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Abstract

This research involves time series analysis and forecasting of the Ordinary Level Mathematics results. From
2008 to 2009 many educators had left the country seeking higher salaries, leading to severe staff shortages in
schools. This and other reasons were anticipated to impact negatively on “O” Level Mathematics results. Data
for the years 2010 to 2022 were collected from one high school in Bulawayo. The data were meticulously
analysed, with a particular emphasis on identifying the underlying trend through data smoothing techniques.
Advanced computer software R studio was used to conduct regression analysis and generate trend lines and
time series graphs. Additionally, an ARIMA (autoregressive integrated moving average) forecasting model
was applied to forecast and predict the school’s future pass rate in Ordinary Level Mathematics. Interviews
with the 10 qualified teachers at the school were carried out to identify potential causes for changes in the pass
rate of Mathematics at the High School. By understanding how pass rates may evolve over time, stakeholders
like parents, the school, and government authorities can make informed decisions and implement strategic
measures to enhance academic performance in the long run. The study noted that the pass rate of the school
was going to slightly improve, and the school was therefore recommended to deploy the hardworking teachers,
who had a history of improving the pass rate to the examination writing classes so that the pass rate could
increase uniformly and to give them more teaching and revision time and incentives. The study also
recommends further research.

Keywords: Time Series Analysis, Forecasting, ZIMSEC results, Data smoothing, ARIMA and ARMA
models
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1. Introduction

The pass rate of a school is a crucial determinant for parents when selecting a school for
their child’s education. The researchers were asked by parents and other stakeholders if the school
under study has a good pass rate or not and if the current pass rate is more likely to improve or not. In
order to respond well to these questions there was a need to include mathematical evidence. One of the
subjects that parents will take seriously is Mathematics as most courses in the engineering field
such as Electrical Engineering as well as Auto-motive Engineering will require leaners to have
passed Mathematics at Ordinary Level as one of the prerequisites. The National University of
Science and Technology programs handout clearly shows that all the programs for the faculty
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of science make it mandatory for all the students to have passed mathematics at the Ordinary
level. This study involves a time series analysis and forecasting of Ordinary Level Mathematics
results of one of the schools in Bulawayo using the school’s results from 2010 to 2022.

1.1. Statement of the problem
The pass rate of Ordinary level Mathematics results at one High School in Bulawayo has
been fluctuating unpredictably from 2010 to 2022, causing concern among parents and
teachers. Despite the efforts to improve the educational outcomes, the pass rate has oscillated
without clear trend, making it challenging to predict future performance. This uncertainty
hinders informed decision-making and effective resource allocation.
1.2. Purpose of study
The purpose of this study is to analyse the trend and patterns in Ordinary level
Mathematics from 2010 to 2022 using time series analysis as well as to develop an ARIMA
forecasting model that can be used to accurately predict future mathematics results. The
researchers also intended to identify factors that influence mathematics performance at
Ordinary level.
1.3. Research objectives
The main objective of this study is to use time series analysis to forecast one High
School’s Mathematics Ordinary Level pass rate. Specifically, this study intends to:
a. plot a time series graph and observe if the Ordinary level Mathematics results follow a
certain pattern for the period 2010 to 2022
b. determine the trend line or curve of the series using regression analysis and R Studio for
the period 2010 to 2022
c. solicit information which can help to explain the observed trends, if any, and
d. use R Studio to determine an ARIMA model that forecasts the mathematics students’
pass rate.

1.4. Research questions

This study will provide the answers to the following questions:
a. What is the pattern of the Ordinary level Mathematics results for the period 2010-2022?
b. How does the trend line or curve of the time series for the Ordinary Level Mathematics
results for 2010-2022 look like?
c. What is the Ordinary level Mathematics pass rate for the school under study likely to be
in the future, for example in the 16th year, 2025?
d. Is the interview data useful in interpreting the trend depicted by the pass rates?

