality Interpretation 

attitude4.4 0.822 0.675 Strongest Attitude indicator 

attitude4.3 0.795 0.632 Strong Attitude indicator 

attitude4.7 0.734 0.539 Strong Attitude indicator 

Norm15.6 0.917 0.841 Strongest Subjective Norms indicator 

Norm15.7 0.883 0.780 Strong Subjective Norms indicator 

Norm15.9 0.640 0.409 Moderate Subjective Norms indicator 

PBC13.4 0.851 0.724 Strongest PBC indicator 

PBC18.3 0.846 0.716 Another strong PBC indicator 

PBC16.1 0.729 0.532 Strong PBC indicator 

PBC23.4 0.814 0.663 Moderate PBC indicator 

Intention11.3 0.794 0.630 Strongest Intention indicator 

Intention11.5 0.743 0.552 Strong Intention indicator 

Intention12.9 -0.841 0.706 Moderate Intention indicator 

 

Within Attitude the most significant manifest variables are the perceived impact of eutrophication on biodiversity 

(attitude4.4), followed by the perceived overuse of vaccines and medicines by the aquaculture sector (attitude4.3) 

and the changes in species population dynamics (attitude4.7). 

For Subjective Norms the most significant manifest variables is the collaboration with the scientific community 

(Norm15.7), as well as the local community (Norm 15.6). This probably manifests the need from the fisheries 

sector to be more aware of scientific advances, while expecting that this will allow them to improve the status of 
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the sector and the quality of the harvested fish, gaining better approval from the local community. State agencies 

collaborations (Norm15.9) also emerged although relatively weak, underpinning a need from the fishers to receive 

stronger support by such agencies. 

For PBC, the lack of partnerships across fishers (PBC13.4) seems to be a core identified need and its lack a 

boundary to the adoption of a new behavior. Similarly improved awareness and training on sustainable practices 

(PBC18.3) emerged as a strong need. 

Finally, intention is mainly described by a need for stronger compliance with laws and regulations (intention11.3) 

as well as long-term sustainability goals. It is also described by a need for international high level institutions, 

such as the EC to take action towards facilitating this transformation (Intention12.9) and a plea for more targeted 

research by the scientific community on this direction (Intention12.6). 

 

Based on all the above the SEM for the fisheries within the Greek case study can be summarised as shown in 

Figure 6. 

 

 
Figure 6: SEM of the TPB for the fisheries sector within the Greece case study. 

Along the paths the significance of each path is indicated with Attitude showing the higher and most strong significance 

towards intention to behavioural change. PBC is the next stronger influencer of Intention. However Subjective norms did not 

show a significant impact on the intention to behavioural change. 

 

6.3 THE COCOA FROM PERU CASE STUDY 

Developing and running an SEM for the cocoa from Peru case study had as its main aim to reveal the stakeholder 

perceptions with relevance to the cocoa supply chain, as well as the identification of the social pathways that may 

lead to transformative change for biodiversity [21]. Within this modeling procedure the three hypotheses 

presented in Chapter 3.1.2 of this Deliverable were tested under the initial model structure (Figure 1).  

6.3.1 Overview of participant profiles in Peru 

Data was collected from 18 participants in Peru, coming from the cocoa industry sector. Participants belonged 

mostly to 35-49 (~44%) and 50+ (33%) age groups. In this case 50% of the participants were females, while 35% 

were females. The rest of the participants did not identify themselves in terms of gender. Participants were mostly 

cocoa producers (60%) but some also came from the public sector and NGOs. Participants were also requested 

to identify whether they have received prior training on environmental challenges, with a majority (52%) reporting 

they have received such training, and those that did not, indicated that they would like to receive. 

 

6.3.2 Variables selected  

Within the cocoa produced from Peru case study, we collected data on a set of variables, which we classified 
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under the four main constructs of the TPB (Table 40). The variables were selected through surveys and questions 

were asked to measure multiple manifest variables that allowed us to capture key environmental, social, and 

economic dimensions of individuals’ choices towards sustainability and biodiversity. Table 40 gives a detailed 

overview of the variables and their composition, as well as the coding of the answers given. It is important to note 

here, that for the cocoa from Peru case study, the smaller number of participants’ responses, led to the use of the 

alternative analysis methods we applied, which was MCA (Chapter 5.2). 
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Table 40: Variables selected for shaping each latent construct after pre-processing with the relevant coding and interpretation per answer for the cocoa from Peru case study. 

Latent construct Variable category Measured variables coding 
Coded 

answer 
Interpretation per answer 

Attitude 

Biodiversity impacts 

Reduction of resources 6.1 

1-5 
1: very low impact; 2: low impact; 3: moderate 

impact; 4: large impact; 5: very large impact 

Pollution (plastic, etc.) 6.2 

Deforestation 6.3 

Loss/low availability of resources 

(germplasm, pollinators and other 

NRNN) 

6.4 

Social conflicts 6.5 

Fires 6.6 

Droughts 6.7 

Illegal logging 6.8 

Illegal mining 6.9 

Climate Change Impacts 

Wildfires 7.1 

1-5 
1: very low impact; 2: low impact; 3: moderate 

impact; 4: large impact; 5: very large impact 

Heat waves 7.2 

Air pollution 7.3 

River droughts (to move production) 7.4 

Floods 7.5  

Subjective norm 

Community impacts 

Displacement of communities 8.1 

1-5 
1: very low impact; 2: low impact; 3: moderate 

impact; 4: large impact; 5: very large impact 

Poor waste management 8.2 

Deforestation / degradation 8.3 

Scarce availability of food and natural 

resources 
8.4 

Social conflicts over land overlapping 8.5 

Social conflicts related to illegal activities 8.6 

Social conflicts related to illegal logging 8.7 

Social conflicts related to the 

construction of new roads 
8.8 

Social conflicts related to the expansion 

of agriculture 
8.9 

Perceived stakeholder 

connectivity 
Level of stakeholder interactions 14 1-5 

1: smooth; 2: competition; 3: no interaction; 4: lack 

of trust; 5: lack of information or transparency 

Actors important for 

collaboration 

Producers 18.1 

0 or 1 
0: absent; 

1: present 
Suppliers 18.2 

Buyers 18.3 
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Local community 18.4 

Scientific community 18.5 

Public sector (government agency, 

ministry of justice) 
18.6 

Members of the private sector 18.7 

NGOs 18.8 

Promoters (fairs, etc.)  18.9  

 

 

 

 

 

 

Perceived 

Behavioral Control 

(PBC) 

Actions taken to build trust 

Community involvement 16.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Education and information 16.2 

Contact and information about the 

buyer 
16.3 

Communication through frequent 

meetings 
16.4 

Transparency between producer, 

distributor and buyer 
16.5 

Transparency along the supply chain 

through a digital data platform 
16.6   

Barriers to sustainable 

adoption 

Cost or availability of funds 17.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Lack of training and information 17.2 

Lack of partners 17.3 

Insufficient infrastructure 17.4 

Lack of trust between actors in the value 

chain 
17.5 

Actions for Climate change 

adaptation or biodiversity 

conservation 

Adopting sustainable practices in my 

work 
19.1 

0 or 1 
0: absent; 

1: present 

Be able to protect the territory against 

all types of invasions 
19.2 

Waste recycling 19.3 

I keep up to date with the latest market 

trends on cocoa and chocolate 
19.4 

Future actions 

Sustainable production and processing 

practices 
20.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Eco-conscious buyers 20.2 

Training and information for producers 

and employees 
20.3 

Sustainable waste, water and recycling 

management practices 
20.4 

Elimination of plastic packaging from all 20.5 
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stages of the supply chain 

 Increasing transparency and 

transmission of information in the supply 

chain 

20.6 

Factors for marketing 

sustainable choices 

Use of sustainable production methods 21.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Low carbon emissions during 

production, processing and/or 

transportation 

21.2 

Traceability - Transparency as to the 

origin and the way the product was 

produced 

21.3 

Price/environmental impact ratio 21.4 

Training and education 

Sustainable practices’ role on buying 

products 
22 1-4 

1: They don't; 2:  limited role;  3: Important role; 4: 

Very important role 

Marketing strategies to promote 

biodiversity practices 
23 1-3 1: Yes; 2:  No;  3: Not sure 

Criteria for choosing 

sustainable products for 

consumers 

Low price 25.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Nutritional value 25.2 

