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Social and cognitive factors
influencing commercial chicken
farmers’ antimicrobial usage

in Bangladesh

Tasneem Imam?, Justine S. Gibson?, Suman Das Gupta?!, Mohammad Foysal?, Shetu B. Das?,
Md Ahasanul Hoque?, Guillaume Fournié? & Joerg Henning**

Adapting the Social Cognitive Theory framework, we conducted a cross-sectional study on 137
commercial chicken farms in Bangladesh to investigate factors influencing the behaviour of farmers
towards the application of antimicrobials to their birds. Almost all farmers used antimicrobials to
treat poultry diseases, while 38.6% also were using them to promote healthy growth of chickens and
10.2% to increase egg production or improve meat quality. Using Structural Equation Modeling (SEM),
we identified that inappropriate usage of antimicrobials (behaviour) was strongly driven by farmers’
short-term goals to maintain the health of their chickens in a production cycle (8 =0.813, p=0.029),
rather than long-term concerns. Farmers’ perception about their ability to control antimicrobial
administration based on their skills and opportunities (self-efficacy) marginally influenced the short-
term goals of antimicrobial usage (B =0.301, p=0.073). The results of this study can be used to develop
targeted education programs for farmers, to reduce the application of antimicrobials in their poultry
flocks.

Antimicrobial resistance is considered as a global threat to human health! and action plans to tackle this problem
have been developed by the World Health Organisation (WHO)?2. To investigate the awareness towards anti-
microbial resistance among public health and agriculture experts as well as policymakers, WHO conducted a
survey of 9772 participants from 12 countries (China, Vietnam, India, Indonesia, Egypt, Sudan, Russian Federa-
tion, Siberia, Barbados, Mexico, Nigeria and South Africa) between September and October 2015°. About 57%
of the respondents indicated that ‘there is not much people like them can do to stop resistance development’
and 44% believed that ‘resistance is only a problem for those who take antimicrobials regularly’ The report also
highlighted that people of lower income countries are less aware of antimicrobial resistance compared to people
of higher income countries®.

Inappropriate use of antimicrobials in food animals has contributed to the emergence of antimicrobial
resistance?. Misconceptions about antimicrobial usage are common among farmers, and disease occurrence due
to poor biosecurity’ and a lack of strategic vaccinations® might influence farmers’ behaviour towards antimicro-
bial applications. For example, some farmers believe that antimicrobials could improve the immunity of chick-
ens and, that antimicrobial usage for disease prevention or growth promotion may not result in antimicrobial
resistance’. Furthermore, some farmers believe that antimicrobials should be administered without veterinarians’
advice’ and that preventive usage of antimicrobial is more important than improving biosecurity®. Other percep-
tions of farmers are that antimicrobials can be prescribed by traders’, that the use of multiple antimicrobials is
important to control diseases on farms’, that antimicrobial usage on food animals does not have any impact on
human health'® and that antimicrobials can be used without adhering to withdrawal periods!!.

The decision-making process of farmers to implement or to not implement appropriate management practices
is complex and different approaches have been used to analyse farmer’s behaviours and the factors associated
with these behaviours. The knowledge, attitude, and practice (KAP) approach has been applied in the context
of antimicrobial usage”>!*. KAP studies are popular as they are easy to design, less time consuming and less
costly than in-depth qualitative studies'*'>. However, KAP approaches has been criticized by social scientists as
the behaviour of a person represents interlinked characteristics of this person’s knowledge, beliefs, emotions and
values, which are not as easily captured in responses to separate individual questions in a KAP questionnaire'®.
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Strongly disagree | Disagree | Do notknow | Agree Strongly agree

Statement % (N) % (N) % (N) % (N) % (N)
Behaviour

galm increasir:g the dosage of antimicrobials when I am experiencing more chicken getting sick or 5.1(7) 43.8(60) | 0.0 (0) 489(67) |22(3)

ying (Beh1)

El;iv}:ggff have a range of antimicrobials available on my farm, even if I do not used them all 5.8(8) 613(84) | 0.0(0) 32.8(45 | 0.0 (0)
Self-efficacy

