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In recent years, the importance of understanding educational trends has significantly increased, especially in
developing countries like Azerbaijan. This study focuses on using data analysis methods to examine and predict
changes in the field of education. The aim is to analyze educational datasets and identify key indicators that reflect
long-term trends, such as student enrollment rates, graduation statistics, and public spending on education. Using
Python-based tools and time series forecasting models, this research explores how these indicators change over
time and what they suggest about the future of education in Azerbaijan. The study also applies statistical models
such as linear regression and autoregressive models to perform trend analysis and generate forecasts. The findings
of this study can help policymakers, educators, and institutions make data-driven decisions to improve the quality

and accessibility of education.
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Introduction

In today's rapidly evolving global landscape, edu-
cation has become a cornerstone for national develop-
ment, especially in emerging economies such as Azer-
baijan. Understanding the dynamics and trends within
the education sector is crucial for shaping policy, allo-
cating resources effectively, and forecasting future
needs [1].

In recent years, the role of data analysis in educa-
tion has grown significantly, enabling institutions and
governments to make informed, evidence-based deci-
sions [2]. Time series forecasting models such as Auto-
regressive (AR), Integrated (I), and Moving Average
(MA) components have been successfully applied in
multiple domains, including education and economics
[3].

This study focuses on analyzing long-term educa-
tion trends in Azerbaijan using data-driven techniques.
By leveraging historical datasets on higher education
enrollment, we aim to uncover key patterns and predict
future student admission numbers. Through the appli-
cation of time series forecasting methods—namely, au-
toregressive (AR), differenced autoregressive (station-
ary AR), and ARIMA models—we intend to evaluate
the accuracy and reliability of various forecasting ap-
proaches.

By incorporating programming tools such as Py-
thon and libraries including pandas, statsmodels, and
matplotlib, the study demonstrates how modern data
science methods can be used not only to visualize edu-
cational trends but also to generate actionable insights
for policymakers and academic institutions [4].

Dataset Description

The dataset used in this study comprises the num-
ber of students admitted to higher education institutions
in Azerbaijan, covering the academic years from
2000/2001 to 2023/2024. The data was obtained from
the official website of the State Statistical Committee
of the Republic of Azerbaijan (stat.gov.az) and includes
annual admission figures for both public and private

universities [5]. However, due to missing data for the
academic years 2001/2002 through 2004/2005, linear
interpolation was employed to estimate the absent val-
ues. This preprocessing step was crucial to ensure con-
tinuity in the time series, a requirement for building ac-
curate and consistent forecasting models.

The final dataset consists of 24 academic years,
structured in two columns: Year, which records the ac-
ademic year in the format YYYY/YYYY+1, and Ad-
missions, which indicates the number of students ad-
mitted to bachelor’s programs. The cleaned and inter-
polated dataset was saved in an Excel file and served as
the foundational input for all forecasting models used
in this research. A sample view of the dataset is
presented below.

Year Admissions
2000/2001 26,403
2001/2002 27,575
2002/2003 28,747
2023/2024 52,880

All values are rounded to the nearest whole num-
ber, and the data structure is suitable for applying time
series forecasting models using Python.

Methodology

To forecast future student admissions in Azerbai-
jan, we utilized three distinct time series models. First,
we applied an Autoregressive (AR) model to the origi-
nal non-stationary data. Next, we implemented another
AR model, this time using stationary data obtained
through differencing. Finally, we employed the
ARIMA (Autoregressive Integrated Moving Average)
model, which combines both autoregressive and mov-
ing average components along with differencing to
handle non-stationarity [1][2].

All models were implemented in Python using
pandas for data manipulation, statsmodels for statistical
modeling, and matplotlib for visualization [4]. Fore-
casts were generated for two future academic years:
2024/2025 and 2025/2026.
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AR Model on Non-Stationary Data: The auto-
regressive model (AR) uses past values of a time series
to predict future values. The non-stationary version of
this model was applied directly to the raw admissions
data, without transforming it to achieve stationarity. A
lag of 3 was selected based on preliminary testing,
which means the model uses the previous three years of
data to predict the next value [2]. Model equation:

Yi=C+ 01Yi+ 02Yio+ 03Y i3+ €

AR Model on Stationary Data (Differencing):
Since the original admissions data exhibited a clear up-
ward trend, we applied first-order differencing to trans-
form the series into a stationary form, which is a com-
mon requirement for many time series models [1][3].
After differencing, the same AR(3) model was applied
to the transformed data. The different forecasts were
then added cumulatively to the last known admission
value to obtain the predicted future values.

ARIMA Model: The ARIMA model integrates
three key components to effectively model time series
data. The Autoregression (AR) component utilizes
lagged values of the variable to capture temporal de-
pendencies. The Integration (1) component applies
differencing to the data to achieve stationarity, which is
essential for accurate forecasting. Lastly, the Moving
Average (MA) component incorporates past forecast
errors to refine predictions and improve model accu-
racy [3].

