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Abstract

The purpose of this study is to explore the adoption of innovation in the aquaculture

sector through the Awareness Knowledge Adoption Implementation Effectiveness

(AKAIE) sequence. The AKAIE is an extension of the Awareness Knowledge Adoption

Product (AKAP) model in order to better investigate the post-adoption phases. Using

the ‘Implementation’ and ‘Effectiveness’ phases, this study aims to further the under-

standing of both the different levels of adoption and the impact of innovation in

terms of environmental, economic and social benefits produced. The proposed

sequence is contextualised in light of the multidimensional scenario of on-farm and

off-farm factors acting alongside the adoption of new technologies in the aquaculture

sector. In this paper, the perspective of aquaculturists is represented with the con-

cept of perceived complexity as the central node of the adoption process. The pro-

posed tool could support policy makers in understanding and disseminating

innovation in aquaculture.
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1 | INTRODUCTION

The growing pressure for food and nutrition security and for more

efficient use of natural resources imposes increasingly sustainable tra-

jectories for agri-food systems. Aquaculture has experienced the fast-

est expansion among worldwide food producing sectors over the past

30 years1 and is estimated to provide 106 million tonnes of the

202 million tonnes of aquatic animals produced globally in 2030.2

Over the past two decades, institutions and scientists have supported

actions for sustainable intensification to combat negative externalities

associated with aquaculture,3–5 which are related to combat the over-

exploitation of natural stocks to produce fish meal and oils, the emer-

gence of new diseases in wildlife species, chemical and nutrient

pollution, and effects on marine and coastal habitat or inland uses of

land and water.6

New technological innovations (TIs) have been proposed in aqua-

culture to address the reduction in negative externalities and global

sustainability challenges. In February 2021, the Food and Agriculture

Organisation's (FAO) Thirty-Fourth Session on the Committee on

Fisheries released a report7 on the fish industry's contribution to sus-

tainable development goals, emphasising how the diffusion of innova-

tion in fisheries and aquaculture could accelerate the transition of

systems towards the 2030 targets. The role of innovation is empha-

sised as central to the achievement of SDG 14 “Life Below Water” to

both guarantee food and nutritional security and to support the tran-

sition towards sustainable and circular models of the aquaculture sec-

tor. For example, the role TIs can play in reducing poverty (SDG1 “No
poverty”), food insecurity (SDG2 “Zero hunger”), inequalities (SDG

5 “Gender Equality”; SDG 10 “Reduced Inequalities”) and in ensuring

decent working conditions (SDG 8 “Decent Work and Economic
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Growth”) allowing these activities to provide economic resilience is

discussed. As a result, the diffusion of innovations could facilitate

cooperation between the public and private sectors, companies,

research bodies, and policy networks.8

The most innovative management of practices is now required at

the European level to support the challenges of predicted climate

change, especially for fisheries, and for monitoring environmental con-

ditions and the performance of aquaculture activities; supporting the

policy network in implementing actions for more sustainable produc-

tion and consumption (SDG 12 “Responsible consumption and produc-

tion”; SDG 13 ‘Climate Action’).
The European Green Deal strategy also supports the essential

role of research and innovation in driving the technical and ecological

transition of agri-food systems. In particular, the Farm to Fork (FTF)

strategy has set ambitious goals for the sustainability, competitiveness

and resilience of European aquaculture, which is considered funda-

mental to achieving the transition of the entire primary sector.

European countries are reviewing their actions (i.e., legislative

frameworks, funding) in light of the FTF strategy. In particular, the

objectives of the European strategies have conditioned the new Com-

mon Fisheries Policy (CFP), translating this new trajectory into new

measures of the European Maritime, Fisheries and Aquaculture Fund

(EMFAF), focused foremost on the development of the aquaculture

sector. Both new funding flows supported by the EMFAF (2021–

2027) with a budget of 6.108 million Euros and ecological schemes

plan to promote more sustainable practices through the CFP and

accelerate the transition to respect the roadmap of European Strate-

gies on climate and environment. Finally, research and innovation on

sustainable aquaculture is a priority for Horizon Europe, the European

framework program for research and innovation.

The reasons why innovation is entrusted with driving this trans-

formation can be found in the definition provided by Mbabu and

Hall9: “innovation is the new use of existing or new ideas or the combina-

tion of ideas that have social or economic significance” to respond to

ecological, social and institutional changes which are implied as agri-

food systems. Numerous technological and non-technological innova-

tions have been recognised as driving forces able to combine the

growth and social and environmental issues of aquaculture production

systems.10 Technological advances include breeding systems, feeds,

information and communication technologies, while non-technological

includes improved regulatory frameworks, organisational structures,

and market standards.11,12

The aim of this paper is to provide a new model for interpreting

the transfer of TIs in aquaculture and their implementation based on

different levels of analysis, from an extra-farm context to an intra-

farm context to consider the characteristics of the technology itself.

