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Abstract
Integration of Information and Communication Technology in intelligent marketing and Internet of
Things (IoT)-based water quality constitutes a neglected problem in the developing countries of the world,
in particular Nigeria, where it is expected to have a significant positive impact on the fisheries sector,
community, and country at large. Intelligent marketing as a component of the fishery enterprise helps
effectively manage the output through a developed relationship between the fish farmers (producers) and
the consumers to manage fish output as effectively as possible. Furthermore, the adoption of new
technologies helps improve fish production, adaptability, and effective management. To this end, this
study was conducted using a population of fish farmers at the Ijebu Development Initiative on Poverty
Reduction, Eriwe, Ijebu-Ode, Ogun State, Nigeria. Primary data were obtained from 40 respondents who
were randomly chosen. A focus group discussion was employed to elicit information that met the study
objectives. The data were analyzed with descriptive statistics and a logit regression model. The results
showed that the fish farmers were predominantly (89.5%) male, with an average age of 43 years. Very few
(3.3%) respondents use Internet adverts while the majority (96.7%) use local adverts for their activities. It
was also found that all the farmers are more willing to adopt the use of IoT. This study concludes that IoT
is becoming popular within the agricultural sector. Hence, there is a need to create more awareness of the
benefits of adopting IoT in the agricultural sector in Nigeria, thereby promoting intelligent marketing
potentials among fish farmers.

Categories: IoT Applications, IoT Applications and Use Cases, IoT Integration with Emerging Technologies
Keywords: intelligent marketing, internet of things, fish farming, monitoring technology, water quality

Introduction
Nigeria represents one of the greatest in Africa in terms of production and economic activities [1].
Nigeria's agricultural industry is extensive and diverse, and it is an important source of both food and jobs.
Nigeria has a significant fisheries and aquaculture sector, with fish farming playing a role in its expansion
[2]. The industry does, however, face several difficulties that have a detrimental effect on its sustainability
and profitability. Poor water quality, which can cause disease outbreaks and low productivity, is one of the
main problems [3]. Furthermore, the lack of proper monitoring has also led to the death of the fish,
eventually leading to huge financial losses for the farmers. Also, efforts that have been taken to combat
these issues have not been sufficient; thus, farmers in the sector suffer losses as a result, leading to
unemployment. Many young people who should have developed an interest in fish farming are losing
interest as a result of these challenges [4]. It is therefore crucial to create sustainable practices like water
quality enhancement that prevent mortalities in fish farming, among others. Aside from the issue of water
quality monitoring, fish farmers also face lots of issues with accountability and effective marketing. Fish
farmers have not met their marketing goals as a result of ineffective communication between the farmers
and the customers. Promoting education and training programs for farmers could aid in boosting the
industry's production and profitability [5]. By putting these suggestions into practice, Nigeria's fisheries
and aquaculture sectors might grow more sustainably, feeding its people and creating jobs [6].

In this study, information was gathered from fish farmers to identify their attitudes and perceptions about
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intelligent marketing and Internet of Things (IoT)-based water quality monitoring systems, with the use
of Participatory Impact Pathway Analysis (PIPA). PIPA is employed in the field of impact evaluation and
social development. It involves having stakeholders in the analysis process to understand and track the
pathways through which a development intervention or project is expected to produce its outcomes and
impacts. The approach seeks to understand the interconnections between activities, outcomes, and
impacts and to identify the potential risks, opportunities, and uncertainties associated with the
implementation of a project [7]. PIPA is considered a valuable tool for ensuring that interventions are
designed and implemented in a participatory and inclusive manner and for promoting a more
comprehensive and nuanced understanding of the potential impacts of development programs.
Additionally, PIPA can help identify potential unintended consequences and inform decision-making
about how best to mitigate or avoid negative impacts. Overall, the participatory nature of PIPA leads to
increased ownership, commitment, and sustainability of the intervention, making it a useful approach for
promoting positive social and environmental outcomes [8].

