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Abbreviation / Term Description 
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CFA Confirmatory Factor Analysis 
CFI Comparative Fit Index 
COP Conference Of the Parties 
DF Degrees of Freedom 
FIML Full-information Maximum Likelihood 
ILK Indigenous and Local Knowledge 
IPBES Intergovernmental Platform on Biodiversity and Ecosystem Services 
LP Leverage Points 
LV Latent Variable 
MGA Multiple Group Analysis 
MV Measured or manifest variables 
PA Path Analysis 
PBC Perceived Behavior Control 
RMSEA Root Mean Square Error of Approximation 
SEM Structural Equation Model 
TLI Tucker-Lewis Index 
TPB Theory of Planned Behavior 
WP Work Package 
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1  EXECUTIVE SUMMARY 
 
Deliverable 3.3 ‘BIOTRAILS Structural Equation Models (A)’ is the first output of Task 3.2 ‘Impact of Human 
Dimensions and, Social Norms and Behaviours’ (M01-M23) led by Charokopeio Panepistimio (HUA). The overall 
objective of this task is to provide an integrated approach towards sustainable transformation, centered in an 
adapted conceptualisation of the ‘Theory of Planned Behaviour’.  
 
In particular, the aim of this deliverable is to describe the first set of Structural Equation Models that will be used 
within the BIOTRAILS project in order to describe the behavioral patterns of stakeholders emerging across the 
four supply chains of the project. This is fulfilled under the following objectives: i) it sets the theoretical basis for 
the development of Structural Equation Models using the Theory of Planned Behavior as a basis for understanding 
the interactions and relations among the behavioral parameters that drive people’s choices across the supply 
chain; ii) it discusses the embedding of this theory within the Leverage Point framework developed within the 
project; and iii) it presents and describes the conceptual models developed for the four value chains studies in 
BIOTRAILS, based on the outcomes of the first interviews carried out with stakeholders across the supply chain.  
 
The deliverable starts with setting up the linkages with the rest of the project (Chapter 2), then sets up the 
theoretical framing followed within BIOTRIALS (Chapter 3). In this third chapter, existing theories are briefly 
presented and the one used within BIOTRAILS Sturctural Equation Modelling procedure as well. At this stage of 
the project the work is still experimental and exploratory, and the possibility of following a revised and adapted 
theory once the work is completed, remains valid. For that reason, in Chapter 3 we refer to existing theories within 
and make attempts to link them with the Leverage points framework, as presented in Deliverable 2.3 of the 
BIOTRAILS project. Chapter 4 is fully dedicated to the development of the Structural Equation Models which are 
presented both as a generic methodology, and then as specific conceptual models for each of the case studies of 
the BIOTRAILS project (Cocoa, Aquaculture and Fisheries, Arts and Crafts, Gold). The models presented in Chapter 
4, set the framing of the variables that can be built once more data is collected and the methods which will be 
used to develop hypotheses on the core parameters that are explored as drivers for transformation. Chapter 5 
gives the core conclusions and limitations of the first conceptual work carried out and gives an outline of the 
activities followed, along with a timeline for the rest of the project and towards the development of the final set 
of Structural Equation Models.  
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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 

D3.3 - BIOTRAILS Structural Equation Models (A) 
 
This deliverable refers to task 3.2. The initial version contains the preliminary results of the Structural Equation Modelling 
implementation in the case studies. Specifically, this version will describe the results concerning the identification of the 
factors that drive the adoption of new practices among economic, social norms and circles, political or environmental. The 
supply side in all four case studies, and also in the intermediate and final steps of the supply chain will be accounted for. 

TASK 

T3.2 Impact of 
human dimensions 
and, social norms 

and behaviors 

T3.2 will provide an integrated approach 
towards sustainable transformation, 
centered in an adapted conceptualisation 
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 

Chapter 3 sets the 
theoretical foundations of 

the models developed 
under the Theory of 
Planned Behavior.  

 
Chapter 4 is divided in two 

sections: the first one 
giving an overview of the 
generics of the method 

behind the development 
of Structural Equation 

Models; the second part 
outlines the application of 

the models within the 
BIOTRAILS case studies, 

and the first results of the 
conceptual models 

developed.  
 

Chapter 5 summarizes the 
core conclusions of the 

deliverable. 
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2.2 DELIVERABLE OVERVIEW AND REPORT STRUCTURE 
 
Deliverable 3.3 consists of five (5) chapters, along with literature references (chapter 6) 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 outlining the core existing theories and then adapting them to fit 
the purpose of the BIOTRAILS project in line with the deliverable 2.3. It also presents the core hypotheses that will 
be explored and tested within the developed models that can reveal the role of behavioral intentions towards 
achieving transformative change for biodiversity.  
 
Chapter 4 is the core of the deliverable as it presents the methodology of the model development, the construction 
of the variables that will be used for the hypotheses testing. It gives a first conceptualisation of the models that 
will be built for the four case studies of the project and sets the path for the next phase of the deliverable, outlining 
also the main challenges faced and the points for improvement of the already collected data during the next steps 
of the modelling process.  
 
Chapter 5 summarizes the core conclusions of the deliverable.  
 
The Appendix provides all the data collected from the interviews and coded for the purpose of the 
conceptualisation of models.  
 
This deliverable corresponds to Task 3.2 of the project but at the same time shares linkages with other tasks across 
the project. It directly links with the work of Work Package (WP) 2 ‘Learning and Action Alliances’ and in particular 
the framing of deliverable 2.3 ‘Framework of transitional pathways and leverage points (A)’ which sets up the 
framework for transitional pathways and leverage points. Besides that, this deliverable is the first version of the 
final models that will be delivered in D3.4 BIOTRAILS Structural Equation Models (B) in Month 23 of the project. 
These will feed into Task 3.5 in which the System Dynamics Models will be developed and help define together 
with the outcomes of the rest of the models, the leverage points for transformative change for biodiversity. This 
work is also linked to Work Package 5, which is ensuring that all model outputs are relevant for the case studies.    
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3 UNDERSTANDING THE ROLE OF HUMAN DIMENSIONS 
IN TRANSFORMATION 

 
The recent Kunming-Montreal Global Biodiversity Framework [1] of the Conference of the Parties (COP), set 23 
new targets for 2030 and 4 goals to be achieved by 2050, in order to be able to “live in harmony with nature” by 
2050. To be able to do so, there is a recognised need to move beyond change, but dare to transform nature and 
society towards more just and sustainable futures for everyone. This transformation though is a multi-faceted 
matter that requires understanding all levels of complex interactions among people and between people and 
nature, while taking into account the role of established policies, personal and group interests, norms and beliefs 
[2]. Within the BIOTRAILS project, and for this task, we aim to make the first steps towards recording and 
understanding the role of human dimension in shaping these relationships and seek pathways which can generate 
room for transformation. To do so, we use as a basis the Theory of Planned Behavior (TPB), which we aim to test 
and extend for this project and test a series of hypotheses. Hypothesis development and testing is, at this stage 
following the five Pathways to Sustainability as presented in the recent Integovernmental Platform for Biodiversity 
and Ecosystem Services (IPBES) work [2]. The five Pathways to Sustainability proposed and explored within IPBES 
(Figure 1) are presented in brief below: 
 

1. Earth Stewardship and living well: this pathway emphasizes on local empowerment, which allows 
communities being autonomous, avoiding externalities, while promoting biocultural practices (e.g., 
permaculture); 

2. Degrowth: this one, inspired from its homonymous social movement [3], targets reducing 
overconsumption and production, while redistributing wealth in a just manner across societal members 
and sectors; 

3. Nature Protection: this pathway has as a core priority the protection of biodiversity, while recognising 
both its intrinsic and instrumental value; 

4. Green Economy: this pathway gives a high priority to instrumental values of nature (e.g., income, jobs 
generated) while emphasizing on the need for a change in technologies, economic institutions and the 
indicators and metrics used to assess society’s performance; 

5. Business as usual: this pathway is used to describe the non-sustainable pathway i.e., the current state of 
the wider social-ecological system, in which no actual change is happening.  
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Figure 1. The IPBES Transformative Change assessment approach towards just and sustainable futures through pathways of 

multi-value systems (Image by Pascual et al 2023) [2]. 

Our aim is to understand what are the aspects of human dimension that can drive transformation under these five 
scenarios. Within this deliverable we approach things in an exploratory and qualitative manner, with the intention 
to move beyond those for the second version of this Deliverable.  
 
Within this chapter we present the theoretical framing within which BIOTRAILS expects to explore the role of 
human dimension in inducing transformation for biodiversity-relevant change. We firstly give a brief overview of 
the main theoretical framings, widely used in the literature, and then follow up by adapting them to fit the 
BIOTRAILS scientific purposes and future tangible outcomes regarding transformative change. It is important to 
note here that these framings are prone to revision after their validation by stakeholders during the participatory 
processes that will be followed during the forthcoming workshops. The final version of these is expected to be 
presented in D3.4 – BIOTRAILS structural equation models (B) [due M23].  
 
 

3.1 THE THEORY OF PLANNED BEHAVIOUR 
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3.1.1 ORIGINAL THEORIES 
Within scientific literature, several theories have been developed to describe what drives people’s choice and 
decision to change their behaviour towards a specific aspect. A series of social and psychological frameworks have 
been developed, such as Rational Actor, Bounded Rationality, Expected Utility theories which are based on 
economic framing, or more social ones such as the Theory of Planned Behavior, Descriptive Norms and Habitual 
Learning theories. Among the existing ones, the Theory of Planned Behavior (TPB) [4], is the most popular one, 
and has quite a large representation compared to other psychological theories within the literature that studies 
behavioral change related to the environment and issues of sustainability [5].  
 
TPB’s main assumption is that one’s intention to adopt a new behavior towards e.g., the environment, 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 [4] (Figure 2). 
 

 
Figure 2. Conceptual representation of the Theory of Planned Behavior according to Ajzen [4]. 

The three variables described within the originally formulated theory of planned behavior are expressing different 
forms of belief [5]. Attitude stands for behavioral belief i.e., a behavior one has, keeping in mind the potential 
consequences of this behavior. Such beliefs lead individual or communities to decide positively or negatively 
towards adopting a behavior or not. Subjective norms stand for normative belief i.e., beliefs about the 
expectations of others by one’s behavior. Such beliefs describe for instance social pressure for or against a 
behavior. Lastly, perceived behavior control stands for control beliefs i.e., a belief on other parameters, which 
might facilitate or inhibit one’s behavior. These allow individuals or larger groups to assess the efficacy or 
effectiveness of adopting a new behavior based on the conditions or parameters in place.  
 