ESbEeg;:;/e that stronger laws and enforcement of the law are needed to reduce antimicrobial usage 0.0 (0) 0.0 (0) 5.1(7) 474(65) | 47.4 (65)
I would invest time and money to further improve farm hygiene and biosecurity to reduce the

usage of antimicrobial on my farm (SEff4) 0.0(0) 10.9 (15) 44(6) 64.2(88) 204 (28)
Goals
Antimicrobials lead to a healthy growth of chickens (Goall )* 3.6 (5) 55.5 (76) 2.2(3) 32.8 (45) 5.8 (8)
Antimicrobials help chickens to recover from disease (Goal2)* 0.0 (0) 0.0 (0) 0.7 (1) 87.6 (120) | 11.7 (16)
?ggiargi)c:obials help increasing egg production or improving the quality of the chicken meat 5.1(7) 73.0(100) | 117 (16) 8.0 (1) 22(3)

Table 1. Percentage (N) of responses to statements (‘observed variables’) provided by commercial layer and
broiler chicken farmers in Chattogram, Bangladesh. Abbreviations in brackets (Beh, SEff and Goal) represent
individual statements in the questionnaire for which responses were captured in the interview (see Table S1 for
more details). *Recoded for analysis.

Furthermore, knowledge (which is a key component evaluated in KAP studies) is only one of many factors that
influence how people seek to address a problem; thus, a direct relationship between knowledge and behaviour
cannot be assumed. To change behaviour, extension and intervention programmes need to address additional
factors ranging from sociocultural to environmental and economic components, which are usually not captured
in KAP studies'®2°.

On the other hand, theoretical concepts such as the Health Belief Model?!, Theory of Reasoned Action?,
Theory of Planned Behaviour® and Protection Motivation Theory** and Social Cognitive Theory*>*® represent
applied psychological frameworks that do allow to comprehensively analyse behaviours and factors influencing
them?. The ‘Social Cognitive Theory’ in particular has been used to describe social and cognitive factors that
impact human behaviour®?¢. This framework has also been used to study populations in which interventions
of ‘healthier habits’ were introduced. For example, it has been applied to describe how technological innova-
tions can change the behaviour of diabetic people?, how vocational services for people with psychiatric disor-
ders can be improved?, how web-based learning systems for students can be enhanced, and how behaviour
relating to physical activities can be improved®. This framework has also been applied to investigate farmers’
behaviour towards water conservation® and to explore the usage of climate forecasts to make decisions about
crop management®!.

Therefore, we considered the ‘Social Cognitive Theory’ as a flexible and applied psychological framework to
evaluate the behaviour of commercial farmers towards administration of antimicrobials in their chicken flocks.

Results

The study population included 137 commercial layer and broiler chicken farmers operating in Chattogram,
Bangladesh, with 83 farmers raising broiler chickens and 54 laying hens. Most broiler (98.8%, 82/83) and all
layer farmers (100.0%, 54/54) were male. Most layer farmers (61.1%, 33/54) and about half of the broiler farmers
(49.4%, 41/83) had > 10 years of farming experience. More layer famers (92.6%, 50/54) had a secondary level of
education compared to broiler farmers (78.3%, 65/83)2.

Frequency statistics of all the responses collected on a five-point Likert scale for each ‘observed variable’ under
the ‘latent constructs’ are presented in Table S1, while the frequency statistics of the responses for each ‘observed
variable’ maintained in the final Structural Equation Model (SEM) under the ‘latent constructs’ (behaviour, self-
efficacy and goals) are shown in Table 1. The behaviour of farmers to use antimicrobials in their chicken flocks
was the outcome ‘latent construct.

Behaviour. About half (51.1%, 70/137) of farmers either agreed or strongly agreed that they used an
increased dose of antimicrobials when they observed more chicken getting sick or dying (Table 1). About a third
of farmers (32.8%, 45/137) acknowledged to stock a range of antimicrobials on their farms even if there was no
need to use them.

Self-efficacy. The majority of farmers (94.8%, 130/137) indicated that an enforcement of stronger laws is
needed to reduce antimicrobial usage. Most farmers (84.6%, 116/137) also indicated that they would invest time
and money to further improve farm hygiene and biosecurity to reduce the usage of antimicrobials on their farms.
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Indirect effect: Self-efficacy — Goals — Behaviour: f = 0.245 (p=0.130)

Abbreviations ( Beh, SEff and Goal ) represent individual statements in the questionnaire for which responses were

captured in the interview (see Table S1 for more details).