In recent years, the adoption of intelligent marketing and IoT-based water quality monitoring has
emerged as potential solutions to the challenges of fish farming [9,10]. Intelligent marketing and IoT-
based water quality monitoring technologies have the potential to address some of the challenges facing
the Nigerian fish farming industry [11]. Intelligent marketing can help fish farmers target specific
audiences and improve marketing efficiency, while IoT-based water quality monitoring systems can
provide real-time data on water quality to improve fish health and productivity. However, the adoption of
these technologies in Nigeria is still limited, and there is a need to investigate the factors that influence
the adoption of these technologies [12]. The use of intelligent marketing and IoT-based water quality
monitoring systems has been increasingly proposed as a means of improving the efficiency and
sustainability of fish farming practices [13]. Arising from these backgrounds, this study investigated fish
farmers’ willingness to adopt these technologies through a PIPA approach. The study was conducted using
a population of fish farmers at the Ijebu Development Initiative on Poverty Reduction (IDIPR), Eriwe,
Ijebu-Ode, Ogun State, Nigeria. The data were collected using a questionnaire administered to the
farmers. Focus group discussions was also carried out.

PIPA is an approach that involves working with stakeholders, including fish farmers, to identify the drivers
and challenges to the adoption of new technologies and to develop strategies to overcome the challenges.
The PIPA approach is particularly useful in complex problems involving multiple stakeholders, such as the
adoption of new technologies in the fisheries and aquaculture industry [14].

The findings from this study provide valuable insights into the factors that influence the adoption of
intelligent marketing and IoT-based water quality monitoring technologies in the Nigerian fish farming
industry. The study contributes to the development of targeted interventions that promote the adoption
of these technologies among fish farmers in Nigeria. This will potentially improve the productivity and
profitability of the industry while minimizing the environmental impact of fish farming [15]. The study's
results also have implications on other countries with similar fish farming industries, especially in Africa,
where the fish farming sector is rapidly expanding. It will also inform policy decisions and contribute to
the development of a sustainable and profitable fish farming industry in Nigeria and other African
countries [16].

Participatory impact pathway analysis (PIPA)
PIPA is a participatory approach used to evaluate and understand the impact of development projects,
programs, or policies [17]. PIPA is designed to incorporate the perspectives of stakeholders and
beneficiaries in the analysis, making it a valuable tool for assessing the success of development initiatives.
PIPA uses social network analysis, program theory evaluation [18], and ongoing development research to
understand and foster innovation. It is related to designing strategies and serves as a foundation for
developing a framework for monitoring and evaluating progress [19]. It was used for evaluating Public-
Private Partnership (PPP) in the veterinary domain using impact pathway methodology. This was
employed for conducting an in-depth case study in the poultry sector in Ethiopia by Poupaud et al. [20].
The authors discussed the interests and challenges in the evaluation of PPP in the veterinary domain
using PIPA. It was used to evaluate between EthioChicken and the public veterinary services of Ethiopia.
The investigation revealed the collaboration between the public and private sectors at various
administrative levels. The actors took into account a range of effects on the economy, business, trust, and
health, which were then assessed using several metrics. Singh et al. [21] employed the impact pathway
framework in the development of a framework through soil connectivity. The first step employed revealed
that the participants’ full participation in soil management is small. This is a serious flaw in the
administration of the cocoa block. The authors concluded that the framework is adaptable to be used
across different food systems.

Blundo‐Canto et al. [22] used the French Agricultural Research Institute for International Development to
develop ImpresS, a participatory, theory-driven, ex-post evaluation technique (Cirad). By examining
behavioral processes connected to stakeholders' individual reactions and responses as well as underlying
process mechanisms at a group level, ImpresS reconstructs the innovation history and its impact pathway.
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To ensure internal validity and boost credibility by allowing many players to express their opinions,
ImpresS focused on iterative update and refining as well as triangulating data sources and gathering
methods. The authors realized that the approach had the ability to separate the factors that cause changes
in a particular environment and to generate research questions about the external validity of mechanism
hypotheses. It was able to employ this in differentiating between behavioral and process mechanisms.

