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Abstract

Savings and Credit Cooperative Societies (SACCOS) play a pivotal role in bridging the financial access gap
for underserved populations, particularly in rural and low-income communities. By mobilizing savings and
extending affordable credit, SACCOS contribute significantly to socioeconomic development, financial
empowerment, and community resilience. However, the growing complexity of member behaviors, coupled
with the dynamic nature of financial ecosystems, presents considerable challenges in ensuring long-term
continuity. As Information and Communication Technologies (ICT) become increasingly embedded in
SACCOS operations, there is a pressing need for intelligent data-driven tools to support predictive decision-
making and strategic planning. This study addresses this gap by employing machine learning (ML)
algorithms to forecast critical indicators of SACCOS sustainability, namely member dropout rates, savings
trends, and financial product utilization. Using Design Science Research Methodology (DSRM), A
predictive model based on real-world SACCOS data were systematically developed. The Random Forest
algorithm was employed for feature selection, using a 0.02 importance threshold to identify the most
influential variables across the three prediction domains. Subsequently, seven machine learning models were
trained and evaluated to determine the optimal predictive engine for each outcome. The results demonstrate
the powerful potential of machine learning to capture subtle patterns in member and financial behavior,
thereby enabling proactive interventions to mitigate risks and enhance operational sustainability. Accurate
predictions not only support timely decision-making but also guide strategic efforts in product design,
investment allocation, and member retention. Ultimately, this study contributes a robust and scalable
framework for harnessing data science to safeguard the continuity and resilience of SACCOS in an
increasingly digitized and competitive financial landscape.

Keywords: SACCOS Continuity, Machine Learning, ICT Systems, Predictive Analytics, Financial
Forecast

Introduction

Savings and Credit Co-operative Societies (SACCOS) in Africa have witnessed remarkable growth, with
their numbers rising by 83.3% between 2007 and 2016 (Chepkwei, 2018). This expansion underscores the
vital role that SACCOS play in delivering financial services to communities, especially in rural areas where
access to formal financial institutions is limited. SACCOS remain crucial for enhancing the material welfare
of their members, improving living standards, and facilitating income generation and employment
(Kumburu & Pande, 2020).

Similar to other parts of Africa, SACCOS are integral to the financial landscape in Tanzania. They mobilize
savings and offer credit facilities to their members, thereby contributing to the performance of the
cooperative sector and broader economy. SACCOS are pivotal in promoting financial inclusion by
providing financial services to individuals who may have limited access to traditional banking facilities
(Gikunju 2023). In regions where economic and political challenges have diminished the value of savings
and eroded confidence in financial institutions, SACCOS present an alternative that fosters financial
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inclusion, particularly in rural areas and among the unbanked (Kaleshu & Temu, 2012; Pasara et al., 2021).
Furthermore, SACCOS empower their members economically by offering avenues for savings and credit,
which are essential for social and economic participation (Msuya et al., 2023). As previously mentioned,
SACCOS are integral to financial inclusion, particularly in underserved communities. Ensuring continuity
is crucial for maintaining the financial services they provide and achieving the broader goal of sustainable
development.

In addition to other factors influencing SACCOS performance, such as effective management, liquidity
management, operational efficiency, member engagement and trust, and regulatory compliance,
understanding the elements that affect their future existence is crucial. These elements include member
churn, savings behavior, and product subscription, which are critical for predicting the continuity of
SACCOS (Gatheru, Kamau, & Mutiso, 2020; Gikunju, 2023; Msuya et al., 2023; Munene, 2019). Member
churn refers to the rate at which members join and leave a SACCO, significantly affecting its financial
stability and growth potential. High churn rates may indicate member dissatisfaction or competitive
pressure, potentially leading to reduced revenue and diminished member base (Gikunju, 2023). Savings
behavior reflects members' engagement with SACCO's services and their trust in the institution. Consistent
and growing savings deposits indicate a healthy SACCO with loyal membership, which is essential for its
longterm viability (Kumburu and Pande, 2020). Meanwhile, product subscription rates reveal SACCO's
ability to meet the diverse needs of its members through relevant and attractive financial products, which
are crucial for retaining members and attracting new ones (Coretech, 2023). Although these three factors
are individually important, their interplay is also significant. For instance, a SACCO offering a wide range
of products may experience lower member churn if these products align well with member needs.
Conversely, high churn could negatively affect savings behavior, as departing members withdraw their
funds, which in turn could limit SACCO's ability to offer diverse products due to reduced capital (Martin
Mbithi & Fredrick Ogilo, 2023; Otwoko & Maina, 2021).

