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Abstract: The research dealt with one of the most important topics in the statistical and
educational aspect, which is predicting the numbers of first-grade students, as it is important for
educational, political and urban institutions, using different predictive models (Box-Jenkins
models of the first order and exponential models) with the aim of conducting the forecasting
process for those numbers and comparing these models using the mean absolute percentile error
(MAPE) standard and selecting the best model in light of these indicators that differ from each
other.tire study without repeating the introduction or including unnecessary background
information.
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1. Introduction:

The introduction should clearly present the research context and define the main problem addressed in the
study. It must begin with a concise background that explains the importance of the topic within the field of
administrative and economic sciences. The section should identify the research gap by highlighting
limitations or inconsistencies in previous studies, leading logically to the formulation of the research
problem. The introduction must also state the objectives of the study in a precise and focused manner.
Where appropriate, it should briefly indicate the methodological approach and the structure of the paper.
All in-text citations must follow the APA style using the author—date format, presented within parentheses
as (Author, Year), such as (Smith, 2020) or (Smith & Brown, 2021), and in cases of three or more authors
as (Smith et al., 2022). Direct quotations must include page numbers in the format (Author, Year, p. xx).
All cited sources must appear in the reference list, and no uncited references should be included. The text
should be written in clear academic English, with a logical flow of ideas, avoiding unnecessary details,
excessive citations, or repetition of content presented in other sections.

Autocorrelation Function (ACF): The fundamental statistic in time series analysis is the
autocorrelation coefficient. The term autocorrelation can be explained as
representing the relationship between successive observations of the same variable
over a period of time. The essence of autocorrelation is that a random variable
occurring during a specific time period is related to the random variable that
precedes or follows it; that is, the series is related to itself or shifted by [1, 2, ...]
periods.
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The general formula for calculating the autocorrelation of a stationary series is:
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Partial Autocorrelation Function (PACF): This function is used to measure the degree
of correlation between yt and yt-k when the influence of other values is constant,
I.e., the displacement values of y, and is calculated by regression with (yt-1,..., yt-p),
le.
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Box-Jenkins models: When studying the Box-Jenkins models, we will take the non-seasonal
models, as these models are divided into two sections, which are the stationary models (Stationary
Models) and the non-stationary models (Nonstationary Models).

What is meant by stable models is that they are suitable for representing time series, and time
series are a set of observations of a specific phenomenon measured in time periods (t=0, 1, 2, ....)
If the observations of this set are continuous over time, the time series is called continuous, and if
it is discontinuous, i.e. taken at specific and limited times, it is called discrete. As for the non-
stationary series, the differences must be taken to make them stable, and then they are suitable for
representing time series.

Observations in time series are expressed as Xt1, Xt2,..., Xtn at time intervals t1, t2,..., tn where n
is the number of consecutive values. As we mentioned, stable models are those that are suitable for
representing time series that have the property of stability before taking any number of differences
for them, meaning that they are originally stable.

Therefore, time series are divided into:

1- Stationary Time Series
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2- Non-Stationary Time Series.

The time series is stable when the observations fluctuate around a fixed mean and has a constant
variance, meaning the behavior of the random variables does not change over time and does not
take on other characteristics. Time series are unstable if the series does not have a fixed mean.
These models include four types:

1) The Autoregressive Models.

2) The Moving average Models.

3) The Mixed Autoregressive-Moving average Model.

4) The Mixed Autoregressive-ldentify-Moving average Models.

Autoregressive Model: It is the autoregressive of order (P) and the model is written as (P) MA as
follows:

Xe =t + @1 Xe 1 + 02X o+ +op X +a, (1)
Where:
1’ represents the constant term
@: represents the autoregressive parameter of degree (P)
at: represents the error for the period (t).
When (p = 1) we obtain a first-order autoregressive model (MA (1)), so the model is as follows:
Xe=u + ¢ Xey +a, (2)
Using the backscatter factor, equation (2) is as follows:

Xe =W + ¢, X1 = u+a

(1-9B)X, =u +a, ©

The moving average model is of order (g) and the model (q) AR is written as follows:
Xe=p+ At—01ar_1—0zat—2—..._gqat—q (4)

Where

0., 0, : represents the parameters of the moving average.

at-q: represents the error term for the period (t-q)
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w: represents the constant.

When (g=1) we get the first-order moving average model (AR(1)), the model is as follows:
X¢ =p+aig,a,, (5)

Using the backscatter factor, equation (5) is as follows:
X = Ut(1-0,p)a, (6)

Where B: represents the backscatter factor.