The combination of TIs and aquaculture practices can offer great

opportunities to the sector, when applied to breeding and genetic

techniques, disease management, feeding processes and sustainable

production systems.13–15 In this sense, technological innovation could

help to monitor processes and resolve production risks.16

Previous studies highlighted this potential not only at a produc-

tion level but also at a broader level. do Amaral et al.17 (p.184) state

that “a low level of technology adoption reflects on less efficient produc-

tion systems”; while Wetengere18 (p.34) adds that “the contribution of

fish farming to household nutrition and income security depends more on

the level of technology adopted”.
Studies have traced the adoption of innovation in aquaculture,19,20

mainly on a firm level21 applied to freshwater,22–25 marine15,16 and

shrimp farming19,26 primarily conducted in Asia and Africa.

Adoption is defined as a complex framework22,27 especially when

aligned with the socio-economic dynamics of the aquaculture produc-

tion system.20,28,29 Complexity stems from numerous factors affecting

the propensity to adopt.19 Kumar et al.27 conducted an in-depth

review for this in aquaculture, indicating it as very recent and under-

developed.19,30 In fact, the attitude to innovate has been primarily

explored in the agricultural field since Ryan and Gross31 and Gri-

liches32 discussed the barriers and drivers of adoption33,34 by investi-

gating how structural (on-farm factors) and institutional (off-farm

factors) aspects can generate a perceived complexity and, therefore,

significantly influence potential adoption.35

Furthermore, there is a great heterogeneity of studies, some have

investigated the determinants of adoption during the entire decision-

making process, from awareness to the phases of developing interest

and evaluation of TIs, to those of experimentation and adoption

according to the Innovation Diffusion Theory (IDT) by Rogers.36

While, others have focused mainly on concerns related to the final

decision to purchase the innovation. At the same time, a defi-

ciency exists in the assessment of the post-adoption phases and

the eventual implementation of innovation between studies,

which results in difficulty in distinguishing a purchase choice from

a partial adoption or more intensive levels of adoption. Further-

more, scholars revealed a plurality of visions when assessing the

impacts, or in other words the effectiveness, of technological

innovation on the performance of the aquaculture sector, mostly

due to the complexity of defining unambiguous parameters to

estimate its effects. From this scenario, some concerns need to be

mentioned:

i. Current studies in aquaculture on the uptake of new technolo-

gies, implementation and effectiveness are still lacking and most

have been performed at the farm level in developing

countries19,20,37;

ii. Further investigation is rewired in order to understand the rea-

sons for the low or partial adoption of TIs at the farm level and

the influence of context dynamics whereby innovation is

applied.13

The present study intends to investigate the adoption of TIs in

aquaculture and the intensity of uptake at the farm level after the first

purchase. On one hand, it is relevant to discern bottlenecks of the

adoption of innovation, and on the other hand, it is necessary to high-

light drivers preventing a greater inclusion in farms.

To further the post-adoption phases, we intend to analyse the

decision-making process through an implemented Awareness Knowl-

edge Adoption Product (AKAP) model, which also incorporates the

2 VECCHIO ET AL.

 17535131, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/raq.12756 by Y

ari V
ecchio - A

rea Sistem
i D

ipart &
 D

ocum
ent , W

iley O
nline L

ibrary on [03/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



‘Implementation’ and ‘Effectiveness’ phases, theorising the Awareness

Knowledge Adoption Implementation Effectiveness (AKAIE) model.

The study will be structured as follows: section 2 will discuss the

AKAIE model. The on-farm, off-farm factors and perception spheres

influencing uptake will be illustrated to contextualise the proposing

sequence. Finally, section 3 provides a discussion of topics, conclu-

sions and policy implications.

2 | A HOLISTIC APPROACH FROM AKAP
TO AKAIE MODEL

The AKAP model was theorised by Evenson in 1997.38 Over time, the

AKAP model has been used to study the impacts of alternative exten-

sion approaches in agriculture.39 Today, this sequence has been

approached to analyse the adoption process to help policy makers in

developing lines of action to support innovation in agriculture.40,41

Vecchio et al.41 reported that this sequence aligned perfectly with the

multidimensional nature of the adoption process and with the sys-

temic character which the concept of the innovation process is

increasingly assuming.