Production conditions 25.3 

Positive environmental impact 25.4 

Certifications and sustainability 25.5 

Relationship of trust between seller and 

consumer 
25.6 

Level of awareness of consumers for 

production conditions and nutritional 

value 

26 1-5 1: very low; 2: low; 3: moderate; 4: high; 5: very high 

Influence consumers have on adoption 

of sustainable practices 
27 1-5 

1: none; 2: limited/small; 3: moderate; 4: enough; 5: 

great 

Training & Education frequency on 

sustainable matters 
28 1-5 

1: once every two years; 2: once every year; 3: once 

every six months; 4: once every three months; 5: 

once every month 

Topics consumer awareness 

campaigns should cover 

consumer rights 29.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Working conditions in the field 29.2 

Environmentally friendly production 29.3 

Recycling 29.4 

Variety of products 29.5 

Product quality 29.6 

Labor rights 29.7 
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Participation of indigenous communities 

in production 
29.8 

Intention 

Factors that affect decision for 

taking action 

Financial incentives 11.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

Adoption of a corporate social 

responsibility 
11.2 

Regulatory commitments (certifications) 11.3 

Market demand 11.4 

Community responsibility 11.5 

Additional value of the harvest 11.6 

Connection and dependence on nature 11.7 

Who do you trust to take 

action 

Community 14.1 

1-5 

1: very low importance; 2: low importance; 3: 

moderate importance; 4: high importance; 5: very 

high importance 

My family 14.2 

People with the same capabilities and 

values along the value chain 
14.3 

Media 14.4 

Social networks 14.5 

Business community (distributors, 

buyers, stores) 
14.6 

Scientific and research community 14.7 

Laws and regulations 14.8 

International institutions 14.9 

Willingness to pay higher price 

for sustainably produced 

goods 

 24 1-3 1: Yes; 2: No; 3: maybe 
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6.3.3 Model validation and selection 

PLS-SEM typically requires a larger sample size to ensure robust and reliable results, as it is a variance-based 

approach that relies on bootstrapping for significance testing. In the case study of cocoa from Peru, with 18 data 

points (which correspond to survey responses) for all manifest variables, PLS-SEM is not a suitable method. 

Alternatively, we use the PCA method to explore the underlying structure of the dataset and identify key variables 

influencing intention to adopt a new behavior which might lead to transformation. 

 

Although collinearity is not an issue (MCA is designed to handle categorical variables and thus it is insensitive to 

collinearity), we checked for redundant and highly similar variables that might distort the analysis. Initially, 

statistical tests were performed for both predictor (Attitude, Norms, PBC) and response variables (Attitude). We 

computed the correlation matrix to identify highly correlated variables (Cramér’s V > 0.80) before performing 

MCA using Cramér’s V test. This test allows us to remove multicollinearity before proceeding with the MCA 

analysis. We represent the associations in a form of a Cramér's V heatmap with hierarchical clustering (Figure 7) 

which is used to assess the strength of associations between variables in the dataset. Clusters of strong 

associations (visible in red) suggest sets of variables that are highly interrelated while weak associations (blue 

regions) indicate variables that do not share much information and are relatively independent of each other. 

The strongest relationships appear between Attitude and Intention, and PBC and Intention variables. Norms are 

relatively weakly associated with Intention, confirming that Subjective Norms might not be the dominant 

predictor in this model. Certain variables within Norms and PBC have negative correlations (blue sections), 

suggesting opposing influences on some aspects of intention. Based on these results and the table with 

associations generated, we removed the following redundant variables: Attitude6.2, Attitude6.6, Attitude7.1, 

Attitude7.4, Norm8.3, Norm8.5, Norm8.7, Norm18.4, PBC16.2, PBC16.3, PBC16.6, PBC17.4, PBC19.3, PBC20.6, 

PBC21.4, PBC21.3, PBC22, PBC29.5, Intention11.3,  Intention11.7, Intention14.7 and Intention14.10. We use the 

remaining variables to proceed to MCA analysis. 

Figure 7: Cramér's V heatmap with hierarchical clustering for the variables included in the Peruvian case study. 
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6.3.3.1 MCA results – Explained variance and contributing manifest variables for the Peruvian case 

study 

We structured the results based on the different constructs of variables we examined. In other words, we run the 

MCA analysis separately for Attitude, Norms, PBC and Intention variables and we extracted the explained 

variances across the multidimensional space.  

 

From the variance results we extracted for the Attitude construct (Table 41: MCA Summary results for 

Attitude.Table 41) we observe that Dim 1 and Dim 2 are likely the most meaningful and interpretable dimensions 

while Dim 3 to Dim 6 may reveal additional subgroup structures or finer details about attitude differentiation. 

Beyond Dim 10 there is mostly noise rather than useful information. For MCA the threshold applied is usually at 

around 80% of the cumulative variance.  

 

Table 41: MCA Summary results for Attitude. 

Dimension Eigenvalue Variance (%) Cumulative Variance (%) 

Dim 1 0.558629 17.46% 17.46% 

Dim 2 0.447880 13.99% 31.45% 

Dim 3 0.404613 12.64% 44.10% 

Dim 4 0.358945 11.22% 55.31% 

Dim 5 0.332926 10.40% 65.72% 

Dim 6 0.265227 8.29% 74.01% 

Dim 7 0.220856 6.90% 80.91% 

Dim 8 0.173859 5.43% 86.34% 

Dim 9 0.139241 4.35% 90.69% 

Dim 10 0.105020 3.28% 93.97% 

Dim 11 0.094441 2.95% 96.93% 

Dim 12 0.057608 1.80% 98.73% 

Dim 13 0.028130 0.88% 99.61% 

Dim 14 0.012624 0.39% 100.00% 

 

 

The overview of results (Table 42) indicates that reduction in resource availability (Attitude6.1) (16.6% to Dim 1 

and 14.9% to Dim 2), social conflicts emerging over the use of resources (Attitude6.5) (16.9% to Dim 1 and 14.4% 

to Dim 2), illegal logging of forest products (Attitude6.8) (16.9% to Dim 1 and 13% to Dim 2), and illegal mining 

activities in the forest (Attitude6.9) (9% in Dim 1 and 3.6% to Dim 2) emerge as key variables defining attitude as 

a studied construct. 

 
Table 42: Sum of Contributions of Variables to the First Five MCA Dimensions for Attitude for the Peruvian case study. 

Variable Dim 1 (%) Dim 2 (%) Dim 3 (%) Dim 4 (%) Dim 5 (%) 

Attitude6.1 16.59 14.90 14.28 5.34 13.40 

Attitude6.3 0.81 12.41 2.91 1.25 0.20 

Attitude6.4 6.62 17.04 13.93 15.25 0.94 

Attitude6.5 16.94 14.36 7.49 10.60 9.70 

Attitude6.7 8.98 4.75 6.27 20.21 12.38 

Attitude6.8 16.91 13.04 19.43 9.58 20.83 

Attitude6.9 8.98 3.56 13.94 10.48 23.50 

Attitude7.2 1.97 8.48 2.85 11.19 8.37 

Attitude7.3 5.26 10.20 9.40 10.89 1.28 
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From the variance results we extracted for the Social Norms construct (Table 43), we observe that Dim 1 (17.9%) 

and Dim 2 (15%) capture the most meaningful variation, making them the primary axes for interpretation. Dim 3 

to Dim 6, which account for variance contributions between 12% and 8.6%, may reveal additional subgroup 

structures or finer details about norms differentiation. Beyond Dim 7 (5.5%), the variance explained becomes 

significantly lower, and from Dim 10 onward, the contribution is minimal, indicating that these dimensions mostly 

capture noise rather than useful information. Additionally, the scree plot (Figure X) displays an elbow (sharp drop-

off) around Dim 5 or Dim 6, suggesting that most of the important variance is captured within the first five to six 

dimensions. 

 

Table 43: MCA Summary results for Social Norms. 