L

Review of Related Literature

Time series analysis and forecasting play a pivotal role in various domains, enabling informed
decision-making and accurate predictions at large. For example, time series analysis can be used in finance
to predict stock prices and currency exchange rates (Xu et al., 2023; Wijesinghe, 2020; Mehtab &
Sen, 2020). In healthcare, it can be used to predict future disease outbreaks and to monitor the spread of
diseases. In retail, it can be used to predict sales and inventory needs. In the education sector we can use
time series analysis to analyse and predict the possible future performance of the learers (Mwale-
Mkandawire, 2020; Takawira, 2016). This might help to put mitigatory measures in case the
performance is very poor.

Karapanagiotidis (2012) ascertains that modern time series forecasting methods are
eventually rooted in the idea that the past tells us something about the future. Of course, the
question of how exactly we are going about interpreting the information encoded in past events,
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and furthermore, how we are to extrapolate future events based on this information, constitute
the main subject matter of time series analysis.

Time series analysis and forecasting have a rich history that spans discipline and
industries. The pursuit of accurate predictions from historical data has driven the development
of a diverse range of methodologies, each with its strengths and limitations. Box and Jenkins
(1970) are confident that time series analysis traces its roots to the early 20" century when
econometricians like Norbert Wiener laid the groundwork for autoregressive models. The
advent of computers in the mid-20™ century facilitated the computation of complex statistical
methods, leading to the development of models like ARIMA (autoregressive integrated moving
average).

Wei-Yin (2021), points out that ARMA (autoregressive moving average) models can
provide short-term predictions of a data series at a given point. However, he goes on to explain
that ARIMA models are better suited for long-term prediction and can model linear and non-
linear patterns of the data. So, ARMA models are better for short-term predictions while
ARIMA models are flexible and can make longer-term forecasts of even more than 20 years
according to Box & Jenkins (1970).

Liu et al, (2024) and Zhang (2018) emphasize that ARMA and ARIMA models are
similar in that they are both used to model time-series data, but the main difference is that
ARMA models can only model stationary data while ARIMA can model both stationary and
non-stationary data. So, ARMA models are a sub-set of ARIMA models. Stationary data is a
type of time-series data that has constant mean and constant variance. Non-stationary data has
a meaning and a variance that changes over time.

Lundeberg and Lee (2017) are of the opinion that the recent years have seen a growing
emphasis on the interpretability and explainability of time series forecasting models.
Techniques such as SHAP (Shapley Additive exPlanations) have been adapted to provide
insights into future contributions and model behaviour, enhancing transparency and fostering
trust in critical decision scenarios.

Malik (2023) in his write up on “An Analysis of Time Series Analysis and Forecasting
Techniques” provided an analysis of time series and forecasting techniques. He also delved
into the principles underlying these methods, their practical applications and their performance
across a range of scenarios. His research work was wonderfully done as it presented real-world
applications that showcase the tangible impact of time series analysis and forecasting across
different domains. However, Malik’s work did not include a thorough review of related
literature and did not use mathematical formulae as well as computer applications to enhance
further comprehension of the time series and forecasting techniques.

Time series analysis and forecasting was superb with a variety of examples working
using many formulae to clearly explain the time series and forecasting techniques. He used so
many computer-generated time series graphs to clearly explain the time series techniques. His
research work consisted of surveying literature as well as developing a tool for time series data
analysis and forecasting. His main research question was ‘which forecasting algorithm is the
best for this type of data set/series?” The main purpose of Fagerholm’s research was to have a
good comparison of different forecasting algorithms to find out which of the algorithms had
the best prediction accuracy for the investigated data set. His steps for the procedure were
clearly stated with logical sequencing. In conclusion he found out that the LSTM (Long Short-
Term Memory) model had the best prediction accuracy for his data sets and tested models.
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2.1.Conceptual framework/models

Box and Jenkins (1970) present the following ideas about the following concepts:
Autoregressive (AR) theory: the authors describe the AR model as a way to forecast future
values in a time series based on past values. Moving Average (MA) theory is a model used to
forecast future values in a time series based on errors (residuals) from past predictions.

Autoregressive Integrated Moving Average (ARIMA) theory. The authors introduce the
ARIMA model, which combines the AR and MA models to handle non-stationary data. These
concepts or models are fundamental to time series and forecasting hence this study will
incorporate them. The study will make use of the ARIMA model in forecasting the future pass
rate of ordinary level Mathematics using historical data of one High School obtained from the
results analysis file for the years 2010 to 2020.