In recent scientific literature, this theory has been tested mainly within socio-psychological studies. However since 
its beginning and up until now, the theory has extended its conceptual boundaries beyond psychology, and is 
very common in studies related to health, business, management, environmental sciences and educational studies 
[5]. Especially within environmental studies, several applications of the theory have been developed, ranging from 
agricultural studies, [e.g., Nguyen & Drakou [6] identified several examples of applications of the TPB in studies 
related to agricultural transition to sustainable practices in order to identify the core factors that lead farmers to 
adopt new, more sustainable agricultural practices], to consumption of primary resources [7], or the willingness to 
pay for biodiversity improvement in aquatic ecosystems [8], or even understanding intentions of hunters within a 
protected area [9]. A vast majority of environmental studies examples focuses on exploring the perceptions of 
citizens for recycling and waste management [10]. Within all these studies, the three core concepts explored in 
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the TPB are assessed and analysed, as well as their description by a set of measured variables. In many cases, 
experience from the field has shown that the three main variables explored within the TPB are not enough and 
further expansion of the theoretical framing might be needed to better describe the attributes that drive 
behavioral change (e.g., 6). Such examples are crucial for the expansion and updating of this well-established 
theory and the core updates of TPB are given in Section 3.1.2 below.  

3.1.2 ADDITIONAL VARIABLES AND UPDATED THEORETICAL FRAMINGS 
A series of revised versions of the TPB have emerged over the years to address detected limitations and include 
new concepts that emerge as relevant to understand the role of personal and community beliefs in behavioral 
change. These attempts were also done by trying to merge the TPB with other theories that are approaching 
human behavior from a different lens, such as the Norm Activation Theory [11], Social Identity Theory [12], or 
Value Belief Norm theory [13]. Below, we provide a non-exhaustive overview of some examples of variables that 
have been considered within published updates of the TPB and which might be useful for the produced BIOTRAILS 
models.  
 

1. Social trust. The variable of trust has emerged in more recent years, as a piece of information that allows 
us to understand the extent to which trust within a social circle or in the efficiency of policy measures can 
act as a catalyst to induce change. For example, Nguyen & Drakou [6] identified trust within the farmers’ 
social circle, as a core variable that drives their intention to adopt sustainable agricultural practices. Lobb 
et al [14] analysed trust as a variable that promotes consumption patterns. Overall trust is included in 
relevant theories such as the Social Identity Theory, and within the literature it has been handled as an 
independent variable [15] or as part of social norms [6].  

2. Knowledge, salience and habit. These three variables are included within the Integrated Behavioral 
Model [16] which emerged over the years. Most of these variables were added through the integration 
of TPB with the theory of reasoned action [17]. Within these newly added concepts, knowledge is captured 
to describe an individual's understanding of the behavior and its outcomes. Salience captures the 
personal importance of the behavior to someone. Habit encompasses the automatic nature of certain 
behaviors that are performed without conscious deliberation. This conceptualisation acknowledges the 
fact that one’s behavior can emerge out of well-established habit without necessarily revealing an 
intention for its consequences to occur. 

3. Perceived opportunity. This is a variable introduced within the model of goal-directed behavior which 
integrates TPB with the Theory of Self-Determination[18], in which a goal-driven approach is taken as a 
driver for a specific behavior. This perceived opportunity variable given an extra emphasis on people’s 
perceptions on the impact of external conditions as limiting factors or facilitators of a behavior.  

4. Self-efficacy. This variable is used to describe one’s personal belief about whether they can or not 
perform a behavior in the face of specific emergent challenges or obstacles [16]. This variable emerges 
from the integration of TPB with the Theory of Reasoned Action [17].   

The variables presented above are going to be also considered within the BIOTRAILS SEMs. Some of those are 
already considered within the model frames already presented in this version of the deliverable, while the majority 
will be explored in the completed version of the models that will be presented in D3.4. Still, in the interviews 
already conducted some questions were intentionally left open to allow us to detect whether any of these variables 
could emerge through the discussion. Habits, goals and social identity for instance are parameters which should 
be considered in our case, as for instance transformative change really means changing long-established habits, 
rooted in such a way they become beliefs. For those to change it requires restructuring the entire value system of 
people and educate societies to be able to bring forward their plural values going beyond the instrumental ones 
[19].  
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3.2 THE ROLE OF BEHAVIORAL CHANGE THEORIES WITHIN THE 
BIOTRAILS PROJECT 

3.2.1 THEORY OF PLANNED BEHAVIOR (TPB) WITHIN THE ATTITUDES-
FACILITATOR-INFRASTRUCTURE (AFI) FRAMEWORK 

The conceptualisation of the theoretical frameworks presented below focuses on understanding the role of human 
dimension in all its aspects, within the value chains of biodiversity-based outputs. Within the BIOTRAILS project, 
this is aligned with the Attitudes-Facilitator-Infrastructure frameworks which are presented in detail in the 
Deliverable 2.3. Aside from that, it sets the basis for developing the integrated modelling framework for 
transformative change through System Dynamics Models, which is developed in Task 3.5 of the project. These 
altogether will be used to identify the Leverage Points in which transformation is likely to occur. 
 
The core assumption of the AFI framework [20] builds on the Leverage Points concept [21] and identifies the 
elements of the system which can help induce change. These core elements are Attitudes, which describe the main 
values of people and their beliefs about whether an action towards e.g., the environment, will have positive or 
negative consequences. By Attitude they also refer to the way these are influences by their social circle. Facilitators 
are representing intentions of actors, but also their range of choices to select based on existing institutions, policies 
etc. Infrastructures are there to describe the main capacities and limitations of the system which is able to 
incorporate the change.  

3.2.2 THE INTEGRATED FRAMEWORK OF TPB, AFI AND LP  
Although the rationale behind the AFI Framework and the TPB in which this work is focused, the way elements of 
the actor system are classified is different. We therefore identified the interconnection between these two framings 
to ensure that all generated variables by the forthcoming models are relevant and interoperable across the 
BIOTRAILS models.  
 

 
Figure 3. The AFI Framework within the Theory of Planned Behavior concept. 
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In Figure 3 the interconnection between the two frameworks is visualised. In grey the TPB conceptualisation is 
presented, while the coloured boxes represent the interconnection with the AFI framework. Based on the way the 
system is perceived, the level of analysis of the system is different. Within the TPB, behaviors of individuals or 
groups of them, are seen as critical points of focus for understanding where leverage points can occur. On the 
other hand, the AFI framework has a broader perspective of the system, giving more emphasis also on the current 
policies and infrastructures which might make more or less feasible a change.  
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4 STRUCTURAL EQUATION MODELING 

4.1 THE GENERICS OF STRUCTURAL EQUATION MODELLING 
4.1.1 AN OVERVIEW OF STRUCTURAL EQUATION MODELING APPROACHES 
Structural Equation Modeling (SEM) is a statistical multivariate analysis method used to analyse and model 
complex relationships among variables [22]. It is based on a causal inference approach which allows one to draw 
conclusions on a series of relationships or interactions, based on data observations. The core foundations of the 
SEM process is based on the development and testing of a set of hypotheses that address the potential 
interactions of such relationships [23]. SEMs are also relevant for exploring the underlying structure of data. SEMs 
have also been widely used for testing theories. In the case of BIOTRAILS all the above are relevant, as SEMs are 
used to: i) test a set of hypotheses (§3); ii) explore the application and validity of the theory of planned behavior 
within the BIOTRAILS case studies; iii) explore the relation among the manifest variables collected to capture 
perceptions of stakeholders with the latent variables in the tested theory. The final goal of the model application 
is to help identify for each case study the aspects of human dimensions that perceived as more prone, likely, 
needed or urgent to change towards more sustainable pathways.  
 
SEMs are not a novel method as it initiated over 100 years ago, but still it evolves and over the years it has evolved 
with applications to social sciences, the integration of causal modeling and the final inclusion of also Bayesian 
models [24]. In terms of basic statistical methods, SEMs are a combination of factor analysis and regression 
analysis, allowing to assess both measurement models (how variables relate to latent constructs) and structural 
models (how latent constructs relate to each other). The core methods and their descriptions are presented below:  

1. Confirmatory Factor Analysis (CFA): CFA is a subset of the SEM that focuses on understanding the 
relationships between measured variables (MV) and latent constructs or variables (LV). It's used to test 
whether the MVs accurately reflect the underlying constructs (LVs). The relationships between MVs and 
LVs is based on participants’ perceptions, theory and prior knowledge. CFA helps validate measurement 
scales, assess construct validity, and identify measurement errors (e). 

2. Path Analysis (PA): Path analysis is a basic form of SEM that examines the direct relationships between 
variables, often with a focus on testing specific hypotheses. It allows you to assess the causal pathways 
among variables and estimate the significance of these relationships. Path diagrams visually represent 
the directional relationships between variables. 

3. Full Structural Equation Model: In a full SEM, both measurement models (relationships between 
measured variables and latent constructs) and structural models (relationships between latent constructs) 
are estimated simultaneously. This approach is more complex but allows for a comprehensive assessment 
of both measurement and structural aspects of a theoretical model. 

4. Mediation Analysis: SEM can be used to investigate mediation, where the relationship between an 
independent variable and a dependent variable is explained by a mediating variable. Mediation models 
help uncover the underlying mechanisms by which variables influence each other. 

5. Moderation Analysis: Moderation analysis explores whether the relationship between two variables 
varies based on the level of a third variable (the moderator). SEM can be used to test moderation effects 
and assess how the strength or direction of a relationship changes under different conditions. 

6. Multiple Group Analysis (MGA): This approach involves comparing structural models across different 
groups (e.g., genders, age groups) to assess whether relationships hold consistently or differ based on 



D3.3 — BIOTRAILS Structural Equation Models (A) 
 

17 

 

 

group characteristics [25]. It helps determine if the model fits equally well for different subgroups. This 
aspect is particularly relevant for the case studies of this project, in which different stakeholders emerge 
across the value chain with different priorities and different beliefs and value systems. Hence this multiple 
group analysis will be furter investigated within the next phase of this deliverable.  

7. Second-Order and Higher-Order Models: In some cases, latent constructs themselves might be 
influenced by other latent factors. Second-order and higher-order models allow for the examination of 
more complex relationships between constructs. 

Overall, the largest challenge of SEMs is mostly in the interpretation of the results, as these are crucial to ensure 
that the produced outputs are meaningful and achieve the initial modelling purpose. In the following sections of 
this chapter the entire modelling procedure is analysed, along with a description of the core concepts and steps 
that need to be taken for the model development.  

4.1.2 THE SEM MODELLING PROCEDURE  
Addressing environmental challenges, particularly those involving complex interactions within social-ecological 
systems, requires the implementation of robust models and integrated assessments [26]–[28]. Such models enable 
researchers and policymakers to understand the entangled relationships between human activities and the 
environment. By employing models and integrated assessments, stakeholders can make informed decisions, 
enhance adaptive capacity, and promote resilience in the face of complex environmental challenges [29].  
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Figure 4. Representation of the modelling procedure based on SEMs procedural steps. 