PIPA has been used in a variety of contexts, including community development [23], agriculture, and
health. In a study conducted in Kenya, Schmid et al. [24] used PIPA to evaluate the impact of an
agricultural intervention program. The study found that PIPA provided a comprehensive understanding of
the impact of the program, highlighting both positive and negative impacts on the community. Another
study conducted in Sri Lanka by Oetzel et al. [25] used PIPA to evaluate a maternal and child health
intervention program. The study found that PIPA provided a useful framework for understanding the
impact of the program, particularly in terms of how the program affected the lives of women and children
in the community. PIPA has also been used in disaster risk reduction (DRR) programs. Reed et al. [26]
evaluated the impact from research using the methodological framework. They realised the upcoming
activities that have been used to carry out social learning concepts in DRR for developed and developing
countries. PIPA was found to be very useful and pivotal in impacting communities and revealing the
possible means of progress. The PIPA approach has also been used to investigate the potential impact of
intelligent marketing and IoT-based water quality monitoring on fish farmers' livelihoods in Nigeria. For
example, a study by Kiranmayi et al. [27] used the PIPA approach to assess the potential impact of a
mobile app-based marketing platform on fish farmers' income and market access. The study found that
the platform could significantly increase fish farmers' income and market access, but that the success of
the platform depended on factors such as the availability of finance, the quality of the app, and the
marketing strategies used.

Studies have investigated the factors influencing fish farmers' willingness to adopt these technologies in
Nigeria. For example, a study by Olagunju et al. [28] found that fish farmers' age, education, and access to
information and communication technologies (ICTs) significantly influenced their willingness to adopt
intelligent marketing. Similarly, a study by Bacco et al. [29] found that fish farmers' access to finance and
ICTs, as well as their perceptions of the benefits and risks of IoT-based water quality monitoring,
influenced their willingness to adopt the technology. In summary, PIPA is a valuable participatory
approach to understanding the impact of development projects, programs, and policies. It incorporates
the perspectives of stakeholders and beneficiaries, providing a comprehensive understanding of the
impact of development initiatives. PIPA has been used in a variety of contexts and has been found to be
useful in evaluating both positive and negative impacts on the community [30].

Materials And Methods
Study area
The study location was Ijebu-Ode in Ogun State. It lies between latitude 6°49′47.95″N and longitude
3°54′59.25″E. The respondents are fish farmers at IDIPR, Eriwe, Ijebu Ode Ogun State, Nigeria. It is a 156-
ha farm village that was created under the IDIPR's supervision and is situated in Ogun State, southwest
Nigeria. The fish farm in Eriwe has a cooperative management style that focuses on collaboration,
teamwork, and mutual support, among others. The cooperative style emphasizes open communication,
inclusiveness, and a shared sense of responsibility for the success of the farm.

Data collection procedure
PIPA was employed to collect data from the farmers. This entailed setting up a workshop where
participants expressed their expectations about how the initiative would have an impact. The community
of fish farmers was visited, and 40 representative farmers were selected randomly. Questionnaires
designed to capture the objectives of the study were administered to these set of representatives after the
discussion to express their opinions about the subject matter been discussed. The willingness of the
farmers to participate was first established before questionnaire administration.

The PIPA process
PIPA provides two approaches for defining project impact paths:

i. A list of problems or objectives that illustrates the linear logic and demonstrates how, by addressing
certain difficulties, the project will move on to solving other issues and finally reach its aim; and,

ii. Network diagrams that depict how the many players interact, influence one another, and affect the
environment in general for the new knowledge or technology under development.

The PIPA workshop
The workshop involved brainstorming sessions where each stakeholder groups practically expressed their
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opinions on possible problems and challenges confronting them. This was done in anticipation of
developing the problem trees by the facilitators of the workshop. Four groups were created with at least
10 farmers per group. Figure 1 shows the image of participants of the PIPA workshop conducted.

FIGURE 1: PIPA workshop session

The four stages were as follows: general problems identification, main problem identification,
identification of the causes of the main problem, and identification of the consequences of problems. Each
group was named according to fruits type, which were Banana, Apple, Watermelon, and Papaya groups,
respectively. Figure 2 shows an outcome of participants’ activities during the PIPA workshop.