2.2.Theoretical framework

The study is also premised on the theory of educational assessment which measures
student achievement and informs instructional practices and policy decisions. According to
Brown (2022) there is need to integrate the psychological-educational assessment theory with
statistical innovations so as to come up with assessments reflecting the real-world learning
processes, and good classroom practices that promote student achievement. Also, student
achievement is influenced by many factors hence the need, according to Suleimann et al.,
(2024) to develop a predictive model using statistical methods like regression or time series to
identify key determinants of academic performance and achieving high accuracy in forecasting
outcomes. This will also help to address disparities and promote equity especially in resource-
constrained schools such as those in Zimbabwe.

3. Method
3.1.Research design

Time Series Analysis and Forecasting techniques use historical data to predict the future
behaviour of a variable, and in this study the dependent variable was the pass rate of the
Ordinary Level Mathematics learners whilst time was the independent variable. The research
design for this study is based on time series analysis and forecasting techniques, specifically
the use of the ARIMA model and time series analysis trend line finding. The methodology
involved collecting data on the pass rate of students who took the Ordinary Level Mathematics
examination at a high school in Bulawayo, Zimbabwe. The country’s examination board is
responsible for setting standardized examinations as well as issuing results. The passing grades
were A, B and C, but now D and E are not so good, the majority are now passing grades whereas
students scoring F and U will have failed. The data was analysed using the R statistical software
package, with the goal of estimating the future pass rate using the ARIMA model that can be
used to forecast future pass rates. The researchers collected data from one of the high schools
in Bulawayo from the school’s results analysis file for the years 2010 to 2022.

ARIMA model was used instead of ARMA because of the following general reasons:
Firstly, ARIMA models are more flexible than ARMA models and can handle data that is non-
stationary or has a trend component. Secondly, ARIMA models are easier to interpret and
understand, as the meaning of the parameters is clearer than in ARMA. Furthermore, ARIMA
models can be used to make forecasts over a longer horizon than ARMA models. Finally,
ARIMA models are more robust to outliers and extreme values in the time series data. The
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specific reasons for using ARIMA instead of ARMA for this study are given below in the
section on data presentation, analysis and interpretation.

3.2.Data Collection and Analysis Procedure

In this study primary data was collected by means of face-to-face interviews with 10

purposively selected teachers at the school. The interview provided qualitative data that was
later used to explain or provide context for trends or patterns in the data. The interview also
helped in identifying potential causes or explanations for changes in the pass rate of
Mathematics at the High School overtime.

Secondary data used in this research work was obtained from the school’s results analysis

file for the years 2010 to 2022. This is the data that was used for determination of the trend line
and for the forecasting purposes. It was not very costly to obtain the secondary data, and this
data provided a major framework for this study. Accurate forecasting would assist in predicting
future outcomes of mathematics learning.

The researchers were involved in the following steps:

a.

Secondary data on the results of Ordinary Mathematics learners were collected from the
school records from 2010 to 2022. The school’s results analysis became very useful on
this cause. This fact and adds that this is a very cost-effective way of collecting data as
data is readily available in the school’s files.

Cleaning of the data, this step involved removing errors and inconsistencies. This step was
done by identifying potential errors such as missing values, outliers or spikes.

After identifying these errors, the researchers had to delete them. This step was very
crucial because it ensured that data was accurate and ready for analysis.

After cleaning the data, the researchers were involved in the process of normalizing the
data set by transforming it so that it had a mean of zero and a standard deviation of one.
This procedure was done by centering the data by subtracting the mean value from each
data point and this created a new time series with mean zero. The next thing was to scale
the data by dividing each data point by the standard deviation and this created a new time
series with standard deviation of one. After that the researchers then applied normal
distribution to the scaled data creating a normalized time series. This ensured that all the
data points were within a similar range, and this made it easier to compare them. Scaling
and normalizing historical data were done using R Studio statistical software.

The next step after normalizing the data was to identify the trend line using regression
analysis procedures and the R studio software. After the trend line was identified the
researchers then managed to forecast the future values based on the trend.

The following are the steps which are involved in the ARIMA modelling process,

although in this study the majority of the work was done using the R Studio statistical software:

a.

b.