It is evident that member churn, savings behavior, and product subscription provide a comprehensive view
of a SACCO's well-being and potential for long-term continuity. These parameters offer valuable insights
into member engagement, financial stability, and the SACCO’s capacity to innovate and adapt to changing
market demands. Therefore, this study presents machine-learning models developed to predict SACCOS
continuity based on member churn, savings behavior, and product subscription as key predictive variables.
The resulting predictions will be beneficial for guiding strategic planning and decision making to ensure the
sustained operation and growth of SACCO (Mutula et al., 2023; Wanyama & Njuguna, 2023; Mungai &
Njuguna, 2020).

Related works

Several studies have employed machine learning (ML) techniques in various aspects of financial analysis,
including credit risk assessment, financial performance prediction, and financial market trend forecasting.
In a study conducted by (Bhatore et al., 2020), ML techniques were systematically reviewed for credit risk
evaluation, focusing on credit scoring, non-performing asset prediction, and fraud detection using
Ensemble and Hybrid models. In another study by Zhu (2024), the use of ML in financial forecasting was
discussed, specifically focusing on the SVM and LSTM methodologies for predicting financial performance.
(Chopra and Sharma (2021) and Rathore and Khabiya (2024), reviewed various Al and ML techniques for
stock market forecasting that are directly related to predicting financial market trends. Pannu (2022),
explored the use of explainable artificial intelligence in predicting stock market trends, and David
Iyanuoluwa Ajiga et al. (2024) provided a comprehensive review of Al's impact of Al on stock market
predictions by comparing its capabilities with traditional forecasting methods. Collectively, these studies
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demonstrate the extensive application of ML in financial analysis, ranging from credit risk assessment to
market trend forecasting.

The literature unveils a wide array of studies that employ machine learning (ML) algorithms to predict
tinancial performance and assess the stability of financial institutions. (Mwangi 2024) conducted a study
that emphasized the role of ML in enhancing risk management strategies within financial institutions. The
study underlines the significance of foretelling financial performance and ensuring institutional continuity,
and illustrates how ML algorithms excel traditional statistical methods in areas such as credit risk assessment
and fraud detection. Sara et al. (2024) conducted a study that examined the impact of integrating artificial
intelligence (AI) and ML on financial services and products, which indirectly affects financial performance.
This study indicates the potential of ML to enhance financial services and contribute to the continuity and

performance of financial institutions.

Although the reviewed studies do not explicitly focus on predicting financial performance or financial
institution continuity, they are inherently connected to these objectives. These studies suggest that machine
learning (ML) algorithms have the potential to improve decision-making processes, optimize risk
assessments, and enhance service delivery, which are critical for the financial performance and sustainability
of financial institutions. The examination of various factors influencing the performance and stability of
Savings and Credit Cooperative Organizations (SACCOs) suggests that an ML predictive model could be
beneficial. Such a model could potentially predict financial distress, loan defaults, and the impact of
expansion decisions on financial performance, thereby aiding strategic decision making and risk
management (Jepkorir et al., 2019). Interestingly, while studies have identified factors such as loan
management practices, credit lending models, and digital marketing strategies as significant to the
performance of SACCOs, none has explicitly mentioned the use of ML models (Nderitu, 2024). However,
given the complexity and multifaceted nature of these factors, an ML model can synthesize these variables
to provide predictive insights and foresight into potential outcomes, which is not explicitly covered in the
current literature. The integration of an ML predictive model into SACCOs could serve as a sophisticated
tool to enhance their financial stability and performance. By leveraging patterns found in historical data,
SACCOs can better manage the risks associated with loan defaults, financial distress, and strategic decisions.
The current body of research underscores the importance of various factors affecting SACCOs but does
not address the potential of ML models, indicating an area for future research and application (Barasa et
al., 2023; Gikunju, 2023; Jelagat et al., 2023).

Methodology

This study employed the Design Science Research Methodology (IDSRM) to develop and evaluate machine
learning models aimed at predicting the sustainability of SACCOS. The DSRM is a structured approach
that involves six phases: Problem Identification and Motivation, Defining the Objectives of the Solution,
Design and Development, Demonstration, Evaluation, and Communication. The application of the Design
Science Research Methodology (DSRM) facilitated the systematic development and evaluation of machine
learning models for predicting SACCOS sustainability. The structured approach ensured a thorough
understanding of the problem, clear objectives, rigorous design and development, practical demonstration,
comprehensive evaluation, and effective communication of the results.