Figure 1. Final Structural Equation Model describing farmers’ behaviour towards antimicrobial administration
on commercial chicken farms in Chattogram, Bangladesh that is based on the ‘Social Cognitive Theory’
framework?. ‘Observed variables’ are presented in rectangles and the ‘latent constructs’ are presented in ovals.
Both ‘d’ and ‘¢ represent errors of measurements, while Z’ represents the residuals of the latent constructs.

Goals. Almost all farmers (99.3%, 136/137) highlighted that antimicrobials help chickens to recover from
disease. About a third (38.6%, 53/137) of farmers mentioned that antimicrobials promote a healthy growth of
chickens, while a small proportion of them (10.2%, 14/137) indicated that antimicrobials help to increase the egg
production or improve the quality of the chicken meat.

Structural Equation Modeling (SEM)

Using confirmatory factor analysis (CFA) in the measurement part of the SEM, no significant association was
identified for any of the ‘observed variables’ with the latent construct socio-structural factors (p >0.05). Therefore,
the latent construct socio-structural factors was not included in the structural part of the SEM.

Using path analysis in the structural part of the SEM, the latent constructs outcome expectations, goals, self-
efficacy, and behaviour (as the outcome variable) were considered. The latent construct outcome expectations did
not significantly (p=0.501) influence farmers’ behaviour to use antimicrobials on their farms and was therefore
excluded.

The final SEM path is shown in Fig. 1. The results indicate that behaviour of commercial chicken farmers to
increase the usage of antimicrobials or to have a range of antimicrobials available for usage on farms, increased
with their (short-term) goals to improve the health of their chickens (3 =0.813, p=0.029). Self-efficacy had a
marginal impact on the goals of farmers to improve the health of their chickens (3 =0.301, p=0.073), and had
no significant direct impact on behaviour of farmers related to antimicrobial usage.

Overall, the data fit the model well (XZ =8.724, p=0.647; RMSEA < 0.01, CFI=1.000, SRMR =0.045).

Discussion

To the best of our knowledge, this is the first published research study that used the ‘Social Cognitive Theory’
framework to explore social and cognitive factors influencing farmers’ behaviour towards antimicrobial admin-
istration on commercial chicken farms.

Overall, this study found that farmers’ behaviour is primarily directed by their behavioural goals. Commercial
chicken farmers were concerned about disease occurrence in their chicken flocks, and farmers’ goals to maintain
the health of their chickens was driving their use of antimicrobials. These results may explain the large number
of antimicrobials applied on these farms** and might help to eludicate similar high usages reported from other
Asian countries such as India, Nepal, Thailand, China and Sri Lanka®.

Bandura highlighted that individual goals are considered ‘effective’ in adapting habits. For example, goals were
the most important determinant in developing healthy behaviours such as stopping smoking, reducing weight
and performing exercise®. Our study highlighted that farmers created ‘short-term’ attainable goals®, by focus-
sing mainly on poultry health outcomes and thereby immediate benefits in the current production cycle. Indeed,
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recurrent beneficial feedback?® from antimicrobial administration over multiple production cycles might have
‘psychologically’ shaped farmers’ behaviour towards inappropriate antimicrobial application. On the contrary,
people only tend to change their behaviour when the outcome of their behavioural set goals is dissatisfactory™.
Thus, the administration of antimicrobials could be considered as a ‘comfortable and convenient’ solution for
farmers (which might therefore be a behaviour that farmers are unwilling to change) as antimicrobials are read-
ily available over-the-counter without a prescription® or directly through feed and chick traders® while being
easily applied to chickens through feed or drinking water®. Farmers’ intentions of executing rather ‘short-term’
goals have been also illustrated by the fact, that farmers’ responses under outcome expectations, which represent
more long-term’ goals (and concerns), did not influence their behavioural pattern towards antimicrobial usage.

According to the ‘Social Cognitive Theory’, goals are determined by self-efficacy®. In consistency with this
theory, we found that self-efficacy marginally impacted farmers’ goals regarding antimicrobial application. It has
been described previously that self-efficacy influences peoples’ thinking®” and thereby their goal setting to dem-
onstrate an actual behaviour®®*. We found that most farmers were willing to invest time and money to improve
farm biosecurity and they were also in support of strict laws to limit antimicrobial usage.