This model consists of four phases38 (Figure 1). The first phase is

the ‘farmers' awareness’, in which the individual becomes aware of the

existence of innovation. It is only later that, after developing interest

and experience, the individual decides to acquire more information

and gain knowledge, which is represented by the second step, namely

“farmers' knowledge, through testing and experimenting”. In the third

phase, called “farmers' adoption of technology practices”, the individual

decides to adopt after having made assessments and possibly, having

experienced the innovative practice.

Finally, the last phase considers “changes in farmers' productivity”
by the following adoption, as conceptualised by Evenson38 as the

“added value of goods produced from a given set of inputs”.
The present paper aims to study TIs' adoption in aquaculture by

proposing an extended AKAP model which is built to further post-

adoption phases, where adoption is expressed as the decision to first

use/first purchase new technology and consider the ‘Implementation’
and ‘Effectiveness’ as post-adoption phases (Figure 2). This paper

introduces into the sequence ‘Implementation’, understood as the

phase in which the farmers engage in a higher level of adoption than

the initial purchase, and ‘Effectiveness’, understood as the phase in

which concrete benefits from the adoption of ITs can be experienced.

The AKAIE sequence suggests the importance of considering the

post-adoption phases. In the case of a technological tool, the adoption

process requires the evaluation of both the post-adoption phases of

implementation of the technology in business practices over time

(i.e., involvement, capacity of use) and, consequently, the impact of

these actions. During the adoption of innovation, it is necessary to

verify whether the initial adoption (i.e., the purchase) is likely to result

in a partial adoption if the purchase is not followed by an ‘Implementa-

tion’ phase or if the results are not very effective (‘Effectiveness’).
First, the model proposes to interpret the phase of the ‘Product’

as the ‘Effectiveness’ of the innovation. There are few empirical stud-

ies that have investigated the post-adoption phase and specifically

the impacts of innovation on the food value chain. From the existing

studies, most have proposed to explore the impact of innovation in

agriculture through productivity measurement. Fewer studies have

emphasised improved input/output ratios resulting from precision

management of temporal–spatial soil variability.42 Today, there is an

increasing need for additional studies demonstrating the benefits and

performance, not just economic, of the food supply chain. The need

to extend the scope of the investigation has long been identified in

the literature on Small and Medium-sized Enterprise (SME) perfor-

mance43,44 questioning the concept of innovation effectiveness.

Empirical evidence has supported this view, focusing on non-financial

indicators when assessing innovation effectiveness in SMEs.45 For

these reasons, we believe that interpreting the ‘Product’ phase as

‘Effectiveness’ could be functional to fully consider the result of the

application of innovation in terms of economic, social and environ-

mental benefits produced.

Second, the model includes the ‘Implementation’ phase. In most

studies, adoption was considered only as use/non-use or purchase/

F IGURE 1 The AKAP model, according to Evenson (1997).

VECCHIO ET AL. 3
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non-purchase. However, criticisms have been made for many years at

the definition of adoption. According to Black46 (p.356–361) “Proper
measurement extends beyond the initial decision and requires the addi-

tion of the time or use dimension of the innovation”, also adding that

“Dichotomous operationalization can be significant when examining dis-

continuous innovations, but even in these cases, the evaluative processes

or confirmation phase and their potentially important effects on subse-

quent actions are overlooked”. In our opinion, more studies on post-

adoption phases are needed to evaluate different levels of adoption

of TIs.47

2.1 | Phase 1– AWARENESS

The first stage is ‘Awareness’, or in other words “having heard about” a
technology for the first time.48 This is a prerequisite for adoption49

and corresponds to the moment in which the individual becomes

aware that a technology exists.50 Among innovations, some

researchers13,14,15,51 have attempted to discern the available technol-

ogies in aquaculture farming into several areas: breeding and genetic

technics, biosecurity and disease management, nutrition and feeding

technologies and sustainable production systems. In the genetics field,

the use of improved stocks is proposed to increase farm productivity,

ensuring farm efficiency by controlling cost items mainly related to

feeding or to the control of diseases. In the feed sector, alternative

diets to fishmeal are proposed, based on plants and with low environ-

mental impact. For the control of diseases, selective reproduction,

improved management of feeding or hygiene techniques and new

diagnostic tools or monitoring systems are employed. In contrast,

more sustainable farming systems include recirculation aquaculture

systems, biofloc technologies, and integrated systems.52

Antonucci and Costa53 (p.1) reviewed some TIs that can be used

in the field of precision aquaculture (PA), including the “computer

vision for animal monitoring, environmental monitoring tools and sensor

networks, robotics and finally data interpretation and decision tools

(e.g., Internet of Things and decision support systems)”.
In a study by Føre et al.54 on intensive salmon farming, a clearer

definition of PA was provided by imagining the application of these

tools to the farming cycle. Cage farming can be seen as a series of

cyclic operations that produce bio-responses in different phases. The

first phase is where the bio-responses of the fish are observed inside

the cages (‘Observation’), thus, making use of tools such as smart sen-

sors and online monitoring instruments (e.g., GPS, echo sounder,

remote sensing). The second phase occurs when the responses are

interpreted (‘Interpretation’) through predictive models or simulation

systems, which provide the answers to make decisions (‘Decision’)
through the use of artificial intelligence and decision support systems

on specific actions (‘Action’). It is in the latter phase that specific

actions are implemented to integrate automated operations and inno-

vative tools to achieve certain objectives and, more generally, to gen-

eralise the expected biological response of the salmon.