Creating a model involves a series of steps (Figure 4) that assist researchers to develop a systematic representation 
of complex phenomena. Firstly, the process begins with a definition of research questions and objectives of the 
study which will guide the process of modelling [30]. Secondly, it is important to identify the data needs and review 
the existing literature to identify relevant theories and modelling approaches prior to the current study of interest. 
Then, data collection is performed to gather empirical observations, and these data are preprocessed and cleaned 
to verify their accuracy and validity [31]. The next step involves the decision of the appropriate modeling method 
based on the nature of the research objectives, data types and complexity of relationships among variables [22]. 
In this step the conceptual and mathematical model is envisioned and the researcher can specify and detail the 
variables, their relations and potential mutual interactions [22]. Researchers then estimate the model using suitable 
statistical methods to assess the goodness-of-fit and ensure it adequately represents the observed data [32]. 
Finally, researchers interpret the results and discuss the implications of the model in addressing the research 
question, providing insights and recommendations for further research. 
 
Regardless of the type or complexity of the model to be used and analysed, SEM comprises five procedural steps 
besides the data collection [22]. These steps include the model specification, identification, estimation, evaluation, 
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and modification [33]. Analytically the steps are:  

o Model specification 

In this step of the SEM procedure the theoretical model is developed and variables and their relationships are 
defined. In this step, the model should be constructed based on existing theory and empirical research [22]. This 
is the most important step in SEM applications since all the other steps including model estimations and results, 
assume that the model is well defined and specified from the beginning [22]. The structural model is well defined 
when the latent construct (a non-directly observable or hypothetical construct) in the measurement model is 
appropriately captured by the observed variables, since the measurement model does not define the directional 
relationships between the latent variables [22]. 

o Model identification 

Model identification, the second step in SEM analysis, concerns identifying whether a distinctive solution for each 
and every free parameter specified in the model from the observed data can be developed [34]. Specifically, a 
model is identified if the degrees of freedom (df) are equal to or greater to zero and a scale of measurement has 
been attributed to latent variables. Essentially model identification involves a test of whether the model fit will be 
under-identified, just-identified or over-identified [22].  
 
-Under-identified: Is a model where a single, unique value cannot be obtained from the observed data for one or 
more free parameters [34]. An under-identified model has negative degrees of freedom (df<0) since more 
parameters need to be estimated than distinct values in the covariance matrix (Whittaker and Schumacker, 2022). 
-Just-identified: is a model where for each free parameter, a value can be obtained through one and only one 
preprocessing of the observed data [34]. In this case, the model’s parameters are fully specified and allow for a 
perfect fit to the observed data, resulting in zero degrees of freedom (df = 0) which indicates a saturated model 
[22]. In this way the model reproduces exactly the observed covariance without posing any restriction on the 
relationships between variables. 
-Over-identified: is a model where one (or more) free parameters can be retrieved in many ways from the observed 
data [34]. An over-identified model results in fewer variable relationships than distinct elements in the sample 
covariance matrix [22]. The goal is to have the (reproduced) covariance matrix as close as possible to the sample 
covariance matrix. The advantage of an over-identified model is that the model fit can be evaluated which is also 
necessary to proceed with the model estimation step in SEM. 

o Model estimation 

Using model estimation, parameters can be estimated from every iteration in a hypothesized theoretical model 
by employing several estimation methods. The most suitable estimation procedure is selected in this step to 
provide with accuracy model test statistics and standard errors of the parameter estimates [22]. The Maximum 
Likelihood (ML) estimation method is one of the most widely used procedures in SEM [34]. ML estimation is 
asymptotically unbiased and efficient assuming that the observed variables are multivariate normal.  

o Model evaluation/testing 

In this step several statistical tests are used to evaluate the model fit, based on a variety of criteria, which 
incorporates a test of overall model fit with the chi-square statistic, model fit indices and suitable parameter 
estimates [22]. We can also perform model evaluation through the comparison of a set of theoretically feasible 
models. 

o Model modification 
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After testing and evaluating the model, a researcher has the option to modify the model to improve the model 
fit. Since the model might not represent the data relations accurately, it is important to reconsider the residual 
values in the residual covariance matrix and the modification indices [22]. When a researcher modifies the model 
and re-tests it, it is considered as a re-specification of the original hypothesis of the model and therefore a new 
hypothesised model will be developed. 

4.1.2.1 Structural Equation Models key terms and variable types 

 
In this section we present a set of key terms that are used within the structural equation modelling procedure for 
a more complete understanding of the process.  
 

o A measured or manifest variable (MV) is a variable that is directly measured whereas a latent variable 
(LV) is a construct that is not directly or exactly measured.   

o A latent variable (LV) could be defined as whatever its multiple indicators (measured variables-MVs) 
have in common with each other. LVs defined in this way are equivalent to common factors in factor 
analysis and can be viewed as being free of error of measurement.   

 
Relationships between variables can be of three types:   

1. Association, e.g., correlation, covariance;   

2. Direct effect is a directional relation between two variables, e.g., independent and dependent variables;   

3. Indirect effect is the effect of an independent variable on a dependent variable through one or more 
intervening or mediating variables considered endogenous.   

A model is a statistical statement about the relations among variables. Free parameters are estimated from the 
data. 

 
Figure 5. Main diagram symbols in SEMs, adapted from Suhr [34]. 

A path diagram is a pictorial representation of a model. In the diagram, curved lines represent unanalysed 
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relations/associations among variables. The measured or manifest variables are represented with a box and the 
latent variables, including the disturbance variables are represented by oval shapes (Figure 5). Covariances 
between exogenous and disturbance variables are designated by curved lines with arrowheads at both ends [34]. 
Paths are designated by straight lines with the arrowhead pointing towards the effect variable [34]. 
 
Degrees of Freedom (DF) are computed by the subtraction of the number of parameters that are estimated from 
the number of variances or covariances present within the model. In the context of SEM modeling, this calculation 
relies not only on the number of variables in the model but also on the number of relationships or else framed as 
connections between those variables [22]. 
 
Covariance matrix represents the structure of the underlying data defined by the user’s theory. In the context of 
SEM, covariances and correlations between variables are essential because they allow the researcher to include a 
relationship between two variables that is not causal. In practice, most structural equation models contain both 
causal and non-causal relationships [22]. Obtaining covariance estimates between variables allows one to better 
estimate direct and indirect effects with other variables, particularly in more complex models with many 
parameters to be estimated. 
 
Within SEM the goal is to get an “observed” sample covariance from the raw data where we can get the covariance 
across all possible combinations of variables. In fact, the covariance matrix between the concepts and constructs 
is used to determine relationships and measure of how much two random variables change together [22]. The 
observed covariance matrix will then be compared with the “estimated” covariance matrix based on the denoted 
model. 
 
Model fit refers to the level the model fits the observed data points [22]. Evaluating a model in SEM is based on 
model fit indices for the test of a single path coefficient i.e., p-value or standard error, and the overall fit of the 
model [24]. Fit indices indicate the degree to which a pattern of fixed and free parameters specified in the model 
are consistent with the pattern of variances and covariances from a set of observed data.  Most commonly used 
fit indices are the chi-square (χ2) test statistic and the Root Mean Square Error of Approximation (RMSEA). In 
Table 2 we provide a list of fit indices with their cutoff values as a future reference. In general, one should use 
more than two fit indices in SEM to increase the likelihood that a miss-specified model will be rejected [24].  
 
Chi-square (χ2) is the statistical test of significance which tests the hypothesis of whether there is a compatibility 
between the model-implied and the original covariance matrix [24]. In fact, it tests the null hypothesis that the 
population covariance matrix is equal to the model-implied covariance matrix H0: Σ = Σ(θ). The degrees of freedom 
for the χ2 model are equal to the number of distinct elements within the sample covariance matrix after subtracting 
the number of free parameters. The theoretical model can be rejected if χ2 model > criticalp [22]. 
 
Criticalp is the chi-square critical value related to the degrees of freedom of the model (DFmodel) and the 
significance level of the test i.e. p=0.05. Ideally, for the optimal fitting of the model in SEM, the χ2 should be with 
p>0.05. The χ2 test is very sensitive to sample size as sample size increases (n>200).  

 
Table 2. List of the most commonly used fit indices and their cutoff values [24]. 

Model-of-fit indices Full name/key concerns Cutoff value 
Absolute fit indices 

Model chi-square (χ2) 
Chi-square (use only for sample n <200 
or p>0.05) 

Insignificant result (p>0.05) 
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χ2/df 
Relative/normed chi-square (use only 
for sample n >200 or if p<0.05) 

Value of <2.0 

RMSEA 
Root mean square error of 
approximation 

Value between 0.08 and 0.10 
(mediocre fit), <0.08 (good fit) 

GFI 
Goodness of fit statistics 
Exhibits bias towards samples 

Value >0.90 or >0.95 (use 0.95 if factor 
loading and number of sample are low) 

AGFI 
Adjusted goodness of fit statistics 
Needs to be accompanied by other 
indices 

Value of >0.80 

RMR Root mean square residual N/A 

SRMR 
Standardized root mean square 
residual 

Value of <0.05 

Incremental fit indices 

NFI 
Normed fit index 
Sensitive to sample size <200 
Must be accompanied by other indices 

Value of >0.90 

NNFI Non-normed fit index Value of >0.80 

CFI 
Comparative fit index  
Revised version of NFI 
Less affected by sample size  

Value of ³ 0.90 

Parsimony fit indices 

PGFI Parsimony goodness of fit index Value of >0.90 

PNFI Parsimonious normed fit index Value of >0.90 

 
 
Components of a general structural equation model are the measurement model and the structural model 
Figure 6. The measurement model prescribes latent variables, e.g., through confirmatory factor analysis (CFA). In 
the measurement component we are seeking to get good measures (variables-V1-6 in Figure 6) of concepts that 
we are interested in our theoretical model. The aim is to assess how well we can measure concepts, to correct for 
error (e1-6 in Figure 6) and assess the overall fit of those models. To the other end, the structural model prescribes 
relations between latent variables and observed variables that are not indicators of latent variables. For instance, 
F1 can be an observed variable that influences F2, but is not a variable that describes F2 as such (in Figure 6) [22]. 
Practically, the measurement model assesses the latent or emergent variables, while the structural model specifies 
how those variables are related to one another based on path analysis (PA) i.e., the hypothetical dependencies of 
the model. In fact, the structural model, allows to specify regression paths between the measured concepts [22]. 
These include structural equations that specify how these variables are (inter)connected. This is the part of the 
modelling procedure in which the causal theory is tested.  
 



D3.3 — BIOTRAILS Structural Equation Models (A) 
 

23 

 

 

 
Figure 6. Structural model structure within the measurement model structure within the SEMs [adapted from [35]]. 

Confirmatory Factor Analysis (CFA) is mostly used to examine the latent structure of the assessed variable [22]. 
CFA is used for identifying the number of underlying dimensions of the variables (factors) and the pattern of item-
factor relationships known as factor loadings. CFA determines also how a test will be scored. CFA is usually 
combined with the analysis of covariance structures. Through this way, the parameters of factor loadings, the error 
variances and covariances, and the factor variances and covariances are calculated to reproduce the input 
variance-covariance matrix. Analysing covariance structures is based on the premise that indicators are 
measured as deviations from their means. There are three types of parameters that can be specified in a CFA 
model: free, fixed, or constrained. A free parameter is unknown, and the researcher allows the analysis to find its 
optimal value that aligns with other model estimates, minimising the differences between the observed and 
predicted variance-covariance matrices. A fixed parameter is prespecified by the researcher to take up a particular 
value (usually 1.0 or 0). A third type of estimate is a constrained parameter. As with a free parameter, a constrained 
parameter is unknown. 
 
