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    ABSTRACT

    Field evidence on bovine tuberculosis (bTB) in Timor-Leste is still limited. This study estimated visible seropositivity using a bTB antibody rapid test and evaluated an ADDIE-based digital literacy education model in Daudere, Lautém. A multiphase quantitative design screened 104 cattle, consisting of 48 Balinese cows and 56 buffaloes, and involved 40 smallholder farmers. Seven cattle showed reactive results with visible seropositivity of 6.73%; reactivity in Balinese cattle 10.42% and buffalo 3.57%, with no significant differences between species (Fisher exact test p = 0.244). Material and media validation reached 93.50% and 92.75%, while the average practicality was 4.58. Farmers' knowledge increased from 53.25 to 84.15 (p < 0.001; N-gain = 0.66). Because a confirmatory laboratory examination has not been carried out, the reactive results are preliminary serological evidence and not confirmation of Mycobacterium bovis infection. The findings support confirmatory surveillance and digital education of local evidence-based breeders
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INTRODUCTION


Bovine
tuberculosis (bTB) is a chronic zoonotic disease primarily caused by
Mycobacterium bovis, a member of the Mycobacterium tuberculosis complex. The
disease impacts livestock health and productivity and poses a public health
risk, especially in communities that are in frequent contact with livestock or
consume unpasteurized animal products. In live animals, cutaneous tuberculin
testing is a standard diagnostic method, while culture and identification of
agents in the laboratory provide definitive confirmation (Khairullah et al.,
2024; World Organisation for Animal Health, 2026).


Smallholder
farms are an important source of livelihood in Daudere, Lautém. Epidemiological
evidence on bovine tuberculosis in livestock in Timor-Leste is limited, and
verifiable scientific documentation on the presence of Mycobacterium bovis in
local livestock populations is still not widely available. Therefore, local
screening is needed to identify livestock that require further diagnostic
examination and serve as the basis for risk communication to farmers.


bTB
prevention is also influenced by farmers' knowledge of transmission, clinical
signs, zoonotic risks, biosecurity, safe handling of livestock, and reporting.
Limited knowledge can delay reporting and sustain practices that increase
exposure to suspected infected livestock. Studies in the farming community show
that the gap in knowledge and practice of bTB prevention remains a challenge
(Van Der Zwan et al., 2024; Hamid et al., 2024).


Digital
communication opens up opportunities to strengthen animal health education in
smallholder farming areas. Digital literacy includes the ability to access,
understand, evaluate, and apply information through smartphones, messaging
applications, videos, electronic modules, and other media. Materials that are
arranged according to the needs, access, and digital capabilities of farmers
can support more flexible and contextual counseling (Hanif & Kusumastuti,
2024; Pitrianti et al., 2023).


Previous
counseling research shows that structured education and digital learning media
can increase knowledge and adoption of livestock practices (Qisthon et al.,
2024; Susilawati et al., 2024; Sjafruddin et al., 2026). The ADDIE framework
provides systematic stages of analysis, design, development, implementation,
and evaluation to produce valid, practical, and tailored learning materials to
participants.


The research
gap lies in the limited integration between local bTB screening evidence and
farmer education. Epidemiological research generally emphasizes diagnosis,
transmission, and risk, while livestock education research more often discusses
production management or technology adoption. The contribution of this research
is to integrate the results of rapid antibody screening in local livestock with
ADDIE-based digital literacy interventions so that animal health evidence can
be directly used as educational materials.


This study
has two objectives, namely: to estimate the apparent seropositivity of bTB
antibody rapid test results in Balinese cattle and buffalo in Daudere; and to
develop and evaluate a digital literacy-based farmer education model based on
the validity, practicality, and improvement of bTB knowledge in the short term.


The research
findings are expected to provide preliminary evidence for local surveillance
while providing contextual educational media for livestock extension workers,
veterinary services, local governments, educational institutions, and livestock
groups. The results of the rapid test are positioned as screening evidence that
requires confirmatory checks, while the education component is a means to
translate local evidence into risk communication and preventive measures.


 


THEORITICAL
REVIEW


Digital Literacy in
Livestock Education


Digital
literacy is an important competency in non-formal education for farmers. This
competency is not only related to the ability to operate digital devices, but
also includes the ability to access, understand, evaluate, manage, and apply
information from digital media. In farming, these competencies can support
access to animal health information, production management, biosecurity, and
disease prevention.


The adoption
of livestock innovation is influenced by the ability of farmers to receive and
use information through communication media and digital technology. Hanif and
Kusumastuti (2024) found that access to information and the ability to utilize
digital communication contribute to the adoption of innovation among farmers.
Digital literacy-based education can facilitate a learning process that is more
flexible, accessible, and responsive to the needs of farmers.