Phase 1: Problem Identification and Motivation

The initial phase involves understanding the critical issues affecting the sustainability of SACCOS. Previous
studies have indicated a lack of effective predictive models for assessing SACCOS continuity. The problem
was defined as a classification, with the objective of forecasting SACCOS sustainability based on key
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indicators, namely, member savings, member dropout, and product utilization. These factors were selected
based on their significant impact on the financial stability and operational success of the SACCOS.

Phase 2: Defining the Objectives of the Solution

The primary objective was to develop predictive models that could provide early warning regarding the
sustainability of SACCOS. The models were expected to utilize financial and operational data to predict
member behavior on saving, SACCO’s services and product utilization, and whether members will continue
to transact with the SACCOS, thereby enabling proactive management and decision-making in the
SACCOS.
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Figure 1: Objective of the solution block diagram
Phase 3: Design and Development

This phase involved the creation of machine learning models tailored to predict member savings, dropout,
and product utilization. The process included:

Data Collection

Secondary data on member savings, member dropout, and product utilization were collected from five
SACCOS in Kilimanjaro, Arusha and Dar es Salaam regions.

Data Preparation

Data preparation comprised of exploratory data analysis (EDA) and data cleaning. EDA was performed to
enable understanding of data structure, visualizing data patterns, trends and outliers. Data cleaning was
performed to identify and impute missing values, removing duplicate records, addressing outliers,
standardization and normalization of feature scales for data consistency. Also, categorical variables were
handled by encoding them into numerical format.

Feature Selection

Feature selection was done using Random Forest algorithm (RF). The RF algorithm was selected because
its ability to show each feature’s relative contribution to a prediction class. Initially all datasets had 32 features.
The SelectFromModel class with a threshold of 0.01 was trained from Random Forest Classifier (CLF) to
select important features. From 32 features; eight (8) features were found to important for member-saving
behavior prediction, ten (10) features were most important in Member churn prediction and ten (9) features
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significant importance in predicting whether members will subscribe to SACCOS products. The table below

shows the most important features selected from each dataset.

Table 1: Selected Important Features

DATASET MEMBER_SAVING

MEMBER_CHURN

PRODUCT_SUBSCRIPTION

FEATURES

Age
Gender

Member Occupation

Status

Tenure

Loan Payment Rate
Arrears Amount

Model Training

Algorithm Selection

Member Employment

Total Individual Savings

Age

Amount of Loan
Disbursed

Member Occupation
Tenure

Interest Rate
Payment Rate
Number of Products
Subscribed

Arrears Amount
Delinquency Level

Total Individual Savings

Age
Member Occupation

Amount of Loan Disbursed
Interest Rate

Tenure
Payment Rate
Arrears Amount

Total Individual Savings

Number of Products
Subscribed

Machine learning algorithms that have demonstrated effectiveness in similar financial prediction tasks have

been chosen as potential candidates for this assignment (Martinez, 2023). Among the seven trained models,

Logistic Regression outperformed the others across the various evaluation metrics. Nevertheless, the F1

score was selected as the primary evaluation metric to guide the model selection. Consequently, the logistic

regression model emerged as the most suitable algorithm for predicting the continuity of SACCO.

Table 2: Model Training F1-Score Results

S/N  Model F1-Score

1 [Logistic Regression 99.55583912051237 %

2 Support Vector Machine 98.77202349172451%

3 Random Forest 97.7556788998064 %o

4 |Decision Tree 96.8764567657434784 %

Gradient Boosting 97.347876834439653 %

6 [XGBoosting 98.65667554645878 %

7 [K-Nearest Neighbours 95.5662357787348 %

Model Training
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The dataset was divided into a training set and a test set, with the training set comprising 80% and the test
set 20%. Model training was conducted using a Logistic Regression algorithm, and their performance was

evaluated using machine metrics, such as accuracy, precision, recall, F1 score, and AUC.
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Figure 2: Model training block diagram

Phase 4: Demonstration

The developed models were evaluated in practical scenarios using actual data from the two SACCOS. This
phase aimed to demonstrate the effectiveness of the models in predicting member behavior and SACCOS

performance under real-world conditions.

Phase 5: Evaluation

The models were evaluated based on their accuracy, precision, recall, and Fl-score. This involved
comparing the models' predictions with actual outcomes to assess their reliability and effectiveness.
Additionally, outcome-based evaluation and conceptual validation were performed to ensure that the
models met the project objectives.

Phase 6: Communication

The findings and insights of this study have been shared through various scholarly channels. Initially, a
detailed project report was submitted to the Funder, Moshi Cooperative University.

Additionally, a manuscript suitable for publication was submitted to the 4th International Conference on
Co-operative for Sustainable Development, and a policy brief was submitted to the Moshi Co-operative
University.

