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ABSTRACT 

This study examines the enrolment patterns of senior secondary schools in Region 2 of The Gambia through a 

computational method that combines descriptive statistics, assessment of the Gaussian distribution, linear 

regression analysis, and correlation analysis alongside an evaluation of Newton's divided difference interpolation 

method. Enrolment data from eleven schools were analysed to examine cohort stability between Grade 11 and 

Grade 12, identify gender disparities, and evaluate the reliability of forecasting techniques. The results display 

strong gender disparities, with female students consistently outnumbering male students, and female progression 

being considerably more predictable than that of male students, who recorded high levels of attrition between 

Grade 11 and Grade 12. Distributional analysis showed that none of the enrolment datasets followed a normal 

(Gaussian) pattern, since the population of schools in the region is heterogeneous. Despite this non-normality, 

correlation and regression analyses indicated strong cohort stability, with Grade 11 enrolment explaining more 

than 75% of the variation in Grade 12 totals. Conversely, high-degree polynomial interpolation demonstrated 

high numerical instability in line with the Runge phenomenon, which made it inappropriate for enrolment 

prediction; lower-degree models showed improved stability but remained inferior to regression for forecasting 

purposes. Overall, the findings indicate the issues of male disengagement, the necessity of gender-based 

retention strategies, and the usefulness of simple and computationally effective educational planning models. 

The results of the study bring both new empirical and methodological evidence that will aid in making data-

based decisions in the secondary education sector in The Gambia. 
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INTRODUCTION 
 

Education serves as an indispensable cornerstone of national development, empowering societies through 

knowledge, innovation, and human capital formation (Gajigo, 2012). However, within the educational landscape 

of The Gambia, persistent structural challenges most notably gender disparities in educational attainment 

continue to shape learning outcomes and institutional capacities. At the heart of effective educational 

administration lies enrolment data, which transcends mere administrative record-keeping to function as a vital 

instrument for strategic planning, resource allocation, and institutional foresight (Hussain et al., 2023). 

Enrolment figures offer a window into the operational realities of schooling systems, revealing how demographic 

distributions, urban-rural divides, and infrastructural variances impact student participation. In regions such as 

The Gambia’s Region 2, where secondary schools span both densely populated urban centers and smaller, 

resource-constrained towns, enrolment naturally fluctuates. Nevertheless, when these variances measured by a 

high standard deviation ($\sigma$) become excessively wide among comparable institutions, they frequently 

signal systemic vulnerabilities, including unequal deployment of qualified educators, infrastructural deficits, or 

socioeconomic barriers that impede consistent attendance. Identifying these disparities equips policymakers with 

the empirical clarity needed to target interventions effectively. 

 

Beyond institutional capacity, tracking educational progression particularly the cohort stability between Grades 

11 and Grade 12 is crucial for monitoring student retention and mitigating dropout crises. Disaggregating this 

data by gender reveals critical systemic vulnerabilities, such as pronounced male attrition, which underscores 

the urgent need for targeted interventions aimed at alleviating non-financial socioeconomic pressures (Belanger, 

2017). Despite the recognized importance of such data, historical investigations into Gambian educational trends 

have predominantly relied on basic descriptive counts or proportions, often lacking rigorous statistical validation. 

Crucially, foundational assumptions regarding data distribution, such as adherence to a Gaussian (normal) 

model, have frequently remained untested due to a scarcity of advanced computational analyses. Furthermore, 

previous predictive frameworks have rarely evaluated the mathematical reliability of their forecasting tools; as 

demonstrated in numerical analysis, high-degree polynomial interpolation at Equi spaced nodes can generate 

erratic oscillations and unrealistic projections of student populations (Belanger, 2017). 

 

To bridge these analytical gaps, this study undertakes a comprehensive examination of Grade 11 and Grade 12 

enrolment patterns in The Gambia, disaggregating data by gender through robust statistical measures, including 

means and cohort stability metrics. By moving beyond descriptive tallies, the empirical findings highlighted by 

a baseline regression model for total enrolment and corroborated by lower-degree interpolation tests offer a 

reliable framework for short-term educational budgeting and the estimation of missing administrative data. 

Crucially, the analysis uncovers a striking divergence in gender retention: male cohorts exhibit a high and erratic 

dropout rate ($\Delta\mu = 9.54$), whereas female cohorts demonstrate remarkable stability ($\Delta\mu = 

1.09$). This stark contrast not only redefines our understanding of upper-secondary progression in The Gambia 

but also charts a clear path for evidence-based policymaking, emphasizing the imperative for gender-sensitive, 

community-specific interventions to safeguard male student retention. 

 

LITERATURE REVIEW 

Education enrolment data serves as a fundamental barometer for evaluating the vitality, inclusivity, and overall 

efficacy of a nation’s schooling infrastructure (Altbach, Reisberg, & Rumbley, 2009; Carnoy, 1999; Hanushek 

& Woessmann, 2008; Schütz, Ursprung, & Wößmann, 2005; World Bank, 2018). Across the diverse and 

developing landscape of Sub-Saharan Africa, systemic challenges remain stark: fewer than half of all primary-

school-age children successfully access formal education (Bentaouet Kattan & Burnett, 2004; Colclough, Al-

Samarrai, Rose, & Tembon, 2003; UNESCO, 2015; World Bank, 2011), secondary school enrolment languishes 

below 20% in no fewer than 22 countries (Lewin, 2008; Oketch, 2016; UNESCO Institute for Statistics, 2018; 

World Bank, 2005), and fewer than 10% of the active workforce attain matriculation or upper-secondary 

completion (Filmer & Fox, 2014; Fox et al., 2013; Govender & Farlam, 2004; Johanson & Adams, 2004). Within 