Digital
platforms such as smartphones, messaging apps, educational videos, electronic
modules, and online information resources can improve the dissemination of animal
health information. However, access to digital technology alone does not
guarantee effective learning. Farmers must also be able to assess the
credibility of information and apply it appropriately in livestock management
practices. Therefore, digital literacy education must combine technical skills,
information evaluation, and practical application in the context of local
agriculture.


 


Bovine Tuberculosis
and Animal Health Education


Bovine
tuberculosis is a chronic zoonotic disease primarily related to Mycobacterium
bovis and other members of the Mycobacterium tuberculosis complex. Cattle and
buffalo can be affected, and infected livestock can be a source of zoonotic
exposure. Because clinical signs are often non-specific or invisible in the
early phases, surveillance requires standardized diagnostic approaches, not
just clinical observations (Khairullah et al., 2024; WOAH, 2026).


The WOAH
establishes cutaneous tuberculin testing as the standard method for diagnosis
in live domestic animals and explains that blood tests that detect antibodies
or cellular immune responses can be used as an additional tool. Definitive
confirmation requires the detection and identification of the causative agent
in the laboratory. This principle is important in interpreting the results of
field rapid tests when confirmatory laboratory examinations have not been
conducted (WOAH, 2026).


In this
study, seropositivity appears to be defined as the proportion of cattle that
show reactive results on bTB antibody rapid test kits without adjustment for
test sensitivity and specificity. Reactive antibody results show serological
evidence consistent with exposure or immune response, but do not independently
prove laboratory-confirmed Mycobacterium bovis infection. Interpretation should
consider sampling strategies, test performance, disease phases, and the absence
of confirmatory examinations.


Farmers play
an important role in the prevention and control of bovine tuberculosis. Their
knowledge of transmission pathways, clinical signs, zoonotic risks, safe
handling of animals, reporting procedures, and biosecurity practices can
influence the success of disease control programs. Limited knowledge can lead
to delayed reporting, improper handling of suspected animals, and ongoing
exposure to human and other livestock infections. Therefore, animal health
education is needed to translate epidemiological information into practical
preventive measures.


 


Development of
Educational Models for Farmers


The
educational model provides a systematic framework for organizing learning
objectives, materials, media, activities, and evaluation. In extension of the
farm, the educational model serves not only as a tool for transferring
knowledge but also as a tool to strengthen the ability of the farmer to
understand problems, make decisions, and adopt appropriate innovations.


The Analysis,
Design, Development, Implementation, and Evaluation Models offer a structured
approach to the development of educational interventions. During the analysis
phase, the learning needs of the farmer, existing knowledge, digital
capabilities, and local animal health conditions are identified. The design and
development phase involves the preparation of learning objectives, materials,
digital media, and evaluation instruments. The implementation phase applies the
educational model to the target participants, while the evaluation stage
assesses its validity, practicality, and learning outcomes.


Previous
research has shown that systematic and participatory education can improve
farmers' knowledge and skills. Sjafruddin et al. (2026) showed an educational
approach to the utilization of alternative feeds, while Rizki (2025) reported
an improvement in livestock management competence after education and practical
activities. The findings support the principle that educational interventions
are more beneficial when their content is relevant to local issues and
delivered through easily accessible media.


In the
context of bovine tuberculosis, an educational model should be developed using
local animal health evidence. The results of the screening can be translated
into educational content about disease incidence, modes of transmission,
zoonotic risk, preventive measures, and the importance of veterinary reporting.
This evidence-based approach can make learning materials more relevant to
farmers because the information reflects the conditions found in their own
livestock environment.


 


 


Validity,
Practicality, and Effectiveness of Educational Models


The quality
of educational models can be evaluated through validity, practicality, and
effectiveness. Validity relates to the suitability, accuracy, completeness,
language, and presentation of learning materials. Expert validation is required
to ensure that the educational content is scientifically accurate and in
accordance with the characteristics of the target participants.


Practicality
refers to the extent to which the model is easy to understand, accessible,
attractive, and suitable for use by farmers. Practical educational media should
consider the participant's level of education, digital skills, access to
devices, internet availability, and familiarity with communication
applications. Learning materials that use simple language, illustrations,
videos, and contextual examples may be more acceptable than materials that
contain high-technical explanations.


Effectiveness
refers to the extent to which the model achieves the desired learning outcomes.
In this study, effectiveness was reflected in changes in the farmer's knowledge
scores before and after the educational intervention. Pre-test and post-test
comparisons can show whether participants' knowledge improved after exposure to
the developed model. However, increased knowledge should not automatically be
interpreted as evidence of long-term behavioral change or decreased disease
incidence because these outcomes require separate measurements and a longer
follow-up period.