Model identification: The first step is to identify the order of the ARIMA model based on
the autocorrelation and partial autocorrelation functions (Box & Jenkins, 1976).

Model estimation: Once the model order is identified, the model parameters are estimated
using methods such as maximum likelihood or least squares (Chatfield, 2018).

Model validation: The model is validated by checking its goodness of fit and forecasting
accuracy using various statistical measures such as Akaike Information Criterion (AIC)
and the Theil’s inequality coefficient (Chatfield, 2018).

Model Modification: If the model is not performing well, the model order or the estimation
method can be adjusted until an optimal model is obtained (Chatfield, 2018).
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e. Forecasting: Once the model is validated, it can be used to make forecasts about the future
values of the time series (Chatfield, 2018).

f. Forecast evaluation: The accuracy of the forecasts can be assessed using methods such as
mean absolute error (MAE) or mean squared error (MSE) (Hyndman & Athanasopolos,
2018).

3.3.Research Instrument
The researchers used face-to-face interviews to collect primary data. In this study total

sampling technique was used because the number of Mathematics teachers at the school was
ten. This is about 12.5% of the members of staff at this school. The reason why the teachers
who do not teach Mathematics were excluded was because of the complexity of the research
topic as it includes the technical jargon that could be foreign to them. The interview questions
were designed by the researchers, and the results were separately recorded for each interviewee.
The questions asked whether time series analysis was useful as a tool to analyze trends and to
suggest any factors that might have contributed to the pass rates as shown by the rends.

3.4.Population, Sampling Technique and Sample Size

The High School had 1 742 learners and 78 qualified staff members. It is a non-selective
school in one of the high-density suburbs in Bulawayo, Zimbabwe. In this study, total sampling
technique was used in carrying out face-to-face interviews. This is a type of purposive sampling
technique that involves examining the entire population. The main reason why the researchers
used this technique is that the High School has only 10 qualified teachers with 5 of them
holding a Bachelor of Science Honours Degree in Mathematics, 2 of them having Bachelor of
Science Honours Degree in Mathematics and Statistics and 3 having Diploma in Education
majoring in Applied and Pure Mathematics. However, there could be social desirability bias as
teachers may have provided responses they believed were expected or desirable, rather than
their genuine experiences. The researchers included all ten mathematics teachers in the school
so as to solicit as much information as possible.

Another major limitation was the limited sample size of one school. However, the results
and findings could be taken as they were since this was a single case study and triangulation of
quantitative and qualitative data was used.

4. Data Presentation, Analysis and Interpretation
4.1.Secondary data: Mathematics ‘O’ Level results

This study used the R Studio computer statistical package to determine the trend line and
to include computer generated time series graphs. The researchers also carried out and used
ARIMA forecasting model to forecast the future performance of the learners in Ordinary level
Mathematics. The Secondary Data is presented in Table 1 below.
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Table 1: Showing the ZIMSEC Ordinary Level pass rates of the learners in Mathematics for the years
from 2010 up to 2022.

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Pass 10.5 8.3 11.7 19.0 13.1 14.1 158 213 174 120 14.1 18.7 9.8
rate
%

RStudio

File Edit Code View Plots Session Build Debug Profile Tools Help
Graph without forecasting Gl ==

] / /
: P ;

T T
2010 2012 2014 2016 2018 2020 2022

- Adairs ~
Console  Terminal «  Background Jobs
R R421

passrate

round(coef (model) [1], 2), "+", round(coef(model)[2], 2),"x")

1] "y 9 x"
> plot(passrate, xlab= ‘vear®, ylab= ‘Pass Rate', main= 'School Pass rate’ )

L Type here to search
Figure 1 Time series graph showing fluctuations =
and general trend of Ordinary Level Mathematics  Figure 2: Output from R Studio showing the fitted
pass rates from 2010 to 2022. The pattern indicates linear regression line for the school’s O-Level
that decreases are often followed by improve- Mathematics pass rates (2010-2022). The model
ments over the next two years. y = 12.28 + 0. 29xindicates a slow but positive
trend in student performance.