Mixed model (autoregressive - moving average): The general model of autoregressive moving
averages is written as (ARMA(p,q)) as follows:

X = u' + (Plxt_l + (PZXt—2+- . +(PpXt—p+at—elat—ezat_l—eqat_q (7)

When the rank is (P=1) and (q=1) we get an (autoregressive moving average) model (ARMA (1.1)
so the model is as follows:

Xt = IJ', + (‘plxt_l + aezat_l
1—@B)Xe =1 + (1 - @P)t—0;a

Autoregressive — Integrate-Moving Average: In this case, the problem of Non stationary will be
added to the mixed (ARMA) process, and the general model becomes (p, d, q) ARIMA. When
each of (P=1), (d=1) and (g=1), we get the simple state equation (1,1,1) ARIMA, which is as
follows:

G

1-BA—-ePXe=p + (1 —06,pat (9)

Stationary and Non stationary: There is an important symbolic tool for the back-displacement
process, symbolized by (), which is also the back bounce factor and is used as follows:

BX¢ = X1 (10)

The operation () on (Xt) means shifting the data backwards for one period, and the application of
(B) on (Xt) means shifting the data backwards for two periods, as follows:

B(th) = BZXt = Xt—2 (11)
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The back-shift factor (B) is suitable for describing the process of differences. For example, if the
time series is not stationary, it can be made stationary by taking the first differences of the series,
as follows:

- First Difference: X, = XX, (12)
The above equation can be rewritten using (B) the back-displacement factor:

X, = Xy — BX; = (1 - B)X, (13)

We note that the first differences are represented by (1-B), but if we want to calculate the
second-order differences (which are the differences for the first differences), they will be as
follows:
- Second — order Difference: X; = X, — X, = (1—-B)2X,  (14)
Where (1 — B)? means that the differences are of the second degree.
It is necessary to distinguish between second-order differences and secondary differences,
where the first is represented by(1 — )2 and the second by (1 — B?).
The second difference:
Xi = Xtp = X —B*X¢ = (1 - BH)X, (15)

The purpose of taking the differences from degree (d) to obtain stability is that we will
represent it as follows:
1-P%X =a (16)

Model Estimation: After diagnosing the model and determining its score, its
parameters are estimated. There are several methods for estimation, including:

- Yule-Walker equations: This method relies on the autocorrelation function of
the model. To estimate the parameters of an AR model, its autocorrelation
function takes the following form.

Pj=01Pj1 + P2pj2 + .+ DpPjp

To obtain Yule-Walker estimates for the parameters p;, we substitute the
autocorrelation coefficient p; with the estimated autocorrelation coefficient r;,
as follows:

d)jzR‘ll’j R = ) r. =



- least squares method: In this method, we obtain the sum of squared errors as
little as possible > 4?2, and by partial differentiating the parameters and setting

them equal to zero, we obtain the parameter estimates.

- Maximum likelihood method: To estimate the parameters of the ARMA model
using the maximum likelihood method, maximizing the function minimizes
the sum of squared errors, and then partially differentiating the parameters
yields the estimates.

Diagnostic Check: The model's accuracy and efficiency in representing the time series

must be verified before use, and this is done by:

- Using autocorrelation coefficients for estimated errors (residues) where:
n—-k
Zlatat+k
A\ _ t=
n@)=—— »
df
t=1
Since r(a) is normally distributed with a mean of zero and a variance % then:
m 2 A
¢=n2 rc(a)
k=1
Where n is the number of observations, d is the number of calculated shifts
when the autocorrelation coefficient of errors is given, where ¢ is
approximately distributed in a y* distribution with degrees of freedom (n-p-q).

If the calculated value is less than the tabulated value, this means that the

model is good and suitable.
- By plotting the estimated autocorrelation coefficients of the residuals, if they
fall within the 95% confidence interval, then the model is suitable, i.e., that

1 1
-1.96—<r,(a)<+1.96—
o=@ o

Forecasting methods:

Exponential Smoothing Method: The exponential smoothing method is one of the most common
methods for smoothing discrete time series and forecasting for the near future. due to the simplicity
and efficiency of this method and its suitability to the changes that occur in the time series to be forecast,
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this method has become more widely used in various statistical fields, and therefore the method can be
divided into the following:

Exponential smoothing method for fixed processes: This method is used when the time
series does not change with time or may fluctuate slightly. In this case, the model for the
stationary process can be formulated according to the following equation: X;=b+
a. . t=123,... (17)

atNN(OJ Gg)
X(T) =b(®) (18)

Where b(t) represents the expected value of the average of the time series and the model
for the stationary process can be obtained by applying the weighted least squares method,
which can be represented by the following equation:

b)) =S X) =X+ (1 — S (X)  (19)
The process of choosing the value of the smoothing constant (o) is of great importance in
determining the practical characteristics of exponential smoothing. Sources differed in
determining the value of this constant theoretically and practically. The scientist
Montgomery showed that this value can be equal to:

It also depends on the nature of the data. By applying the principle of trial and error, it was
found that the value of the constant (o) is limited to the range (0.01 < a < 0.30).
Therefore, the ideal determination of this value (o) is by giving different values to it and
finding the mean square errors (MSE) at each chosen value of the constant (o), and the
ideal value then is the one that corresponds to the lowest (MSE).