 


Previous Research and
Research Gaps


Previous
farmer education research has discussed livestock management, cages, feed utilization,
and technology adoption. Hanif and Kusumastuti (2024) examined the adoption of
innovations through livestock digitalization, Rizki (2025) focused on livestock
selection and cage management, while Sjafruddin et al. (2026) developed an
alternative feed education model. The study affirmed the benefits of education,
but its main focus differed from zoonotic disease surveillance and risk
communication.


Bovine
tuberculosis research generally focuses on epidemiology, diagnostic procedures,
transmission patterns, zoonotic risk, and control strategies. However,
verifiable evidence of bovine tuberculosis research in livestock in Timor-Leste
is limited. This study is not intended to be an absolute first discovery, but
it does contribute through the documentation of rapid antibody screening in
Daudere and the integration of these local screening results into a farmer
education model.


However,
studies that integrate local bovine tuberculosis screening data with the
development of digital literacy-based education are still limited. Existing
epidemiological studies often identify disease risks without directly
translating these findings into educational interventions for farmers. In
contrast, livestock education studies often develop learning programs without basing
their content on local disease screening evidence.


The gap that
this study answers is the limited integration of bTB screening, digital
literacy, and farmer education in a single field study. The novelty of the
research lies in the use of local antibody rapid screening data as the basis
for the development and evaluation of digital literacy-based education models.
This approach links early animal health surveillance with risk learning and
communication at the community level.


 


Research Theoretical
Framework


This research
is based on the premise that local animal health evidence and digital
literacy-based education can complement each other to strengthen farmers'
understanding of bovine tuberculosis. Rapid antibody screening provides
preliminary information about serological reactivity and its distribution,
while the educational model translates the evidence into easily accessible
material on transmission, zoonotic risk, prevention, reporting, and control.


Conceptually,
the study consists of two interconnected phases. The first phase is a
cross-sectional serological screening survey to estimate the apparent
seropositivity of bTB antibodies in Balinese cattle and buffaloes. The second
phase uses the ADDIE framework to develop and implement a digital literacy-based
farmer education model based on local screening results.


In the
education phase, the developed model serves as an intervention, while the
farmer's knowledge of bovine tuberculosis is the main learning outcome. The
model includes digital learning materials such as electronic modules, videos,
infographics, and practical guides. The quality is assessed through expert
validation and user response, while the effectiveness of the education is
evaluated by comparing the farmer's pre-test and post-test scores and
calculating normalized profits.


The
theoretical relationship proposed in this study is that educational models
designed as per farmers' needs, digital capabilities, and local epidemiological
evidence can improve their understanding of bovine tuberculosis. Increased
knowledge can provide an important foundation for increased disease awareness
and preventive decision-making. However, changes in attitudes, practices,
disease prevalence, and long-term livestock health outcomes require further
evaluation beyond the scope of this study.


 


METHODOLOGY


Research Type and
Design


This
multiphase quantitative research combines the screening of cross-cut animals
with the Research and Development method using the ADDIE model. The research
was carried out in Daudere Village, Lautém Administrative Post (District),
Lautém Municipality, Timor-Leste. Lospalos is the capital and administrative
center of Lautém Municipality. The screening phase assessed the reactivity of
bTB antibodies in Balinese cattle and buffaloes, while the development phase
produced and evaluated a digital literacy-based farmer education model.


The ADDIE
model consists of Analysis, Design, Development, Implementation, and
Evaluation. The effectiveness of this educational model was tested using a
pre-test–post-test design of a group to compare the knowledge of farmers before
and after participating in an educational intervention.


 


Population, Samples,
and Research Instruments


The animal
component included 104 livestock, consisting of 48 Balinese cattle and 56
buffaloes, from eight study sites: Aelafa, Anarua, Makalodo, Nassuloi, Sagueli,
Samaira, Uanambere, and Vassatoi. Serum samples were examined using bovine
tuberculosis antibody rapid test kits and results were recorded as reactive or
nonreactive. The source manuscript did not report cultures, molecular
examinations, or other reference methods as confirmation; therefore, the
results of the reactive rapid test were treated as the result of initial
serological screening and not as a confirmed infection.


The
educational intervention involved 40 smallholder farmers who were purposively
selected based on active involvement in the raising of Balinese cattle or
buffaloes, experience in livestock farming, and willingness to participate in
all stages of the research. Instruments included livestock screening records,
observation sheets, digital literacy questionnaires, user response
questionnaires, and knowledge tests covering causes, transmission, clinical
signs, zoonotic risks, prevention, reporting, and control of bovine
tuberculosis.