Time

Short alt-text:

Line graph showing the percentage pass rates in O-Level Mathematics from 2010 to
2022, with fluctuations and a gradual upward trend overall. From Figure 1 and Table 1 above,
it is observed that when the pass rate decreased for one year, it increased thereafter for the
following two years, and that pattern seemed to be followed over time. So, when the pass rate
dropped for one year there was a high chance that it would increase for the next two years. This
was observed for the years 2011 to 2012, 2014 to 2015 and 2019 to 2020.

In those years the pass rate increased whilst from 2012 to 2013, 2016 to 2018 and 2021
to 20 the pass rate decreased from the respective previous years. By carefully studying the trend
one can predict that the pass rate for 2025 and 2026 will be most likely higher than that of 20.

Figure 2 below shows the results obtained from the R Studio computer package in
calculation of the trend line for the data in Table 1.

Short alt-text:

Screenshot from R Studio showing a fitted linear regression trend line for Mathematics
pass rate data (2010-2022).

Figure 2 shows that the trend line was linear although the pass rate does not always follow
a linear trend. A linear trend is most applicable if the R square value is close to 1 (Choosing
the right Trend line type for your data; n.d.). For this study the trend line calculated using the
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RStudio
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passrate
1

cast' was built under R version 4.2.3
> png(file= "TimeseriesGrG.png"
> plot(passrate, main= "Graph without forecasting”, col.main="darkgreen")
> dev.off() -]
RstudioGD

pac|

12
|

> png(file= "TimeseriesARIMAGFG.png") T T T T T T T
> fit<- auto.arima(passrate)
> forecastedvalues<- forecast(fit, 14) 2010 2012 2014 2016 2018 2020 2022
> print(forecastedvalues)
oint Forecast Lo 80
19

year

Figure 4: Comparison between the original O-Level
Mathematics pass rate time series and the smoothed
series using a 3-point moving average. The smoothed
line (red) highlights the overall upward trend in
forecasted values

14.29231 9.2

t(forecastedvalues, m ", col.main= “darkgreen™)
of f()

P
> dev.
RSTudi0GD

>
H L Type here to search

Figure 3: ARIMA (1,1,1) forecasting results
generated in R Studio, showing projected
increases in future pass rates and the 95%

R Studio statistical software was: y = 12.28 + 0.29x where y represents the pass rate
and x represents the time in years and in this study the time spanned from 2010 to 20. For
example, we can attempt to estimate the performance of the learners in the 16" year, 2025.

So, we substitute x = 16 into the trend as follows: y = 12.28 + 0.29(16)
y =16.92
y =~ 169

Now in the 16" year the ZIMSEC Ordinary Level pass rate for the High School would
be approximately 16.9%. This result concurs with the nature of the time series graph above
which shows a pattern in the pass rate that when the pass rate drops in one year, it picks up on
the following year. For the 13™ year, 20, the actual pass rate was 9.8% and for the 16" year,
2025 the pass rate would most likely improve to = 16.9%.

Figure 3 below shows the results obtained on ARIMA forecasting for Table 1 using R
Studio.

Short alt-text:

Graphical output from R Studio displaying ARIMA (1,1,1) forecast of O-Level
Mathematics pass rates with confidence intervals.

Figure 4 below shows a time series graph with forecasted values which has been
smoothed using a 3-point moving average.

Short alt-text:

Dual-line graph showing the original and 3-point moving average smoothed time series
of Mathematics pass rates from 2010 to 2022.

The Figure 4 graph was produced using R Studio software. The 3-point moving average
preserves more data compared to the moving averages above it. The graph shown in red is the
smoothened graph of the time series and shows an overall general increase in the forecasted
values for the pass rates.
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Table 2. Calculated the partial sums

Pass Rate Deviation from the Mean Partial Sum (S)
10.5 -4.1583 -4.1583
83 -6.3583 -10.516
11.7 -2.9583 -13.474
19.0 4.3417 -9.1332
13.1 -1.5583 -10.691
14.1 -0.5583 -11.249
15.8 1.1417 -10.108
21.3 6.6417 -3.4664
17.4 -2.6583 -0.7247
12.0 -2.6583 -3.383
14.1 -0.5583 -3.9413
18.7 4.0417 0.1004
18.7 4.0417 4.1421