Finally, multi-actor technologies such as innovative platforms and

business incubators have also been applied to aquaculture.10,55 More

systemic approaches to innovation are increasingly required to better

climb different levels of complexity (technological, socio-cultural, insti-

tutional, environmental aspects of the sector) and to stimulate innova-

tion for sustainable aquaculture by promoting learning processes

among actors and improving the ability to anticipate changes for the

sector.51

More generally, in the agricultural field the concept of the innova-

tion process has been the subject of a major evolution in thinking that

has increasingly characterised its complexity and systemic nature, as

opposed to linear processes, in which innovation was channelled from

science to end users.56 As a result of this evolution, the structure of

knowledge services created for the agricultural sector now supports

systems such as the Agricultural Knowledge Innovation System

F IGURE 2 The Awareness Knowledge Adoption Implementation Effectiveness (AKAIE) model (own elaboration).

4 VECCHIO ET AL.
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(AKIS), which encourages systemic visions of innovation processes as

well as an interactive approach in which social learning is an important

lever for the diffusion of innovation. This vision, which has been

widely supported by common agricultural policies since the 1990s,

has barely been explored for the aquaculture sector over the last

decades and, only recently, experiences such as innovation platforms

and business incubators* have invested in knowledge to provide inno-

vative solutions for the sustainable transition of aquaculture

farms.10,51

2.2 | Phase 2– KNOWLEDGE

The second phase is ‘Knowledge’, which according to Evenson38

(p.46) “requires awareness, experience, observation, and the critical abil-

ity to evaluate data and evidence”. Once the individual is aware about

innovation, they seek to determine “how and why it works”.57 Two

types of knowledge have been distinguished:

i. ‘How-to-knowledge’ or in other words, the individual learns how

the technology technically works to ensure that it will be used at

the expected level;

ii. ‘Principles-knowledge’ to understand why an innovation should be

applied and how it could be integrated into everyday practices.

According to Rogers57 ‘how-to-knowledge’ is a prerequisite for

adoption. However, having a proper ‘how-to-knowledge’ does not indi-
cate that farmers will adopt that technology; their attitude also greatly

influences this choice. It is also relevant to note that adopting without

the ‘principles-knowledge’ can lead to discontinuous forms of adoption

or even interruption.

2.3 | Phase 3- ADOPTION

The adoption processes have primarily been described as sub-

processes of the diffusion of innovation.58 Otherwise, ‘Adoption’ has
been approached at a theoretical level from different perspectives in

sociological, economic and even, marketing fields.59

The economic approach focused on the individual's rational choice

that depends on factors that normally act on the purchase decision.

Through this approach, it is argued that the potential adopter is a

rational individual who weighs the benefits and costs before buying a

new technology. The first study that supported this approach was Gri-

liches32 with the first empirical work on the spread of hybrid corn in

the United States, which demonstrated how economic factors such as

expected benefits and economy of scale were positively related to

adoption.

A more sociological approach has emphasised the influence of the

institutional context in the adoption process. The first study that sup-

ported this approach was Rogers' IDT,36 which described the role of

communication channels, change agents and the nature of the social

systems in which potential adopters had fallen as the determinants.

Adoption is not a dichotomous choice, it involves a multi-step process,

as theorised by some sociologists since the 1950s48 which runs from

the individual learning about the existence of the innovation (‘aware-

ness’), passing through the phase of developing an interest (‘interest’),
mentally applying it to the specific farm context (‘evaluation’), trying it

on a smaller scale (‘trial’) to adoption. In aquaculture, one of the most

used approaches to study the adoption path is the IDT; in agriculture,

many other models and theories are widespread such as the Theory

of Planned Behaviour (TPB), the Theory of Reasoned Action (TRA),

the Unified Theory of Acceptance and Use of Technology (UTAUT)

and Technology Acceptance Model (TAM).16

Finally, the marketing approach is described as the multiple factors

that form the perspective of the supplier leading the consumer to pur-

chase the TIs. Dissemination is based on learning about the existence

and benefits of innovation, hence, information channels and the char-

acteristics of the product itself are underlined as influential in this

approach. It focuses on determinants that can predict market success

and, those leading to the ‘take off’, the point at which the S-curve of

the diffusion denotes the moment of the best success of the

product.60

In all of these approaches, there is a sensible search for the deter-

minants of adoption. However, even though studies have exhibited

great efforts to represent adoption as a long and complex process

rather than a discrete event, these approaches often result in looking

for the factors that influence the choice of product purchase. Hence,

the projections of studies on the number of adopters often needs

additional interpretations. Identifying those who have bought the

technology does not mean having envied those who are truly con-

vinced of adopting innovation and maybe have implemented or who

interrupts use by trespassing in cases of partial adoption.