The
educational materials were reviewed by education and animal health experts to
assess the suitability of content, clarity, scientific accuracy, relevance, and
presentation. The reliability of the farmers' knowledge instruments was tested
using Cronbach alpha with a coefficient above 0.70 as the acceptance limit.


 


Serological
Examination Using Bovine Tuberculosis Antibody (BTB-Ab) Rapid Test


The detection
of bovine tuberculosis-associated antibodies was performed using a Bovine
Tuberculosis Antibody (BTB-Ab) rapid test kit based on an immunochromatographic
assay principle. The rapid test was applied as a field-based serological
screening method to identify reactive and non-reactive antibody responses in
cattle and buffalo serum or plasma samples.


Blood samples
collected from the animals were processed to obtain serum or plasma prior to
examination. Approximately 10 µL of serum/plasma sample was transferred into
the sample well of the BTB-Ab test cassette, followed by the addition of buffer
solution according to the manufacturer's recommended procedure. The cassette
was then maintained on a flat surface under room temperature conditions, and
the reaction was allowed to develop for approximately 15–20 minutes before the
results were interpreted.


The
interpretation of test results was based on the appearance of visible lines in
the control (C) and test (T) regions of the cassette. Samples showing both
control and test lines were classified as reactive, indicating the presence of
detectable antibodies associated with bovine tuberculosis. Samples showing only
the control line were categorized as non-reactive. If the control line was
absent, the test was considered invalid and repeated using a new cassette.


The BTB-Ab
rapid test results were recorded as serological screening outcomes and
subsequently analyzed together with the clinical and epidemiological
information obtained during the study. Since antibody-based rapid tests
indicate immune responses rather than direct pathogen detection, reactive
results were considered preliminary evidence of exposure and should be
interpreted together with confirmatory diagnostic approaches when determining
infection status.
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Figure 1. Components of the BTB-Ab rapid test
kit for bovine tuberculosis antibody detection.
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Figure 2. Reactive BTB-Ab rapid test cassette
showing visible control (C) and test (T) lines for bovine tuberculosis antibody
detection.


 


Data Collection
Procedure


Animal
screening data was collected and tabulated by species and location. The serum
of each sample livestock was examined using a bTB antibody rapid test kit, then
the visible results were recorded as reactive or nonreactive. Seven of the 104
cattle showed reactive results. Since confirmatory laboratory examinations have
not been performed, the rapid test classification was maintained throughout the
analysis as a screening result.


The education
development process begins with an analysis of the initial knowledge, digital
capabilities, and learning needs of farmers. The results of livestock
examinations are also used as local evidence in preparing educational content
about bovine tuberculosis. This model is then designed and developed in the
form of electronic learning materials, videos, infographics, and practical
information for farmers.


Prior to the
educational activities, the participating farmers completed a pre-test to
measure their initial knowledge. They then received a digital literacy-based
educational intervention and completed a post-exam test after the learning
activity. A user response questionnaire was also administered to evaluate the
practicality and usefulness of the developed model.


 


Data Analysis
Techniques


Livestock
screening data were analyzed using frequency, percentage, and apparent
seropositivity. Apparent seropositivity was calculated by dividing the number
of reactive cattle by the total number of cattle tested and then multiplied by
100. The proportion of reactive animals between species was compared using the
Fisher exact test because the number of reactive cattle was relatively small.
Adjustments to the sensitivity and specificity of the rapid test could not be
made based on the information available in the source manuscript.


The validity
and practicality of the educational model were analyzed descriptively using
mean scores and percentages. Farmers' pre-test and post-test scores were
compared using a pair sample t-test, while the level of knowledge improvement
was measured using N-Gain analysis.


Antibody
rapid screening identified seven reactive outcomes from 104 livestock,
resulting in an overall apparent seropositivity of 6.73%. Reactive results were
found in 5 of 48 Balinese cows and 2 of 56 buffaloes. The educational
intervention involved 40 farmers and was evaluated through pre-test-post-test
knowledge scores, N-Gain, expert validation, and user responses. Quantitative
analysis was conducted using IBM SPSS Statistics and Microsoft Excel.


 


RESEARCH
RESULT


Rapid
Screening Results of Bovine Tuberculosis Antibodies


A total of 104 cattle from eight locations in Daudere were
examined, consisting of 48 Balinese cattle and 56 buffaloes. Seven cattle showed
reactive and 97 non-reactive results in the bovine tuberculosis antibody rapid
test. The overall seropositivity was 6.73%.