Exponential smoothing method for processes with a linear direction: The idea of
exponential smoothing can be extended to other situations when the process changes with
time. Among these cases is the case where the process includes a linear change at certain
time periods according to the following equation:

Xi = by + by + o (21)

o

Xt+L = B1('5) + LBz ® (22)
Exponential smoothing method for higher order operations: In general, exponential
smoothing can be used to estimate the parameters of polynomial models to any degree. to
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clarify the idea of this method, we assume the second-order model, which is formulated as
follows:
X; = by + byt + % bst + a; (23)
The forecast equation for a future period of time (t + L) is as follows:
Xesr, = by (©) + Lb, (1) + 1/212b5(t) (24)

The estimation of the model parameters in Equation (24) is according to the equations
below:

b1(t) = 35;(X) — 35;(X) + St (X)

b2(0) = 2(1;'_‘002 [(6 = 505.(X) — 2(5 — 40)S(X) + (4 — 30)S;(X)]

]

I

)
~ o \2, , |
B3(t) = (1—_a) [S:(X) + Si(X) + Sp(X)] |
Model Evaluation Measures: Model evaluation measures are fundamental tools in statistical
modeling, used to assess the quality of a model's performance and its efficiency in interpreting and
accurately representing data. These measures also help verify a model's predictive and
generalizable capabilities when applied to new, unused data. evaluation measures vary depending
on the nature of the model and the aspect of performance being measured, whether it relates to
prediction accuracy, fit quality, or error magnitude. The measures adopted in this study are as
follows:
Akaike Information Criterion (AIC): This criterion is used to balance the quality of fit of the
model with its complexity, as it penalizes models that contain a larger number of parameters, with

the aim of selecting the most efficient model that best explains the data with the least amount of
complexity.

AIC=1In (%) + 25 (26)

Bayesian Information Criterion (BIC): The Bayesian Information Criterion (AIC) is similar
to the Akaiki Criterion (AIC), except that it imposes a greater penalty for model complexity and an
increased number of parameters, making it more stringent when comparing models and selecting
the most suitable one.

BIC =1n (62) + —2 27)

Use of conventional and unconventional models for forecasting:

To analyze and forecasting the number of first-grade students in Basra Governorate, a
sample size of (37) years was used from 1987 to 2024 from the Basra Education
Directorate.

Forecast model: AR (1): The model (ARIMA(0,0,1)) was chosen from among the selected
models to forecast the number of first-grade primary school students. The process included
the following conclusion:

Parameters | Estimation Standard Error | Test statistic (t) | P-value

AR (1) 0.6835 0.1644 7.2872 0.000
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Average 5.2285 1.6487 6.3973 0.003
Constant 0.7825 - - -
Criteria Result

Mean absolute Error (MAE) 0.5496

Mean absolute percent Error(MAPE) | 0.4863

Mean Error (ME) 1.1859

Mean percent Error(MPE) 0.2754

Mean squares Error(MSE) 0.3728

The value of the variance of the white noise estimates (residuals) in this model reached
(0.2549) at a degree of freedom (19) and a standard deviation of (0.0735).

By reviewing the results of the probability value of the model, it becomes clear that it is not
significant at the level of significance (0.05). On the other hand, the average value was
recorded at a high level of significance, as the probability value to examine its significance
exceeded P <0.1.

The first three statistics shown above measure the importance of the residuals resulting
from the differences recorded between the observed value at time t and the predicted value
at time t-1, where the best model indicates the smallest value of those statistics, while the
other two statistics measure the amount of bias, where the best model indicates when the
values of the two statistics approach zero.

Forecast model: MA (1): The model (ARIMA(1,0,0)) was chosen from among the
selected models to forecast the number of first-grade primary school students. The process
included the following conclusion:

Parameters | Estimation Standard Error | Test statistic (t) | P-value
AR (1) 0.7387 0.2331 8.0013 0.002
Average 4.9924 0.9446 7.5572 0.001
Constant 0.8116 - - -
Criteria Result

Mean absolute Error (MAE) 0.6003

Mean absolute percent Error(MAPE) | 0.5280

Mean Error (ME) 0.9223

Mean percent Error(MPE) 0.3047
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Mean squares Error(MSE) 0.4627

The value of the variance of the white noise estimates (residuals) in this model reached
(0.3188) at a degree of freedom (19) and a standard deviation of (0.0832).