It was vital to use ARIMA instead of ARMA for this research’s collected data on pass
rates because of the following reasons:

a. Non-stationarity: The pass rate data exhibits non stationarity, meaning the mean and the
variance change over time. ARIMA accounts for this by including a differencing step (the
“I” in ARIMA) to make the data stationary.

b. Trends and seasonality: The data shows apparent trends (for example, increasing pass rates
from 2010 to 2017) and seasonality (for example, fluctuations between years). ARIMA
can capture these patterns, while ARMA might not be sufficient.

c. Integration: The pass rate data likely has a strong memory, meaning past values influence
future values. ARIMA’s integration component addresses this, ensuring that the model
accounts for the data’s long-term dependencies.

Using ARMA alone might not effectively capture the above-mentioned features, leading
to less accurate forecasts and model inadequacy. ARIMA, on the other hand, provides a more
comprehensive framework for modelling this data.

4.2.Stationarity Test Results

The Kwiatkowski-Phillips-Schimdt-Shin (KPSS) test was used to test for the stationarity
of the data before the ARIMA could be found.

Null Hypothesis(H,): The pass rate is stationary
Alternative hypothesis(H;): The pass rate is non-stationary.

First, we calculated the meaning of the data as follows:

10.5+8.3+11.7+19.0+13.1+14.1+15.8+21.3=17.4+12.0+14.1+18.7 _
12

Mean of the pass rate series was
14.6583

View in Table 2, we then calculated the partial sums as follows:
Then we proceeded to calculate the KPSS statistics as follows:

T 2
KPpSS =2t=18
T2.S52

run variance.

Now S2=16.438, ¥7_, S? =~792.663, T=12

where s is the partial sum, T is the number of observations and S? is the long-
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792.663
122.16.438

KPSS= ~(0.335 which is the calculated value.

The critical value for KPSS stationarity is 0.463 at 5% significance level. The conclusion
is that since 0.335 < 0.463, we fail to reject the null hypothesis that the series is stationary.
Hence the pass rate might be stationary meaning that they might be stable around a constant
level or deterministic trend.

4.3.Determination of ARIMA parameters

Since the pass rate is stationary, the researchers went on to determine the ARIMA
parameters. After running the auto-arima code, the following was detected: d=1 because the
series shows a trend and becomes stationary after first difference. Best (p; q) were (1 ; 1) based
on typical ACF patterns. The best suited model was ARIMA (1; 1; 1) with p=1 implying one
autoregressive term (AR), d=1 implying first differencing applied to make data stationery and
g=1 implying one moving average term (MA).

Interpretation of the ARIMA (1; 1; 1) parameters: AR (1) =0.45 (Autoregressive term).
This means that the current change in pass rate is partially influenced (45%) by the previous
year’s change. Thus, if the pass rate increased by 2% last year, this year it might increase by
about 0.9% (45% of 2%), assuming other effects are neutral. The positive value momentum is
noted, meaning that the increase tends to continue. MA (1) = - 0.72 (Moving average term).
This reflects how much the model corrects for the previous year’s forecast error. A value of —
0.72 means the model tends to counteract previous mistakes strongly. Thus, if last year’s
prediction was 1% too high, this year’s prediction adjusts downwards by ~ 0.72%.

Differencing, d = 1. The model doesn’t model pass rate directly but models their year-to-
year change. This is needed because the original data showed a trend and not stationarity when
the researchers used the ADF test. However, the KPSS test showed different results of
stationarity, hence there could be need to cross check and clean the original data or to run
further tests.

Intercept = 0.85 (Drift term). After differencing, the average yearly change in pass rate
is +0.85%. This means the pass rate has a mild upward trend over time. This observation agrees
with the R studio ARIMA result.

4.4.Primary data: Interview with teachers

From Table 3 above the following major ideas (themes) emerged:

a. A lot of factors affect pass rates and time series analysis may not capture all

b. Results of the time series analysis may help teachers change their teaching strategies

c. Factors contributing to fluctuations in the pass rate include having well-scheduled revision
lessons for the learners

d. Teaching for free, not charging the learners money for the lessons may be beneficial

Having more time with the learners may be beneficial

f. Standardized tests may be better to use to do comparison of pass rates

o

Loftin et al., (2020) conducted a study on pass rates as a measure of program quality in
the nursing field. Factors affecting pass rates were identified and some of them are in tandem
with those of this study.