 


Table 1. Results of Bovine
Tuberculosis Antibody Rapid Screening by Species





 
  
   	
   Animal species

   
   	
   Reactive

   
   	
   Non-reactive

   
   	
   Total tested

   
   	
   Visible seropositivity
   (%)

   
  

 
 
  	
  Bali Beef

  
  	
  5

  
  	
  43

  
  	
  48

  
  	
  10.42

  
 

 
  	
  buffalo

  
  	
  2

  
  	
  54

  
  	
  56

  
  	
  3.57

  
 

 
  	
  Total

  
  	
  7

  
  	
  97

  
  	
  104

  
  	
  6.73

  
 







 


Seropositivity appeared to be numerically higher in Balinese
cattle than in buffaloes. Reactive results were found in 10.42% of Balinese
cattle and 3.57% of buffaloes. Fisher's exact assay showed no significant
difference between species (p = 0.244); therefore, the data did not support the
conclusion that Balinese cattle were more susceptible than buffaloes.
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Figure 1. Overall distribution of
reactive and nonreactive results of bovine tuberculosis antibody rapid tests (n
= 104).


 


The reactivity rapid test is the result of an initial serological
screening. Without a confirmatory laboratory examination, the results should
not be interpreted as definitive confirmation  of Mycobacterium bovis
infection.


 


Distribution
of Reactive Results Based on Research Location


Reactive results were found at six of the eight study sites.
Nassuloi recorded two reactive cattle out of 16 tested, while Aelafa, Anarua,
Makalodo, Sagueli, and Samaira recorded one reactive cattle each. No reactive
results were found in Uanambere and Vassatoi.


 


Table 2. Distribution of Bovine
Tuberculosis Rapid Test Reactivity by Location





 
  
   	
   Research location

   
   	
   Reactive

   
   	
   Non-reactive

   
   	
   Total tested

   
   	
   Visible seropositivity
   (%)

   
  

 
 
  	
  Aelafa

  
  	
  1

  
  	
  15

  
  	
  16

  
  	
  6.25

  
 

 
  	
  anarua

  
  	
  1

  
  	
  15

  
  	
  16

  
  	
  6.25

  
 

 
  	
  Makalodo

  
  	
  1

  
  	
  15

  
  	
  16

  
  	
  6.25

  
 

 
  	
  Nibble

  
  	
  2

  
  	
  14

  
  	
  16

  
  	
  12.50

  
 

 
  	
  Sagueli

  
  	
  1

  
  	
  15

  
  	
  16

  
  	
  6.25

  
 

 
  	
  Samaira

  
  	
  1

  
  	
  7

  
  	
  8

  
  	
  12.50

  
 

 
  	
  Uanambere

  
  	
  0

  
  	
  8

  
  	
  8

  
  	
  0.00

  
 

 
  	
  Vassatoi

  
  	
  0

  
  	
  8

  
  	
  8

  
  	
  0.00

  
 

 
  	
  Total

  
  	
  7

  
  	
  97

  
  	
  104

  
  	
  6.73

  
 







 


 


 


The highest seropositivity was found in Nassuloi and Samaira,
12.50% each. This percentage needs to be interpreted carefully because the
number of livestock tested differs between locations. The local screening
pattern is then used as contextual evidence in educational materials regarding
bTB risk, prevention, and reporting.


 


Characteristics
of Research Respondents


The
educational intervention involved 40 smallholder farmers in Daudere who raised
Balinese cattle or buffalo. Most of the respondents were male (80.0%), while
women accounted for 20.0%. The most common age group was 36–50 years, followed
by the age group >50 years. Based on formal education, most respondents had
completed junior high school or primary school.


 


Table 3. Characteristics of Research
Respondents





 
  
   	
   Features

   
   	
   Category

   
   	
   Frequency

   
   	
   Percentage (%)

   
  

 
 
  	
  Gender

  
  	
  Male

  
  	
  32

  
  	
  80.0

  
 

 
  	
  	
  Female

  
  	
  8

  
  	
  20.0

  
 

 
  	
  Age

  
  	
  20–35 years old

  
  	
  9

  
  	
  22.5

  
 

 
  	
  	
  36–50 years old

  
  	
  18

  
  	
  45.0

  
 

 
  	
  	
  >50 years old

  
  	
  13

  
  	
  32.5

  
 

 
  	
  Education

  
  	
  Elementary school

  
  	
  14

  
  	
  35.0

  
 

 
  	
  	
  Junior high school

  
  	
  15

  
  	
  37.5

  
 

 
  	
  	
  High school

  
  	
  9

  
  	
  22.5

  
 

 
  	
  	
  Diploma/Bachelor's Degree

  
  	
  2

  
  	
  5.0

  
 







 


Needs
Analysis Results


Needs analysis shows that farmers' initial understanding of bovine
tuberculosis is still limited. As many as 75.0% of respondents were unaware
that bovine tuberculosis is a zoonotic disease that can be transmitted from
animals to humans. In addition, 67.5% of respondents did not adequately
understand the mechanisms of disease transmission and appropriate preventive
measures. Interviews supported the findings. One respondent stated:


"So
far, I only know about common diseases in livestock. I have never received any
specific information or education about tuberculosis in cattle and
buffaloes." 