By reviewing the results of the probability value of the model, it becomes clear that it is not
significant at the level of significance (0.05). On the other hand, the average value was
recorded at a high level of significance, as the probability value to examine its significance
exceeded P <0.1.

The first three statistics shown above measure the importance of the residuals resulting
from the differences recorded between the observed value at time t and the predicted value
at time t-1, where the best model indicates the smallest value of those statistics, while the
other two statistics measure the amount of bias, where the best model indicates when the
values of the two statistics approach zero.

Forecast model ARMA (1,1): The model (ARMA (1,1)) was chosen from among the

selected models to forecast the number of first-grade primary school students. The process
included the following conclusion:

Parameters | Estimation Standard Error | Test statistic (t) | P-value
AR (1) 0.7802 0.1775 8.4998 0.001
Average 6.3951 1.2105 8.0038 0.007
Constant 0.9075 - - -
Criteria Result

Mean absolute Error (MAE) 0.4887

Mean absolute percent Error(MAPE) | 0.3811

Mean Error (ME) 1.0265

Mean percent Error(MPE) 0.2881

Mean squares Error(MSE) 0.3383

The value of the variance of the white noise estimates (residuals) in this model reached
(0.4002) at a degree of freedom (19) and a standard deviation of (0.08227).

By reviewing the results of the probability value of the model, it becomes clear that it is not
significant at the level of significance (0.05). On the other hand, the average value was
recorded at a high level of significance, as the probability value to examine its significance
exceeded P <0.1.
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The first three statistics shown above measure the importance of the residuals resulting
from the differences recorded between the observed value at time t and the predicted value
at time t-1, where the best model indicates the smallest value of those statistics, while the
other two statistics measure the amount of bias, where the best model indicates when the
values of the two statistics approach zero.

Forecast model ARIMA (1,1,1): The model (ARIMA(1,1,1)) was chosen from among the

selected models to forecast the number of first-grade primary school students. The process
included the following conclusion:

Parameters | Estimation Standard Error | Test statistic (t) | P-value
AR (1) 0.5572 0.1162 6.9022 0.002
Average 4.9033 0.8946 7.2840 0.001
Constant 0.6072 - - -
Criteria Result

Mean absolute Error (MAE) 0.6092

Mean absolute percent Error(MAPE) | 0.5496

Mean Error (ME) 1.202

Mean percent Error(MPE) 0.3028

Mean squares Error(MSE) 0.4428

The value of the variance of the white noise estimates (residuals) in this model reached
(0.3074) at a degree of freedom (19) and a standard deviation of (0.0893).

By reviewing the results of the probability value of the model, it becomes clear that it is not
significant at the level of significance (0.05). On the other hand, the average value was
recorded at a high level of significance, as the probability value to examine its significance
exceeded P <0.1.

The first three statistics shown above measure the importance of the residuals resulting
from the differences recorded between the observed value at time t and the predicted value
at time t-1, where the best model indicates the smallest value of those statistics, while the
other two statistics measure the amount of bias, where the best model indicates when the
values of the two statistics approach zero.

Forecast model Constant mean: The Constant mean model was chosen from among the
selected models to forecast the number of first grade primary school students to generate
forecasting values. The process included the following summary:

Parameters | Estimation Standard Error | Test statistic (t) | P-value

AR (1) 0.6047 0.2004 0.003

7.5998
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Average 5.6744 0.7236 6.6299 0.004
Constant 0.7926 - - _
Criteria Result

Mean absolute Error (MAE) 0.7851

Mean absolute percent Error(MAPE) | 0.6839

Mean Error (ME) 1.3861

Mean percent Error(MPE) 0.4024

Mean squares Error(MSE) 0.5028

The value of the variance of the white noise estimates (residuals) in this model reached
(0.4008) at a degree of freedom (19) and a standard deviation of (0.0963).

By reviewing the results of the probability value of the model, it becomes clear that it is not
significant at the level of significance (0.05). On the other hand, the average value was
recorded at a high level of significance, as the probability value to examine its significance
exceeded P <0.1.

The first three statistics shown above measure the importance of the residuals resulting
from the differences recorded between the observed value at time t and the predicted value
at time t-1, where the best model indicates the smallest value of those statistics, while the
other two statistics measure the amount of bias, where the best model indicates when the
values of the two statistics approach zero.