Results and Discussion
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The primary objective of this study was to develop machine learning models to predict the sustainability of
Savings and Credit Cooperative Societies (SACCOS) in Tanzania. This section presents and discusses the
performance and significance of the model in predicting the SACCOS continuity. As discussed in the
preceding sections, this study employed member saving, product subscription, and member churn as the core
and dependent factors on SACCOS continuity.

Model Performance

The models were evaluated internally to verify their ability to produce accurate prediction results. Accuracy,
Precision, Recall, AUC and F1l-score were the evaluation metrics used. Table 3 lists the scores of each
model for each metric. These metrics demonstrate the robustness and reliability of the models in predicting
sustainability factors, providing SACCOS management with actionable insights.

Table 3: Models’ Evaluation Metrics Scores

Member Saving Member Churn Product Subscription

Accuracy score: 98.7% AUC Recall Score: 85.7 % Precisi Accuracy score: 99.9 % AUC
score: 98.7 % Precision Score: ccatl score: <1 /0 PLECSION g re. 99.8 % Precision Score:

99.0% Recall Score: 98.5 % 1 | S0 5770 ACCUmey s€0te: 199,904 Recall Scores 100.0 % F1
Score: 98.7% -0 score: 8.0 70 Score: 99.9 %

Score: 86.6 %

Stakeholder Feedback

To validate the applicability of the models, the study seek feedback from potential users. The feedback was
gathered using Model Survey and Walkthrough. During the demonstration sessions stakeholders were
overwhelmingly positive with the model’s ability to predict members saving behavior, members products
subscription and whether member will drop or not. Stakeholders appreciated the models' accuracy and
the actionable insights they provided. The table below shows the key feedback highlights:

Model Survey Results

Based on the feedback collected from the survey respondents regarding the demonstrated solution for
SACCOS sustainability prediction, it is evident that the approach has been well-received and deemed
effective in meeting the needs of SACCOs’ sustainability prediction. Respondents generally perceived the
approach as utilizing advanced technologies while remaining costefficient, highlighting its strength in the
realm of sustainability prediction. However, there are identified weaknesses, particularly in the lack of
transparency regarding the technicalities used in predicting sustainability from routine SACCO operations,
which may hinder comprehension by non-ICT personnel until results are observed. Despite this,
respondents found the approach easy to use and understand, with unanimous agreement on its effectiveness
in predicting SACCOs sustainability compared to existing approaches. Additionally, respondents expressed
a strong likelihood of recommending member savings, member dropout, and product subscription models
for SACCOs sustainability prediction in Tanzania, describing them as an excellent approach to the task.

Table 4: Model Survey Results

S/N [Survey question Key comment(s)

1 [How well can you describe the efficiency Good SACCOS sustainability approach
demonstrated  solution for SACCOS
sustainability prediction?

503



Proceedings of the 4th International Conference on Co-operatives for Sustainable Development, organized by MoCU and CUK | 31 July — 02 Aug, 2024

2 [How welldoes the demonstrated approach meet The approach meets SACCOS sustainability
SACCOS sustainability prediction needs? prediction needs

3 |Whatis the strength of the demonstrated approach [It uses advanced technologies and it is cost-
in SACCOS sustainability prediction? efficient

4  [What are the weaknesses of the demonstrated | The approach does not show the technicalities it
approach in quality measurement? uses to predict SACCOS sustainability from

routine  SACCOS operation. If not, an ICT
personnel you cannot understand what is going
on until you see the results

5 |What is/ate important things /features No response
that you think the approach is missing?

6 [What would you like to change in the SACCOS [No response
sustainability prediction model?

7 How easy is it to use SACCOS 1t is casy
sustainability prediction models?

8  [Were you able to understand the 'Yes
SACCOS sustainability prediction results?

9  |Compared to existing  sustainability Good
prediction approaches; how do SACCOS
sustainability prediction model perform?

10 \X/hy' Would you choose SACC(.).S sustainability | - Ttis easy and convenient to use
prediction model over the traditional SACCOS |y ¢ frective in SACCOS sustainability
sustainability prediction approaches? -

prediction
- Itis resourceful in SACCOS sustainability
prediction

11 Do you agree with the following statement “The |All respondents agreed to the statement “The
proposed models; member savings, member proposed models; member savings, member
dropout and product subscription models are |[dropout and product subscription models are
effective  in  predicting SACCOS effective in predicting SACCOS sustainability”
sustainability””?

12 |On a scale of 0 to 5 how likely will you recommend |All respondents recommended member savings,
member savings, member dropout and product {member dropout and product subscription models
subscription models for SACCOS sustainability to be used for predicting SACCOS sustainability in
prediction in Tanzania
Tanzania.