(Respondent R12, interviewed on January 15, 2026)


Another
respondent explained:


"Livestock
health information is usually obtained from other farmers or field officers,
but we have never received it through digital media or educational
videos." (Respondent R27, interviewed on January 17, 2026)


The findings show the need for educational materials that are
easily accessible and relevant to the local context. Antibody rapid screening
data is then incorporated into educational content to increase farmers'
awareness of the risk of bTB and the importance of veterinary follow-up,
without equating screening reactivity with laboratory-confirmed diseases.


 


 


Development
of Digital Literacy-Based Education Models


The educational model is developed through the Analysis, Design,
Development, Implementation, and Evaluation stages. The resulting product
consists of electronic modules, educational videos, infographics, and user
manuals for farmers. The material includes the causes, transmission, clinical
signs, zoonotic risk, prevention, reporting, and control of bovine
tuberculosis. 


The educational products are assessed by education and animal
health experts. The validation results show that the content and presentation
of the developed material meets a very valid category.


 


Table 4. Results of
Validation of Material Experts





 
  
   	
   Assessment aspects

   
   	
   Percentage (%)

   
  

 
 
  	
  Material suitability

  
  	
  95

  
 

 
  	
  Material completeness

  
  	
  92

  
 

 
  	
  Material relevance and novelty

  
  	
  94

  
 

 
  	
  Language clarity

  
  	
  93

  
 

 
  	
  Overall average

  
  	
  93.50

  
 







Category: Highly Valid


 


The highest score was obtained for material suitability, with a
score of 95%, while the overall material validation score was 93.50%. These
results show that the educational content is in accordance with the learning
objectives and educational needs of farmers.


 


Table 5. Media Expert
Validation Results





 
  
   	
   Assessment aspects

   
   	
   Percentage (%)

   
  

 
 
  	
  Media display

  
  	
  90

  
 

 
  	
  Interactivity

  
  	
  94

  
 

 
  	
  Ease of use

  
  	
  95

  
 

 
  	
  Visual design

  
  	
  92

  
 

 
  	
  Overall average

  
  	
  92.75

  
 







Category: Highly Valid


 


The media validation assessment resulted in an overall score of
92.75%. Ease of use scored the highest, indicating that the digital media developed
is considered accessible and suitable for use by small farmers.


 


Digital
Literacy Level of Farmers


Assessments show that farmers are generally familiar with
smartphones and communication apps. However, their ability to verify digital information
and use specialized livestock apps remains relatively limited.


 


 


Table 6. Digital
Literacy Level of Farmers





 
  
   	
   Indicator

   
   	
   Average score

   
  

 
 
  	
  Smartphone use

  
  	
  4.20

  
 

 
  	
  Use of WhatsApp

  
  	
  4.55

  
 

 
  	
  Internet information search

  
  	
  3.48

  
 

 
  	
  Watch educational videos

  
  	
  3.65

  
 

 
  	
  Verify information

  
  	
  2.90

  
 

 
  	
  Use of livestock applications

  
  	
  2.35

  
 

 
  	
  Overall average

  
  	
  3.52

  
 







Category: Moderate


 


The use of WhatsApp resulted in the highest average score of 4.55,
followed by smartphone use of 4.20. The lowest score was recorded for the use
of special livestock applications, with an average of 2.35. The overall average
of 3.52 indicates a moderate level of digital literacy.


 


Practicality
of the Educational Model


User response questionnaires show that farmers evaluate the
positively developed educational model. The material is considered
understandable, useful, visually appropriate, and relevant to the needs of the
farmer.