For this study, we used an ARIMA(1,1,0) config-
uration based on data behavior and model performance.
This setting includes first-order differencing and one
autoregressive term. Each model was trained separately

and saved using joblib, and a unified fore-
cast_and_plot() function was used to load the models,
generate forecasts, and visualize results. All source
code used in this study, including data preprocessing,
model training, and visualization, is publicly available
on GitHub:

https://github.com/Hesenlsmayilov44/education-
trend-analysis-azerbaijan.git (Accessed on May 2025)

Results And Forecasting

Each of the three forecasting models was trained
using the interpolated dataset covering the years
2000/2001 to 2023/2024. The goal was to predict the
number of students expected to be admitted to higher
education in Azerbaijan for the academic years
2024/2025 and 2025/2026.

Forecasted Values

Model 2024/2025 | 2025/2026
AR 55,169 58,687
AR (Stationary) 53,765 54,853
ARIMA 53,087 53,106

The AR (non-stationary) model generated a more
aggressive upward forecast, extending the recent in-
creasing trend in student admissions. In contrast, the
AR model applied to stationary (differenced) data pro-
duced a more conservative projection, stabilizing the
growth rate. The ARIMA model indicated a modest in-
crease, likely due to the influence of its moving average
and differencing components, which help moderate
sharp fluctuations in the data.

Visualization

The following chart presents all three models on
the same graph for a clear visual comparison:
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In the comparative visualization, the x-axis repre-
sents academic years, while the y-axis displays the
number of admitted students. For each model, two fore-
cast years are appended at the end of the original dataset
to illustrate the projected values. This side-by-side
comparison highlights both the trend and the range of
predictions generated by each approach. Despite differ-
ences in methodology, all models consistently indicate
a continued growth in student admissions.

Discussion

The results from the three time series models pro-
vide valuable insights into the possible future of student

admissions in Azerbaijan. Each model captures differ-
ent aspects of the dataset, and together, they offer a
comprehensive understanding of trend behavior and
model reliability.

Model Comparison

AR (Non-Stationary) This model directly uses
the raw data without transformation. It performs well in
capturing existing upward trends but may overfit in the
presence of structural breaks or long-term noise. Its
forecasts suggest a sharp increase in future admissions,
which may be realistic if growth continues as in the
past, but it lacks resistance to anomalies.
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AR (Stationary) By differencing the data first,
this model removes trend and seasonality, allowing for
more stable predictions. Its results are more conserva-
tive and arguably more reliable over longer horizons.
This model is suitable when the assumption is that
growth will slow down or stabilize over time.

ARIMA (1,1,0) Combining autoregression and
differencing, this model finds a balance between stabil-
ity and adaptability. Its forecasts indicate moderate,
steady growth. ARIMA is particularly suitable when
the data shows both trend and short-term fluctuation, as
it captures both long-term direction and local varia-
tions.

Interpretation in Educational Context

From a policy perspective, even the most con-
servative model—the ARIMA model—predicts a con-
tinued increase in higher education admissions. This
trend implies a growing demand for university infra-
structure, faculty, and academic programs, highlighting
the need for improved funding and strategic planning
within the education sector. It also suggests potential
pressure on student services, dormitory capacities, and
the employment market following graduation. Further-
more, the models offer a solid foundation for expanding
the analysis by incorporating external variables such as
population size, economic indicators, or government
education policies, which could provide a more com-
prehensive understanding of the factors influencing stu-
dent admissions.

Conclusion

This study explored the application of time series
forecasting techniques to predict future trends in higher
education admissions in Azerbaijan. Using historical
data from 2000/2001 to 2023/2024, we implemented
and compared three models: AR (non-stationary), AR
(stationary), and ARIMA. The findings from all three
models consistently indicated continued growth in the
number of students entering higher education over the
next two academic years. While the AR model pro-
jected a more aggressive increase, the ARIMA and sta-
tionary AR models provided more moderate and con-
servative forecasts.

From a strategic standpoint, the results of this
study can assist educational policymakers in anticipat-
ing future demand for university seats, enabling more
efficient allocation of educational resources. The in-
sights also support informed decision-making regard-
ing admissions quotas and academic staffing, ensuring
that institutions are better prepared to accommodate
projected growth in student numbers. In addition, the
study demonstrated the importance of data prepro-
cessing (e.g., interpolation and differencing) and model
selection in ensuring reliable forecasts.

Future Work

Future enhancements to this research may involve
incorporating exogenous variables such as population
growth, migration trends, or government funding levels
through the use of ARIMAX or machine learning mod-
els. Expanding the forecast horizon beyond 2026 could
provide a longer-term perspective on admissions
trends. Additionally, applying ensemble or hybrid mod-
eling approaches may improve forecast accuracy. Ulti-
mately, this study underscores the value of data-driven
analysis in supporting forward-looking, evidence-
based decision-making within the education sector.
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