Forecast model Simple Exponential Smoothing: The Simple Exp. Smoothing model was

chosen from among the selected models to forecast the number of first grade students to generate
forecasting values. The process included the following summary:

Parameters | Estimation Standard Error | Test statistic (t) | P-value
AR (1) 0.6183 0.1547 8.4372 0.006
Average 5.3819 1.5886 5.7760 0.005
Constant 0.9033 - - -
Criteria Result

Mean absolute Error (MAE) 0.5927

Mean absolute percent Error(MAPE) | 0.4481

Mean Error (ME) 1.0052

Mean percent Error(MPE) 0.3036

Mean squares Error(MSE) 0.4818
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The value of the variance of the white noise estimates (residuals) in this model reached
(0.2886) at a degree of freedom (19) and a standard deviation of (0.0749).

By reviewing the results of the probability value of the model, it becomes clear that it is not
significant at the level of significance (0.05). On the other hand, the average value was
recorded at a high level of significance, as the probability value to examine its significance
exceeded P <0.1.

The first three statistics shown above measure the importance of the residuals resulting
from the differences recorded between the observed value at time t and the predicted value
at time t-1, where the best model indicates the smallest value of those statistics, while the
other two statistics measure the amount of bias, where the best model indicates when the
values of the two statistics approach zero.

The following table is for the indicator of forecasting the number of first-grade primary
school students.

Models Model set Bias

MSE MAE | MAPE ME MPE
AR (1) 0.2956 | 0.2592 1.3879 | 0.0504 | 0.3189
MA (1) 0.6924 | 0.6994 | 5.6982 0.0406 | 0.2892
ARMA (1,1) 0.4952 | 0.3738 1.6861 0.0334 | 0.2004
ARIMA(1,1,1) 0.5025 | 0.4935 2.4901 0.0104 | 0.4026
Constant mean 1.2729 | 1.1083 7.6994 0.0406 | 0.2893
Simple Exponential Smoothing 0.3821 | 0.2206 1.1665 0.0334 | 0.3008

For the first column, column (MSE), the best model was AR(1), and the model was Simple
exponential smoothing. For the second column, column (MAE), and the third column, column
(MAPE), the best model was Simple exponential smoothing. as for the fourth column, column
(ME), the best model was ARIMA(1,1,1), and as for the fifth column, column (MPE), the best
model was ARMA(1, 1).

Table of forecasting values for the number of first grade students to generate by using
different models:

Years Models forecasting

AR (1) 106773

351



MA (1) 107509

ARMA (1,1) 109826

2025 ARIMA(1,1,1) 103917
Constant mean 105582

Simple Exponential Smoothing 106003

AR (1) 107217

MA (1) 108114

ARMA (1,1) 108745

2026 ARIMA(1,1,1) 104684
Constant mean 106289

Simple Exponential Smoothing 107300

AR (1) 107964

MA (1) 108765

ARMA (1,1) 109276

2027 ARIMA(1,1,1) 105187
Constant mean 106823

Simple Exponential Smoothing 107848

AR (1) 108104

MA (1) 109176

ARMA (1,1) 109985

2028 ARIMA(1,1,1) 105710
Constant mean 107228
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Simple Exponential Smoothing 108201

AR (1) 108538

MA (1) 109693

ARMA (1,1) 110617

2029 ARIMA(1,1,1) 105710
Constant mean 107695

Simple Exponential Smoothing 108602

AR (1) 109154

MA (1) 112074

ARMA (1,1) 111072

2030 ARIMA(1,1,1) 109946
Constant mean 108392

Simple Exponential Smoothing 109207

Conclusions and Recommendations

As for the table for the indicator of the number of first-grade primary school students, the best
model for the indicators was the mean square error (MSE), the autoregressive model AR(1), and
for the mean absolute errors (MAE) and the mean absolute percentage errors (MAPE). The rates of
the number of first-grade students during the series studied are simple but increasing.

It was noted the importance of using a wide network of statistical models in light of several
indicators for the purpose of making a comparison in selecting the best model, as the variation in
the results of the selection process may provide more efficient inference in selecting the best

model.

Therefore, we concluded that there was a state of disturbance in the selection of the model on the
one hand and in the adoption of the degree of bias on the other hand.
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Educational and leadership bodies must pay attention to the forecasting student numbers for the
coming years and what preparations are needed in terms of buildings, schools, and teachers. This
is one of the most important objectives that researchers have reached.

We recommend that researchers, when making any comparisons or predictions of models, use a
large number of indicators to provide wider options, as the large number of indicators leads to
more positive results, not negative ones, to know the best model.
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