Path Analysis (PA) is a subset of SEM procedure which allows us to study a set of relationships between one or 
more independent variables, either continuous or discrete, and one or more dependent variables. SEM deals with 
measured and latent variables while Path analysis deals only with measured variables [22]. Path analysis assumes 
that all variables are measured without error, and it has a more restrictive set of assumptions than SEM (e.g., no 
correlation between the error terms). There are two goals of path analysis: a) understanding patterns of 
correlations; b) explaining as much of the regional variation as possible with the model specified. Differently from 
statistical testing in other techniques, such as multiple regression and ANOVA, the focus in path analysis is usually 
on taking a decision about the entire model hypothesis to either reject, modify, or accept it.  
 
Standardised path coefficients allow researchers to compare the relative importance of the effects of different 
explanatory variables in the path model by adjusting the standard deviations such that all the variables, despite 
their difference in units of measurement, have equal standard deviations [22]. These standardised path coefficients 
measure the relative strength and sign of the effect from a causal variable to an endogenous variable in the model. 
When more than one causal variable is present in the model, the standardised path coefficients represent partial 
regression coefficients that measure the effect of one variable on another, controlling for prior variables. Suppose 
we have a network with a path connecting from region A to region B. The meaning of the path coefficient theta 
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(e.g., 0.81) is as following: if region A increases by one standard deviation from its mean, region B would be 
expected to increase by 0.81 its own standard deviations from its own mean while holding all other relevant 
regional connections constant. With a path coefficient of -0.16, when region A increases by one standard deviation 
from its mean, region B would be expected to decrease by 0.16 its own standard deviations from its own mean. 

4.2 THE BIOTRAILS STRUCTURAL EQUATION MODELS 
4.2.1 HYPOTHESES DEVELOPMENT 
As explained in the previous section, the aim of this work is to understand which of the behavioral intentions can 
potentially provide room for transformation towards more sustainable futures. In order to understand this, it is 
essential to focus on a set of hypotheses towards future directions, at least for the first phase of the deliverable. 
This is not a straightforward process and current research of Intergovernmental Science-Policy Platform for 
Biodiversity and Ecosystem Services (IPBES) work on the Transformative Change assessment is working towards 
developing this. Part of the IPBES work recognised the fact that there are multiple pathways towards sustainable 
and nature-positive futures and that it is important to understand that in most cases the different scenarios can 
cross paths.  
 
Based on the five pathways to sustainability presented in Figure 1, we develop a set of five hypotheses which we 
test for this work and which will be further elaborated in the next phase of the deliverable. To be able to test these 
hypotheses it is essential to interpret them within the Theory of Planned Behavior conceptualisation and target 
the core variables we focus on, in which we want to explore the potential of change and thereafter transformation. 
We created a simple matrix approach in which we matched the five pathways with a set of variables from the 
Theory of Planned Behavior concept and based on those we developed the corresponding hypotheses. These are 
presented in detail in Table 3 below.  
 

Table 3. Raw hypotheses developed and links with the latent variables described in the TPB. 

Hypotheses Attitude 
Subjective 

norms 

Perceived 
Behavior 
Control 

Hypothesis tested 

H1. Earth 
Stewardship & 
living well 

Biocultural 
practices 

- Local empowerment  

H1a. Attitude is positively related 
to the intention to 
transformative change (TC). 
H1b. PBC is positively related to 
the intention to TC. 

H2. Degrowth 

Reduce 
overconsump
tion & 
production 

 
Redistributing 
wealth 

H2a. Attitude is positively related 
to the intention to TC. 
H2b. PBC is positively related to 
the intention to TC. 

H3. Nature 
protection 

 
Recognising 
nature’s value  

 
H3. Subjective norms are 
positively related to the intention 
to TC.  

H4. Green 
Economy 

 
Recognise 
instrumental 
values 

Institutional change 

H4a. Subjective norms are 
positively related to the intention 
to TC. 
H4b. PBC is positively related to 
the intention to TC 

H5. Business as 
usual  

As is As is  As is  
H5a. Attitude is negatively 
related to the intention to TC.  
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H5b. Subjective norms are 
negatively related to the 
intention to TC.  
H5c. PBC is negatively related to 
the intention to TC.  

 
Given that the developed hypotheses overlap to a large extent, we merge them to end up with a set of three 
hypotheses.  
 
H1. Attitude is positively related to the intention to change behavior, which could contribute to Transformative 
Change.  
H2. Perceived Behavior Control is positively related to the intention to change behavior, which could contribute 
to Transformative Change.  
H3. Subjective Norms are positively related to the intention to change behavior, which could contribute to 
Transformative Change.  
In case hypotheses 1, 2 and 3 are rejected, hypotheses H5a to H5c will be confirmed.  
 
To ensure that all variables that are tested within the three hypotheses capture the future pathways captured by 
IPBES, we describe the latent variables of Attitude, Subjective Norm and Perceived Behavior Control with a set of 
measured variables which are described in detail in section 4.2.2 below.   

4.2.2 VARIABLE CONSTRUCTION AND MODEL DEVELOPMENT 
To describe the variables that express the three core attributes explained within the TPB i.e., attitude, subjective 
norms, and perceived behavior control, we first describe them through the data and information collected through 
the interviews and workshops. To date (Month 10), the first round of interviews has been conducted for all four 
case studies to collect information on what describes these variables for each hypothesis that needs to be tested 
and adapted to each case study. Within the methodology proposed, we will develop the final set of models in the 
four case studies. For this first version of the Deliverable and the development of the conceptual models, we 
analyse the variables and the models, considering the system as one, as we want to explore generic trends in 
beliefs which could manifest intentions for behavioral changes.  
 
For the second version of the Deliverable (D3.4), we will expand the initial conceptualisation of the theoretical and 
conceptual model, by embedding the value chain components within the model, considering the differences 
among the production/supply side, the intermediate steps and the end of the value chain which describes the 
consumers or end-users of the products. This will allow us to explore trade-offs in priorities and intentions among 
actors of the same value chain.  
 
In general, to construct the variables that drive intentions for the adoption of a new behavior and ensure they can 
then be used in Structural Equation Models (SEM) the main steps that need to be followed are described below.  

1. Definition of theoretical constructs: Based on the theoretical framing present in Chapter 3 we 
established the theoretical constructs that need to be measured. These are the latent variables (LV) that 
are not directly observed, which in our case are attitude, subjective norms and perceived behavior control. 
These latent variables are constructed based on the set of observed or measured variables (MV).  

2. Selection of measured variables: We chose the measured variables that are considered as 
representative of the latent constructs or variables we want to explore. In our case these variables are 
selected in order to allow us to explore the hypotheses developed in section 4.2.1. Data on these variables 
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are acquired through, surveys, questionnaires, or directly observed measurements. The selection was 
made to ensure representativity of different aspects of the LVs.  

3. Definition of measurement scale: We decided on the measurement scale for each measured variable. 
These variables can be categorical (e.g., yes/no, Likert scale), continuous (e.g., age, income), or a 
combination of both. 

4. Pilot testing for variables chosen: We develop and pretest the variables to ensure they accurately 
measure the intended construct. Items should be clear, relevant, and reliable. Pilot testing can help 
identify and address any issues with item wording, response options, or interpretation. 

5. Checking for unidimensionality: Ensure that each indicator primarily measures a single construct and 
does not include multiple concepts. Unidimensionality is crucial for constructing valid measurement 
models. 

6. Cronbach’s alpha testing: We need to evaluate the reliability of the chosen variables using measures 
such as Cronbach's alpha or composite reliability. This helps ensure that the indicators are consistent 
measures of the latent construct. 

7. Assess correlation among variables: To ensure that the information assessed is accurate, we need to 
test their degree of correlation and how variable is the information we acquire from them. For that goal, 
statistical methods such as Confirmatory Factor Analysis (CFA) are the most commonly used ones. 

8. Handling of missing data: Within the chosen methods of data collection a lot of missing data usually 
occure, which needs to be treated in a robust and appropriate manner. Most often we use imputation or 
Full-Information Maximum Likelihood (FIML) estimation in SEM models. 

9. Specification of the measurement model: Within the SEM modelling procedure, the relationships 
between the measured variables and their latent constructs need to be specified. This involves defining 
the factor loadings (weights) for each MV on its latent construct. 

10. Testing the model fit and adapting the model: To ensure the model is well developed, we then test 
the fit of the measurement model using goodness-of-fit indices like the Comparative Fit Index (CFI), 
Tucker-Lewis Index (TLI), and Root Mean Square Error of Approximation (RMSEA). Good fit indicates that 
the indicators effectively represent the latent constructs. Based on the outputs of the fit test, the 
measurement model can be redefined and adapted by adjusting e.g., the factor loadings or the weighting 
of the variables.  

4.2.2.1 Measurement variable selection and links with latent variables 

Overall, the variable construction process is the most crucial within SEMs, as it is a process that is critical for 
understanding the dependencies among the variables. It can also reveal the need for considering new emergent 
variables which might be important to consider when trying to understand what could drive transformation. Within 
the work done for the first round of SEMs for the four case studies of the BIOTRAILS project, we defined a set of 
shared variables which were measured through interviews and used to construct the concepts of attitude, 
subjective norms and perceived behavior control. Within the constructed variables, our aim is dual: to ensure the 
variables are built in a way that allows for generalization of results across case studies, while at the same time, to 
account for the specificities of each case study. To achieve this, at this stage of the deliverable we have identified 
core latent variables that we want to explore through the data collection process (i.e., interviews), a set up and 
structure that is shared across all four case studies. The measured variables are also shared across the case studies 
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at this stage of our analysis. This initial top-down approach allowed us to ensure consistency and comparability 
across the case studies. However, since the interviews and questions asked were open-ended, that allowed us to 
extract additional information, which is then translated into measureable variables, that emerged through the 
interviews. This bottom-up approach allows to identify the emergent measurable variables that were highlighted 
by experts of each case study and are going to be used as the actual variables that account for the cross-case 
study variability. The approach of the identification of the emergent variables which will be further explored at the 
second round of model development (Deliverable 3.3B) is presented in the following sections (e.g., Figure 8, 10, 
12, 14).   