The Gambia specifically, net enrolment at the primary level hovers around 65% having demonstrated a modest 

upward trajectory of approximately 1% per annum over the preceding two decades while secondary education 

historically lagged significantly behind at roughly 25% for high school students (Republic of The Gambia, 2016; 
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World Bank, 2012, 2020), a figure that contemporary estimates suggest has likely risen above 50% through 

sustained governmental and international interventions (AfDB, 2021; UNESCO, 2022). Far from functioning as 

inert administrative tallies, these enrolment metrics offer profound diagnostic insights into systemic efficiency, 

spatial and socio-economic access, and distributional equity (Bruns, Mingat, & Rakotomalala, 2003; Gajigo, 

2012; Glewwe & Kremer, 2006; Hussain et al., 2023; Mingat, 2007). Nevertheless, translating these longitudinal 

metrics into reliable predictive insights is fraught with methodological hurdles; complex, high-degree numerical 

techniques such as high-order polynomial interpolation frequently exhibit extreme mathematical volatility and 

unpredictable behaviour, culminating in highly unrealistic student-count projections (Atkinson, 2008; Belanger, 

2017; Burden & Faires, 2010; Cheney, Kincaid, & Clegg, 2012). To circumvent these spurious oscillations, 

robust regression analyses and lower-degree interpolation models provide substantially more dependable 

frameworks for charting historical trajectories, forecasting future enrolment demands, and ultimately furnishing 

policymakers with the empirical clarity required for evidence-based educational planning (Chatterjee & Hadi, 

2015; Draper & Smith, 1998; Gujarati & Porter, 2009; Hyndman & Athanasopoulos, 2018; Montgomery, Peck, 

& Vining, 2021; Weisberg, 2005). 

METHODOLOGY 

3.1 Data Acquisition and Preprocessing Protocol 

Enrolment data from 11 senior secondary schools in Region 2, The Gambia, were collected and recorded in an 

Excel sheet. We conducted all the analaysis in MATLAB using an Acer Aspire 3 laptop (16GB Ram, 12th Gen 

i5 and 477GB SSD), which provided a controlled environment that supported the reproducibility of results. We 

used standard software and functions to make sure that the variability which may arise due to different 

computational setups is minimised. 

We imported the raw enrolment data into our workspace using MATLAB’s readable function, making sure that 

the original structure and metadata of the source Excel sheet are preserved. We then went on to remove non-data 

rows, including the sub-titles of each column and totals, using their specific indexes. 

enrolment data = enrolment data (2: end-1, :); 

With this approach, we made sure that only individual school-level records were included in distribution 

modelling, which helped us avoid contamination from rows showing the total enrolment across the schools. 

All the enrolment data we imported was in string format, so we used MATLAB’s str2double to convert the 

columns for Grade 11 Male, Grade 12 Male, Grade 11 Female and Grade 12 Female to numeric vectors. 

3.2 Gaussian Distribution and Descriptive Analysis 

During this phase, we compute the mean of each of the 4 columns, Grade 11 Male, Grade 11 Female, Grade 12 

Male, and Grade 12 Female, and their various totals using MATLAB’s inbuilt mean () function. We also used 

std () to find the standard deviation of each of the groups mentioned above. 

3.3 Procedural Uniformity 

To perform all descriptive and normality analyses, we implemented a single function, which was named analyse 

distribution, the analyse distribution function takes the data of a particular group (Grade 11 Male, Grade 11 

Female, Grade 12 Male, Grade 12 Female, and the total enrolment for both Grade 11 and Grade 12) and computes 

the basic statistics. We then used the analyse_distribution function on each of the groups. This was done to ensure 

that parameter estimation, theoretical modelling, and diagnostic plotting were performed consistently across all 

datasets, preventing methodological variation and supporting computational reproducibility. 

3.4 Central Tendency and Dispersion 

For every dataset, the sample mean (μ) and sample standard deviation (σ), the two most crucial parameters for 

the normal data model, were calculated. They provide an overview of each grade-gender group's average 

enrolment count (μ) and degree of variability (σ). 
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Sample Mean (μ) 

For a dataset of n enrolment values 

x1, x2, ..., xn 

The sample mean is defined as: 

μ=1/n ∑_(i=1)^n▒x_i    

Where xi represents the enrolment value of the i-th school. ∑_(i=1)^n▒x_(i) represents total enrolment summed 

across all schools. n is the number of valid school records, and dividing by n gives the average enrolment per 

school, representing the central location of the distribution. 

mu = mean(data); 

Sample Standard Deviation (σ) 

The spread of the data was quantified using the standard deviation: 

σ=√(1/(n-1) ∑_(i=1)^n▒(x_i-μ)^2 ) 

Each school's enrolment deviation from the mean is represented by the term (𝑥𝑖 − 𝜇), whereas the squared 

deviation (𝑥𝑖 − 𝜇)² guarantees that every deviation adds positively to the measure of variability. The total 

variability in the dataset is captured by adding these squared deviations for each school. The unbiased estimator 

of the population variance is obtained by dividing this sum by 𝑛 −1 instead of n. The variance is then returned 

to the original scale of the data, expressed in the number of students, by taking the square root, which yields the 

standard deviation. 

3.5 Theoretical Gaussian Fit 

To visualise how closely each dataset followed a normal distribution, we constructed a theoretical Gaussian 

curve. MATLAB’s norm generated the Normal Probability Density Function over a grid of 100 evenly spaced 

points spanning the observed data range using the estimated μ and σ. 

x = Lin space(min(data), max(data), 100); 

y = norm pdf (x, mu, sigma); 

The above code produced a smooth curve representing the idealised distribution implied by the empirical 

parameters. 