 


Table 7. Farmers'
Response to the Educational Model





 
  
   	
   Assessment aspects

   
   	
   Average score

   
  

 
 
  	
  Ease of use

  
  	
  4.51

  
 

 
  	
  Media display

  
  	
  4.47

  
 

 
  	
  Material suitability

  
  	
  4.62

  
 

 
  	
  Language clarity

  
  	
  4.58

  
 

 
  	
  Benefits for farmers

  
  	
  4.71

  
 

 
  	
  Overall average

  
  	
  4.58

  
 







Category: Highly practical


 


The benefits for farmers received the highest average score of
4.71. The overall average score of 4.58 indicates that this educational model
is very practical to use in small farming communities. One respondent stated:


"Videos
and images are easier to understand than just listening to conventional
extension activities." (Respondent R08, interviewed on
February 2, 2026)


 


Results
of Pre-test and Post-test Knowledge of Breeders


Farmers' knowledge scores increased after the implementation of
the digital literacy-based education model. The average pre-test score was
53.25, while the average post-test score increased to 84.15.


 


 


Table 8. Pre-test and
Post-test Knowledge Scores





 
  
   	
   Measurement

   
   	
   average

   
   	
   Standard deviation

   
   	
   Average increase

   
  

 
 
  	
  Pre-tests

  
  	
  53.25

  
  	
  8.12

  
  	
  —

  
 

 
  	
  Post-tests

  
  	
  84.15

  
  	
  6.34

  
  	
  30.90

  
 







 


The results showed an average improvement of 30.90 points after
the educational intervention. The lower standard deviation at the post-test
also showed that the farmer's knowledge score became relatively more consistent
after participating in the learning activities.


 


Paired
Sample Test Results


Comparisons between pre-test and post-test scores show
statistically significant differences.


 


Table 9. Comparison
of Farmer Knowledge Scores





 
  
   	
   Comparison

   
   	
   Pretest average

   
   	
   Post-test average

   
   	
   Average difference

   
   	
   p-value

   
  

 
 
  	
  Pretest–pasca-tes

  
  	
  53.25

  
  	
  84.15

  
  	
  30.90

  
  	
  <0.001

  
 







 


A p-value of less than 0.001 indicates a significant difference
between the farmer's knowledge score before and after the educational
intervention. These results show that the farmer obtained a higher knowledge
score after applying the developed model.


 


N-Gain
Analysis Results


Normalized profit analysis was conducted to evaluate the magnitude
of the increase in knowledge among the participating farmers.


 


Table 10.
Distribution of N-Gain Categories





 
  
   	
   Category
   N-Gain

   
   	
   Frequency

   
   	
   Percentage
   (%)

   
  

 
 
  	
  Height
  (>0.70)

  
  	
  18

  
  	
  45.0

  
 

 
  	
  Medium
  (0.30–0.70)

  
  	
  22

  
  	
  55.0

  
 

 
  	
  Low
  (<0.30)

  
  	
  0

  
  	
  0.0

  
 

 
  	
  Total

  
  	
  40

  
  	
  100.0

  
 







 


The average N-Gain score was 0.66, which was classified as a
moderate increase. A total of 22 farmers, or 55.0%, fell into the moderate
category, while 18 farmers, or 45.0%, achieved a high N-Gain. None of the
respondents were classified in the low category.


 


DISCUSSION


Antibody rapid screening identified 7 reactive cattle out of 104
tested, with an overall apparent seropositivity of 6.73%. Reactivity in
Balinese cattle was 10.42% and in buffalo was 3.57%. Although the proportion
was numerically higher in Balinese cattle, the Fisher exact assay showed no
significant difference (p = 0.244). The small number of reactive cattle and the
limited sample size reduce the statistical strength so these findings cannot be
used to infer differences in susceptibility between species.


Reactive livestock were found at six of the eight locations.
Nassuloi and Samaira had the highest observed proportion of 12.50%, while
Uanambere and Vassatoi showed no reactive results. Site level percentages
should not be treated as a stable prevalence estimate because the denominators
are small and not the same. The absence of reactive results at a location
also does not prove the absence of infection in the wider livestock population.


Diagnostic interpretation requires special caution. The WOAH establishes
cutaneous tuberculin testing as the standard method in live animals and
recognizes antibody-based testing as an additional tool, while definitive
confirmation requires detection and identification of the causative agent in
the laboratory (WOAH, 2026). Because the study has not conducted a confirmatory
laboratory examination, the seven reactive rapid test results should be
reported as preliminary serological evidence, not as confirmed cases of bovine
tuberculosis.


The results of the study need to be placed in the context of the
limited epidemiological evidence of bovine tuberculosis in Timor-Leste. To
date, verifiable research documentation on bovine tuberculosis in livestock is
still limited. Therefore, the novelty of this research lies in the application
of rapid antibody screening documented in Daudere and the direct integration of
local screening data into the livestock education model.