Dimension Eigenvalue Variance (%) Cumulative Variance (%) 

Dim 1 0.3588 17.94% 17.94% 

Dim 2 0.2998 14.99% 32.93% 

Dim 3 0.2397 11.99% 44.92% 

Dim 4 0.2103 10.52% 55.44% 

Dim 5 0.1927 9.63% 65.07% 

Dim 6 0.1713 8.57% 73.64% 

Dim 7 0.1106 5.53% 79.17% 

Dim 8 0.0950 4.75% 83.92% 

Dim 9 0.0777 3.88% 87.81% 

Dim 10 0.0596 2.98% 90.79% 

Dim 11 0.0516 2.58% 93.36% 

Dim 12 0.0424 2.12% 95.48% 

Dim 13 0.0321 1.60% 97.09% 

Dim 14 0.0243 1.21% 98.30% 

Dim 15 0.0208 1.04% 99.34% 

Dim 16 0.0115 0.58% 99.92% 

Dim 17 0.0016 0.08% 100.00% 

 

Regarding the variables describing social norms (Table 44), displacement of communities (Norm8.1) (11.2% to 

Dim 1 and 13.75% to Dim 2), reduced availability of food and other resources (Norm8.4) (14.6% to Dim 1 and 

12.1% to Dim 2), social conflicts emerging from illegal activities (Norm8.6) (9.5% to Dim 1 and 8.7% to Dim 2), 

and conflicts emerging from agricultural expansion for intensification of cocoa cultivation (Norm8.9) (12.4% to 

Dim 1 and 6% to Dim 2) are key contributors to social norms. 

 

Table 44: Sum of Contributions of Variables to the First Five MCA Dimensions for Social Norms for the Peruvian case study. 

Variable Dim 1 (%) Dim 2 (%) Dim 3 (%) Dim 4 (%) Dim 5 (%) 

Norm14 9.17 4.94 0.60 6.92 12.38 

Norm18.1 8.68 2.11 1.27 0.03 2.52 

Norm18.2 0.42 2.67 2.01 0.08 0.44 

Norm18.3 0.04 5.95 7.55 0.12 3.06 

Norm18.5 0.50 9.57 0.17 6.63 3.62 

Norm18.6 6.57 0.59 0.06 9.86 5.89 

Norm18.7 2.21 2.23 6.45 6.01 4.83 

Norm18.8 4.66 8.01 0.09 0.04 0.10 

Norm18.9 5.82 5.91 0.09 0.09 0.10 

Norm8.1 11.22 13.75 22.49 5.99 4.14 

Norm8.2 4.31 4.66 11.10 21.68 6.77 

Norm8.4 14.55 12.10 8.30 9.79 13.63 

Norm8.6 9.52 8.69 6.81 12.66 18.44 
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Norm8.8 9.93 12.76 18.29 5.24 4.82 

Norm8.9 12.39 6.05 14.72 14.85 19.26 

 

From the variance results we extracted for the Perceived Behavioral Control (PBC) construct (Table 45), we 

observe that Dim 1 (13.97%) and Dim 2 (11.75%) capture the most significant variation, making them the primary 

axes for interpretation. Dim 3 to Dim 6, which explain variance contributions between 9.14% and 7.11%, may 

provide additional insights into subgroup structures or finer details about the differentiation of PBC responses. 

Beyond Dim 7 (6.42%), the variance explained diminishes, and from Dim 10 onward, the contribution is minor, 

indicating that these dimensions contain mostly noise rather than meaningful differentiation.  

  
Table 45: MCA Results Summary for PBC for the Peruvian case study. 

Dimension Eigenvalue Variance (%) Cumulative Variance (%) 

Dim 1 0.3451 13.97% 13.97% 

Dim 2 0.2904 11.75% 25.72% 

Dim 3 0.2258 9.14% 34.86% 

Dim 4 0.2107 8.53% 43.39% 

Dim 5 0.1833 7.42% 50.81% 

Dim 6 0.1757 7.11% 57.92% 

Dim 7 0.1586 6.42% 64.34% 

Dim 8 0.1508 6.10% 70.44% 

Dim 9 0.1286 5.20% 75.65% 

Dim 10 0.1236 5.00% 80.65% 

Dim 11 0.1059 4.29% 84.94% 

Dim 12 0.0922 3.73% 88.67% 

Dim 13 0.0808 3.27% 91.94% 

Dim 14 0.0713 2.89% 94.82% 

Dim 15 0.0537 2.17% 97.00% 

Dim 16 0.0484 1.96% 98.96% 

Dim 17 0.0258 1.04% 100.00% 

 

 

Regarding the PBC variable contributions (Table 46), making positive environmental impact (PBC25.4), 

certifications safeguarding sustainable choices (PBC25.5), training and education (PBC28), and participation of 

indigenous communities in cocoa production (PBC29.8) appear as key contributors across multiple dimensions, 

making them crucial in defining variation patterns within the Peruvian case study. 

 

Table 46: Sum of Contributions of Variables to the First Five MCA Dimensions for PBC for the Peruvian Case study.  

Variable Dim 1 (%) Dim 2 (%) Dim 3 (%) Dim 4 (%) Dim 5 (%) 

PBC16.1 2.21 3.15 7.29 3.42 0.21 

PBC16.4 4.60 1.53 7.93 4.25 0.53 

PBC16.5 3.22 4.19 9.01 2.62 8.96 

PBC17.1 2.96 0.67 0.69 4.43 0.51 

PBC17.2 5.81 3.37 0.47 4.44 3.74 

PBC17.3 3.92 0.66 3.45 5.32 4.12 

PBC17.5 2.17 6.42 5.03 2.40 4.70 

PBC19.1 0.06 2.77 0.04 0.03 0.02 

PBC19.2 0.76 0.97 1.04 0.77 0.52 

PBC19.4 1.84 0.60 0.04 0.31 1.63 

PBC20.1 4.84 2.15 2.40 2.54 2.61 

PBC20.2 3.63 1.34 1.19 3.29 0.68 
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PBC20.3 2.81 2.17 0.30 0.39 0.02 

PBC20.4 3.56 0.03 8.89 2.33 5.12 

PBC20.5 2.70 7.57 2.09 1.98 0.16 

PBC21.1 5.46 0.46 0.29 0.00 0.83 

PBC21.2 3.22 1.48 0.03 0.22 0.40 

PBC23 3.02 1.43 0.48 3.13 1.79 

PBC25.1 1.75 2.59 3.54 4.73 2.36 

PBC25.2 2.28 4.95 3.08 7.85 5.04 

PBC25.3 1.31 4.87 4.53 4.22 5.60 

PBC25.4 2.02 7.57 1.97 10.44 4.94 

PBC25.5 0.53 6.87 1.96 2.25 12.23 

PBC25.6 3.18 2.59 0.63 1.16 5.88 

PBC26 2.84 0.51 5.11 2.99 5.50 

PBC27 3.22 0.35 5.38 0.84 3.32 

PBC28 2.61 5.41 1.44 6.64 0.68 

PBC29.1 2.61 5.60 4.05 0.71 4.95 

PBC29.2 4.34 3.74 3.25 2.74 1.56 

PBC29.3 3.57 2.12 4.13 1.40 2.78 

PBC29.4 3.28 6.05 3.14 3.38 5.46 

PBC29.6 0.53 0.37 2.38 0.04 0.11 

PBC29.7 2.93 2.95 2.39 3.67 2.69 

PBC29.8 6.23 2.52 2.34 5.06 0.33 

 

Lastly, from the variance results we extracted for the Intention construct (Table 47), we observe that Dim 1 

(13.35%) and Dim 2 (12.57%) capture the most significant variation, making them the primary dimensions for 

interpretation. Dim 3 to Dim 6, which account for variance contributions between 11.10% and 7.22%, provide 

additional insights into subgroup structures or finer details about the differentiation of intention-related 

responses. Beyond Dim 7 (6.80%), the variance explained diminishes, and from Dim 10 onward, the contribution 

becomes minimal, suggesting that these dimensions primarily capture noise rather than meaningful 

differentiation. 

 

Table 47: Summary MCA Results for Intention for the Peruvian case study. 

Dimension Eigenvalue Variance (%) Cumulative Variance (%) 

Dim 1 0.4388 13.35% 13.35% 

Dim 2 0.4131 12.57% 25.93% 

Dim 3 0.3648 11.10% 37.03% 

Dim 4 0.3200 9.74% 46.77% 

Dim 5 0.2682 8.16% 54.93% 

Dim 6 0.2374 7.22% 62.15% 

Dim 7 0.2235 6.80% 68.95% 

Dim 8 0.1756 5.34% 74.30% 

Dim 9 0.1699 5.17% 79.47% 

Dim 10 0.1471 4.48% 83.95% 

Dim 11 0.1233 3.75% 87.70% 

Dim 12 0.1032 3.14% 90.84% 

Dim 13 0.0829 2.52% 93.36% 

Dim 14 0.0709 2.16% 95.52% 

Dim 15 0.0636 1.94% 97.46% 

Dim 16 0.0470 1.43% 98.89% 

Dim 17 0.0365 1.11% 100.00% 
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Lastly, the variables accounting for the Intention latent construct (Table 48) are the additional value of the harvest 

(Intention11.6), the dependence and connection to nature (Intention11.5), the links to the business community 

(Intention14.6), and the interaction with international institutions (Intention14.9) which appear to be key 

contributors across multiple dimensions defining intention to adopt a sustainable behavior.  