2.4 | Phase 4 - IMPLEMENTATION

The fourth stage is ‘Implementation’, conceptualised in this study as a

post-adoption phase. Uncertainty associated with TI implementation

has been reported by Eastwood et al.61 who describe how it arises pri-

marily from doubts surrounding outcomes. Several studies have inves-

tigated the implementation of innovation at the company level in the

agricultural field by measuring the intensity of adoption over time in

terms of the number of TIs adopted,62–65 however, few studies have

attempted to focus on the propensity to innovate by the already

adopting farmer. Loganandhan et al.47 reported that “once adopted,

there is every chance that the particular technology is being continued

with the same specifications or with some technological gaps or discon-

tinued completely”.
In the aquaculture field, Obiero et al.14 followed this vision by

describing high adopters as those who “had fully adopted” TI's compo-

nents. To discern different levels of uptake, Ulhaq et al.26 framed the

initial stages of adoption, referring to that period in which fish farmers

have not yet experimented or seen pilot experiences with Information

and Communication Technology (ICT) and have not been able to

appreciate the effectiveness of innovation. In addition, a study by

VECCHIO ET AL. 5
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Kumar et al.66 attempted to identify factors influencing early adoption

decisions, recognising the existence of different stages of use accord-

ing to Rogers' IDT.57

Going beyond the purchase of TIs might be relevant to under-

stand whether farmers will continue to innovate, pause at initial adop-

tion, or even return to traditional practices. It is through the

implementation phase that early adopters could be distinguished from

adopters with a greater intensity to use new TIs.

2.5 | Phase 5 EFFECTIVENESS

In this study, the ‘Product’ was analysed as a phase of evaluating the

effectiveness of the adoption in terms of expected benefits at a firm

level. For this reason, it is called ‘Effectiveness’.
As “empirical studies of the welfare impact of an aquaculture-

specific technology on households are scanty, but there are potential

direct and indirect benefits of improved aquaculture technologies on

households”,30 (p.1) we intend to explore the positive externalities that

can result in innovation in terms of social, environmental and eco-

nomic benefits.

At the company level, the introduction of TIs permits monitoring

processes and improving sustainability performance.26 In particular,

PA tools offer the possibility of performing ‘precision’, such as the

continuous and autonomous monitoring of fish biomass. This not only

provides decision support to the farmer but also reduces manual

labour fatigue and improves safety in the workplace. Combining man-

ual operations with precision tools allows the combination of eco-

nomic performance and social and environmental sustainability.

Indeed, the feeding processes, behaviour and welfare of animals, and

control of environmental and water parameters could be performed.

The continuous monitoring makes it possible to improve the use of

inputs, reducing production costs and operation time to gain high pro-

ductivity.54,67,68 This could lead to environmental benefits and to an

improvement in water quality and animal welfare.69

ICT systems are not applied only at the production level, but inno-

vation engineering can be extended to the entire value chain, for

example, for traceability and monitoring the quality of the final fish

product.26 In addition, they can result in indirect benefits to all fish

value chain actors as their introduction can reduce fish prices and

incentivise the creation of jobs and higher wages even outside the

industry.30 Their dissemination might also increase competitivity

within the aquaculture sector through an increase in supply for the

internal market.70,71

In addition to the positive aspects, it is important to ensure that

the technology does not pose a negative impact on future farming

reality. In this sense, innovation is given a responsible role in ensuring

not only economic, but also socio-ethical benefits. The field of respon-

sible research innovation (RRI) is enhancing evaluation tools that can

measure innovation's ‘effectiveness’. This strand emphasises the

importance of analysing the possible impacts of innovation on individ-

ual beneficiaries, society and the ecological environment in order to

modify innovation objectives and strategies in the face of changing

scenarios.72,73

2.6 | Contextualising the AKAIE in the aquaculture
sector

The AKAIE model could offer a key understanding of the adoption

process at each stage, thus, the next step is to interpret the sequence

in the light of the context in which the innovation processes occurred.