Table 3 below shows the presentation of data collected using the interview protocol.
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THEME

1. Utility of time series analysis

in Mathematics education.

QUOTE

“Time series analysis is a very
useful tool that can help in
identifying trends followed by the
data and one can have a clear
picture of how the pass rate, as a
variable, is most likely to behave
in the future” (6 teachers).

157

ANALYSIS

Most teachers believe time
series analysis is useful for
identifying trends and
predicting future pass rates,
indicating its potential value
in Mathematics education.

2. Impact of technology on data

analysis.

“Time series has helped so much
in analyzing data and one major
advantage is that technology can
analyze data with great speed and
accuracy” (6 teachers).

The majority of teachers
think technology has
facilitated data analysis due
to its speed and accuracy,
highlighting the importance
of technology in educational
settings.

3. Knowledge and application of

time series analysis.

“I always use it to evaluate how
my learners are performing and
this helps me to change my
teaching strategies accordingly” (6
teachers).

Most teachers use time series
analysis to evaluate learner
performance and adjust their
teaching strategies, showing
its practical application in
education.

4.

Importance of pass rate trends.

“Knowledge of these trends is
very important to all the
stakeholders because an
investigation into the causes of the
trends can help the school improve
its pass rate” (4 teachers).

Some teachers recognize the
importance of understanding
pass rate trends for school
improvement, while others
are less concerned,
indicating varying
perspectives on its
significance.

5. Factors contributing to pass rate
trends.

“There are so many factors that
contribute to the fluctuations in
the pass rate, one of the factors is
that there are some teachers like
Mister A and Madam B who have
a history and a record of
improving the pass rate whenever
they take examination classes” (6
teachers).

Teachers identify specific
factors, including teacher
performance and teaching
strategies, that contribute to
pass rate trends, suggesting a
nuanced understanding of the
issue.

6. Strengths and weaknesses of
time series analysis.

“Strengths are that it is easy to
calculate the moving averages and
to get the trend line. It is also easy
to understand.” Then the
drawback could be that it does
not... if we try to smoothen the
data using a larger n-point moving
average we are most likely to lose
a lot of data.” (90 % of teachers).

Teachers recognize both the
ease of use and potential
drawbacks of time series
analysis, such as data loss,
indicating a balanced view of
its utility.

7. Use of standardized tests.

“Standardized tests are good to
use as they give a fair analysis of
the results and comparison will
not be a problem when tests are
standardized” (all teachers).

All teachers agree on the
importance of using
standardized tests for
meaningful trend analysis,
highlighting the need for
consistency in assessment.
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THEME QUOTE ANALYSIS
8. Assessing teachers’ and schools’ “Time series should be used to Most teachers believe time
performance using time series assess or evaluate the performance series can be used to assess
of teachers and schools so that the performance of teachers
corrective action can be taken. and schools through the

However, not all teachers are keen  students’ pass rates though

on using it, so there could need to  one teacher cautions against

train them “(7 teachers). it due to the complexity of
factors affecting pass rates.
There could be need to
further train Mathematics
teachers on how to use time
series analysis.

5. Results and Discussion

The researchers managed to identify a certain pattern from the time series graphs. It
seemed that the pass rate would increase and decrease from year to year and smoothening
became useful in identifying the trend. The 3-point moving average was used to smoothen the
time series. From the time series graph, one can note that whenever a pass rate drops from a
certain percentage, it would almost remain shortly like that but in the following year it would
improve.

Secondary data was also used to get the ARIMA forecast using the R Studio. The ARIMA
forecast revealed that the pass rate for the learners in their Ordinary Level Mathematics
examination would improve on the 16" year, 2025, since it had dropped in the 13" year, 2022.
This observation agrees with the observation on the first time series graph which was produced
using the R Studio package. The researchers then managed to produce another time series graph
with forecasted values for the next 13 years. This, again, was one of the objectives of this study
and it was successfully achieved.