3.6 Normality Assessment (Q–Q Plot) 

A quantile–quantile (Q–Q) plot was used as the primary tool for assessing normality. MATLAB’s qqplot function 

compares the quantiles of the observed enrolment data with the quantiles of a perfect Gaussian distribution. If 

the plotted points lie along a straight diagonal, then the enrolment values follow a normal pattern. Meanwhile, 

systematic deviations, curvature, s-shaped patterns or heavy tails indicate departure from normality. 

3.7 Predictive Modelling: Regression and Correlation Analysis 

This section describes the statistical procedures that quantify the cohort stability between Grade 11 and Grade 

12. The focus of this analysis is determining how strongly Grade 11 enrolment predicts Grade 12 enrolment for 

male, female and combined groups. 
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Predictive modelling was used to assess whether Grade 11 enrolment serves as a trustworthy predictor of Grade 

12 enrolment across schools. Enrolment in Grade 11 was the independent variable in this framework, and 

enrolment in Grade 12 was the dependent variable.  

Pearson Correlation Coefficient (r) 

r=(∑_(i=1)^n▒(x_i-x ̅ )(y_i-y ̅ ) )/√(∑_(i=1)^n▒(x_i-x ̅ )^2 √(∑_(i=1)^n▒(y_i-y ̅ )^2 ))  

Where x_i is the grade 11 enrolment for school i, y_i is the grade 12 enrolment for school i. x  ̅represents the 

mean for Grade 11 enrolment, and y̅ is the mean for Grade 12. 

The numerator,  

∑▒(x_i-x̅)(y_i-y̅)  

measures the covariance—whether increases in Grade 11 enrolment are associated with increases in Grade 12 

enrolment. 

The denominator rescales the covariance using the product of the standard deviations of both variables: 

√(∑▒(x_i-x̅)^2) "and" √(∑▒(y_i-y ̅ )^2 ) 

The correlation coefficient r ranges from −1 to +1, indicating both the direction and strength of the relationship 

between two variables (Akoglu, 2018). 

Coefficient of Determination (R²) 

R^2=1-(SS_"res")/(SS_"total") 

Where the Residual Sum of Squares (model error) 

SS_"res" = ∑_(i=1)^n▒(y_i-(y_i )̂)^2  

And the total sum of squares (total variation around the mean) 

SS_"total" = ∑_(i=1)^n▒(y_i-y ̅ )^2  

(y_i)̂=ax_i+b predicts the Grade 12 Value from the linear regression, where a is the slope and b is the intercept. 

SS_total measures how much Grade 12 enrolment varies across schools, while SS_res measures the amount of 

variation not explained by the model. 

The coefficient of determination, R^2, measures how well the predictor variable explains the variability of the 

response variable. An R^2=0 indicates that the predictor explains none of the variability, while an R^2=1 means 

it explains all the variability. Higher, stronger predictive power and more stability in the relationship between 

the variables are indicated by higher R^2 values. 

Separate regression and correlation models were estimated for the following pairs: 

  Grade 11 Male → Grade 12 Male 

 Grade 11 Female → Grade 12 Female 

 Total Grade 11 → Total Grade 12 

A more accurate analysis of gender-specific progression patterns were made possible by the disaggregation, 

which also made it possible to evaluate the cohort progression's consistency across demographic groups.  
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To ensure statistical rigour and predictive performance transparency, each model included a scatterplot, a best-

fit regression line, and the computation of 𝑟 and R^2. 

 3.8 Numerical Analysis: Newton’s Divided Difference Interpolation 

When estimating hypothetical Grade 12 enrolment values from observed Grade 11 data, analysts are frequently 

confronted with a common hurdle: unevenly spaced data points. To overcome this, a method capable of handling 

irregular intervals is essential.  

Newton’s Divided Difference Interpolation was selected for this task precisely because it gracefully supports 

non-uniform $x$-values and constructs polynomials recursively, making it exceptionally well-suited for 

systematic stability testing. By leveraging this approach, the analysis establishes a controlled, highly adaptable 

environment to rigorously test whether higher-degree polynomials can produce stable and realistic enrolment 

predictions. 

3.9 Newton’s Divided Difference Polynomial Structure 

General Polynomial Form 

𝑃(𝑥) = 𝑎0 + 𝑎1(𝑥 − 𝑥0) + 𝑎2(𝑥 − 𝑥0)(𝑥 − 𝑥1) + ⋯ + 𝑎𝑛(𝑥 − 𝑥0)(𝑥 − 𝑥1) … (𝑥 − 𝑥𝑛−1) 

The values x0, x1, … , xn−1represents the Grade 11 enrollment values after removing duplicates, while 

a0, a1, … , an−1 are the divided-difference coefficients computed recursively from the Grade 12 values. In the 

Newton interpolation formula, each successive term introduces an additional factor (x − xi),which increases the 

degree of the polynomial and builds the interpolating function step by step. 

Recursive Divided Difference Formula 

The coefficient aj is obtained from: 

𝑓[𝑥𝑖 , 𝑥𝑖+1, … , 𝑥𝑖+𝑗] =
𝑓[𝑥𝑖+1, … , 𝑥𝑖+𝑗] − 𝑓[𝑥𝑖, … , 𝑥𝑖+𝑗−1]

𝑥𝑖+𝑗 − 𝑥𝑖
 

This recursive structure is the basis for the MATLAB implementation used in the analysis, where the difference 

table F is constructed, and the diagonal elements form the coefficients. 