The stages of this sequence should be contextualised on the basis of

two aspects (Figure 3):

i. The company level, represented by intrinsic structural factors

which in this paper are defined as ‘on-farm’;
ii. The institutional level, represented by extrinsic factors of the

context which are defined as ‘off-farm’.

2.7 | On-farm factors

Aquaculture studies are controversial in terms of the correlation

between age and adoption, both positive20 and negative.25 Weten-

gere18 provided insight on this by proposing a study where the influ-

ence of many variables on the intensification of technology in

aquaculture was evaluated on three levels, from the least to most

intensive use. According to the majority of adoption studies on agri-

culture74 results of Wetengere18 indicated that younger individuals

had a greater propensity to innovate; however, they registered the

lowest level of adoption. Whereas the elderly were positively corre-

lated with a greater intensity level. Although these results need to be

interpreted in the context of innovation, these findings have occurred

because adults tend to carry on family business, while younger people

are more likely to take other opportunities.18 For the same reasons,

Wetengere18 reported that women were more motivated to intensify

fish farming activity.

Furthermore, producers with a higher level of education, who

undergo continuous training14,23 and in general were well

informed18,24 tended to be classified as more inclined to adopt. It is

important to highlight that a farmer's knowledge of TIs depends on

their level of education and personal experiences and also on the

influence of information sources (e.g., family and friends; their

involvement in clusters; the role of farm advisors).14,29

Some studies highlight how uptake was also well combined with

diversified14 and large farms with greater financial possibilities23,66

and higher household income levels.25,26 Other studies indicated that

small-scale farmers were more willing to adopt these technologies

when fish farming was their dominant activity; the converse result

occurred for larger farms.17,24 Small-scale producers often interface

with very low local demand, which does not encourage them to imple-

ment the business or invest, unlike those who can take advantage of

6 VECCHIO ET AL.
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demand from nearby cities or wholesalers.75 Furthermore, large farms

could have a stronger beneficial influence on other farmers to adopt

these new practices.26

Caffey and Kazmierczak76 determined that an external income

could represent a method to tolerate the initial costs of purchasing

technology in grab production. The initial cost of investment has a

high perceived risk associated with these technologies and is

described in existing literature as a major reason for non-adoption.66

2.8 | Off-farm factors

The institutional context in which innovation operates is often

referred to as the ecological environment, policy, markets and socio-

cultural dynamics.10,22,23,77 Studies by Loeber78 and Elzen et al.79

explored the concept of “anchoring innovation to a context” to assess

potential scaling by defining the micro-, meso- and macro-levels. This

multilevel perspective helps to define the dynamics that occur within

innovation processes moving from the level of technological niche,

passing through networks, to the systemic dimension defined by the

institutional context in which they are dropped.80 Studies addressing

the contextual dynamics conducive to innovation adoption in aquacul-

ture are scarce, and most still propose to explore fish farming adop-

tion.28,81 The reason why they still analyse the factors leading to

start-up aquaculture activities is because most studies have been con-

ducted in developing countries where issues of access and availability

of material and financial resources are primary. The certainty of

receiving material (equipment, training, etc.) and financial support

from the public and non-governmental institutions, as well as efficient

local administrative structures, are driving forces for adoption. Fur-

ther, the difficulty to source feed or fries and the impossibility of hav-

ing fast transport to deliver the production in controlled conditions

prevent them from leaving the market logic marked by local demand

and therefore from exploring more innovative trajectories.75 Thus, fish

seed networks are growing, especially in Asia, boosting aquaculture

activities in inland areas.82 The adoption of innovative selective

breeding can provide great results, although it is not highly wide-

spread due to economic and training difficulties and low level of pub-

lic support.83

Socio-cultural factors, such as religion and ethnicity also direct,

for example, the consumption of fish on certain days. Cluster mem-

bership itself enhances social relationships and drives shared cultural

habits but also uncertainties and responsibilities.29,75 In particular, Jof-

fre et al.29 demonstrates how group membership is positively corre-

lated with a higher likelihood of adoption. Indeed, the power of

collective action leads to knowledge sharing, which goes beyond the

farmer to farmer knowledge emphasised in many studies for

example,13,84 Similarly, the frequency of interactions and the relation-

ships of trust that are established, especially with relevant actors in

the aquaculture sector, strongly influences decision-making pro-

cesses.29 The clustering of multiple segments of the value chain in a

local area has been demonstrated to boost innovation adoption

among aquaculture farmers.85

Information sources exert different influences based on user type

and when they intervene in the adoption process.20 Brugere et al.22

demonstrated that in the adoption of aquafeed containing non-

conventional ingredients different types of feed users were affected

by different social pressures: farmers using commercial feeds were

F IGURE 3 On-farm and off-farm factors as key elements to interpret the Awareness Knowledge Adoption Implementation Effectiveness
(AKAIE) model (own elaboration).
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increasingly influenced by the approval of neighbours and family,

while those using farm feeds were perceived the opinion of other

farmers or feed suppliers as more relevant. In addition, extension and

advisory services, offered by graduate students, ministry experts or

territorial extension agents, play an important role in promoting new

practices in aquaculture.3,27,75 For example, extension support and

involvement in research programs were found to be positively associ-

ated with alternative catfish production technologies adoption in the

early stages.66

2.9 | Which is the role of aquaculture farmers'
perception in the adoption process?