 

Table 48: Sum of Contributions of Variables to the First Five MCA Dimensions for Intention for the Peruvian case study. 

Variable Dim 1 (%) Dim 2 (%) Dim 3 (%) Dim 4 (%) Dim 5 (%) 

Intention11.1 9.97 10.56 11.70 7.71 7.98 

Intention11.2 8.20 6.08 7.14 6.58 10.03 

Intention11.4 12.99 4.10 8.05 1.35 4.65 

Intention11.5 10.46 7.00 7.08 13.29 5.24 

Intention11.6 11.99 11.15 13.28 12.59 6.57 

Intention14.1 7.71 6.42 1.12 8.52 7.24 

Intention14.2 6.12 0.70 2.14 4.78 13.88 

Intention14.3 0.82 5.96 0.25 4.27 8.40 

Intention14.4 6.80 10.96 6.92 1.36 7.88 

Intention14.5 9.68 3.60 11.34 4.46 9.58 

Intention14.6 0.53 9.44 9.68 15.87 0.20 

Intention14.8 7.42 7.30 9.41 5.76 10.17 

Intention14.9 5.99 13.22 9.61 11.37 4.74 

Intention24 1.30 3.49 2.29 2.09 3.44 

6.4 THE ARTS AND CRAFTS FROM BRAZIL CASE STUDY 

Developing and running an SEM for the arts and crafts from forest-based products within the Brazilian case study 

had as its main aim to explore the pathways which could lead to a more biodiversity artisanal craftmanship with 

regards to the non-timber forest products. The development of sustainable alternatives in this case, is relatively 

different compared to the rest of the supply chains, which extend to a large area. Within the trajectory of the 

BIOTRAILS projects we discover that there is a shared understanding that the practices or the supply chain need 

to transform, yet the pathways to do so, are largely unexplored. Territorial conflicts, access to technology, 

infrastructure, and finance, could significantly guide such a transformation. Within this analysis we explore the 

social pathways which according to the survey participants, have a higher likelihood to occur.  

 

6.4.1 Overview of participant profiles in Brazil 

Data was collected from 12 participants in Peru, coming from the arts and crafts generated by non-timber forest 

goods. Participants belonged mostly to the 35-49 (50%) age group, with 33% being in the 18-35 age group and 

only 16% being 50+. Contrarily to the other case studies in this case the majority of participants were female 

(83%), with only a minority being males. As with the rest of the case studies this gender bias relates to fact that 

mostly female artisanal producers do this work.  

With relation to their role within the supply chain, most participants were representing NGOs working with the 

artisanal producers (65%), only one was an indigenous producer. There were also a few representatives from 

private companies serving as retailers within the sector [22]. Nearly all participants declared that they have 

received education related to environmental and climate change related issues. Given that the data collection 

process is ongoing, the main aim is to extend the participant profiles to include more indigenous producers, but 

also retailers and wholesalers.  
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6.4.2 Variables selected 

Within the arts and crafts from Brazil case study, we collected data on a set of variables, which we classified under 

the four main constructs of the TPB (Table 49). The variables were selected through surveys and questions were 

asked to measure multiple manifest variables that allowed us to capture key environmental, social, and economic 

dimensions of individuals’ choices towards sustainability and biodiversity. Table 49 gives a detailed overview of 

the variables and their composition, as well as the coding of the answers given. It is important to note here, that 

for the arts and crafts from Brazil case study, similar to the cocoa from Peru case, the smaller number of 

participants’ responses, led to the use of the alternative analysis methods discussed above, namely MCA (Chapter 

5.2). 
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Table 49: Variables selected for shaping each latent construct after pre-processing with the relevant coding and interpretation per answer for the arts and crafts from Brazil case study. 

Latent 

construct 
Variable category Measured variables coding 

Coded 

answer 
Interpretation per answer 

Attitude 

Biodiversity impacts 

Reduction of resources 7.1 

1-5 

1: very low impact; 2: low impact; 3: 

moderate impact; 4: large impact; 5: very 

large impact 

Pollution (plastic, etc.) 7.2 

Deforestation 7.3 

Infrastructure developments 7.4 

Loss/decreased availability or quality in 

extracted materials for crafts 
7.5 

Social conflicts 7.6 

Fires 7.7 

Droughts 7.8 

Illegal hunting 7.9 

Illegal mining 7.10 

Mining 7.11 

Agribusiness 7.12 

Climate Change impacts 

Fires 8.1 

1-5 

1: very low impact; 2: low impact; 3: 

moderate impact; 4: large impact; 5: very 

large impact 

Heat waves 8.2 

Air pollution 8.3 

River droughts (to move production) 8.4 

River Floods 8.5  

Subjective norm 

Community impacts 

Displacement of communities due to 

infrastructure projects 
9.1 

1-5 

1: very low impact; 2: low impact; 3: 

moderate impact; 4: large impact; 5: very 

large impact 

Poor waste management 9.2 

Deforestation / degradation 9.3 

Scarce availability of food and natural 

resources 
9.4 

Social conflicts (e.g. due to land 

grabbing, illegal activities, expansion of 

agriculture, etc.) 

9.5 

Perceived stakeholder connectivity Level of stakeholder interactions 14 1-5 

1: smooth; 2: competition; 3: no 

interaction; 4: lack of trust; 5: lack of 

information or transparency 

Actors important for collaboration 

Producers 17.1 

0 or 1 
0: absent; 

1: present 
Suppliers 17.2 

Buyers 17.3 
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Local community 17.4 

Scientific community  17.5 

Public sector 17.6 

Members of the private sector 17.7 

NGOs 17.8 

Promoters (fairs, etc.) 17.9  

 

Perceived 

Behavioral 

Control (PBC) 

Actions taken to build trust 

Community involvement 15.1 

1-5 

1: very low importance; 2: low importance; 

3: moderate importance; 4: high 

importance; 5: very high importance 

Education and information 15.2 

Information and awareness of buyers 15.3 

Communication through forums or 

frequent meetings 
15.4 

Transparency of information between 

producer, distributor and buyer 
15.5 

Transparency along the supply chain 

through a digital data platform 
15.6 

Barriers to sustainable adoption 

Cost or availability of funds 16.1 

1-5 

1: very low importance; 2: low importance; 

3: moderate importance; 4: high 

importance; 5: very high importance 

Lack of staff training and information 16.2 

Lack of partners  16.3 

Insufficient infrastructure  16.4 

Lack of confidence 16.5 

Actions for Climate change adaptation or 

biodiversity conservation 

Adopting sustainable practices in my 

work 
18.1 

0 or 1 
0: absent; 

1: present 

Be able to protect the territory against 

all types of invasions 
18.2 

Use of sustainably sourced materials 18.3 

Recycling waste 18.4 

I keep up to date with the latest market 

trends 
18.5 

Future actions 

Sustainable production and processing 

practices 
19.1 

1-5 

1: very low importance; 2: low importance; 

3: moderate importance; 4: high 

importance; 5: very high importance 

Buyer awareness 19.2 

Interest in training on the topic of 

adapting to climate change and 

protecting biodiversity 

19.3 

New practices for land management 

and management of various resources 

(energy, water, etc.) 