FIGURE 2: Classification of groups based on general problem
identification

Each group developed a problem tree that links the problems the study is directly addressing with the
social, environmental, and/or economic conditions it wishes to improve (Figure 2). Once an issue that the
research will specifically address has been discovered, the branches of the problem tree come to an end.
These determining issues aid in defining the study's necessary outputs. Identifying the core problem after
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discovering the problem tree is essential, and it maps out how to address challenging areas. As shown in
Figure 3, the main/core problem highlighted was the problem of marketing and sourcing fish seed
(fingerlings), which are mostly bad and of low quality. The problems facing fish farmers need to be
addressed by identifying the causes of the problem and the challenges faced by them. Some of these
challenges mentioned were water quality, lack of fund, storage, etc., and this study provides possible ways
of solving these challenges, as shown in Figure 4. Table 1 shows the variable description used in the PIPA
questionnaire.

FIGURE 3: Identification of core/main problem

FIGURE 4: Identification of causes of problem/challenges of fish farming

Model specification
The model specification used for this theory was based on consumer random utility theory (RUT). This
theory postulates individual’s utility function (U). The mind of the consumer was depicted by a latent
construct, which was decomposed into a systematic or deterministic component (X) and unobserved or
stochastic component (ε) [31]. The binary model in the form of Logit was specified for the study to
investigate the willingness of the farmers to adopt the technology of IoT and intelligent marketing in their
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fish business. This method of modeling willingness has been used widely to investigate the factors of
influence in adoption studies [32]. Equations 1-5 show how the model was employed in this study.

 ...... (1)

 = willingness to adopt IoT usage among fish farmers,

 = vector of estimable parameters,

 = vector of individual explanatory variables,

 = error term.

The probability of using IoT is given as:

P(IoT use) =  ..... (2)

 =  ...... (3)

 = willingness to adopt intelligent marketing among fish farmers,

 = vector of estimable parameters,

 = vector of individual explanatory variables,

 = error term.

The probability of adopting intelligent marketing is given as:

P(intelligent marketing use) =  ..... (4)

The model is explicitly stated as follows:

 ..... (5)

where:

Y = Internet of Thing (IoT): A dichotomous variable of 1 and 0 indicating the famer’s willingness to adopt
the IoT technology

 = Intercept

 = Age of famers (years)

 = Farmer’s level of education (number of years spent in school)

 = Farmer’s marital status (married = 1; 0 otherwise)

 = Number of ponds operated by the farmer (number)

 = Number of fingerlings stocked by the farmer (number)

 = Harvest frequency, that is number of times the fish farm is cropped at maturity (number)

 = error term

Results
Sociodemographic profile of fish farmers
The sociodemographic characteristics of the sampled fish farmers from the Eriwe fish farming population
are presented in Table 1. The fish farming business is male-dominated, with 87.50% of the farmers being
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male. This might be due to the nature of the business, which requires a certain level of physical energy. A
greater proportion (83.32%) of the farmers are within the active age group of 21 to 60 years, with an
average age of 42.5 years. As expected, the fish farmers should be active and productive, given adequate
opportunities and resources.

All the farmers had one form of education or the other, ranging from non-formal (5%) to tertiary (65%).
This level of education suggests that the farmers are expected to be well informed and would be able to
diligently consider innovations, adopt them, and rightly apply them to the business of fish farming.
Adoption of innovations/technologies is expected to be positively correlated with the level of education.

The fish farmers constitute as much as 85% of married people, whereas just a few (15%) are single; hence,
the fish farming business can be taken as a source of livelihood for the family. The household size ranged
between 1-3 and 7-9, with a greater proportion (69%) having 4-6 individuals in their household, with a
mean household size of five people. The farmers have varying years of experience in the fish farming
business. About 51.35% of the farmers have between 1 and 5 years of experience in the business, which
resulted in the highest frequency. The average years of experience (7 years) are sufficient for learning the
tricks in the fish farming business.