3.11 Systematic Degree Evaluation 

Polynomials of three different complexities were constructed for male, female and total groups, to diagnose 

which polynomial degree behaves reliably. A full degree polynomial which uses all the unique data points, which 

gave the highest complexity, and a third-order polynomial which uses the first four data points and a second-

order polynomial which uses the first 3 data points were all used with the below code: 

male_est_full = newton_interp (grade_11_male_unique, grade_12_male_unique, 64); 

male_est_3    = newton_interp(grade_11_male_unique (1:4), grade_12_male_unique (1:4), 64); 

male_est_2    = newton_interp (grade_11_male_unique (1:3), grade_12_male_unique (1:3), 64); 

The goal here was not only to establish values but also to observe how polynomial complexity affects numerical 

stability when dealing with enrolment counts. 

3.10 Diagnosis of Runge’s Phenomenon 

The full degree polynomial was purposefully used to test for Runge's phenomenon, a problem where a high-

degree polynomial results in extreme over- or under-estimation, large oscillations close to the endpoints, unstable 
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or unrealistic function shapes, and extreme over- or under-estimation. Runge’s instability arises because each 

added polynomial term amplifies sensitivity to small changes in the input data. 

3.12 Practical Stability Assessment 

The lower-degree polynomials (2nd and 3rd order) produced smooth, realistic curves, avoided negative or 

extreme values, and also maintained a shape which is consistent with actual enrolment patterns. 

These outcomes show that lower-degree models provide the most stable and also practically meaningful 

estimates for administrative forecasting.  

That is why the low-degree interpolation results were adopted as the preferred practical models, while the full-

degree polynomial served as a diagnostic tool for identifying instability. 

RESULTS 

This chapter presents the results obtained from analysing the enrolment patterns of students in Region 2 using 

descriptive statistics, Gaussian distribution assessment, regression modelling, and interpolation techniques. 

4.1 Descriptive Analysis: Measures of Central Tendency and Dispersion 

This section presents the mean (μ) and standard deviation (σ) values for Grade 11 and Grade 12 enrolment for 

male, female, and total cohorts. Table 4.2 summarises all computed descriptive statistics. 

The results show that the mean enrolment for female cohorts is consistently higher across both grades compared 

to their male counterparts. In Grade 12, the female mean enrolment (μ ≈ 63) exceeded the male mean (μ ≈ 40) 

by approximately 22.91 students. 

A comparison of Grade 11 and Grade 12 averages indicates a noticeable decline in male enrolment, with an 

average reduction of 9.54 students, while female enrolment saw a smaller decrease of 1.09 students. 

The standard deviation measuring the variability levels shows that female cohorts had the highest dispersion (σ 

≈ 25), indicating substantial variability across schools. Grade 12 male enrolment had the lowest dispersion (σ = 

14.1338), revealing a more clustered distribution. 

Group Mean (μ) Std Dev (σ) 

Grade 11 Male  49.3636 18.9962 

Grade 11 Female 63.8182 26.4001 

Grade 12 Male  39.8182 14.1338 

Grade 12 Female 62.7273 24.9844 

Grade 11 Total: 113.1818 42.1042 

Grade 12 Total: 102.5455 37.8084 

Table 4.1: Summary of Descriptive Statistics for Enrollment Distributions 

4.3 Gaussian Distribution Assessment 

The distributional characteristics of the enrollment data were assessed using separate histograms and Q-Q plots 

for each of the six cohorts: Grade 11 male, Grade 11 female, Grade 11 total, Grade 12 male, Grade 12 female, 

and Grade 12 total. 
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The six histograms are shown in Figure 4.1a-4.1f, each overlaid with the theoretical Gaussian probability density 

function calculated with the help of the corresponding mean (μ) and standard deviation (σ). 

 

Fig 4.1(a) 

The Grade 11 male enrolment histogram in Fig 4.1(a) had discrete spikes at enrolment at specific enrolment 

values. These peaks are not coincidental with the superimposed Gaussian curve, which denotes Grade 11 Male. 

The data of enrolment is not normallydistributed. 

 

Fig 4.1(b) 

Fig 4.1(b) represents the distribution of Grade 11 female enrolment and a fitted Gaussian curve. The histogram 

indicates the observed frequencies of the enrolment data, which are concentrated around several different peaks, 

notably in the 40-50 and 80 ranges. Theoretical normal distribution curve, which is superimposed in red, is a 

poor fit. is an approximation of the observed data, and this indicates that the values of the enrolment are not 

normally distributed. 
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Fig 4.1(c) 

 The frequency distribution of the Grade 12 male in Fig 4.1(c) indicates that the frequency is mostly concentrated 

on the left side of the graph, in bin (18-20), with the highest frequency, which is about 0.18. Once the first spark 

is made, the rest of the data is. somewhat evenly distributed between the limits of 30 and 60. The superimposed 

theoretical normal distribution curve. The observed data is not well approximated by the red line. The curve 

grossly underestimates the peak at 18-20. and exaggerates the frequency in the 20-30 range, where no data were 

taken. This tendency indicates that the data is not normally distributed; it has highly skewed or 

bimodalcharacteristics. 

 

Fig 4.1(d) 

Fig 4.1(d) and a represent the distribution of enrollment data of the Grade 12 Female students with a fitted 

Gaussian curve.  