19.4 

Elimination of plastic packaging from 19.5 



D3.4 — Structural Equation Models (B) 70 

 

 

all stages of the supply chain 

Waste/water recycling 19.6 

 Increasing transparency and 

transmission of information in the 

supply chain 

19.7 

Factors for marketing sustainable choices 

Use of sustainable production methods 20.1 

1-5 

1: very low importance; 2: low importance; 

3: moderate importance; 4: high 

importance; 5: very high importance 

Low carbon emissions during 

production, processing and/or 

transportation 

20.2 

Traceability - Transparency about the 

region of production and how the 

product was manufactured 

20.3 

Low environmental footprint 

throughout the production and 

marketing chain 

20.4 

Quality / price ratio 20.5 

Training and education 

Sustainable practices role on buying 

products 
21 1-4 

1: They don't; 2:  limited role;  3: Important 

role; 4: Very important role 

Marketing strategies to promote 

biodiversity practices 
22 1-3 1: Yes; 2:  No;  3: Not sure 

Level of awareness of consumers for 

production conditions 
25 1-5 

1: very low; 2: low; 3: moderate; 4: high; 5: 

very high 

Influence consumers have on adoption 

of sustainable practices 
26 1-5 

1: none; 2: limited/small; 3: moderate; 4: 

enough; 5: great 

Training & Education frequency on 

sustainable matters 
27 1-5 

1: once every two years; 2: once every year; 

3: once every six months; 4: once every 

three months; 5: once every month 

Topics consumer awareness campaigns 

should cover 

consumer rights 28.1 

1-5 

1: very low importance; 2: low importance; 

3: moderate importance; 4: high 

importance; 5: very high importance 

Quality finished product 28.2 

Community involvement during 

production 
28.3 

Environmentally sustainable production 28.4 

Recycling 28.5 

Impact of shopping on the community 28.6 

Quality of materials 28.7 

Quality of workmanship 28.8 

Participation of indigenous 

communities in production 
28.9 
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Impact on community purchases 28.10 

Variety of products 28.11 

Social impacts 28.12 

Intention 

Factors that affect decision to take action 

Financial incentives 11.1 

1-5 

1: very low importance; 2: low importance; 

3: moderate importance; 4: high 

importance; 5: very high importance 

Adoption of a corporate social 

responsibility 
11.2 

Regulatory commitments 

(certifications) 
11.3 

Market demand 11.4 

Community responsibility 11.5 

Additional value of sustainable 

activities  
11.6 

Protect/maintain tradition (including 

traditional production methods) 
11.7 

Community Structure 11.8 

Connection and dependence on nature 11.9 

Market access, telecommunications 

and transportation 
11.10 

How important do you consider the 

influence of the following principles to 

adopt environmentally sustainable practices 

in your field? 

Sense of responsibility 13.1 

1-5 

1: very low importance; 2: low importance; 

3: moderate importance; 4: high 

importance; 5: very high importance 
Adaptability to change 13.10 

Who do you trust to take action? 

My family 14.1 

1-5 

1: very low importance; 2: low importance; 

3: moderate importance; 4: high 

importance; 5: very high importance 

Company employees 14.2 

Colleagues/people with the same 

capacity/role  
14.3 

Trade unions, professional associations 14.4 

consumer associations 14.5 

Media  14.6 

Social media 14.7 

Business community 14.8 

Scientific / research community 14.9 

Institutional framework (laws, policies) 14.10 

National political bodies / institutions 14.11 

International institutions such as the EU 14.12 

Willingness to pay a higher price for 

sustainably produced goods. 
 23 1-3 1: Yes; 2: No; 3: maybe 
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6.4.3 MCA results 

In the case study of Brazil, we had responses from 12 survey participants which also limits the predictive power 

of the model. Within the current size of the dataset PLS-SEM, similar to the cocoa case study, is not a suitable 

method for unraveling patterns of behavioral change. Upon data collection completion this will be rendered 

possible. But to ensure that some first indications of the analysis are already generated, we use the MCA method 

also for this case study to explore the underlying structure of the dataset and identify key variables influencing 

intention to adopt a sustainable behavior, as it is more suitable for smaller sample sizes and categorical data.  

From the results represented from the heatmap with the Cramers’ V associations (Figure 8) we observe that the 

most pronounced associations appear between PBC and Intention variables, as well as between certain Social 

Norms and Intention variables. These clusters, indicated by red sections, suggest that Perceived Behavioral 

Control (PBC) is a key driver of intention in this model. Variables representing Attitude also show moderate 

relationships with Intention, reinforcing their predictive role. Also similar to the cocoa case study, the Social Norms 

construct exhibits weaker associations with Intention compared to PBC and Attitude. Certain Norms and PBC 

variables display negative relationships (blue sections), suggesting opposing influences on intention. This 

indicates that while some PBC factors facilitate behavioral intention, specific social norm variables might act as 

constraints. Based on this analysis we selected the variables with the lowest dependencies/associations for further 

analysis. These were namely: Attitude7.5, Attitude7.10, Attitude8.3, Norm9.3, Norm9.4, PBC16.1, PBC19.7, PBC28.9, 

Figure 8: Cramér's V heatmap with hierarchical clustering for the variables included in the Brazilian case study. 
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Intention11.5, Intention13.1 and Intention13.10. 

6.4.3.1 MCA results – Explained variance and contributing manifest variables 

We run the analysis for each latent construct to understand the main manifest variables contributing to shaping 

those. We therefore run the MCA analysis separately for Attitude, Norms, PBC and Intention constructs and we 

extract the explained variances across the multidimensional space. From the variance results of the Attitude 

construct within the Brazilian case (Table 50), we observe that Dim 1 (26.29%) and Dim 2 (25.13%) are likely the 

most meaningful and interpretable dimensions, as they account for more than 50% of the total variance. These 

two dimensions primarily drive the variance observed in the dataset. Dim 3 to Dim 5 further contribute to the 

variance, with Dim 3 (19.86%), Dim 4 (13.74%), and Dim 5 (10.00%), suggesting that these dimensions may capture 

additional subgroup structures or finer details within the dataset. Beyond Dim 5, the variance contribution drops 

largely, with Dim 6 (3.46%) and Dim 7 (1.51%), indicating that these dimensions contain minimal additional 

explanatory power. The first four dimensions already explain 85.03% of the total variance, making them the most 

relevant for interpretation. If necessary, Dim 5 can be included, reaching 95.03% of explained variance.   

 

Table 50: MCA summary results for Attitude for the Brazilian case study. 

Dimension Eigenvalue Variance (%) Cumulative Variance (%) 

Dim 1 0.7012 26.29% 26.29% 

Dim 2 0.6702 25.13% 51.43% 

Dim 3 0.5296 19.86% 71.29% 

Dim 4 0.3664 13.74% 85.03% 

Dim 5 0.2667 10.00% 95.03% 

Dim 6 0.0922 3.46% 98.49% 

Dim 7 0.0404 1.51% 100.00% 

 

From the variance results extracted for the Social Norms construct in the arts and crafts case study (Table 51), 

we observe that Dim 1 (46.06%) and Dim 2 (33.46%) account for 79.53% of the total variance, almost touching 

the 80% threshold (standard practice to retain dimensions). These two dimensions are responsible for the primary 

differentiation within this dataset. Dim 3 (16.77%) adds further differentiation, increasing the cumulative explained 

variance to 96.30%, which means it captures additional structure, although with less influence than the first two 

dimensions. Beyond Dim 3, the contribution drops significantly.  

 

Table 51: MCA summary results for Social Norms for the Brazilian case study. 

Dimension Eigenvalue Variance (%) Cumulative Variance (%) 

Dim 1 0.6142 46.06% 46.06% 

Dim 2 0.4462 33.46% 79.53% 

Dim 3 0.2236 16.77% 96.30% 

Dim 4 0.0493 3.70% 100.00% 

 

From the variance results extracted for the PBC construct (Table X), we observe that Dim 1 (55.75%) is the most 

dominant dimension, capturing more than half of the total variance. Dim 2 (31.39%) also contributes significantly, 

bringing the cumulative variance to 87.14%. These two dimensions account for the vast majority of variation in 

the dataset. Including Dim 3 (12.86%) may add some minor additional insights, but further dimensions are 

unnecessary. 

Table 52: MCA summary results for PBC for the Brazilian case study. 

Dimension Eigenvalue Variance (%) Cumulative Variance (%) 

Dim 1 0.7434 55.75% 55.75% 

Dim 2 0.4185 31.39% 87.14% 

Dim 3 0.1714 12.86% 100.00% 
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From the variance results extracted for the Intention construct (Table 53), we observe that Dim 1 (34.70%) and 

Dim 2 (29.08%) are the most influential dimensions, capturing 63.78% of the total variance. Dim 3 (23.66%) further 

contributes to the variance, increasing the cumulative explained variance to 87.44%, suggesting it also plays a 

significant role in explaining subgroup structures. Since the first three dimensions explain the majority of the 

variance (87.44%), they should be the primary focus for variables’ selection.  