Socioeconomic Variable  Frequency Percentage Mean

Sex    

Male 35 87.50  

Female 5 12.50  

Age (years)    

 < 21 2 5.56  

21–30 4 11.12  

31–40 12 33.36  

41–50 6 16.67  

51–60 8 22.24  

 >60 4 11.12 42.5   

Educational level    

Non-formal             2             5.00  

Secondary           12           30.00  

Tertiary           26           65.00  

Marital status    

Single             6           15.00  

Married           34           85.00  

Household size (number)    

1–3             9           23.08  

4–6           27           69.23  

>7             3             7.69                           4.62

Fish farming experience (years)    

1–5           19            51.53  

6–10             8            21.62  

>10           10            27.03                          7.08

TABLE 1: Distribution of fish farmers by socioeconomic characteristics
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Fish production activities among farmers
In Table 2, the fish production activities among the farmers are presented. On the average, farmers have
roughly 3,600 fingerlings in their stock, while the majority (91.66%) had fingerlings between 1,000 and
5,000 in their stock. In order to obtain their fish seeds, the majority (about 68%) depended on other fish
farmers (who are involved in hatching), while about 18.42% turned to markets or brokers. The majority of
farmers typically harvest between one to three times in a year. A larger percentage of the farmers (45.16%)
harvest twice a year, whereas very few (22.58%) harvest only once a year. In terms of source of water for
fish rearing, the farmers largely utilize water from the borehole.

However, some of the farmers closed their pond for some reasons. About 43% of the farmers closed some
of their ponds as a result of lack of funds. This is followed by lack of labour (16%), marketing problem
(13.5%), and water problem (10.8%). These factors highlight the challenges and underlying causes the
farmers face in the fish farming business. Some of these challenges mentioned were water quality, lack of
fund, storage, problem of marketing, and fish seed. This study provides possible solutions to some of these
challenges.

The fish farmers source fund from various sources, as shown in Table 2. Of these sources, funds from
personal savings of the farmers form the major source with about 62%. This could be a limitation
regarding financing the fish farming business, which in turn restricts production and consequently affects
the output level.

Variable Frequency Percentage Mean

Stock size (number of fingerlings stocked)    

1,000–3,000        18       50.00  

3,001–5,000        15       41.66  

Above 5,000          2         5.56 3638.89     

Sources of fingerlings    

Ministry of Agriculture          1         2.63  

Wild water          1         2.63  

Marker/trader          7       18.42  

Other farmers        26       68.42  

Own fish pond          3         7.89  

Frequency of harvest per year    

Once         7       22.58  

Twice       14       45.16  

3 times         4       12.90  

4 times         3         9.68  

6 times         1         3.23  

12 times         2         6.45  

Sources of water    

Borehole       35     100.00  

Well        -        -  

Streams/Springs           -  

Reason for pond closed-down    

Lack of fund      16      43.24  

Lack of labour        6      16.22  

Marketing problem        5      13.51  

Water problem        4      10.81  
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Human conflict        3        8.11  

Bad fish seed        1        2.50  

Source of fund    

Personal savings      23      62.16  

Loan from commercial bank        2        5.41  

Microfinance bank loan                                                                6                   16.22  

Government support                                                                     3        8.11  

Support from IDIPR Eriwe farm                                                           5      13.51  

Ajo (Contribution)        1        2.70  

Cooperatives        7      18.92  

Family and Friends                       8      21.62  

TABLE 2: Distribution of farmers according to fish production information

Fish management practices carried out by the farmers
The various management practices carried out by the farmers are shown in Table 3. Proper water
management in a fish farming business would go a long way in ensuring better productivity and yield for
the farmer. Water dislodge is a common practice among the farmers with as much as 54.84% carrying out
the exercise every day apart from feeding, which is expected to be an everyday affair. Good water quality
maintenance is paramount to knowing the state/condition of the water for optimal production; however,
only 16.13% engage in this practice on daily basis, while another 25.81% do it within 1-3 days per week
and about 29% made it a monthly practice affair. This scenario raises concerns that can be addressed using
IoT solutions.

Production management practices Every day 1-3 days per week 1-3 days per month Twice a year Never

Pond fertilization 27.59 6.90 17.24 27.59 20.69

Water quality maintenance 16.13 25.81 29.03 9.68 19.35

Weeding 6.67 40.00 33.33 13.33 6.67

Liming 10.34 27.59 24.14 27.59 10.34

Cleaning 14.81 25.93 37.04 14.81 7.41

Disease control 15.38 34.62 30.77 7.69 11.54

Feeding 75.00 10.71 10.71 3.57 -

Water flushing 54.84 22.58 6.45 9.68 6.45

TABLE 3: Fish production management practiced by farmers (%)