The histograms indicate the observed frequencies of enrolment grouped in a few discrete, separate bins. spanning 

the range of 30 to 110. The utmost proportionate frequency (about 0.095) is in the first. enrolment bin (around 
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33). There are also other prominent clusters between the range of 75 and 83 with four adjacent bins. have a 

frequency of the order of 0.05, and there is yet another peak at about 110. The data is characterised by a wide 

spread and multiple gaps where no enrolment figures were recorded. The theoretical normal distribution curve, 

overlaid in red, poorly approximates the observed data. The curve greatly underestimates the actual distribution 

of enrolment numbers. The frequency of enrolment numbers is low (30s) and middle-high (75-83), and the 

number of overestimates the data. frequency between the intermediate ranges that lack data. This noted trend 

indicates that the enrolment data for Grade 12 females are not normally shaped and take the form of a multimodal 

distribution. 

 

Fig 4.1(e) 

The total enrolment information of Grade 11 participants (males and females combined) is plotted in. Fig. 4.1(e) 

and a fitted Gaussian curve. 

The histogram indicates three major groups of enrolment values, with one low value around 40-45 and a second 

one around 65-100, with an approximate range of 65-100 and a large mass of the third around the 135-160 region. 

The upper cluster at bins around 140 and 160 shows the two highest relative frequencies (approximately 0.061). 

The data is characterised by a large range, large inner gaps, and a highly skewed distribution. The red theoretical 

normal distribution curve does not fit the observed data well. The red theoretical normal distribution curve 

approximates the observed data poorly. The fitted curve undervalues the frequencies of all three large data 

clusters and overvalues the frequency in the range of 110–130, where no enrolments were recorded. This 

observed pattern indicates that the total enrolment data are not normally distributed and suggests a multimodal 

or extremely irregular distribution.  

Fig 4.1(f) 

Fig. 4.1 (f) shows the distribution of total enrolment data for grade 12 and a fitted curve. 

The figures of enrolment are grouped into a few discrete, discontinuous units within the scale of 50-170, as 

shown by the histogram. The data are skewed towards the lowest bin that illustrates a peak of approximately 55. 

maximum relative frequency (less than 0.062). After this first blossom of heaps, other small, thick groups. are 

clustered around 75-85 and four tightly clustered bins and around 115-125, and frequencies of approximately 

0.03. The rest of the data points are on a higher side (140 and 165). The theoretical normal distribution curve, 

superimposed in red, poorly approximates the data. The fitted curve significantly underestimates the actual 

frequency of enrolment figures in the low (55) and middle-high (115–125) clusters while overestimating the 

frequency in the range of 90–110, where no data was recorded. This observed pattern indicates that the total 

enrolment data does not follow a normal distribution and exhibits characteristics of a highly skewed or 

multimodal distribution. Q-Q Plots  
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Fig 4.2(a) 

 

Fig 4.2(b) 

 

Fig 4.2(c) 
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Fig 4.2(d) 

 

Fig 4.2(e) 

 

Fig 4.2(f) 
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The quantile-quantile (Q-Q) plots assessed the normality of the enrolment data of each subgroup, as presented 

in Figures 4.2a–4.2f. Examination of this plot shows that the enrolment data generally deviates from a theoretical 

normal distribution, where a close adherence of the sample quantiles to the straight line would indicate normality. 

For the Grade 11 Male data shown in Fig. 4.2(a), the plot shows a pronounced S-shaped deviation. The data 

points on the lower (left) fall significantly below the theoretical line, which indicates the presence of heavier 

tails than a normal distribution and potential left-skewness due to the low point deviation. The Grade 11 female 

in Fig. 4.2(b) data provides the closest approximation to normality among the individual subgroups, as the 

majority of the central data points closely follow the theoretical line. However, minor deviations are still 

observed in some areas, suggesting slight non-normality in the tails. When these two subgroups are combined 

into the Grade 11 total data, the plot shows a clear overall deviation from the straight line, particularly at the 

extremities where the lower and upper points tend to fall below the line, suggesting the combined distribution 

still possesses heavier tails than the theoretical normal distribution. In the Grade 12 cohort, the Grade 12 Male 

data exhibits non-normality primarily due to a single data point on the far left (around Theoretical Quantile -1.5) 

that falls significantly below the line, suggesting a left-sided outlier or right-skewness impacting the distribution. 

The Grade 12 Female data display a distinct concave shape, where the middle points fall below the theoretical 

line while the lower (left) and upper (right) points are significantly above it. This pattern strongly indicates a 

heavy-tailed or right-skewed distribution. Finally, the Grade 12 Total data show the strongest linear pattern across 

all groups, with the majority of the data points lying very close to the theoretical straight line. While minor, 

negligible deviations are still observed at the extreme ends, the combined Grade 12 enrollment data approximates 

a normal distribution better than the Grade 11 combined data. 

Overall, the Q-Q plots consistently show that all individual enrollment subgroups are not perfectly normally 

distributed, with varying patterns of skewness and heavy tails, though the Grade 11 Female and Grade 12 Total 

groups show the highest degree of linearity. 

4.5 Correlation Analysis: Grade 11 vs. Grade 12 Enrollment 

To assess the relationship between enrollment figures in Grade 11 and the corresponding enrollment figures in 

Grade 12, a Pearson product-moment correlation coefficient (r) was calculated for male, female, and total 

enrollment data. Scatter plots were generated to visually represent these relationships, with a linear best-fit line 

overlaid. 

4.4 Male Enrolment Correlation 

 

Fig 4.3(a) 
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When the correlation of male enrolment was analysed, a strong and positive linear relationship was found 

between grade. The 11 and Grade 12 registered numbers have a Pearson correlation coefficient of r = 0.7582. 

This result indicates that higher Grade 11 male enrolment is consistently associated with higher enrolment in 

Grade 12 male cohorts. The scattered plot shown in Fig. 4.3(a) confirms this, as most data points tend to follow 

an upward trend. 