 

Table 53: MCA summary results for Intention for the Brazilian case study. 

Dimension Eigenvalue Variance (%) Cumulative Variance (%) 

Dim 1 0.4627 34.70% 34.70% 

Dim 2 0.3877 29.08% 63.78% 

Dim 3 0.3155 23.66% 87.44% 

Dim 4 0.1714 12.60% 100.00% 

 

Within the Multiple Correspondence Analysis, we identified the main manifest variables contributing to each 

latent construct. Table 54 summarizes these contributions, highlighting the top variables across dimensions. By 

taking into consideration the small sample size for the dataset of the arts and crafts case study and the nature of 

the data (ordinal), these are the remaining contributing variables that explain the variance in the model and do 

not exhibit any collinearity.  

 

Table 54: Summary of contributions of manifest variables to the MCA Dimensions for Attitude, Norms, PBC and Intention 

latent constructs. 

Variable Dim 1 (%) Dim 2 (%) Dim 3 (%) Dim 4 (%) Dim 5 (%) 

Attitude7.10 42.98 40.32 40.62 38.70 3.41 

Attitude7.5 11.14 25.35 11.45 43.21 66.64 

Attitude8.3 45.89 34.33 47.93 18.09 29.95 

Norm9.3 50.22 49.36 50.76 49.66 - 

Norm9.4 48.95 1.18 1.63 48.25 - 

PBC16.1 42.39 67.62 39.99 - - 

PBC19.7 16.93 26.34 56.73 - - 

PBC28.9 40.68 6.05 3.27 - - 

Intention11.5 21.38 64.67 85.24 28.70 - 

Intention13.1 25.57 33.44 11.30 29.68 - 

Intention13.10 53.05 1.88 3.46 41.61 - 

 

For Attitude the core manifest variables contributing to the latent construct are the impacts of illegal mining on 

biodiversity (Attitude 7.10), the limited availability and quality of extracted from the forest materials, which are 

used for crafts (Attitude 7.5), as well as the air pollution (Attitude 8.3). For social norms, the core manifest variables 

contributing to the construct are the impacts of deforestation to the local communities (Norm 9.3) and the impact 

of the low availability of food and other resources to the local communities (Norm 9.4). For PBC, the most 

contributing manifest variables were the lack of available funds as a barrier to sustainable adoption (PBC16.1), a 

need for a more transparent information flow across the supply chain (PBC19.7) and a prominent need for more 

training of indigenous communities towards the sustainable means to produce crafts (PBC28.9). Lastly, intention 

was mostly manifested by the community responsibility as key towards taking actions (Intention 11.5), sense of 

responsibility (Intention 13.1) and adaptability to change (Intention 13.10). 
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7 COMPARATIVE ANALYSIS ACROSS CASE STUDIES AND 

MAIN CONCLUSIONS 

Based on the results presented in Chapter 6 of this deliverable, the aim of this section is to distill the main 

conclusions focusing on the elements which are shared among the case studies in terms of variables that impact 

one’s intention to adopt sustainable behavior.  

 

Overall, the four case studies are very different in terms of conceptual, geographical, geopolitical and governance 

context, fact rendering difficult the comparative analysis among them, but some core observations are 

summarised in this chapter. Generalisation is even more difficult, as the smaller sample size rendered it difficult 

to apply SEMs to all four cases, fact rendering the statistical comparison of the output also challenging. For that 

reason, we conduct a qualitative comparative analysis and discuss the main findings and observations.  

 

For the two case studies in which we could run SEMs namely Gold from Ghana and Fisheries and Aquaculture 

from Greece, the results were worth discussing. Within the gold from Ghana case, Perceived Behavior Control 

seemed to be the main determinant of participants’ intention to adopt a behavioral change. This mostly referred 

to the emphasised needs of the participants to improve regulatory policies both at the local and national level, 

as well as the need to better inform those involved in the sector about biodiversity impacts of the gold mining 

activity through training and awareness raising campaigns. A strong emphasis was given also on the need for 

better organised spatial planning of the mining areas. The next influential variable was the participants’ Attitude, 

which mostly reflected the fact that the observation of landscape degradation or the deterioration of natural 

resources, such as water had a critical impact in guiding their future behaviour. Subjective norms, which were 

mostly referring to safety with regards to their working conditions, or impacts on their health and well-being, 

were discussed, but did not have a significant impact on their intention to adopt a behavioral change.  

 

For the fisheries and aquaculture case study in Greece, it is worth noting that the fisheries and aquaculture 

were treated separately due to the different sectors they refer to. Although aquaculture refers to an organised 

activity within the corresponding sector [18], while fisheries is a dispersed activity, spatially restricted within 

specific fishing zones, the main outcomes were not so different. Fisheries are difficult to approach and interpret, 

rendering a great challenge engaging with the sector as well as their activities [23], [24]. The results of the SEMs 

confirmed the difference across the two sectors, but their joint analysis gave useful insights. More specifically for 

the aquaculture part of our analysis we saw that Perceived Behavior Control is once more the main determinant 

driving individuals’ intention to change their behavior. This mostly refers to the need for improved education and 

training mostly on employes in the downward part of the supply chain, as well as improved recycling strategies 

of all materials used within this sector, which was highlighted by many that have severe but “hidden” impacts. 

The next determinant, although with low significance, was Attitude, with a focus on the observed impacts of 

temperature rise (significantly impacting species life cycles and pathogens), as well as the infrastructure 

development across the industry, which is considered as responsible for the sustainability assessments. Subjective 

norms, similar to the gold case study did not seem to have a significant role in determining behavioral intentions. 

Yet the core variables characterising it were changes in air and water quality, which according to the participants 

were not as severe. Within the fisheries sector the results were slightly different. In this case perceived behavior 

control was again considered as the main determinant of change, based on the need for more organised 

partnerships and exchange between the sector, the scientific community and the local community. The next 

significant determinant was attitude, however, with no statistical significance. Participants expressed strongly the 

influence of the impact of eutrophication on biodiversity, followed by the perceived overuse of vaccines and 

medicines by the aquaculture sector and the changes in species population dynamics due to changing conditions 

in the climate and the environment.  

 

In a comparative assessment across these two (or three if we want to be precise) sectors, we could observe that 

within the more organised and hierarchical sectors such as the gold mining industry and the aquaculture sector, 

PBC is the main determinant for intentions to change individuals’ behaviors across the supply chain. This refers 

to the fact that the advancements in these sectors require practical interventions to overcome existing boundaries 
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that can lead to more sustainable behaviors. Claims by the interviewees in both sectors reveal that these changes 

are fundamental as they refer to policy restructuring, or the continuous and systematic training of people involved 

in both sectors throughout the supply chain. This is different within the fisheries sector, which is far less organised 

compared to the previous two. In that sector fishers mostly are conscious of the consequences of the choices of 

the past and feel the need to create strong partnerships that can improve the sustainability of the sector. They 

mostly support that through the improvement of their own practices, as well as opening a more organized 

dialogue with competing sectors which requires a more careful and strategically structured spatial planning. Given 

that within the Greek case study, the two sectors despite the fact that they use the same resource (marine 

biodiversity), they are governed in a very disparate manner, which is also reflected in the outcomes of our analysis. 

The interactions among the two have been studied either at the local [25] or EU wide level [26], but a more holistic 

national level analysis is missing indicating a future research need.  

 

Within the two case studies in which data limitations at this stage of the project development did not allow us to 

apply the SEM approach, we could still observe some main behavioral patterns. For the cocoa from Peru case, 

we observed that the data inputs indicated that perceived behaviour control is still a very strong determinant also 

for this case with regards to what may lead to transformative behavioural change. This is mainly defined by the 

need to a stronger involvement of indigenous communities in cocoa production. Their role has been always 

crucial and past research has indicated that industrialization of these sectors may lead to severe political 

consequences [27]. Besides that, the adaptation and use of newly developed and more sustainable approaches 

in harvesting was considered to be crucial. Attitude and subjective norms, are the next most significant, although 

with this type of analysis it is not possible to identify which is the strongest determinant of behavioral intentions. 

Community displacement due to limited resources (attitude) as well as illegal activities and lack of goods of quality 

(subjective norms) seem to be critical in shaping decisions.  