Fish farming challenges
In Table 4, the level of challenges the farmers are facing is shown. Quite a number of challenges are
militating at varying degrees. The most serious problems, with very high levels of concern, include high
cost of fish feed (97.30%), poor parent stock (69.44%), consistent increases in feed prices (89.19%), poor
fish seeds (86.84%), middlemen (77.78%), insufficient laboratory facilities for fish analysis by professional
technicians (80.56%), and consistent increases in fuel prices (81.08%).
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Challenges Serious problem Moderate problem Minor problem Not a problem

High cost of fish feed 97.30     2.70       - -

Poor water management 27.03     43.24      24.32      5.41       

Poor parent stock 69.44     19.45 11.11      -

Flooding 56.76     13.51      13.51      16.22      

Predator/pilfering/theft 22.22     41.67      30.56      5.56       

Consistent increase in feed price 89.19     10.81      - -

Scarcity of farm labour 18.92     24.32      45.95      10.81      

Improper record keeping 13.51     27.03      35.14      24.32      

Poor-quality fingerling 86.84     13.16      - -

Bad accessible road network 35.14     45.95      13.51      5.41       

Market gluts 56.76     29.73      13.51      -

Foreign investors 54.55     12.12      18.18 15.15      

Lack of cooperation among farmer 48.57     25.71      20.00      5.71       

Problem of middlemen 77.78     19.44      2.78       -

Insufficient laboratory for fish analysis 80.56     16.67      2.78       -

Lack of fish-related technical know-how 58.33     33.33      8.33       -

Consistent increase in fuel price 81.08     13.51      2.70       2.70       

TABLE 4: Level of challenges that militates the farm

Production and technical needs of fish farmers
Table 5 shows the distribution of the extent to which the farmers reported that they need production and
technical supports. It is evident from the table that a larger frequency (94%) of the farmers require
technical assistance in the fish farming business. The degree of the technical and production information
needed is highlighted in Table 5. Highly needed technical assistance is in the areas of maggot fish meal
production (84.21%), pond water quality and management (73.68%), growth parameters indices
monitoring (75.68%), intelligent market for sales of fish (83.78%), fish meal supplements (86.11%), IoT
mobile-based fish water quality management system (82.86%), supplement formulation (75.00),
production of maggot on a large scale (81.08%), and water treatment and fish harvest (62.16%). These
areas of need can be summarized into three broad categories, namely, feeding, water quality management,
and marketing. These three areas can be handled with the adoption of IoT technology.
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Need for technical assistance Freq. Percent

Yes 32 94.12

No 2 5.88

Total 34 100.00

Needs of fish farmers Highly needed Moderately needed Rarely needed Not at all

Maggot fish meal production 84.21     7.89      5.26       2.63       

Pond water quality and management 73.68     21.05      2.63       2.63       

Fish weight monitoring system 75.68     18.92      2.70       2.70       

Intelligent market for sales of fish 83.78     13.51      - 2.70       

Fish meal supplement 86.11     13.89      - -

IoT mobile-based fish water quality management system 82.86     8.57      5.71       2.86       

Supplement formation 75.00     19.44      5.56       -

Production of maggot on a large scale 81.08     13.51      5.41       -

Pond construction 32.43     32.43     21.62      13.51      

Fish preservation and processing 54.05     37.84      8.11       -

Fish pond fertilization 51.35     40.54      8.11       -

Water treatment and fish harvest 62.16     37.84      - -

Spawning operation 37.14     45.71      17.14      -

TABLE 5: Need for technical and production information

Fish marketing information
The distribution of responses regarding fish sales is shown in Table 6. A majority of the farmers (94.6%)
sell their harvested fish in bulk, with local advertisements being the primary method of information
dissemination (96.77%). Although they have diverse customers, market men/women and individuals form
the major customer segments, accounting for 38.99% and 30.56%, respectively.
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Marketing Freq. Percent