Attitude was framed to describe the attitude of the interviewees towards biodiversity. We collected information 
related to the participants behavioral belief considering specific consequences it might have on biodiversity, 
taking also into account the tentative links with climate change. Attitude is described by the following measured 
variables: Biodiversity impact and Climate change impact. This was asked with questions such as: “what is the 
impact of the agricultural practice you follow on biodiversity? The detailed descriptions of these variables are 
given in Table 3. To understand subjective norms, we explored the normative beliefs of participants towards the 
role of the different value chains on the local communities, or as one could simply put it, the perceived impacts 
of value chains on communities. We enhanced this, by considering the perceived stakeholder connectivity, which 
is not usually considered within the Theory of Planned Behavior. This addition was performed, because our work 
targets value chains of primary biodiversity elements, which are distributed across the globe. Taking into account 
the scientific literature [6], [36], we consider it essential to include stakeholder interactions within the value chain 
and people’s perception on how these can influence positively or negatively biodiversity. We hypothesize that 
higher stakeholder connectivity leads to higher levels of social trust [37], which can lead to stronger perceptions 
on positive social influences, and may impact behavioral intentions and people’s choices and decisions. In many 
cases, literature has shown that lack of trust in policy and governance structures or stakeholders roles leads people 
to being less eager to change [6], as there is the perception that individual’s changes are not enough to induce 
significant change. Perceived behavior control is described by variables that manifest the parameters that might 
facilitate or inhibit one’s behavior. For instance, a specific policy can be perceived as something that facilitates 
transition to more sustainable future pathways, or that could act as an obstacle due to factors such as the level 
of complexity or fragmentation of objectives [38]. The variables we considered for describing PBC, are actions 
taken to improve biodiversity, in order to capture whether such actions taken by stakeholders are perceived as 
promoting or hindering the good state of biodiversity. In a similar manner, we consider also the desired future 
actions which we believed that manifest the parameters that in their current state they might hinder the 
achievement of a better condition of biodiversity. We also explored the perceived role of policy towards 
protecting or deteriorating the status of biodiversity. Within the data collection process, this referred to the role 
of policies for both biodiversity and climate change, aiming at understanding the level at which they are 
connected or completely independent from each other. In Table 4 the measured variables used to describe the 
three core variables are presented in detail.  

Table 4. Measured variables that were used to assess the Latent Variables of Attitude, Subjective norms and Perceived 
Behavior Control. 

Latent 
Variable 

Measured 
Variable 

Definition Reasoning 

Attitude 

Biodiversity impact of 
choices 

Interviewees perception/belief 
on the impacts of their choices 
on biodiversity  

This variable was assessed to explore to 
what extent people attribute their choices 
as responsible for the condition of 
biodiversity. 

Climate change 
impact 

Inteviewees perception/belief 
on the role of climate change in 
the state of biodiversity  

This variable was assessed to explore to 
what extent people attribute the condition 
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of biodiversity to climate change, hence to 
a more “distant to them” phenomenon. 

Subjective 
norm 

Community impacts 

Interviewees belief on 
community’s perception of 
their attitude towards 
biodiversity 

This variable was assessed to explore to 
what extent interviewees make choices 
based on the social pressure by the local 
community in which the value chains take 
place.  

Perceived stakeholder 
connectivity 

The extent to which 
stakeholders are perceived to 
be connected within the value 
chain 

The variable allows us to assume that 
higher connectivity builds trust, leading to 
more positive expectations from one’s 
behavioral change 

Perceived 
behavior 
control 

Actions taken 

Interviewee’s perception of 
existing actions that can help 
improving the state of 
biodiversity 

The variable was assessed to explore which 
of the existing structures or actions are 
perceived as facilitators towards a positive 
change 

Desired future actions 

Interviewee’s perception of 
desired actions that could help 
improving the state of 
biodiversity 

The variable was assessed to explore which 
structures or actions are perceived as 
potential future facilitators towards a 
positive change 

Policies as external 
control factors 

Interviewee’s perception of the 
role of policies in place as a 
factor that facilitates the 
process of sustainable 
transformation or not 

The main question is whether policies are in 
place, or whether they are up to date based 
on the most recent needs to preserve 
biodiversity 

Barriers to sustainable 
adoption 

Perception of participants on 
the attribution of the lack of 
sustainable approaches 

The variables collected to describe this are: 
cost, infrastructure and education/training 

Training and 
education 

Perception towards the need 
for training and education 
towards more sustainable 
attitudes 

The variable explores the role of better 
training within the supply side of the sector 
towards more sustainable approaches 

Marketing and 
communication 

Perception towards the need 
for marketing and 
communication towards more 
sustainable attitudes 

The variable explores the role of marketing 
and awareness raising within the 
consumption side of the sector towards 
more sustainable approaches 

 

4.2.2.2 Data collection through interviews and workshops 

To be able to build the variables that describe the latent constructs for the structural equation models, it is essential 
to collect data which allows us to capture peoples’ perception and behavior. Such data should be able to describe 
what is of higher relevance for attitude, perceived behavior control and subjective norms, which may lead to the 
intention to adopt a new behavior that could induce transformation. These variables once constructed will be 
tested for several hypotheses which are tailored differently to each case study.  To collect the data, a first round 
of interviews was conducted with 8-10 participants per case study, capturing all categories that emerge across the 
supply chain, from the point of supply, up until the final consumption. The total number of interviews analysed 
was 36 for all four case studies, taking into account the perception of actors throughout the supply chain. A 
summary of the profiles of the interviewees is given in Table 5. As these interviews were used in an exploratory 
manner and they were part of the qualitative data collection process, the minimum sample size to ensure the 
statistical credibility of the results was not considered [32]. It will be considered though for the second version of 
this deliverable in which the quantitative version of the models will be developed. More details are given in Section 
4.3.1.1. 
 
Table 5. Information on the interview participants and their profiles during the first round of data collection.  

Supply chain actors covered 
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Case study 
analysed 

Number 
of 

responses 
Supplier Intermediary Transporter Retailer Consumer 

Other (e.g., 
academic, 
government) 

Cocoa from Peru 9 √   √  √ 
Aquaculture and 
fisheries products 
from Greece 

8 √  √   √ 

Gold from Ghana 9 √     √ 
Arts & crafts from 
Brazilian Amazon 

10 √ √  √ √ √ 

From the interviews we collected information on the first set of variables, which were used to build the first 
conceptualisation of the models. The data from interviews was coded to a numerical qualitative scale, in order 
to get an approximate indication of people’s beliefs. Data collected from interviews was organised in four 
different topics which described the profile of the respondent, the measured variables used to describe the latent 
concept of attitude, the measured variables for perceived behavior control and those for subjective norms. For 
perceived behavior control we had two sub-sets of variables, one for the obstacles and one for the facilitators to 
transformation. Still, this is a conceptual approach to the models at this stage, as the number of interviews carried 
out did not allow us yet to conduct statistical analyses and testing, therefore this Deliverable presents the 
qualitative data analysis and method testing.  

A detailed description of the coding scheme of answers given to assess the measured variables is given in Table 
6. The answers were coded in a systematic way to allow for the results across all case studies to be comparable 
and homogeneous. However, for the second version of the models we will enlarge the number of variables and 
questions asked, to cover more variables which emerged from the discussions with the interviewees but were 
not included in the first version of the questionnaire. 
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Table 6. Coding of measured variables for modelling within the SEMs per case study. 

Latent 
Variable 

Measured variable 
Coded 
answers 

Interpretation per answer Answers examples 

Attitude 
Biodiversity impact of choices 0-2 0: no answer; 1: indirect impact; 2: direct 

impact 

“An accident that might happen during the feeding of 
fish in the cages, might lead to excess of nutrients in the 
sea” >> direct impact >> Code: 2 

Climate change impacts 0-2 
0: no answer; 1: impact at the species 
level; 2: impact at the ecosystem level 

“climate change directly affects species life cycle” >> 
species level impact >> Code: 1 

Subjective 
Norm 

Community impacts  0-3 
0: no answer; 1: personal negative 
impact; 2: cross-sectoral conflict; 3: 
personal positive impact 

“there is a direct conflict of the activity with the hunters 
of the region as we use the same area” >> cross-sectoral 
conflict >> Code: 2 

Perceived stakeholder 
connectivity 

0-2 
0: no answer/unclear/non-existent; 1: 
lack of trust and transparency among 
stakeholders; 2: smooth 

“producers have no trust on how the retailers value their 
products” >> lack of trust >> Code: 1 

Perceived 
Behavior 
Control  

Actions taken 0-3 

0: no actions; 1: direct restoration; 2: 
facilitation through instruments (e.g., 
licences, infrastructure); 3: training & 
education 

“the local authorities apply forest reforestation practices” 
>> direct restoration >> Code: 1 

Desired future actions 1-3 
1: direct restoration; 2: facilitation 
through infrastructures; 3: training & 
education, trust building 

“it would be essential to create mobile aquaculture 
units” >> facilitation through infrastructures >> Code: 2 

Policies as external control 
factors  

0-2 
0: unclear/non-existent; 1: many, 
disconnected or outdated; 2: many and 
connected 

“I am not aware of any policies in place” >> Unclear >> 
Code: 0 

Barriers to sustainable adoption 1-2 

1: operational barriers (e.g., space, 
infrastructure); 2: barriers related to 
partnerships (e.g, training, alliance 
building) 

“Our staff requires a continuous training to ensure they 
recognise the environmental loss a mistake might cause” 
>> barriers related to training >> Code: 2 

Training and education 0-2 
0: not needed; 1: needed but 
unavailable; 2: available 

“Training needed in a regular basis” >> Code: 1 

Marketing and communication 0-2 
0: not answered; 1: targeted to local 
consumers; 2: target to retailers 

“marketing is needed to explain to consumers the added 
value of sustainable fish and increase demand” >> 
targeted to local consumers >> Code: 1 
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4.2.2.3 Development of conceptual SEMs through qualitative data analysis 

At this stage of the deliverable the main results of the interviews are analysed to identify the role of the measured 
variables in revealing trends about their latent constructs. The core trends in the measured variables are assessed 
(variance, mean, standard deviation), in order to understand their relative capacity to manifest factors that 
influence intention and in which interventions might occur, as highlighted by the interview participants. Still, this 
is purely based on qualitative data analysis, as mentioned already in the previous sections, since the number of 
interviews is very low to allow for major conclusions to emerge. But setting up the framing already gives a first 
impression of the core trends. We also give an extra focus on identifying emergent concepts and their 
corresponding variables, which were highlighted as important during the interviews, with the intention to be 
further explored in the second phase of the interviews during the planned regional workshops. 
 
For the latent variables to be constructed, multivariate analysis methods are planned for the next phase of the 
deliverable. These include statistical methods such as confirmatory factor analysis (CFA) as described in section 
4.1.2.1 above, which allows us to extract latent variables from measured information. Then once these are explored, 
the variables’ internal consistency can be assessed with statistics such as Cronbach alpha, omega and average 
variance [31]. In the sections below we outline the first conceptualisations of SEMs for the four case studies.  

4.2.2.3.1 Application of SEM for the Cocoa Case study  

Within the case study of cocoa production from Peru, we assessed the variables that were used to describe 
attitude, subjective norms and perceived behavior control which would allow us to test the hypotheses at the next 
stage of the model development. We present below (Figure 7) the qualitative model for each of the latent 
variables, based on the first collection of data from interviews.  
 