4.6 Female Enrolment Correlation 

 

Fig 4.3(b) 

A strong, positive linear relationship was found for Female Enrollment, yielding a correlation coefficient of r = 

0.7921. The value is even higher than that of the male enrollment, suggesting a tighter association between Grade 

11 Female enrollment and Grade 12 Female enrollment. Fig 4.3(b) confirms this as the data points follow an 

upward trend, close to the line of best fit. 

4.7 Total Enrolment Correlation 

The correlation for Total Enrolment (combined male and female) exhibited the strongest positive linear 

relationship of all groups, with r = 0.8673. This result indicates a very high degree of association, where the 

Overall enrolment in Grade 11 is highly predictive of the overall enrolment in Grade 12. As shown in the final 

scatter plot in Fig. 4.3(c), the data points are highly concentrated along the linear best-fit line, visually confirming 

a forceful positive correlation. 

 

Fig 4.3(c) 
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4.8 Regression Analysis: Grade 11 Predicting Grade 12 Enrolment 

A linear regression analysis was performed to determine to what extent Grade 11 enrolment figures predict Grade 

12 enrolment figures for the male, female and total student populations. The coefficient of determination (R²) 

was calculated for each model, showing the proportion of the variance in Grade 12 enrolment that is predictable 

from the Grade 11 enrolment data. The results for all three regressions are visualised in Figure 4.4. 

 

Fig 4.4 

The regression analysis of male enrolment shows a moderately strong predictive relationship. The model yielded 

an R² score of 0.575 for male enrolment, indicating that approximately 57.5% of the variance in Grade 12 male 

enrolment is explained by the variance in Grade 11 male enrolment. 

The model for female enrolment demonstrated a slightly stronger predictive power than the male model. The 

calculated R² value was 0.627, meaning that approximately 62.7% of the variance in Grade 12 female enrolment 

is accounted for by the Grade 11 female enrolment figures. The graphical illustration depicts a positive linear 

inclination, with the values tending to concentrate more along the regression line than in the male data.  

The best predictive relationship among the three models was on the regression analysis of Total Enrolment (male 

and female combined). The model resulted in an R² value of 0.752, meaning that about 75.2 percent of the change 

in Grade 12 total enrolment can be accounted for based on the figures of Grade 11 total enrolment. The positive 

linear pattern that is tight in the scatter plot in Fig. 4.4 indicates that total Grade 11 enrolment is a strong predictor 

of total Grade 12 enrolment. 
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4.9 Enrolment Data Interpolation Analysis 

Newton's divided difference polynomial interpolation was performed to model the relationship between Grade 

11 enrolment (x) and Grade 12 enrolment. Interpolation curves were generated using only the first three points, 

then the first four points and also using the full set of unique data points. The accuracy of this model was tested 

by estimating Grade 12 values at specific Grade 11 values.  

4.10 Male Enrolment Interpolation  

The male interpolation plot shown in Fig. 4.5(a) shows that the full-order polynomial (solid line) accurately fits 

the data points but exhibits large oscillations between points, particularly at the right extremities. This high-

degree oscillation is characteristic of Runge's phenomenon and suggests the full polynomial is unreliable for 

predicting values between the data points. For the estimation point x=64, the full order estimate was 54.14 (full 

est.), while the 3rd-order and 2nd-order estimates (3rd est. and 2nd est.) were 56.75 and 54.97, respectively. For 

the estimation point x=45, the full-order estimate was 42, and the 3rd-order and 2nd-order models both estimated 

38. 

 

Fig 4.5(a) 

4.11 Female Enrolment Interpolation 

The female interpolation plot shown in Fig 4.5(b) demonstrate the most extreme case of Runge’s phenomenon. 

The Full-order polynomial (solid line) produces massive oscillations with a peak Grade 12 estimate of 

approximately 3.6 x 104 (36,000) around a Grade 11 enrollment of 23. Given the actual Grade 12 values are 

small, the Full-order polynomial is entirely unsuitable for this data set. The 3rd-order and 2nd-order polynomials 

(dashed and dotted lines) provide much more stable and near-zero approximations across the central data range.  

For the estimation point x=50, the Full-order estimate was 52.80, while the 3rd-order and 2nd-order estimates 

were much lower at 22.96 and -36.68, respectively. For the estimation point x=52, the Full-order estimate 

matched the actual data point at 36, while the 3rd-order and 2nd-order estimates were also 36, respectively, 

demonstrating that for this specific point, all three models yielded an accurate result. 
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Fig 4.5 (b) 

4.12 Total Enrolment Interpolation 

 

Fig 4.5 (c) 

The Total Interpolation plot Fig 4.5 (c) also shows severe limitations. The Full-order polynomial (solid line) 

exhibits extremely large oscillations, with a trough dropping to approximately -3.8 x 104 at the lower end of the 

Grade 11 scale, making it unsuitable for interpolation. 

For the estimation point x=49, the Full-order estimate was a highly inaccurate -37,853. The 3rd-order and 2nd-

order models provided estimates of -1,068 and 188, respectively. At the estimation point, x=100, Full-order 
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estimated 84.39, 3rd-order and 2nd-order model estimated -516.39 and 93.70, respectively, once again, 

indicating a poor and unreliable predictive factor. 

DISCUSSION 

This paper assesses enrolment in 11 senior secondary schools within Region 2 of The Gambia using descriptive 

statistics, normality tests, correlation, regression analysis and polynomial interpolation. In this discussion, we 

explain the findings, place them in the context of literature, draw policy implications, discuss limitations and 

outline future research prospects. 