Mode of sales   

Wholesale/Bulk 35 94.6

Retail/Pieces 2 5.4

Total 37 100

Advertisement

Local advert 30 96.77       

Internet advert 1 3.23     

Social media - -

Total 31 100

Customers

Individual 11 30.56      

Group(s) 4 11.11      

Hotels 6 16.67      

Market men/women 14 38.89      

Eateries 3       8.33       

Middlemen 2       5.56        

Agents 1 2.78       

Total 37 100

Challenges

Market information 4 14.28

Glut 3 10.71

Poor pricing, buying on credit 14 49.98

Middlemen prank 12 42.84

Storage 2 7.14

TABLE 6: Mode of sales of harvested fish

Participatory impact pathway analysis
A PIPA analysis is shown in Table 7. In Figure 5, the adopted pathway analysis description is shown. The
adoption of the PIPA method yielded the results below, indicating the challenges/problems faced by the
fish farmers. Four different pathways were identified by the stakeholders.
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 Group 1 (Apple) Group 2 (Banana) Group 3 (Papaya)
Group 4
(Watermelon)

General
problems
identified

High cost of feeding Scarcity
of good fish seeds Lack of
financial support Inadequate
security Price irregularity
Unavailability of quality feed
ingredient Natural disaster
(flooding) Water problem
Inaccessibility to final
consumer Issue of technical
know-how

Inbreeding Small size
of brood stock High
cost of production (fuel)
Poor Pricing/Selling on
credit Water quality test
kit Flooding Extension
services Issue of
technical know-how
Laboratory Road
network

Sourcing for fingerlings Decrease in
water volume High price of feed Disease
control Flooding problem High cost of
fuel Market problem Issue of middlemen
Lack of funds Bad road within farm
village Inadequate security Lack of
proper market information Lack of
cooperation among farmers Lack of
proper laboratory information for feeds
and drugs

Problem of good
fingerlings
Insecurity/theft
Flooding
Environmental
pollution Water
management/quality
Over stocking

Main problem
pin-pointed

Bad quality fish seeds Fish seed Marketing
Fish seed
(fingerlings)

Causes of
main problem

Bad brood stock Inbreeding
Wrong cross-breeding

Lack of technical know-
how Poor brood stock
while growing from
fingerlings Low-quality
feed to reduce cost
Improper production
management

Lack of finance Excess supply
Middlemen exploitation High cost of
transportation

Inbreeding Water
quality
Feeding/feed quality

Consequences
of problems

Underdevelopment of the fish
or production of runts, leading
to financial loss

Poor growth Losses
Demotivation

Selling below normal price Low profit
Lack of expansion Liquidation of the farm

Poor production
Poor growth/runts
Mortality Loss of
profit

TABLE 7: PIPA analysis
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FIGURE 5: The pathway analysis adopted in the research

Willingness to adopt IoT
The willingness to adopt IoT and intelligent marketing as well as the associated determinants was
analyzed using the logit model. The logit model for the IoT adoption is shown in Table 8. The logit model
shows that farmers' age, number of ponds owned, and harvest frequency are statistically significant
variables influencing IoT adoption among the fish farmers. Age was significant at the 5% probability level
and had a negative relationship with IoT adoption, implying that younger farmers are more willing to
adopt IoT than their older counterparts. This may be due to the fact that younger generations are
generally more inclined to use computers and related devices, which form the basis of IoT.

Also, the number of ponds managed by the farmers had a positive relationship with IoT adoption,
indicating that a unit increase in the number of ponds managed by the farmers increases the likelihood of
IoT adoption by 64.5%. Frequency of harvest had a significant and a negative relationship with IoT
adoption. This means that the lower the harvest frequency, the lower the probability of IoT adoption
among the fish farmers.
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Variable Coefficient Std. Error Z P>Z

Cons   4.645 2.847  1.63 0.103

Age -0.155**   0.061  -2.54 0.011

Education  2.176 1.490    1.46 0.144

Marital status  2.153  1.745     1.23 0.217

Number of ponds  0.645*  0.388     1.66 0.096

Fish seed -0.001 0.003  -0.33 0.634

Harvest frequency -0.400*  0.229  -1.74 0.081

LR chi2(6)     12.87    

Prob > chi2     0.045    

Log likelihood -13.58    

Pseudo R2      0.322    

Observation 40    

TABLE 8: Logit model result for Internet of Thing adoption among the fish farmers
**Estimates statistically significant at 0.05 or 5%.

*Estimates statistically significant at 0.10 or 10%.