Attitude was described by the two variables of the perceived impact of the cocoa industry on biodiversity and 
climate change. The perception on biodiversity impacts was quite variable with answers being shared between 
direct impacts of the cocoa industry, such as deforestation, to more indirect impacts, such as soil erosion. In all 
cases interviewees were fully aware of the fact that biodiversity is severely influenced by the practices of cocoa 
extraction. For climate change our observations were quite similar with a focus mainly on impacts at the ecosystem 
level, rather than the species level directly. The answers already collected revealed some first beliefs about the 
direct and indirect impacts, but it was obvious that these need to be better explored in the next stage of interviews 
to better express the behavioral beliefs. In particular, we intend to add questions on people’s perception on the 
perceived magnitude/severity of impacts depending on whether for instance a direct impact (e.g., species loss) 
might be more severe as the consequences can be visible against indirect impacts (e.g., soil erosion).  
 
For subjective norms, when it comes to community impacts, it was quite clear that peoples’ beliefs are reflected 
in the perception that most of the impacts directly influence the health and well-being of local and indigenous 
people. For instance, in one of the interviews it was mentioned:  
 

“The cocoa plantations led to change of local diets due to the limited availability of food from the forest (and 
rivers). Faced with the loss of forests and ecosystems that produce water, animals, mainly mammals that served 

as food for communities, move away making it difficult to hunt and therefore creating a change in the 
consumption of animal meat.” 

 
This reveals that in many cases people could directly perceive the impacts to the well-being of individuals and the 
local community. As many different personal and communal challenges were revealed in this regard across the 
local community, the intention is to further explore this variable within the next round of interviews, for a better 
understanding of the normative beliefs. Variables will be added to explore different societal values within the local 
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communities, but also across the supply chain, as their value systems seem to be prioritizing different values as 
one moves downstream the supply chain.  
 
Regarding perceived stakeholder connectivity the answers given were dubious, revealing a lack of clear view on 
whether these exist and to what extent. In most cases these were not known and in some cases the interviewees 
referred to actual lack of trust to stakeholders as such. What emerged was that the fact that stakeholders across 
the value chain share different value systems and, in many cases, retailers are part of larger companies, which 
emphasize on instrumental values (e.g., profit), rather than relational values such as the quality of the landscape 
in the long term. These require therefore further investigation together with the value systems that were discussed 
in the previous section.  
 
For Perceived Behavior Control, a larger set of variables was explored but during the interviews more clear 
messages were revealed. With regards to actions taken, most interviewees believe that not much is happening to 
the point, and that the largest effort is targeting compliance with certification schemes and mechanisms. But it 
was unclear whether people’s perception was gathered around the belief that no actions are taken as such, or that 
even if they are taken this is done in vain, with no actual impact. In particular, if the latter is valid, this links back 
to what we discussed in the section of perceived stakeholder connectivity, related to the issue of trust in developed 
or existent infrastructures. This will be considered in the next version of the models, with further questions that 
explorer deeper the variable of trust in the way the value chain dynamics are established.  
 
On the question regarding what needs to be further improved as a variable to reveal perceived obstacles in the 
adoption of sustainable behavior the main issues discussed were the need for financial support to the producers, 
and the need for lower cost of the different mechanisms. Building trust within and among stakeholders and the 
groups they form part of was also frequently mentioned, together with the need for more inclusive participation. 
The latter was very often mentioned as people feel the need for a deeper involvement in the decision-making 
context.  
 
When it comes to policies as external factors that might facilitate or hinder the process, the vast majority of the 
respondents were unaware of any existing policies for biodiversity that are actually being implemented. In a couple 
of cases respondents suspected that there might be something, but if so, the disconnect is very high. For the next 
round of interviews that will occur during the workshops, we will enhance the question to discuss the level of 
awareness about different policies and explore more the process of information flow to the producers. When it 
comes to other barriers to sustainable adoption, these were defined as mostly related to lack of awareness and 
relevant training, highlighting at the same time the need for this. In a couple of examples, the operational burriers 
such as infrastructures were mentioned but the importance of building collaborative partnerships and alliances 
prevailed. Overall, the main belief regarding that matter was a widespread perception that most producers 
struggle within small groups with low information about the impact of their choices. The main belief was that if 
stronger and more organised partnerhsips are formed among them, then they can more easily ask for organised 
trainings and have a higher partipication in the process of making choices for improving biodiversity but also their 
well-being. For the next round of interviews, we will give a greater focus on the topic of formed alliances and 
partnerships to better understand what their role and structure is, if any, and record the perceived ambitions of 
participants by enhancing with those. Within literature in many cases partnerships and association have helped 
increase trust among the producers but have also increased their decision-making power in the process [39]. At 
the same time, in past examples the role of alliances has helped in speeding up the process of changing to 
different, more sustainable choices (e.g., 6).  
 
When it comes to the topic of training & education, the respondents unanimously agreed that these are needed 
in all steps of the supply chain. What was not captured within the questions asked in the first round of interviews 
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is the sectors and topics in which training is needed, the frequency in which it should occur and the link with 
existing structures, policies and certification mechanisms. Regarding the need to improve marketing and 
communication needs, these were highlighted as essential throughout all interviews, with an emphasis on 
targeting local consumers. Within the cocoa value chain there is a perception that if marketing within the 
consumer side is more informative about the impacts, consumers will become more aware of the impacts of their 
choices and the demand will target mostly sustainable cocoa that is certified and known to comply with specific 
standards. Nearly all participants expressed the belief that market pressure is high and this is why extra attention 
needs to be given to better inform consumers about the impact of their choices. This is in line with literature 
findings for studies targeting cocoa and other goods with similar environmental impacts such as cofee [40], [41]. 
For the next steps of the process, we will include more variables to better capture the perception of future 
education and training activities, as well as the marketing focus to the point as well as beliefs for future 
expectations.   
 

 
 

Figure 7. The conceptual linkages between manifest variables and their latent constructs for the case study of Cocoa 
produced in Peru. The weight of the arrows from the manifest to the latent variables indicates the significance of the 

relationship as emerged from the analysis of the first round of interviews. 

 
In Figure 8 we present the new set of variables that we intend to explore further during the second round of 
interviews to improve the quality of the model. In grey we present already assessed variables and with colours the 
matching between the variables whose significance was highlighted during the first round of interviews. Given 
that the issue of trust is highlighted in different topics throughout the questions and the variables explored, we 
will consider assessing this as a separate latent variable within the next version of the models. This has also been 
discussed in past works that applied the TPB conceptualisation [6], [14], [15]. In our case and given that this varies 
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within the different case studies, we will set a new hypothesis in which the issue of trust among and within 
stakeholders and the local communities will be part of the social values this relates to (see also reference to section 
3.1.2).  
 

 
Figure 8. The new variables (coloured frames) that will be explored for the three different latent constructs, during the next 

phase of interviews for the case study of cocoa produced in Peru. In grey, the first version of the model as expressed 
through the first round of interviews is depicted. 

4.2.2.3.2 Application of SEM for the Aquaculture Case study  

For the aquaculture and fisheries case study supplied from Greece and distributed within the Mediterranean basin 
a first conceptualisation of the latent variable constructs from the manifest variables is presented in Figure 9. 
Attitude was described by the two variables of the perceived impact of the aquaculture activity on biodiversity 
and climate change. The perception on biodiversity impacts was not very variable as most answers perceived those 
impacts as direct, whereas for climate change the answers were more equally distributed among the two 
categories (at the species and ecosystem level). From the discrepancies among answers with regards to perceived 
impact, it was made clear that in many cases people’s perception about what actually constitutes climate change 
or biodiversity is not always straightforward especially the further off the supply side of the chain the stakeholders 
are. For instance, one respondent from a downstream part of the supply chain typically mentioned: 
 
“Biodiversity. Yes, I know the term, still it sounds a bit like scientific jargon that I cannot directly explain. And it is 

hard for me to understand how my role is linked to this. I mean I do what I need to do to protect it, I get 
certifications about it and all. But still, it is difficult to understand if my actions have actually an impact on the 

short or the longer term”. 
 
Taking these into account it is important to increase the number of questions to better capture people’s conscious 
understanding of the issues at stake.  
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For subjective norms, the most prevalent opinion was that cross-sectoral conflicts within the local communities 
are the ones that most influence people’s perceptions and decisions. Still these cross-sectoral interactions are 
multi-faceted. For instance, what was revealed during the interviews was that aquaculture installations in touristic 
areas, such as islands, might be an issue of conflict within the tourism sector, since they are interested in occupying 
the same space. On the other hand, for some mainland areas the aquaculture industry might be the core source 
of income (through job creation) for the local community. These discrepancies in findings are important to 
consider, therefore in the next stage of the model development geographical variables, such as level of 
development in the area need to be incorporated to ensure these variables are embedded in the analysis. We 
hence expect to further explore this variable in the next phase of the model development. Along with that we will 
need to incorporate more concretely the value types that are attributed by the different stakeholder groups across 
locations[19], also in line with the hypotheses that we want to test. Instrumental values are key, but in many cases 
relational values keep being discussed and it is important to ensure that value systems are incorporated in the 
next steps of the analysis. Stakeholder interactions on the other hand were mostly identified as non-existent or in 
a few cases smooth, therefore this variable needs to be framed in a bit more detail for the next steps of the 
deliverable.  
 
For the Perceived Behavior Control, we explored more variables as these were also emerging during the 
discussions. Regarding actions taken, the most prevalent perception was the need for a more organised 
establishment of instruments. Most interviewees emphasized the fact that there are infrastructures in place and 
policies and regulations on the topic have significantly improved (compared to 30 years ago when the industry of 
aquaculture started in the country) and this has improved the impact on biodiversity [42]. On the question 
regarding what needs to be further improved as a variable to reveal perceived obstacles in the adoption of 
sustainable behavior, two were the main issues discussed; the need for more people-oriented approaches in which 
staff should be better trained to understand the impact of their actions on biodiversity, with a need to build more 
trust among the actors / stakeholders emerging across the supply chain but also within each stakeholder group.  
Still the issue of trust kept emerging across discussions, we therefore plan to more directly address it within the 
next round of interviews.  
 
When it comes to policies as external factors that might facilitate or hinder the process, the discussions were 
almost unanimously agreeing that despite them being in place, these are very sectoral and entirely disconnected 
from each other. When it comes to other barriers to sustainable adoption, these were defined as both operational 
but also in relation to linkages among stakeholders and partnerships among them. Given that this topic emerged 
across different questions, we intend to dedicate more targeted questions ot n the topic in the next round of 
interviews, to ensure its significance is acknowledged and explored in detail. When it comes to the topic of training 
& education, the respondents unanimously agreed that these are needed in all steps of the supply chain. What 
was not captured within the questions asked in the first round of interviews is the sectors and topics in which 
training is needed, the frequency in which it should occur and the link with existing structures, policies and 
certification mechanisms.  
Similarly with the need to improve marketing and communication needs, which were highlighted as essential 
throughout all interviews, with an emphasis on targeting the consumer side mainly. Especially within the 
aquaculture sector, this need was emphasized. Especially for the case of Greece, only two of the fish farms are 
actually biological, and this has to do with both the high cost of maintaining such an infrastructure and the lack 
of demand, as the high maintenance cost, is also reflected in the selling price. With that in mind, suppliers’ 
perception was that better communication on the strategies and protocols followed within biological fish farms, 
might lead to a higher demand for the product, and the investment of the companies worth the effort towards 
more sustainable futures. On that note, for the next round of interviews more variables need to be explored, to 
differently account for marketing and communication as instruments. Similarly, with training and education, as 
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these target different end users.  
 