To correctly interpret the adoption sequence, it is necessary to ana-

lyse the context in which the innovation is dropped, as was discussed

in the preceding section. For these reasons, the influence of structural

and institutional components on the decision-making process have

been discerned. In this scenario, there is a need to deepen the beha-

vioural component,49 thus understanding which role is involved in the

perception of this theoretical framework. Perception plays a relevant

role in the decision-making process leading to the adoption of innova-

tion and it has been explored in different ways.18,22,35,86–88

A much broader strand encompasses studies20,88 sustaining most

conventional approaches by proposing perception as highly driven by

the characteristics of innovation, according to Rogers' IDT. Specifi-

cally, some studies have demonstrated that the perception of

increased yield66,89 and ease of understanding were positively associ-

ated with a higher likelihood of uptake of innovation in aquaculture.14

In contrast, others highlighted how aspects of compatibility with cur-

rent practices and trialability of innovative practice were more critical

than economic aspects.22

In addition to Rogers' framework, many studies18,19,22,66 include

perceived production and financial risk as attributes, the minimization

of which is positively associated with adoption. In general, the percep-

tion of risk as an element is emphasised as being influential in the

aquatic environment.90

Wetengere18 noted a good chance of intensifying uptake if the

new tools proved to be profitable and if fish products were easier to

raise and more marketable and desirable.

Perception has also been proposed to be shaped by normative,

control, and behavioural beliefs, according to Ajzen's Theory of

Planned Behaviour.91 Brugere et al.22 emphasised the importance of

behavioural beliefs such as “the perceived importance and effectiveness

of innovation”; normative beliefs such as “social pressure and approval

from other actors” in the fish supply chain; and control beliefs such as

“perceived barriers or incentives”. Among them, perceived peer pres-

sure and outcome uncertainty were determined as the most signifi-

cant. Social norms exert a relevant influence on this decision because

farmers exhibit a greater intention to adopt if they witness their peers'

trialling innovation and demonstrating expected outcomes.26

Fewer studies (e.g., Diedrich et al.28) have been influenced by

psychological92 and behavioural economic35,93 fields, in which

perception was clearly analysed as key to understanding the external

context and thus as a central node of the adoption process. The same

psychological studies emphasised how behaviour was the result of

interconnections between individuals and the environment. The indi-

viduals developed a positive or negative attitude towards adoption as

it expresses the environment subjectively perceived.94 Obiero et al.14

and Ndah et al.75 described how perception was directly related to

adoption propensity in aquaculture highlighting both the contribution

of the first strand mentioned above and sociological approaches, con-

ceptualising perception as driven by on-farm and off-farm characteris-

tics. In the agricultural field, Vecchio et al.35,41 managed to

incorporate the influences of the context by proposing to investigate

the process of innovation adoption through the indicator “perception
of complexity”, in which the most relevant technical-economic, finan-

cial and organisational aspects were encapsulated. In these studies,

the perception of complexity, defined as a subjective mental process

shaped by the structural profile of the farm and by the environment in

which innovation occurs, decreased from non-adopter to adopter.

The present study follows the latter conceptualisation (Figure 4)

where our model proposed to consider perception as a central node

of the adoption process.

3 | DISCUSSION AND CONCLUSIONS

Aquaculture boasts greater diversity in terms of feed, production pro-

cesses, disease, products and farm buildings. Several TIs have consid-

erably contributed to the sustainable development of aquaculture,

and these have been made possible by scientific and technological

advancements. However, still, many barriers are reported in the litera-

ture that according to Yue and Shen95 mark a slow pace of adoption

of innovation compared to the current development of aquaculture. A

more in-depth study of the adoption process and its contextualisation

could also be very useful to analyse the reasons why certain TIs regis-

ter greater acceptance in different contexts and for different produc-

tions within the sector.

This study aimed to assess the process of TIs uptake in aquacul-

ture, both in the pre- and post-adoption phases by proposing the the-

oretical sequence of AKAIE.