Willingness to adopt intelligent marketing
Table 9 presents the results of the logit model for intelligent marketing adoption among the fish farmers.
The result indicates that farmers' age significantly influences the adoption of intelligent marketing, with a
significance level of 5%.

Variable Coefficient Std. Error Z P>Z

Cons   2.933 4.031   0.73  0.467   

Age  -0.165** 0.077   -2.16  0.031   

Education   2.210   2.187    1.01  0.312    

Marital status   3.220  2.276  1.41  0.157

Number of ponds  1.394 0.895   1.56  0.120   

Fish seed -0.001  0.003   -0.29  0.769   

Harvest frequency -0.379   0.705   -0.54  0.591   

LR chi2(6)     11.33    

Prob > chi2     0.0787    

Log likelihood -7.339    

Pseudo R2      0.436    

Observation 40    

TABLE 9: Result of the logit model for intelligent marketing adoption among the fish farmers
**Estimates statistically significant at 5%.
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Discussion
Feasibility of the study
The feasibility of the study using fish production management practices, challenges/problem of fish
farming, technical/production information needs, and perceived usefulness of modern disruptive
innovations as metric variables was determined by pilot test using Cronbach alpha value. The result is
shown in Table 10. In this research, PIPA was employed in investigating fish farmers’ willingness to adopt
intelligent marketing and IoT-based monitoring system. Based on the findings from the approach, it can
be concluded that fish farmers in Nigeria are generally willing to adopt the system. However, the research
identified several challenges to the adoption of these technologies, including high initial costs, lack of
technical expertise, and inadequate infrastructure. These challenges need to be addressed to enable more
widespread adoption of intelligent marketing and IoT-based water quality monitoring among fish farmers
in Nigeria. Therefore, it is recommended that the government, at all levels, and other relevant
stakeholders in the fish farming industry in Nigeria take concrete steps to address these barriers. This may
include providing financial support and technical assistance to fish farmers to help them acquire and
install the necessary equipment, as well as investing in the necessary infrastructure, such as high-speed
internet and electricity, to support the adoption of these technologies. In terms of the perceived
usefulness of IoT-based water quality monitoring, the study found that fish farmers who perceived the
technologies as having a positive impact on their farm management and profitability were more likely to
adopt them. Similarly, fish farmers who perceived the technologies as being easy to use and requiring
minimal technical knowledge were also more likely to adopt them. The study also found that the
availability of technical support and training was important, as fish farmers who felt confident in their
ability to use the technologies were more likely to adopt them. Moreover, awareness campaigns and
training programs should be organized to educate fish farmers on the benefits of these technologies and
how to use them effectively. This will help to increase their confidence in using these technologies and
improve their overall productivity and profitability. By taking these steps, the adoption of intelligent
marketing and IoT-based water quality monitoring can be accelerated, leading to a more sustainable and
profitable fish farming industry in Nigeria.

SN Variables Cronbach alpha No. of items Remark

1 Fish production management practices (PM) 0.86 7 Reliable/Significant

2 Challenges/problem of fish farming (CF) 0.65 13 Not reliable/Not significant

3 Technical/production information needs (TP) 0.83 13 Reliable/Significant

4 Perceived usefulness of modern disruptive innovations (PU) 0.87 13 Reliable/Significant

TABLE 10: Result of the pilot test for PM, CF, TP, and PU

Conclusions
Intelligent marketing involves the use of modern technologies such as social media, mobile apps, and e-
commerce platforms to increase market reach and efficiency. IoT-based water quality monitoring uses
sensors to monitor water quality parameters such as temperature, pH, and dissolved oxygen, providing
real-time data that enables fish farmers to take timely action to prevent fish mortality and disease
outbreaks. From this study’s findings, it can be concluded that several factors influenced fish farmers’
willingness to adopt intelligent marketing and IoT-based water quality monitoring systems. These factors
included the perceived usefulness and ease of use of the technologies, the availability of technical support
and training, the perceived costs and benefits of adopting the technologies, and the influence of social
norms and peer pressure. The study also found that market intermediaries and government officials
played an important role in promoting the adoption of these technologies. The intelligent marketing and
IoT-based monitoring system can be implemented and validated by fish farmers to compare their
perception from this study with their eventual belief from the testing.
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