In Figure 10 we present the new set of variables that we intend to explore further during the second round of 
interviews to improve the quality of the model. In grey we present already assessed variables and with colours the 
matching between the variables whose significance was highlighted during the first round of interviews.  
 

 
Figure 9. The conceptual linkages between manifest variables and their latent constructs for the case study of Aquaculture 
and Fisheries from Greece. The weight of the arrows from the manifest to the latent variables indicates the significance of 

the relationship as expressed in the interview process. 
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Figure 10. The new variables (coloured frames) that will be explored for the three different latent constructs, during the next 

phase of interviews for the case study of Aquaculture and Fisheries from Greece. In grey, the first version of the model as 
expressed through the first round of interviews is depicted. 

4.2.2.3.3 Application of SEM for the Gold Case study  

The analysis of the qualitative variable construction process for the case study of gold produced in Ghana is given 
below. Attitude was described as in the rest of the case studies by the perceived impact of the gold mining activity 
on biodiversity and climate change. The respondents perceived the impacts on biodiversity as direct, as they are 
directly linked to species and habitat loss within the terrestrial but also the surrounding marine areas. Some 
indirect impacts were mentioned which were linked to water pollution and soil erosion. For climate change the 
answers were more targeted to the impacts at the species level and in a few cases, links were made to impacts at 
larger scales. What was observed was that in many cases the attitude towards biodiversity and climate change 
were considered as directly connected to each other and it was hard for participants to differentiate which of their 
perceptions and observations are attributed to the activities of the extractive industry of gold, and which are linked 
to climate change. For instance, one participant linked the extreme rainfall events with the loss of soil’s capacity 
to regulate water flows.  
 

“Climate change impacts affect biodiversity concerns. Impacts such as unpredictable and intense rainfalls can 
cause flooding. This can be more severe in the areas where mining has occurred because the mining activities 

have destroyed the ecosystem’s ability to minimize these effects. Mined out pits that now hold water can easily 
cause floods which can cause further destruction of biodiversity. Also wind speed and direction can affect events 

such as fire, which are more intense in the mined out areas” 
 
Similar to other case studies, we realized that for the next series of interviews a few more questions are needed 
to clarify what is perceived as biodiversity and what as climate change which generate impacts visible to local 
population. Taking these into account we intend to increase the number of questions to better capture people’s 
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conscious understanding of the issues at stake.  
 
For subjective norms, the perceived community impacts the perceptions were relatively dubious. The negatively 
perceived impacts related to direct impacts on human health either directly or through the lack of access to food 
and water resources of sufficient quality for consumption. On the other hand, there was the recognition of some 
impacts related to job and income creation for the local community although this opinion was not prevalent. 
Within this field it was evident once more that the value systems each participant applies vary and the need to 
better record the beliefs about the types of values emerging for the participants has emerged once more, as within 
the cocoa case study. Regarding stakeholder interactions, there was a general trend of mistrust, lack of 
transparency and knowledge exchange, along with a wide recognition that the entire supply chain is disconnected 
from the producers (i.e., the supply side). Once more the issue of lack of trust emerged this time within the 
subjective norms and similarly to the cocoa case study it will be further explored. The perceived disconnect was 
attributed to a large extent to the lack of transparency and knowledge exchange from the retailers to the 
producers.  
 
For the case study of gold mining, Perceived Behavior Control, was described by the variables of actions taken, 
future actions and the role of policies. Regarding actions taken, the implementation of regulations and policies 
was highlighted, although in most cases the generic perception was that not much is happening. This needs to be 
re-tested as in many cases it was unclear on what type of actions are considered as relevant or not. On the question 
regarding what needs to be further improved as a variable to reveal perceived obstacles in the adoption of 
sustainable behavior, the issue of trust re-emerged. There was a deep emphasis on investing on building more 
legislation and infrastructures that will facilitate the process, reduce the frequency and impact of illegal activities, 
while caring for the sustainability of the methods. On the other hand, there was a deep emphasis on the need for 
improving trust among actors across the supply chain, to ensure also trust in measures and policies towards a 
better environment. 
 
When it comes to policies as external factors that might facilitate or hinder the process, participants beliefs varied 
among those that were unsure about what might be ongoing in terms of policy and those that were aware of 
existing policies, but emphasizing on the fact that they are not well-connected. On the other hand, many 
participants expressed the need for policy reform both in terms of structure but also from an operational point of 
view. The need for setting different priorities was highlighted with a need to give more emphasis on biodiversity 
and sustainable exploitation of the natural resources. Discussions also targeted the need for more activism for 
biodiversity protection along with the empowerment of the social movement as a unique means that could 
improve policies in a substantial manner. Taking that into account, we emphasize the need to further explore these 
options and we therefore plan to enhance the list of measured variables attributed to the latent construct of PBC. 
In particular using the initial answers from the interviewees, we will expand the question to capture people’s beliefs 
on which aspects of policy need to be reformed and the need for social and activist movements. Especially the 
role of the latter has been emphasized within scientific literature that deals with transformative change [43]–[45] 
and is particularly relevant for testing the hypotheses developed in our analysis aiming at accounting for the role 
of integrating plural values towards a more sustainable future. The conceptualisation of the model along with the 
significance of the variables as revealed in a qualitative manner is given in Figure 11. 
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Figure 11. The conceptual linkages between manifest variables and their latent constructs for the case study of Gold from 
Ghana. The weight of the arrows from the manifest to the latent variables indicates the significance of the relationship as 

expressed in the interview process. 

 
In Figure 12 we present the new set of variables that we intend to explore further during the second round of 
interviews to improve the quality of the model. In grey we present already assessed variables and with colours the 
matching between the variables whose significance was highlighted during the first round of interviews. 
 

 
 

Figure 12. The new variables (coloured frames) that will be explored for the three different latent constructs, during the next 
phase of interviews for the case study of Gold from Ghana. In grey, the first version of the model as expressed through the 

first round of interviews is depicted. 
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4.2.2.3.4 Application of SEM for the Arts & Crafts Case study  

The final case study assessed within BIOTRAILS is the one on Arts and Crafts supplied within the region of the 
Brazilian Amazon. This case stusy is quite different from the rest, as the desired transformation requires both a 
better biodiversity protection, but also the emprowerment of local and indigenous peoples. This requires a greater 
focus on future pathways that include the notion of justice and equity within the pathway to change [46]. With 
regard to this case study, the variable of attitude was described by the two variables of the perceived impact of 
the arts and crafts production on biodiversity and climate change. The perception on biodiversity impacts was 
focusing on both direct indirect ones. Many respondents identified those impacts as direct, referring mostly to 
deforestation and species extinctions, while others referred to more indirect ones such as soil erosion and loss of 
habitat. For climate change impacts, were mostly at the ecosystem level referring to erosion and loss of available 
natural resources. A few impacts referred to those perceived at the species level, mostly in terms of change in their 
life cycle.  
 
For subjective norms, when it comes to the role of the arts & crafts production to the local communities the core 
belief was focusing on impacts perceived at the individual level. These focused on lack of resources for food and 
healthy conditions to their vast majority, decline of indigenous and local people’s income and a few for loss of the 
local culture. The latter was especially ubiquitous across many questions asked and highlighted once more the 
need to assess the cultural identity and values within the local communities in the areas in which these supply 
chains occur. Like for the rest of the case studies, the plurality of values within this system, need to be directly 
assessed within the next level of model development and the second stage of data collection. Another issue 
highlighted when it comes to perceptions regarding local community’s behavior, was the lack of interest from the 
local community in understanding the impact of their choices on biodiversity. This revealed a different level of 
impact of the local people on biodiversity which relates again to their value systems and this will also be asked as 
a new set of questions in the revised version of the survey. As an example, we present below the quote of one of 
the respondents:  
 

“People are losing interest in keeping track of nature. They are not noticing how much is being gradually lost. 
We have our native species threatened by invasive ones, monocultures bringing new plagues, and so on. I think 

this disinterest is so dangerous for our mission”. 
 
Regarding stakeholder interactions across the supply chain, the core belief was referring to those being either 
non-existent or pretty unclear to the interviewees. The disconnect of the local communities from the producers 
was also explicitly mentioned by a large number of participants.   
 
For arts & crafts, Perceived Behavior Control, was measured through actions taken to mitigate biodiversity 
impacts, desires future actions and policies as external control factors. Regarding actions taken, there was a 
variability in perceptions ranging from a focus on training to improve the know-how of local producers, but also 
direct restoration practices at the ecosystem level. Among participants some were unaware of such actions, fact 
bringing forward once more the perception that improving communication within local communities is a need. In 
terms of what needs to be further improved referring to perceived obstacles in the adoption of sustainable 
behavior, two were the main issues discussed; the need for more people-oriented approaches in which staff should 
be trained to develop skills and build capacity, that allows them to have access to enough resources, while ensuring 
the sustainability of the production. As one participant mentioned “people need to reintegrate ancestry and 
spirituality to reconnect to the importance of nature”. For such suggestions to actually happen, a decision to follow 
and apply different value systems re-emerges, while at the same time the need to better explore in which elements 
of the system there is actual room for transformation and change within these systems. Given the above we intend 
to capture more variables on understanding the role of indigenous and local knowledge (ILK) as well as its 
potential to be embedded within the policies, approaches and value systems of the arts & crafts production in 
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Brazil [46], [47].   
 
When it comes to policies as external factors that might facilitate or hinder biodiversity protection and 
maintenance, the discussions were between either their characterization as outdated or of no use up to now, to 
them being entirely top-down with no integration among them, fact making their implementation extremely 
difficult. The latter also leads to the perception by the participants that these are outdated and almost non-present. 
Hence within this variable our intention is to further explore participants belief on how these can be improved. 
During the interview, many participants highlighted the need for better training and awareness of the rules or the 
certification schemes related to the generation of better biodiversity and social outcomes. Hence in the next phase 
of this deliverable our intention is to explore these next steps for policy reform and understand which are perceived 
as more straightforward to occur and those that require more radical transformation.  
 
Given the above, we present in Figure 13 the core structure of the variables manifesting the latent constructs 
based on the interview outputs. We also use the light arrows to indicate the manifest variables for which less 
relevance in describing the latent variables appeared, as emerged from the qualitative analysis we conducted.  
 