The needs analysis shows a real knowledge gap: 75.0% of farmers
are unaware that bTB is zoonotic and 67.5% have not adequately understood its
transmission and prevention. Such gaps can undermine reporting, biosecurity,
and risk reduction practices, in line with findings in other farming
communities (Van Der Zwan et al., 2024; Hamid et al., 2024). The use of local
data in educational materials increases relevance as farmers receive
information coming from their own livestock environment.


The ADDIE-based model obtained a material validation score of
93.50% and a media score of 92.75%. These scores indicate strong expert
agreement on content suitability, language, visual presentation, and ease of
use. The needs-based development process is in line with the principle that
digital education is more beneficial when it is appropriate for access,
literacy level, and user context (Almelhi, 2021; Pitrianti et al., 2023).


Farmers rated the model as very practical with an average score of
4.58. Electronic modules, videos, infographics, and user guides were considered
easy to understand and useful. This is relevant because most of the
participants were elementary or junior high school educated, so concise visual
communication is more appropriate than highly technical presentations.
Instructional video-based counseling is also reported to support the learning
and adoption of farmers (Susilawati et al., 2024).


An overall digital literacy score of 3.52 indicates a medium
category. Farmers are relatively accustomed to using WhatsApp and smartphones,
but the ability to use specialized farm applications and verify online
information is still lower. This gap suggests that digital counseling should
teach the ability to assess the credibility of sources, not just provide tools
or information. The study of digital literacy of rural communities also
emphasizes the importance of critical evaluation of online information
(Pitrianti et al., 2023).


The mean knowledge score increased from 53.25 to 84.15, with an
increase of 30.90 points, p < 0.001, and an average N-Gain of 0.66. The
direction and magnitude of the change suggest that the intervention is related
to the improvement of bTB knowledge in the short term. However, the design of
one pre-test-post-test group does not have a control group, so the improvement
cannot be attributed entirely to the educational model. N-Gain should be understood
as a learning outcome, not causal evidence of long-term behavioral change.


The main contribution of this research lies in the relationship
between local animal health screening and education. Surveillance and
counseling are not treated as two separate activities, but local screening
patterns are translated into material on zoonotic risk, prevention, and
reporting. This data-driven approach is in line with the need for surveillance
information integration, community capacity building, and adaptive disease
control strategies (Conteddu et al., 2024).


The study had some limitations. Animal samples were only 104
cattle with seven reactive results, while the number of samples per location
was small and unequal. Seropositivity appeared to be not adjusted for the
sensitivity and specificity of the rapid test, and the source manuscript did
not include culture, molecular, or other reference methods for confirmation.
The educational component involved 40 breeders who were purposively selected
and used a pre-test-post-test single-group design so that generalizations and
causal inference were limited.


Knowledge
was measured immediately after the intervention so that long-term retention,
attitudes, biosecurity behaviors, reporting, and disease incidence had not been
evaluated. Follow-up research needs to use a larger, representative sample of
livestock and ranchers, report on rapid test producers and their diagnostic
performance characteristics, and implement confirmatory checks according to
WOAH standards. Controlled or longitudinal educational designs are also needed
to assess whether knowledge improvements persist and turn into safer livestock
management practices.


 


CONCLUSIONS AND
RECOMMENDATIONS


Antibody
rapid screening found 7 reactive cattle out of 104 tested, with an overall
apparent seropositivity of 6.73%. Reactive results were found in 5 of 48
Balinese cattle (10.42%) and 2 of 56 buffaloes (3.57%), with no significant
differences between species. As confirmatory laboratory examinations have not
been performed, these findings are evidence of preliminary serological
screening and should not be reported as confirmed Mycobacterium bovis
infection.


The digital
literacy-based education model with ADDIE showed very high validity of
materials and media and was considered very practical by farmers. The average
knowledge increased from 53.25 to 84.15 (p < 0.001) with an N-Gain of 0.66.
These results support the model as a useful short-term educational tool, but
the absence of a control group does not allow for definitive causal
conclusions.


Veterinary
and livestock authorities need to prioritize confirmatory checks on reactive
livestock with validated procedures in accordance with national guidelines and
WOAH, accompanied by risk-based surveillance at locations that show reactivity.
Livestock education needs to emphasize safe livestock handling, biosecurity,
reporting, and zoonotic risk reduction. The digital materials developed can be
used as complementary sources of counseling.


Further
research needs to expand the area and sample size, document the producer, lot,
procedure of use, sensitivity, and specificity of the rapid test, and compare
the results of the rapid test with appropriate reference methods, such as
culture and agent identification or other validated confirmation procedures.
Controlled and longitudinal educational studies are needed to assess knowledge
retention, behavior change, and livestock health outcomes.
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