Previous research has highlighted that poultry farmers in Bangladesh are unable to control disease occur-
rences themselves through the administration of antimicrobials®’, but also that antimicrobials are frequently
administered to chickens in the absence of clinical signs (24.8% of farms) and without adhering to withholding
periods (83.3% of layer and 36.1% of broiler farms)*2. Therefore, farmers ability to perform a desired behaviour,
of reduced antimicrobial usage, requires adequate training, demonstration, and reinforcement®.

We did not identify ‘observed variables’ that significantly influenced the latent construct ‘socio-structural
factors’, which was therefore not included in the final model. It could have been the case that ‘socio-structural
factors’ were not sufficiently described by the recorded ‘observed variables and other variables might need to
be considered in future research. For example, ‘Socio-structural factors’ might be related to the availability of
vaccinations for chickens?, the influence of representatives from pharmaceutical companies on farmers’, lack
of financial capital** or the opinions of neighbouring farmers®. Also, due to the cross-sectional nature of this
research, we could not confirm (for example through observations) the reported behaviour of farmers, so a
validation of the hypothesized causal relationships between ‘latent constructs’ could not be performed. A quali-
tative data collection approach with in-depth interviews would be helpful to explore the identified behaviour
of farmers in more detail.

Overall, the research presented here highlighted the short-term goal oriented behaviour of commercial poul-
try farmers in Bangladesh. These observations are valuable for policy makers for designing extension programs
aiming to implement behaviour changes in regard to antimicrobial administration. However, behaviours of
individuals are generally difficult to modify** and innovative strategies are required. WHO has developed a guide
for Tailoring Antimicrobial Resistance Programmes (TAP) in order to determine perceived barriers and drivers
of behaviour change*>*. Behavioural insights specialists working within the TAP highlighted the importance of
cultural and social contexts for changing the behaviour of target populations®. Lessons from the TAP are useful
for designing programs to change the behaviour of poultry farmers in Bangladesh. For example, farmers are less
likely to know the generic names of antimicrobials and they are more familiar with the trade names’. Therefore,
it is important that extension programs consider the knowledge and social background of Bangladeshi poultry
farmers, and that effective and cultural-sensitive communication approaches are developed and applied. There are
some existing initiatives in Bangladesh under which training of poultry farmers could be delivered. For example,
the Department of Livestock Services (DLS) has set-up the Upazila to Community (U2C) initiative, which aims
to empower women in rural communities to improve livestock production and disease control ’. Furthermore,
the Bangladesh AMR Response Alliance (BARA) was created to involve both government agencies and private
health professionals to ensure responsible use of antimicrobials at the community level*’. Tapping into these
existing community networks would provide opportunities to deliver training on poultry diseases, biosecurity
practices and antimicrobial usage, and overall improve poultry production and might be helpful to change the
short-term goal oriented behaviour of commercial chicken farmers.

Materials and methods

The'Social Cognitive Theory’ framework. The ‘factors’ or components of the ‘Social Cognitive Theory’
framework are self-efficacy, goals, outcome expectations and socio-structural factors, which directly or indirectly
influence behaviour®. Figure 2 depicts the hypothesized paths or relationships between individual factors and
how they regulate, or impact behaviour as described by Bandura in 2004%>.

While self-efficacy measures the ability of people to successfully overcome challenges to perform a behav-
iour, outcome expectations measure the expected favourable and unfavourable effects of the behaviour including
positive and negative self-evaluative reactions®. Goals, which include short-term attainable objectives guide
people’s actions®, while socio-structural factors represent the perceived facilitators and obstacles that influence
a behaviour®™. Bandura emphasized the importance of self-efficacy to directly influence behaviour of humans,
but also to influence the other factors®.

We have conceptualized these factors’ of the ‘Social Cognitive Theory’ in relation to farmer’s behaviour in
administering antimicrobials to their chicken flocks and defined these ‘factors’ as follows:

1. Perceived self-efficacy relates to the belief of farmers that they could control the usage of antimicrobials based
on their own assessment of their skills and opportunities. For example, the statement ‘I believe that stronger
laws and enforcement of the law are needed to reduce antimicrobial usage’ belongs to self-efficacy.
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Outcome
expectations

Behaviour

Self-efficacy

Socio-structural
factors

Figure 2. Hypothesized Structural Equation Modeling paths describing farmers’ behaviour towards the
administration of antimicrobials in commercial chicken flocks in Chattogram, Bangladesh.

