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Figure 9:    Overall cluster performance (using mean of means) 

 
4.1.6 Profiling  of Smallholder Dairy  Producers 

 
Smallholder dairy producers' profiling is based on the 10 extracted production features, which 

are; the number of milking cows, total land, extension visit frequency, vaccination frequency, 

watering frequency, feed type, feeding frequency, milking frequency, a litre of milk sold, and 

milk peak value. All  the clusters have the same production features and components except for 

the milk peak value, where each cluster has a different value; this production feature was used 

for smallholder dairy farmer allocation to their belonging clusters. The scale (range for milk 

peak value) was created using data acquired at NAIC 2021 (unpublished) on milk production 

capacity per cow. According to the study, a crossbred cow can produce up to 30 litres of milk 

per day and up to 5 litres per day. Table 4 shows the scale (range for milk peak value) used for 

smallholder dairy producers profiling and assigning them to their respective clusters. 

 
Table 4:    Milk  peak value scale (Range) for  Cluster assignment 

 

S/N Cluster Milk  peak value scale (Range in litres per day) 

1 Cluster 1 26 �± 30 

2 Cluster 2 21 �± 25 

3 Cluster 6 16 �± 20 

4 Cluster 5 11 �± 15 

5 Cluster 3 6 �± 10 

6 Cluster 4 1 �± 5 
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Table 5: Production features and their  values 
 

S/N Production 
features 

Components of the Production 
Features 

Cluster possession of the 
�S�U�R�G�X�F�W�L�R�Q���I�H�D�W�X�U�H�¶�V 

components 
1 Number of milking 

cows 
1 
2 
3 
4 
5 

All clusters possess the same 
production features and 

components. 

2 Total land 
(Hectare) 

Smallholder dairy producer has to 
specify the land size in hectare 

All clusters possess the same 
production features and 

components. 
3 Feed type Roughages 

Roughages and Concentrate 
Roughages and Supplements 

All  food type 

All clusters possess the same 
production features and 

components. 

4 Feeding frequency 
(per day) 

Once 
Twice 
Trice 

More than trice 

All clusters possess the same 
production features and 

components. 

5 Watering frequency Once 
Twice 
Trice 

More than trice 

All clusters possess the same 
production features and 

components. 

6 Extension visits 
frequency (per 

year) 

0 
1�± 14 

15 �± 28 
29 �± 42 
43 �± 56 
57 �± 70 
71 �± 84 

All clusters possess the same 
production features and 

components. 

7 Vaccination 
frequency (per 

month) 

0 
1 �± 2 
3 �± 4 
5 �± 6 
7 �± 8 

All clusters possess the same 
production features and 

components. 

8 Milking frequency Once 
Twice 
Trice 

All clusters possess the same 
production features and 

components. 

9 Litre of milk sold 
(per week) 

0 
1�± 26 

27 �± 52 
53 �± 78 
79 �± 104 
105 �± 130 
131 �± 156 

All clusters possess the same 
production features and 

components. 
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4.2 System Requirements 

 
Functional and non-functional requirements are the two types of system requirements. 

Functional requirements are discussed in the following order and depend on the system module. 

 
4.2.1 System Administration and Management for Extension Officers and Smallholder 

Dairy  Producers 

 
(i) Functional Requirements 

 
The functional requirements for system administration and management module for extension 

officers and smallholder dairy producers are discussed as follows: 

 
(a) Extension Officers 

 
- The developed solution should be capable of permitting the system admin to register an 

extension officer. 

 
- Extension officers registered in the system by providing the following information 

Officer-ID, first name, last name, email, and designation. 

 
- The developed solution should be capable of permitting an extension to login into the 

system using an email and password. 

 
- The system should enable the extension officer to edit their information in the database. 

The information to be edited is the username and password when one wishes to change 

them. 

 
- The system should enable extension officers to view the list of farmers in the same 

cluster. 

 
(b) Smallholder Dairy  Producers 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

register into the system. For example, a farmer registered in the system with the 

following information name, email, password, phone number, and location. 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

login into the system using an email and password. 
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- The developed solution should be capable of permitting smallholder dairy producers to 

edit their information in the database. The information to be edited is the username and 

password when one wishes to change them. 

 
- The system should enable smallholder dairy producers to view the list of other 

producers in the same cluster. 