The model attempts to identify a number of dimensions from

awareness to effectiveness as perceived complexity, institutional and

farm contexts may have different weights in the technology adoption

process, depending on the nature of the technology itself.96 This

model, however, allows for scalability of the adoption process because

it is possible to change the indicators within different stages, allowing

for possible standardisation when comparing the adoption processes

of different technologies. The model has a limitation which was due

to the assumptions as it is not possible to compare the results of the

process for different TIs.

To conduct this theoretical analysis, a literature review was per-

formed on the available studies. Unlike the agricultural field, this topic

requires further exploration. Most existing studies tended to analyse

the drivers and barriers with respect to the initial adoption of

8 VECCHIO ET AL.
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technology, which coincides with the first use/purchase of the inno-

vation. A model that could provide a key understanding of the TIs

adoption process for the aquaculture sector has been proposed. From

the model, three main concepts emerged:

i. Adoption of innovation is a multistage process and perception

plays a key role;

ii. Perception should be considered as a central node of the adop-

tion process and should be studied by including the influence of

on-farm and off-farm variables;

iii. The AKAIE model could represent a tool for assessing the post-

adoption phases, including ‘Implementation’ and ‘Effectiveness’ of
innovation in aquaculture farms.

The proposed sequence allows the identification of bottlenecks in

the pre-adoption, purchase and post-adoption phases. The pre-

adoption phase begins from the moment the individual learns about a

technology for the first time and continues with the phase of develop-

ing interest and knowledge. At this point, based on the knowledge

gathered and the context in which the technology acts, the individual

forms a more or less complex perception of adoption. This indicator

should be assessed differently for a non-adopter and an early adopter

and a user who desires to implement TIs. The non-adopter should

exhibit a greater perception of complexity compared to an individual

willing to innovate or an adopter. In the same way, an individual who

has already adopted and intends to implement has an even lower per-

ception than an adopter who has just purchased the technology. The

initial stages of adoption mainly concern the purchase of the technol-

ogy, and to reach a more advanced level of adoption the individual

needs to acquire technical aspects regarding innovation (‘How-to-

knowledge’) and also principles and benefits it can ensue (‘Principles-
knowledge’). In general, the post-adoption phase includes the possible

implementation of TIs and the concrete evaluation of the benefits

received. Reaching the stage where the benefits are visible not only

demonstrates the ‘Effectiveness’ of adoption, but also that the individ-

ual has fully understood the innovation and reasons for uptake. A

good effectiveness result can demonstrate the effectiveness of politi-

cal action in supporting innovation. Indeed, this model could represent

a tool for understanding the effectiveness of innovation in a given

context and therefore an additional tool for policy makers to under-

stand the state of the art of innovation's uptake in a specific context

and to formulate new measures of intervention for the diffusion of

TIs in aquaculture.

Researchers and institutions at a global and European level are

striving to support change towards more competitive and sustainable

aquaculture models that include the adoption of innovations. Past

experiences have demonstrated how the possible technological devel-

opments within a key sector, such as aquaculture, can become a driver

to achieve the UN 2030 goals, as well as contributing to the realisa-

tion of several SDGs and regional strategies such as the European

Green Deal. For this reason, measures bridged by regional policies,

such as the EMFAF in Europe, focus on the dissemination of TIs in the

aquaculture sector. However, the need for monitoring tools to assess

the effect of the policy measures implemented is increasingly impor-

tant. Ex-post evaluations of the effects of policy measures are com-

mon in existing scientific literature,97 however, our study forms part

of the possibility to offer a new model to evaluate the current state of

the dissemination process of a given technology, offering the policy

maker the possibility to be able to act promptly in order to improve

the effectiveness of the measure deployed. As a result, following the

F IGURE 4 Perception as the cornerstone of the adoption process in aquaculture (own elaboration).
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strand of RRI could highlight the vision of making innovation policies

responsible. The development of tools for evaluating the effectiveness

of innovation is more necessary than ever, especially to orient strate-

gies and interventions in the face of major scenarios of change. In

recent years, challenges have become increasingly complex, from the

climate crisis to the COVID-19 pandemic and the recent

Russia-Ukraine war. Major crises often represent moments of great

change, opening a window on unforeseen and sometimes unprece-

dented scenarios that alter perspectives to consider the future of soci-

ety. These times often result in the strongest reflection of

mechanisms for developing innovations in response to crises, follow-

ing Mill's theory.98

Future research foresees the application of the AKAIE model to

empirical cases to evaluate the propensity to innovate some aquacul-

ture producers and to investigate how this model is perceived by

aquaculture policy networks. Further studies should focus on under-

standing the influence of the on-farm and off-farm factors explored in

this paper at different stages of the adoption process in aquaculture.
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