5.1 Interpretation of Descriptive Patterns 

The descriptive statistics show that there is an enduring gender disparity where male students outnumber the 

female students in Grade 11 and Grade 12, as well as in Grade 11 versus Grade 12 male attrition is significantly 

higher than female attrition. This aligns with recent patterns in The Gambia, where access and retention of girls 

have improved through programmes such as girls’ scholarships and girl sensitisation (Gajigo, 2016). This is 

reinforced in the report of the United Nations in 2024: girls are now more numerous than boys in certain Gambian 

secondary schools, and it has been raised that there is a boy crisis in education (United Nations 2024). 

The massive fall in enrolment of male students (Δμ ≈ 9.54) can be related to broader socioeconomic forces. 

UNESCO estimates that in most of the low- and middle-income countries, boys have a high risk of dropping out 

because of poverty, because of their employment requirements, or because of social behaviour that undervalues 

formal schooling (UNESCO, 2025). This is consistent with the observation made in this paper whereby male 

transition between Grade 11 and Grade 12 is less impressive, implying that male students might be being pulled 

out of the system by non-educational factors. 

The standard deviations in female enrolment (σ ≈ 25–26) are large, which means that there is a high amount of 

heterogeneity across schools. This would be the cause of such variability, probably differences in the size of the 

school, communities served, infrastructure and capacity of resources. 

5.2 Normality Assessment and Distributional Behavior 

The observation that the majority of the enrolment distributions deviate greatly from normality has 

methodological as well as practical consequences. Statistical models like parametric forecasting, models 

assuming Gaussian errors, rely on normality, yet, in education-administrative data, non-normal distributions are 

common, particularly when school sizes and contexts vary widely (Hussain et al., 2023). Models such as linear 

regression remain more appropriate given their robustness to non-Gaussian patterns, if normality is not assumed. 

Also, the near-normal shape observed in the aggregated Grade 12 Total data in Fig. 4.2(f) may be explained by 

the Central Limit Theorem, where aggregation of heterogeneous school-level distributions tends to approximate 

normality. However, this superficial normality does not justify normality-based assumptions at the individual 

school level. 

5.3 Cohort Stability Through Correlation Analysis 

The correlation results (male: r ≈ 0.758; female: r ≈ 0.792; total: r ≈ 0.867) show strong cohort stability between 

Grade 11 and Grade 12 enrolment. The high correlation observed in the total enrolment (r ≈ 0.867) suggests that 

schools with large Grade 11 enrolment generally maintain large classes in Grade 12, despite dropouts. This 

stability is valuable for planners; Grade 11 enrolment can serve as a reliable predictor for Grade 12, facilitating 

resource allocation (e.g., teachers, classrooms) in the next academic year. It is also in line with all the literature 

on educational planning pointing to prior-year enrolment as an important forecasting variable (Hussain et al., 

2023).  

Additional clues can be made out of the gender-specific correlation difference, which is a little stronger in the 

female case; this difference may be because of the consistent retention mechanisms, which may be caused by 
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supportive policies. The less significant male correlation could be attributed to more non-school-related erratic 

dropout behaviour. 

5.4 Predictive Capacity of Regression Models 

The regression models yield strong predictive performance: R² values of ~0.752 for the total cohort, ~0.627 for 

females, and ~0.575 for males. These results demonstrate that Grade 11 enrolment accounts for a substantial 

portion of the variation in Grade 12 enrolment. 

Given limited data infrastructure and resource constraints, education planners in The Gambia can rely on simple 

linear regression to project future Grade 12 numbers. Such models are computationally light, interpretable, and 

robust even when data do not meet normality assumptions. 

Using straightforward, interpretable models is often more effective than over-engineered methods when working 

with real-world, noisy data (Hussain et al., 2023). 

5.5 Interpretation of Interpolation and Numerical Stability 

The outcome of the interpolation illustrates the major methodological risk: high-degree polynomials (i.e., full-

order interpolation) resulted in extreme oscillations and implausible predictions (i.e., extrapolated values way 

beyond the possible enrolment). It is a classical instance of Runge’s phenomenon, where interpolation by high-

degree polynomials with equally spaced points is unstable, particularly around the extreme ends of the interval 

being interpolated (Runge, 1901).  

The phenomenon described by Runge is due to the high flexibility of high-degree polynomials (free parameters), 

and the tendency of boundary oscillation nodes that are equidistant increases the oscillations of the boundary. 

Also, numerical theory demonstrates that the error bound is increasing rapidly with the degree because Lebesgue 

constants are increasing exponentially in degree. 

This implies that full-degree interpolation is not accurate when it comes to the prediction of data in situations 

such as school enrolment, where the model fits the data points but has a rogue behaviour in other areas. Rather, 

in this study, less smooth, more realistic curves were obtained with lower-degree polynomial interpolation (e.g., 

2nd or 3rd degree), but they were still inappropriate for long-term extrapolation compared with regression.  

Applying some other methods, such as Chebyshev nodes (interpolation points that are not equally spaced) or 

piecewise polynomials (splines) to address the Runge phenomenon, are well-studied in numerical analysis. 

Chebyshev placement of nodes minimises oscillation since most nodes are clumped towards the interval 

boundaries and the maximum error is minimised. These strategies may be considered in future research or more 

sophisticated forecasting models. 

5.6 Gender Differences and Policy-Relevant Interpretations 

These gendered relations, which are the focus of this paper, have relevant policy implications. Even though the 

female enrolment is high and steady, the high rate at which boys drop out of Grade 11 to Grade 12 is a serious 

cause of concern since boys in Region 2 might be drifting out of secondary education because of social or 

economic factors.  