 
4.2.2 Production Features Management 

 
(i) Functional Requirements 

 
The functional requirements of the production features management module for smallholder 

dairy producers are discussed as follows: 

 
(a) Feed Type 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

add a feeding type. 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

edit the existing feed type. 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

view all lists of feeding types. 

 
(b) Feeding Frequency 

 
- The developed solution should be capable of permitting the smallholder dairy producers 

to add feeding frequency by specifying the value of the frequency. 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

edit and update the feeding frequency value. 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

view all lists of feeding frequencies. 
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(c) Watering Frequency 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

add watering frequency by specifying the value of the frequency. 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

edit and update the existing watering frequency value. 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

view all lists of watering frequencies. 

 
(d) Vaccination Frequency 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

add vaccination frequency by specifying the value of the frequency. 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

view all lists of vaccination frequencies. 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

delete existing vaccination frequency. 

 
(e) Milking  Frequency 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

add milking frequency by specifying the value of the frequency. 

 
- The developed solution should be capable of permitting the smallholder dairy producers 

to edit and update the existing milking frequency value. 

 
- The developed solution should be capable of permitting smallholder dairy producers to 

view all lists of milking frequencies. 

 
(f) Extension Officer  Visiting 

 
- The developed solution should be capable of permitting the smallholder dairy producers 

to add visiting frequency by specifying the value of the frequency. 
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(ii)  Notification  

 
The developed solution should be capable of permitting the smallholder dairy producers to 

receive notifications that suggest the smallholder dairy producer have higher milk yields. 

 
4.3 Non-Functional Requirements 

 
Non-functional requirements define the quality characteristic of a software system, and they 

are a set of criteria used to assess how well a system performs in various situations (Guru99, 

2022). A non-functional requirement ensures the software system's overall usability and 

efficacy. Conversely, non-functional requirements that aren't met can lead to systems that don't 

meet user expectations. Table 6 shows a list of identified non-functional requirements. 

 
Table 6:    Non-functional requirements 

 

S/N Requirements Descriptions 

1 Confidentiality Secret information is safeguarded from unwanted disclosure 
with the mobile-based peer-to-peer learning prototype. 

2 Integrity The system should verify that the data is authentic, correct, 
and protected against unauthorized user alteration. 

3 Availability The mobile-based peer-to-peer learning prototype assures that 
users can access the system whenever needed. 

4 Performance The system should be able to accommodate a large number of 
users while supporting several stations at the same time. 

5 Flexibility The developed solution should be capable of permitting the 
admin to add new extension officers, clusters, and production 
features. In addition, it should reallocate the smallholder dairy 
producer whenever it meets the requirements of being 
relocated. 

6 Usability The system should be simple to use to fulfil  the desired goals 
successfully and efficiently. 

7 Efficiency The system should be capable of completing the work at the 
desired speed. 
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4.4 System Design 

 
System design involves the task of identifying a system's  various elements, such as its 

architecture, modules, and components, as well as its numerous interfaces with the data it 

processes. The following is a detailed explanation of each aspect. 

 
4.4.1 Conceptual Design 

 
The conceptual design was created after assessing and evaluating the functional and non- 

functional requirements for the proposed system. As a result, four components (modules) were 

included in the mobile-based peer-to-peer learning prototype for smallholder dairy producers. 

The four modules of the mobile-based peer-to-peer learning prototype are system 

administration and management for smallholder dairy producers and extension officers and 

production features management, cluster management, and system notification. In system 

administration and management for smallholder dairy producers and extension �R�I�I�L�F�H�U�V�¶ 

modules, the developed solution should be capable of permitting the system admin to register 

the extension officers. 

 
In addition, the developed solution should be capable of permitting smallholder dairy producers 

to register into the system. After the registration, smallholder dairy producers and extension 

officers can change their passwords. The developed solution should be capable of permitting 

the system admin to add, view, and edit production features to clusters in the production feature 

management. The system should also allow the smallholder dairy producer to enter the quantity 

of milk once a day to keep a record that may be used to relocate the smallholder dairy from one 

cluster to another once a month if it qualifies. The cluster management module handles all 

cluster-related concerns. The developed solution should be capable of permitting the 

administrator to add clusters and view and change all cluster-related information. The system 

notification module controls all system notifications, such as smallholder dairy producer 

recommendations to learn from the top-performing milk yield in a given cluster. Smallholder 

dairy producers should also be able to receive, view, and delete notifications through the 

system, as shown in Fig. 10. 




























































































































































































































































































































