 

Lastly, within the arts and crafts from non-timber forest products from Brazil, the results are less clear, which 

is also probably due to the small sample size in the responses. However, some patterns are still detected, although 

it is not possible to identify which of the Attitude, PBC or social norms plays a more critical role in driving 

intentions of behavioral change. Perceived behavior control mostly refers to the need for more financial support 

and incentives for the arts and crafts sector as well as stronger and more transparent information flow across the 

supply chain and enhanced training of artisans. Subjective norms are mostly described by an improved 

collaboration among suppliers and between suppliers and the public, along with an enhancement in the training 

of artisanal craftmanship for the use of more sustainable products. Attitude mostly captures the impact of 

pollution on the quality of the products and the natural resources.  

 

To conclude among all case studies, it is evident that PBC manifest variables are core determinants of one sector’s 

intention to adopt a novel behavior. These results overall lead to a clear indication that the sectors involved seem 

to be open to adapting a novel behavior as long as the means to achieve it are developed. These means have 

been clearly identified by the participants per sector or case study, with a big variance in the type of means. The 

latter range from a clear need to more supportive, transparent policies, to the establishment of organised bottom-

up community partnerships and concrete measures against biodiversity loss emerging from illegal activities. This 

is also emphasised by the clearly expressed desire to have well-elaborated and designed training which allows 

for these transformations to apply on the longer term.  

7.1 LIMITATIONS AND FUTURE STEPS 

As has been emphasised throughout the deliverable, the core limitation of the study was the data availability. The 

case studies selected are crucial to analyse, but there is a time lag with regards to data collection. This is not novel 

as in many cases, there is a need for participants to create trust to the research community. This has been openly 

expressed in many of the interviews, in which people were expressing their intention to support research, but also 

the frustration in the fact that it takes time, if ever, to even see how their contributions made a difference. Within 

BIOTRAILS, through the LAAs established, a significant effort is made to share the results with them and emphasise 

the role of this project as a mediator towards highlighting future research needs.  
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Due to the fact that the project is still ongoing, and since the structural equation models are developed, the novel 

data collected presently will be incorporated into the existing modeling structures and fed into the end product 

of WP3, which is the System Dynamics Model (D3.10). This will allow us to develop scenarios for future 

interventions, according to both the biophysical and environmental conditions, but also the societal needs, 

priorities, intentions and aspirations.  
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8 INPUT TO OTHER TASKS 

8.1 INPUT TO THE SYSTEM DYNAMICS MODEL 

The data that was generated across Task 3.2 of the BIOTRAILS project assesses the human dimension within the 

biodiversity-climate-society nexus, across four large supply chains based on biodiversity-based products. Based 

on the ongoing work on data exchange and harmonisation across WP3 tasks, we set up a workflow to ensure that 

the input of the models generated within this deliverable are relevant and can be used within the SDMs developed 

in each case study. The information flow can be summarised onto the following actions:  

A. Shared workshops (those already organised across the case studies and those planned for the final year 

of the project).  

B. Regular meetings (bi-monthly) to work together on the data and ensure efficient exchange.  

C. Shared code repositories through the GitLab page.  

The SEM outputs, through this exchange and data and information flow, can inform and refine the 

parameterization of human behavior-related variables within the System Dynamic (SD) Models. By identifying 

significant relationships and quantifying the strengths of these relationships, SEMs provide valuable data for: 

i) Calibrating key parameters: SEM-derived path coefficients can be used to estimate the influence of 

one behavioral factor on another within the SD model;  

ii) Validating model assumptions: SEM can test the hypothesized relationships between variables, 

helping to refine the causal structure of the SD model and identify areas where assumptions may be 

inaccurate;  

iii) Improving model realism: By incorporating empirically supported relationships from SEM, SD models 

can more accurately reflect the complexities of human behavior and decision-making processes.  

The results of this integration will be described in deliverable D3.10. 

8.2 INPUT TO THE REST OF THE BIOTRAILS TASKS 

The data and the models developed as part of this task is expected to give indirect input to other BIOTRAILS 

activities. More specifically, there is already an ongoing data exchange between the Behavioural Interventional 

Toolkit for Consumers in terms of concepts and variables used. These tasks do not exchange data directly at this 

project stage, but they inform each other. As the SEMs also entail data on retailers they are also in constant 

information flow with WP4 activities which aim at producing Guidelines for Interventions in Cities to Reduce their 

Biodiversity Impacts (Task 4.2). Lastly, the outputs of the model, through their use within the PSDM, will be 

embedded in the Visualisation of Alternative Scenarios (Task 4.5).   
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9 CONCLUSIONS 

To conclude, within the analysis conducted a flexible modelling approach has been developed allowing us to 

explore data on people’s perceptions of the four sectors studied as well as their role towards sustainable choices. 

The proposed models allow to analyse social perceptions of biodiversity and sustainability through a series of 

tailor-made options depending on the data size and type. Although the focus is the development of SEMs, which 

was successfully implemented, the field experience indicated that there is a need for flexibility and adaptability in 

the models, to generate analysis methods to manipulate smaller datasets. This emerged from the challenge of 

some of the case studies, in which the trust-building procedure between the communities of research and 

practice, requires more time than initially estimated, calling for approaches that allow to generate results even if 

the input data is based on smaller numbers of participants. We did not consider the smaller size inhibiting, firstly 

due to the fact that the participants represented the opinion of a larger group of the population, and secondly 

because the data collection process is still ongoing.   

 

 The four case studies assessed have large differences allowing the project to cover a broad range of challenges 

emerging across biodiversity-based supply chains. They cover a range of well, or at least better-organized sectors 

(aquaculture, cocoa and gold mining) whose products reach out to large geographical extents, to community-

based ones (fisheries and arts and crafts), that satisfy the needs of more local scale producers (in terms of 

instrumental benefits, such as income or jobs) and consumers (in terms of plural benefits, such as nutritional or 

health related).  

 

Safeguarding biodiversity requires transformation. Achieving transformation requires among others, a deep 

understanding of society’s perception of biodiversity and their intention to change and transform long 

established attitudes and behaviors. The results reveal that the intention to transform is existent in all four case 

studies. However, there are challenges to be dealt with. Despite the differences, nearly all case studies showed 

that there is a need or even request for policies to change towards more just and pro-biodiversity ones. There is 

a need to better train practitioners to make everyone more aware of the impacts of their choices on biodiversity, 

as there was a severe mistrust into existing regulations due to the fact that in most cases the impact of sustainable 

or non-sustainable behaviors cannot be directly recognized or related to a certain choice or behavior. Lastly a 

large plea was made to have more organized communities of practitioners which can help each other through 

partnerships which allow them to safeguard their values and well-being.  

 

The above-mentioned work can help identify pathways of intervention. As discussed above, this is going to be 

combined with data on environmental footprint analysis and help develop a set of scenario interventions, in order 

to allow stakeholders to choose the most suitable pathway for transformation. Building on the former IPBES work 

on values [28], this work hopefully will be able to contribute towards the practical identification of pathways to 

social transformation, also supported by the recently launched IPBES transformative change report [29]. Our 

findings are in line with the IPBES work which emphasize on the four core principles needed to achieve 

transformative change: “equity and justice; pluralism and inclusion; respectful and reciprocal human-nature 

relationships; and adaptive learning and action”. Among those four justice and equity were identified as a core 

priority by all four case studies, as well as adaptive learning and action and were emphasized in our analysis 

through Strategy 5 [29] on shifting societal views and values to recognize and prioritize fundamental 

interconnections between humans and nature. To conclude, our analysis revealed that the modelling approaches 

used, (SEM, MCA) were able to reveal actionable priorities that allow to transform different structures across the 

transformative triptych of views-practices-structures (Figure 9).  
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Figure 9: The framework of transformative change for a just and sustainable world according to IPBES [29]. 

Section A indicates views, structures and practices. Section B shows shifts in views, structures and practices breaking the 

influence of the underlying causes when they are guided by the four key principles of transformative change. Section C 

illustrates a just and sustainable world, with prevailing views, structures, and practices aligned with the principles of 

transformative change.
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ANNEX I: SAMPLE OF THE SURVEY GUIDE USED FOR 

DATA COLLECTION  

Within this section we provide the guidance of the survey guide that was shared with the case study leads (). 

The guide was then adapted to the case study context in collaboration with them and was shared with the 

survey respondents, either via online surveys (e.g., google forms) or printed versions of it, which were filled in 

by the case study leaders and the respondents.  