2. Outcome expectations relates to farmers’ perceived benefits from using antimicrobials and the effect that
antimicrobial administration will have on poultry health, production and human health. An example for an
outcome expectation would be the statement ‘Antimicrobial residues in chicken meat will not harm humans’

3. Goals represent achievable short-term objectives that encourage farmers to administer antimicrobials. ‘Anti-
microbials help to increase egg production or improve the quality of the chicken meat’ is an example state-
ment for Goals.

4. Socio-structural factors are perceived external facilitators and impediments that encourage or deter farmers
to use antimicrobials. Tam bound to take advice from feed traders because I owe them money (they provide
day old chicks, antimicrobials, and feed)’ illustrates a statement for socio-structural factors.

Study design. A cross-sectional study was used to collect data on farmers’ usage and perception of admin-
istering antimicrobials to their layer and broiler chicken flocks in the Chattogram district of Bangladesh. The
Chattogram district was selected because it is a centre for commercial chicken production in Bangladesh*®.

First, a sampling frame of 1,748 commercial chicken farms in this district was developed with the help of
the Bangladesh District Livestock Services (DLS), feed and chick traders, pharmaceutical representatives, and
government and private practitioners*. From this sampling frame, 140 commercial chicken farmers from 8
upazilas (sub-districts) were selected using simple random sampling (using syntax RANDBETWEEN in Micro-
soft Excel). Farmers were interviewed between February and May 2019 and 137 of these 140 farmers reported
of using antimicrobials and these 137 farmers were in the further analysis. Further details about the sampling
approach are provided in*.

Questionnaire. A structured questionnaire was developed to collect data on ‘factors’ of the ‘Social Cogni-
tive Theory’ framework. Each ‘factor’ was evaluated by a series of statements (‘observed variables’) for which
farmers provided responses on a 5-point Likert scale: ‘Strongly disagree, ‘Disagree, ‘Do not know’, ‘Agree, and
‘Strongly agre€’

Data analysis. Structural Equation Modeling (SEM) was used to analyse the dataset. The SEM is com-
prised of two parts, a measurement and a structural part™. In the measurement part of the SEM, statements
(or ‘observed variables’) are used to build each of the separate ‘factors’ according to ‘Social Cognitive Theory’
These ‘factors’ are termed ‘latent constructs’ in SEMs. Confirmatory Factor Analysis (CFA) was then applied to
identify which of the ‘observed variables’ would be included in each ‘latent construct. In the structural part of the
SEM, path analysis was used to describe the relationship between the causal ‘latent constructs’ (i.e. self-efficacy,
outcome expectations, goals, and socio-structural factors) and how they impacted the outcome ‘latent construct’
behaviour (which represented the behaviour of farmers towards antimicrobial usage on their farms). To ensure
all ‘observed variables’ are scaled in the same direction®, some of the original responses were recoded. The con-
ceptual framework with all collected ‘observed variables’ informing each ‘latent construct’ and the relationships
between ‘latent constructs’ is displayed in Fig. S1.

A p-value <0.05 was selected as cut-off to include ‘observed variables’ under each of the ‘latent constructs’ in
the CFA and a p-value < 0.1 was selected as cut-off to maintain ‘latent constructs’ in the path analysis.

The overall model fit was assessed by the chi-square () statistic with a p-value <0.05 as an indicator of
good fit®. The root mean square error of approximations (RMSEA) was also used, with values <0.05 indicating
a good fit and values up to 0.08 indicating an acceptable fit**. Furthermore, the comparative fit index (CFI) with
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values > 0.95 indicating very good fit and > 0.90 an acceptable fit**> was also applied. In addition, standard root
mean square residuals (SRMR) values <0.05 were considered indicative of a close-fitting model while values
between 0.05 up to 0.10 were suggesting acceptable fit>*.

Descriptive data analysis was conducted in STATA 16 (StataCorp®, 2019) while the SEM was developed using
AMOS 27 (IBM® SPSS® Amos™ 27, 2020).

Ethics approval. Human Ethics Approval for the interviews was obtained from the University of Queens-
land Institutional Human Ethics Committee on the 7 December 2018 (Approval number: 2018002266). The
outlined research with farmers was carried out in accordance with relevant guidelines and regulations (Declara-
tion of Helsinki) and informed consent was obtained from all participants (none of the participants was under
18 years of age).

Data availability
The raw data supporting the conclusions of this research will be made available upon request by the first author
of this publication, Tasneem Imam (t.imam@ug.edu.au).
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