This is in line with what is being experienced worldwide; according to UNESCO, boys are becoming more 

vulnerable to disengagement, especially in the less developed countries and the middle-income ones. In the case 

of The Gambia, the United Nations has warned of an imminent boy crisis and proposed some interventions, 

including male mentorship, second-chance programmes, and retention-specific initiatives. 

The very high variability in female enrolment (high s) indicates an uneven improvement: there might be schools, 

which have an effective female-support policy, and there might be schools, which are left behind. The solution 

to this must be localised and context-specific policies, such as infrastructure, safe transportation, community 

participation, and incentives, and not national-wide ones. 
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5.6 Connection to Existing Literature 

The research extends a number of lines of the current literature. According to Gajigo (2012), the scholarship and 

fee-removal policies increased the female secondary enrolment tremendously. This is reiterated in our findings 

but has also highlighted emerging issues of male retention. The trend of male dropout is correlated with the 

UNESCO results of gendered risks in education. The occurrence of the Runge phenomenon in our interpolation 

strongly supports the theory of numerical analysis. The problem with high-degree polynomials is that they are 

highly unstable with equispaced points (Runge, 1901). 

This research is valuable to the planning of education as well as to the quality of best practice in forecasting by 

integrating educational data with the understanding of the numerical methods. 

5.7 Limitations 

Despite the value of this study, it has its weaknesses. The results of this study are only analysed in 11 secondary 

schools in the Region 2, and hence this restricts the extrapolation of the findings. The absence of longitudinal 

data would not enable us to track temporal trends and explain year to year variations. Simple linear regression 

was used; more complex and non-linear models (e.g., mixed-effects, time-series, or machine learning) might be 

able to capture more subtle dynamics. Besides this, we did not directly explore the underlying causes of dropout 

(e.g., socio-economic and family pressures) that would put quantitative patterns into perspective. 

7 Recommendations for Future Research 

To build on these results, future studies should utilise more schools (in different parts of The Gambia) and collect 

data over many years to do longitudinal studies to understand complex relationships and enhance predictive 

power; explore non-linear and hierarchical forecasting models (ARIMA, mixed-effects models, or machine 

learning methods) to understand complex dynamics and improve predictive power; investigate Chebyshev-node 

interpolation, spline interpolation, or constrained least-squares methods to avoid Runge oscillations and improve 

stability (e.g., mock-Chebyshev least-squares, De Marchi et al., 2015); and pilot and rigorously evaluate 

retention programmes tailored to male students (mentorship, second-chance, economic support), as well as 

initiatives to reduce variability in female enrolment across schools. 

CONCLUSION 

This paper studied the enrolment trends in the eleven senior secondary schools in Region 2 of The Gambia using 

descriptive statistics, measurement of Gaussian distribution, correlation analysis, regression analysis and 

interpretation of the results using a polynomial. The key objective was to test cohort stability, gender differences, 

and the predictability of computing methods in forecasting educational trends. These results provide a 

methodologically sound picture of the patterns of enrolment that define the Grade 11-Grade 12 transition in the 

area.  

The study findings demonstrate a distinct gender disparity, with male students outnumbered by female students 

in both grade levels, and that the cohort progression of females is much more stable. The trend confirms the 

national and international findings that policy interventions in the form of scholarship, sensitisation programmes 

and reduction of fees have resulted in better female retention (Gajigo, 2012). Meanwhile, the drastic drop in 

male enrolment between Grade 11 and Grade 12 can be traced to the bigger issues of male non-enrolment in 

secondary school as indicated by UNESCO and the United Nations. The results show that The Gambia has a lot 

of work until it needs to maintain the gains it has achieved in the girl’s education sector and at the same time 

deal with a new boy crisis that is being created by the socioeconomic pressures that have led to dropout among 

boys.  

The lack of normality in nearly all the enrolment distributions supports the complexity of educational data in 

real life situations. The non-uniform distributions are associated with the variations in school size, catchment 

area, and demography and are a reminder that simple statistical assumptions are rarely true in the field of 

educational administration. Although the distribution was not normal, correlation analysis showed high cohort 

stability when pooling male and female data. This implies that prior-year enrolment will be a good predictor of 
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future cohorts, a fact which is vital in planning how teachers will work, how many will be in the classroom, and 

how much money will be spent.  

This stability is supported by the regression model, in which the total enrolment model predicted the changes in 

Grade 12 enrolment more than 75 percent. The findings confirm that linear regression is a feasible and useful 

forecast method in situations such as The Gambia, where available data might not be sufficient to use more 

complicated modelling techniques. In the meantime, the interpolation analysis indicated that high-degree models 

of polynomials were seriously numerically unstable. These drastic swings and unrealistic forecasts of full-order 

Newton interpolation demonstrate the risks of using mathematically complex methods without considering their 

action on actual, discontinuous administrative data. Polynomials of lower degree gave more sensible results, but 

regression still gave a better prediction. Such results are consistent with the principles of numerical analysis and 

provide vital advice to policymakers and analysts interested in the computational approaches that are accurate 

and stable.  

The study, in general, gives a fresh perspective on the education setting in Region 2, including the gendered 

nature of the process, statistical problems of the enrolment figures, and the advantages and drawbacks of the 

various computational forecasting methods. It also points to urgent policy needs: male students must receive 

specific retention strategies, schools with fluctuating female enrolment must have school-specific interventions, 

and there must be more focus on evidence-based planning. In addition, the article indicates a necessity for 

increased data gathering, such as longitudinal data and qualitative studies, which would enhance understanding 

of the dynamic nature of dropouts and improve predictive models. 
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