 
 

Figure 13. The conceptual linkages between manifest variables and their latent constructs for the case study of arts & crafts 
from Brazilian Amazon. The weight of the arrows from the manifest to the latent variables indicates the significance of the 

relationship as expressed in the interview process. 

 
In Figure 14 we present the new set of variables that we intend to explore further during the second round of 
interviews to improve the quality of the model. In grey we present already assessed variables and with colours the 
matching between the variables whose significance was highlighted during the first round of interviews. 
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Figure 14. The new variables (coloured frames) that will be explored for the three different latent constructs, during the next 
phase of interviews for the case study of arts & crafts from the Brazilian Amazon. In grey, the first version of the model as 

expressed through the first round of interviews is depicted. 
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5 CONCLUSIONS 

5.1 REVISION OF SEMS WITHIN THE CASE STUDY WORKSHOPS  
This chapter outlines the main conclusions and lessons learnt from the analysis carried out during the first round 
of interviews for the development of the models. It also introduces the next steps in the development of the 
BIOTRAILS Structural Equation Models towards the completion of the Deliverable 3.4 (B). The next steps comprise 
of the following core elements: i) revision and validation of the conceptual models developed in this version of 
the deliverable through an open dialogue with stakeholders across the supply chain; ii) collection of new data for 
the improvement of already defined variables and the consideration and development of new emergent variables 
that could improve model performance; and iii) the inclusion of the model outputs within the BIOTRAILS solutions 
and final project outputs, in order to reach the pathways to transformative change. These are explained in full 
detail below.   

5.1.1 CORE CONCLUSIONS & LESSONS LEARNT 
Within the current deliverable a first approach on the data that can be collected from interviews was made, as well 
as an effort to develop hypotheses and construct variables that allow us to explore the parameters that reveal the 
intention of human society in changing their attitudes towards biodiversity. This process was done through the 
development of exploratory hypotheses (§4.2.1), following the IPBES approach on the future pathways to 
sustainability [2]. We then used the theoretical conceptualisation of the Theory of Planned behavior [4], taking 
into account the hypotheses under investigation to develop questionnaires in order to capture tentative variables 
that might allow us to detect the parameters which can be used to investigate the potential for change. The first 
step of qualitative data collection from interviews was conducted, which allowed us to detect misconceptions and 
misunderstandings in the way questions were asked, as well as identify additional parameters that need to be 
further explored in the next round of interviews and workshops in order to generate meaningful results.  
 
During the next series of workshops and interviews which will take place in months 12 to 15 of the project across 
all four case studies, we will improve the following based on the experience of the first data collection and analysis 
process:  

a) We will provide with a clear vocabulary the interviewers and interviewees in order to ensure that 
misconceptions about terms which are perceived as scientific jargon are clarified. For instance, the terms 
biodiversity, climate change, and transformation were very differently interpreted across the case studies, 
or even within one case study, but among participants that had different roles across the supply chain 
e.g., supplier versus retailer.  

b) We will increase the number of questions asked per variable, to be able to ensure that misconceptions 
on concepts are avoided.  

c) We will ensure that all questions have a set of pre-defined answers to ensure the relevance of the answer 
given to match the modelling needs we have.  

d) We will have a set of new questions more directly linked to the hypotheses tested, not explored in 
the first round of interviews. The reasoning for that is the need to capture more accurately the role of 
personal values, societal empowerment, institutions, wealth distribution and degrowth, as parameters 
that can promote or drive change. Within the first round of interviews these concepts were touched upon 
in a peripheral manner, but they need to be more directly assessed during the next round of interviews. 
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Especially since the multiple value types have been a core part of the pathways to sustainability we intend 
to explore [2] and they have also emerged across the interviews of all four case studies, we will add more 
direct to the topic questions for further exploration.  

e) We will add one new hypothesis to test, related to the issue of trust which emerged across all interviews 
for the four case studies. It is a matter that has emerged in past studies as well and the first round of 
interviews highlighted the need to give it a dedicated space within the hypotheses tested [6], [14], [37].  

f) We need to account for the telecoupled system we explore. This will be done by expanding the 
interviewees to include consumers, as these are the drivers that increase the demand within each supply 
chain and in many cases drive decisions at the supply side [48]–[50]. This will be done in collaboration 
with WP4, which explores the role of cities in shaping biodiversity. The chosen cities will be explored for 
their consumption and demand patterns through interviews and other approaches that could allow us to 
expand the sample size. This will be done through the multiple-group analysis version of the SEMs [25].  

g) Enlarge the sample size of participants to ensure that the model outputs are meaningful from a 
statistical point of view. For each case study we intend to calculate the minimum sample size depending 
on the actors in place. Given the complexity of the supply chain, this analysis will be done differently 
depending on the type of actor/stakeholder that emerges across the supply chain. For each group of 
stakeholders in the case study, we will consider the total amount of e.g., fish farmers in Greece and based 
on that initial number, we will calculate the minimum sample size that is enough to reveal the main data 
patterns. To calculate the minimum sample size, a specific procedure will be considered [51]. For instance 
in the study by Nguyen & Drakou [6] the minimum sample size from the interviews is 67 for a population 
of 216,000 coffee farmers based on alpha level a priori at 0.05, level of acceptable error at 10%, and the 
standard deviation of the scale at 0.5 [51]. 

5.1.2 EMBEDDING SEMS WITHIN THE BIOTRAILS SOLUTIONS   
The next steps of the modelling procedure will also take into account the rest of the BIOTRAILS work to ensure 
compatibility with the rest of the project data and analysis outputs. In particular, the next models will take into 
account the principles outlined in D3.1 BIOTRAILS data repository (A) in order to structure the data and the model 
outputs.  
 
The model development will happen in the R programming language using the lavaan package [52]. If required, 
adaptations to the package will be made and published. The outcomes of the models will need to be shared with 
project partners that are responsible for developing Task 3.5, which will consider the output of the SEMs, but also 
the rest of the models developed and tested in BIOTRAILS, within an integrated System Dynamics Model for each 
case study.   
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ANNEX I: CODED DATA FROM INTERVIEWS 
Case 
study 

Interviewer 
number Variables 

Co
co

a 

Latent 
Variables 

Attitude Subjective norm Perceived Behavioral Control 

Manifest 
variables 

Biodiversity 
impact of 
choices 

Climate 
change 
impacts 

Community 
impacts 

Perceived 
stakeholder 
connectivity 

Actions 
taken 

Desired 
future 
actions 

Policies as 
external 
control 
factors 

Barriers to 
sust. 

adoption 

Training & 
education 

Marketing & 
communication 

1 

2 2 2 0 3 2 0 1 1 1 

1 1 1  2 2  2   

1       2   

2 

2 0 1 1 2 2 1 2 0 1 

1   0 2 2     

     1     

     2     

3 

2 2 1 0 2 3 0 2 1 1 

1 2 1 1  2  1   

     2     

4 

2 2 1 0 2 1 0 2 1 1 

1 1 3 1 0 2     

     3     

5 

2 2 1 0 0 2 0 2 0 1 

  1 1 1 2     

     1     

6 
2 2 2 0 0 1 1 2 1 1 

1  1   3  2   
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     3  1   

7 

1 1 1 0 0 2 0 1 1 1 

1 2 1 0  3  2   

1          

8 

1 2 1 0 0 1 0 2 1 1 

2 1 1   2     

     3     

9 

2 1 1 2 0 3 1 2 1 1 

1 2    3     

1          

 

Latent 
Variables 

Attitude Subjective norm Perceived Behavioral Control 

 

Manifest 
variables 

Biodiversity 
impact of 
choices 

Climate 
change 
impacts 

Community 
impacts 

Perceived 
stakeholder 
connectivity 

Actions 
taken 

Desired 
future 
actions 

Policies as 
external 
control 
factors 

Barriers to 
sust. 

adoption 

Training & 
education 

Marketing & 
communication 

A
qu

ac
ul

tu
re

 

1 

2 0 2 1 2 3 1 1 1 1 

1  1   2     

     2  1   

     3     

2 

2 1 1 0 2 2 1 1 1 1 

2 2   2 2     

2 2   2 2     

    3      

3 

2 1 2 0 2 3 1 1 1 1 

2  1 1       

1          

4 2 2 2 2 2 2 1 2 1 1 
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2   0  1 1    

1          

5 

2 2 1 0 2 3 0 1 0 0 

2 1 1  2 3     

     2     

6 
2 1 0 0 2 1 1 2 1 1 

1          

7 

2 1 2 0 2 3 1 1 1 1 

2 2 3  2 2  2   

2       1   

8 

2 2 3 0 3 1 1 1 1 1 

2 1   2   1   

2 0 2 1 2 3 1 1 1 1 
Latent 

Variables 
Attitude Subjective norm Perceived Behavioral Control 

Manifest 
variables 

Biodiversity 
impact of 
choices 

Climate 
change 
impacts 

Community 
impacts 

Perceived 
stakeholder 
connectivity 

Actions 
taken 

Desired 
future 
actions 

Policies as 
external 
control 
factors 

Barriers to 
sust. 

adoption 

Training & 
education 

Marketing & 
communication 

G
ol

d 
m

in
in

g 

1 

2 1 1 0 0 2 0    

2 1 1 1  3     

2 2 3   3     

2 

2 1 1 0 1 3 0    

 2 1 1  2     

 1         

3 

2 1 1 2 0 1 2    

 2  0 2 2     

 2         
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4 2 0 3 0 2 2 0    

5 

1 2 1 0 2 2 2    

1 1 1  2 3     

2  1        

1          

6 

2 1 2 0 2 2 2    

1  1  3 2     

     2     

7 

2 1 1 0 2 3 2    

2  1 0 0 3     

2  1   2     

8 

1 1 0 1 0 3 0    

2 1  0  3     

     2     

Latent 
Variables 

Attitude Subjective norm Perceived Behavioral Control 

Manifest 
variables 

Biodiversity 
impact of 
choices 

Climate 
change 
impacts 

Community 
impacts 

Perceived 
stakeholder 
connectivity 

Actions 
taken 

Desired 
future 
actions 

Policies as 
external 
control 
factors 

Barriers to 
sust. 

adoption 

Training & 
education 

Marketing & 
communication 

A
rt

s 
&

 C
ra

ft
s 

1 
2 1 1 1 0 3 1    

1 2 1 1  3     

2 

1 2 1 0 3 3 1    

  1 0 3 2     

  3  2 3     

3 

2 2 2 0 3 3 0    

1 2 1 1 2 2     

  1   3     
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4 

2 2 1 0 1 1 1    

1   1  3     

     3     

5 

2 2 1 2 1 3 1    

     2     

     3     

     1     

6 
2 1 1 0 3 2 0    

     1     

7 2 2 1 0 0 1 0    

8 

2 2 1 1 2 2 0    

 1 1 0  3     

  1   2     

9 

2 2 1 1 2 3 1    

1  1 1 1 3     

1     2     

     3     

10 

2 2 1 0 0 2 1    

 1 1   3     

 2 1   3     

 2    3     
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