13 |How  wil you desctibe  SACCOS It is an excellent  approach =~ SACCOS
sustainability prediction models? sustainability prediction in Tanzania

Model walkthrough Results

A model walkthrough was conducted with a group of SACCOS managers and a selected number of

accountants who were purposively sampled from the Kilimanjaro region. They meticulously reviewed and

revisited the logic and basic structure of the developed model to assess its validity in specific applications. The

experts were asked to validate the model by (i) comparing its functionality with traditional approaches, (ii)

ensuring the SACCOS sustainability predictive model's adherence to national microfinance guidelines and

regulations, and (i) evaluating the SACCOS user acceptance.
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Table 5: Model walkthrough Results

Review Criteria

Agreed Observations

Comparison of Financial
Performance Reports versus
SACCOS Sustainability
Prediction Models

Financial performance report deploys revenue, expenses, profit
margins, cash flow, and financial ratios to assess financial sustainability.
These metrices are not suitable in predicting SACCOS financial trends.
The metrics fall short in accommodating important factors such as;
member behavior, underlying reasons behind certain financial trends,
ability to accurately predict future outcomes in dynamic environments,
distortion of financial metrics resulted from under/over reporting of
expenses, and Iincorporating non-financial aspects like member
satisfaction, and community impact. The developed models on the
other hand, have a strong predictive power for future outcomes
especially in rapidly changing environments where past trends may
not be indicative of future performance.

Adherence of the SACCOS
sustainability predictive model
with the national
microfinance guidelines

and regulations

Assessing adherence of the developed model to the national
microfinance guidelines and regulations published 2019. The developed
model found not to adhere directly to the regulations. However, the
predictive model strongly contributes to the SACCOS strategic plan
which among other things, indicates the financial

position of the SACCOS in the coming three or five years.

Expert’s acceptance
remarks

The model is performing well

Operational Validation Results

The procedures involved in operational validation are typically crafted to offer a qualitative assessment of
how the newly developed approach compares with the existing or alternative methods. In this section, the

operational performance of the SACCOS sustainability prediction model is evaluated against traditional

SACCOS sustainability approaches using the selected performance criteria. Each dimension Accessibility,
Interoperability, Maintainability, Upgradability, Efficiency, Suitability, and Usability was assessed on a Likert
scale ranging from "Strongly Disagree” to "Strongly Agree." The accompanying graph visually depicts the

distribution of responses, providing insights into the perceived strengths and areas for improvement of the

predictive model, as evaluated by the SACCOS experts.
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Model Validation Results

Userbility
Suitability
Efficiency
Upgradability
Maintenability

Interoperabity

Accesibility

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

®Strongly Agree ™ Agree ™ Neutral Disagree ™ Strongly Disagree

Figure 3: Operation Validation Results
Practical Implications

Integrating the developed machine learning-based models into SACCOS operations has a significant
impact. The models will allow SACCOS to (i) detect potential threats to its growth and continuity such as
increasing member dropouts, and declining member savings. Early detection of such threats will allow
prompt intervention to mitigate the situation. (if) Make data driven decisions, the insight generated by
models will empower SACCOS management to make informed decisions based on evidences and data
rather than institutional or traditional methods and lastly (iii) improve member engagement with the
SACCOS, information on product subscription levels, will enable SACCOS to tailor services and products
that better meet members’ needs, thereby increasing engagement and satisfaction.

Conclusion

The development and implementation of a machine learning-based model to predict the sustainability of
savings and credit co-operative societies (SACCOS) in Tanzania have yielded promising results. These
predictive models, which concentrate on three key criteria: member savings, member dropout, and product
subscription, demonstrate high accuracy in forecasting SACCOS sustainability. This study identifies
member dropout as a critical factor influencing SACCOS sustainability. High dropout rates adversely affect
the SACCOS’ membership base and revenue streams, underscoring the need for strategies to reduce
member dropout. Moreover, member savings are fundamental to the financial stability and liquidity.
Increased savings enhance the financial resilience and operational capacity of the SACCOS. Additionally,
product subscription offers insight into members’ engagement and satisfaction with SACCOS services. It
has been revealed that higher subscription rates indicate strong member trust and the utilization of financial
products that contribute to overall SACCOS sustainability. The operational validation results confirm the
model's supetior performance compared to traditional approaches, with significant acceptance from
SACCOS experts. Overall, the models proved to be excellent tools for predicting and enhancing SACCOS
sustainability, addressing key areas that directly impact their long-term viability.
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