 

SURVEY TO BE SHARED AND ADAPTED ACROSS THE FOUR 

CASE STUDIES 

 

Section A: Social and Demographic data 

1. Please select the age group you belong to: 

a) 18-24 

b) 25-29 

c) 30-39 

d) 40-49 

e) 50-59 

f) 60+ 

g) I don’t want to answer 

2. Please select the gender you identify with: 

a) Man/male 

b) Woman/female 

c) Other 

d) I don’t want to answer 

3. To which of the following target groups do you belong?  

a) Suppliers 

b) Intermediaries 

c) Transporters 

d) Retailers 

e) Consumers 

f) Others (please specify – open ended question) 

 

If responded a-d, proceed to questions 3a and 3b 

3a. Please briefly describe your role/position in the supply chain? (open ended question)  

 

3b. How many years of professional experience do you have in the field? 

a) Few months to 2 years 

b) 2 to 10 years 

c) 11 to 20 years 

d) 20 years and more 

a) I don’t want to answer 
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Section B: Attitudes, norms and behavior 

Section Ba: Attitudes 

4. In your opinion, how severe is the impact of the following challenges on biodiversity along the supply 

chain? [researchers may delete and/or add (other) issues/challenges according to the target group] 

 

Challenges Negligible Mild 

I have no 

opinion on 

the topic 

Somehow 

severe 
Very severe 

Climate change      

Pollution      

Overexploitation of resources      

Urbanization      

Infrastructure development      

Population growth      

Water management      

Agricultural practices      

Mining      

Fishing      

Hunting      

Invasive species      

Deforestation      

 

5. In your opinion, how severe is the effect of each of the below mentioned climate change parameters at the 

ecosystem you work on (sea & fisheries, etc etc)? [researchers may delete and/or add (other) impacts 

according to the target group] 

 

Climate change impacts Negligible Mild 

I have no 

opinion on 

the topic 

Somehow 

severe 
Very severe 

Sea level rise      

More frequent and severe 

weather events 
     

Ocean acidification      

Melting glaciers and ice sheets      

Changes in precipitation 

patterns 
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6. And how severe is the effect of the following climate change impacts at the species level? [researchers 

may delete and/or add (other) impacts according to the target group] 

 

Climate change 

impacts 
Negligible Mild 

I have no 

opinion on 

the topic 

Somehow 

severe 
Very severe 

Sea level rise      

More frequent and severe 

weather events 
     

Ocean acidification      

Melting glaciers and ice 

sheets 
     

Changes in precipitation 

patterns 
     

 

7. Classify the part of the supply chain based on those that suffer more from biodiversity loss? 

 

Part of the supply chain Negligible Mild 

I have no 

opinion on 

the topic 

Somehow 

severe 
Very severe 

production       

Wholesaling/packaging/processing      

Transportation      

Consumers      

Other (policy-makers, academics, 

etc) 
     

 

 

 

Section Bb: Subjective Norms 

8. What drives your decision towards the adoption of environmentally sustainable practices/behavior 

among the list of the following factors? 

 

Factors driving your 

decision-making 
Negligible Mild 

I have no 

opinion on 

the topic 

Somehow 

severe 
Very severe 

Economic incentives      

Corporate social 

responsibility 
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Regulatory compliance 

(certification, etc) 
     

Market demand      

Long-term sustainability 

goals 

 

     

Other (please specify)      

 

9. What drives your decision towards the adoption of sustainable practices/behavior among the list of the 

following social attributes? 

 

Social 

attributes 
Not important 

Slightly 

important 

Moderately 

important 
Important 

Very 

important 

Integrity      

Family      

Tradition      

Equality      

Patriotism      

Spirituality      

Education      

Hard work      

Community      

Humility      

Courage      

Adaptability      

 

10. How important is the impact of the following relational values in your decisions and actions in relation 

to your role/status (question 3) in the supply chain? 

 

Relational values 
Not 

important 

Slightly 

important 

Moderately 

important 
Important 

Very 

important 

Respect      

Honesty      

Trust      

Empathy      

Communication      

 

11. How important is the impact of the following wellbeing values in your decisions and actions in relation 

to your role/status (question 3) in the supply chain? 
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Well-being 

values 

Not 

important 

Slightly 

important 

Moderately 

important 
Important 

Very 

important 

Physical Health      

Mental Health      

Emotional Health      

Social Connections      

Financial Stability      

Purpose and meaning      

Spirituality      

 

Section Bc: Perceived Behavioural Control (PBC) 

12. Here is a list of key actors. How much do you trust them when you have to make a decision and/or take 

action in relation to your role/status (question 3) in the supply chain?  

 

Actors Not at all A little Average Quite a lot A lot 

My family      

My colleagues / people with the same 

role/status 

     

Trade unions, consumer/s or professionals’ 

associations etc. 

     

The media      

The business community / the enterprises       

The scientific/research community      

The justice system      

The government      

International institutions (e.g. the EU)      

 

12. How often do you address the following actors when seeking information in relation to your 

role/status (questions 3) in the supply chain? 

 

Actors Never Seldom Sometimes Often Almost always 

My family      

My colleagues / people with the same 

role/status 
     

Trade unions, consumer/s or professionals’ 

associations etc. 
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The media      

The business community / the enterprises       

The scientific/research community      

The government      

International institutions (e.g. the EU)      

 

13. Would you agree that building wider alliances are necessary in order to achieve a more sustainable supply 

chain? 

a) Yes 

b) No 

 

If “yes”, proceed to question 13a 

13a. Which parts of the supply chain do you consider most important for alliances to be built to increase 

sustainability regardless of the difficulty of the implementation? (multiple choice) 

a) Suppliers 

b) Intermediaries 

c) Transporters 

d) Retailers 

e) Consumers 

f) Local community(-ies) 

g) Scientific community 

h) Civil society organizations (e.g. environmental organizations, consumers’ associations etc.) 

i) State actors 

 

14. When it comes to marketing, which of the following issues a marketing strategy targeting consumers should 

include and/or put emphasis on to promote environmentally sustainable choices? [alternative option: to “which 

of the following topics/issues included in a marketing strategy will positively affect consumers’ choices?”] 

[researchers may delete and/or add (other) available/optional responses according to the target group] 

a) Use of sustainable methods for production 

b) Low carbon emissions during production, processing and/or transportation  

c) Low environmental footprint 

d) Other - please specify:  

 

15. To what extent do you consider biodiversity conservation practices when making purchasing decisions 

related to xxx products? 

● Not at all 

● Somewhat 

● Moderately 

● Very much 

● Extremely 

16. Are you aware of any initiatives or campaigns by the product's producers or retailers aimed at promoting 

biodiversity conservation or education? 

● Yes 

● No 

● Not sure 

17. Would you be willing to pay a higher price for xxx products that come from environmentally sustainable 

sources and contribute positively to biodiversity conservation efforts? 

● Yes 
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● No 

● Maybe 

18. How influential do you believe consumer demand and behavior are in driving parts of the supply chain to 

adopt biodiversity-friendly practices? 

● Very influential 

● Influential 

● Moderately influential 

● Slightly influential 

● Not influential 

 

19. Would you agree that training activities are needed for you and/or other actors of the supply chain, towards 

a more environmentally sustainable supply chain? 

● Yes 

● No 

● I don’t know - I am not sure 

 

If “yes”, proceed to questions 19a and 19b 

19a. How frequent do you think that these training activities should be in order to be effective (e.g. start making 

a change)? 

At least once 

every 2 years 

At least once 

every 1 year 

At least once 

every 6 months 

At least once 

every 3 months 

At least once a 

month 

     

 

19b. Which of the following topics should awareness campaigns for consumers cover to ensure they make 

informed choices?  (multiple choice) [researchers may delete and/or add (other) available/optional responses 

according to the target group] 

a) Consumer rights 

b) Public health hazards  

c) Nutrition benefits 

d) Environmentally sustainable production of goods 

e) Recycling (e.g. of packaging) 

f) Other - please specify:  

Section C: Final remarks 

Do you have any remarks or thoughts you want to share? Would you like to add anything in relation to this 

research and/or the issues it addresses? (open-ended question)  
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ANNEX II: CODE FOR DATA ANALYSIS 

All coding used for the analysis is uploaded to the GitLab page of the BIOTRAILS project that the HUA team set 

up, in the following link: https://gitlab.com/geo-eco-hua/biotrails.  
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