The findings of the research using ARIMA model showed that there was going to be a
slight increase in the pass rate of the Ordinary level learners at the High school under study.
The results are consistent with those of Mwale-Mkandawire (2020) and Takawira (2016), who
found that ARIMA models can accurately forecast examination results in Zimbabwe.

For interview data, the first question was, “Do you think time series analysis is a useful
tool for improving mathematics education?” Most responses were positive. By studying the
trends, it is possible to take corrective action if the trends are not pleasing hence time series
becomes a very useful tool even in decision-making. The answer to the second question, “Have
you seen or observed any trends in the pass rate over time?” corroborated Question 1.

The third question was very useful as it helped in explaining the decreases and increases
in pass rate after a certain, almost, fixed time. The question was: “Are there any factors that
you can give which you think might have contributed to the trends if there are any observed
trends?” The reasons included not having enough time and effort to teach and revise with the
learners. Hanushek et al., (2011) support this observation as they noted that the evidence
suggests that teacher effort is an important determinant of student achievement.

The face-to-face interviews unearthed a lot of observations which helped in explaining
the pattern or trend in the time series analysis of results (Crismono et al., 2026). For instance,

International Journal of Review in Mathematics Education | e-ISSN 3124-7962
Vol. 01, No. 02, June 2026, 147-161



Time Series Analysis of Mathematics Results at a High School in Zimbabwe 159

a teacher would take a class from Form One right up to Form Four, after that the teacher returns
again to take the new Form One’s whilst another teacher will be taking Form Four’s. It
appeared that when certain teachers had examination classes the pass rate would improve and
when the same teachers go back to teach Form One’s, the teachers remaining to take
examination classes would lead to a drop in the pass rate (Mangwende, 2026). That became
the major contributor to such a pattern in the pass rate.

About 50% of the interviewees seemed not to worry about the trends in the pass rate.
These teachers clearly outlined that they were not aware that the pass rate followed a certain
pattern. The other 50% of teachers who were conscious of the trends or patterns in the pass rate
argued that examinations are different for each year and that the learners are also different
every year hence there is a possibility of such a pattern whereby the pass rate can increase and
decrease interchangeably. It seemed that no teacher wanted to be identified with a low pass
rate. This observation is also supported by Ladd (2011) who believed teachers who are less
concerned about pass rate trends tend to have lower-performing students.

Another observation that the researchers noted from this study was that the trend line is
the easiest way of estimating the future pass rate of the learners and it does not have a lot of
complicated calculations, and one can easily get a solution to their regression problem.
Hyndman and Athanasopoulos (2018) ascertain that a trend line is a simple way to forecast
future values. However, Taylor (2013) is of the opinion that more advanced statistical models,
such as ARIMA and exponential smoothing, can outperform simple trend lines in forecasting
accuracy.

6. Conclusion

This research work focused on the time series analysis and ARIMA forecasting of the
Ordinary level results of one High School in Bulawayo Zimbabwe and this was successfully
achieved. Smoothening was also done to help the researchers better see the pattern followed
by the pass rates. The other key objective was to reduce the trend line, and this was successfully
done by using regression analysis and by using the R Studio computer statistical package.

The ARIMA model has shown that the pass rate of the learners in Mathematics at
Ordinary level is most likely going to be around 14% to 22%. This information will be very
useful to the stakeholders such as parents, the school, the government and policymakers.
Harrell (2013) supports the opinion that ARIMA models can be successfully applied in
education to forecast students’ performance and pass rates. Kabir (2016), used a combination
of ARIMA and machine learning models to predict student performance and pass rates,
outperforming traditional regression models.

However, it is important to note that ARIMA models rely on the quality of the data and
may not capture external factors that can impact pass rates, such as changes in curriculum or
teaching methods. Choi (2017) supports this observation. Overall, objectives for this study
were achieved and the research questions were successfully answered.

Recommendations
The researchers came up with the following recommendations:

a. The school, policy makers and Education Ministry should be prepared for fluctuating pass
rates and adjust their strategies accordingly. Further research could investigate the
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underlying factors contributing to these fluctuations, such as change in curriculum,
teaching methods, or student demographics.

b. The school should inform teachers about the need to study and monitor the pass rate
patterns.

c. The researchers recommend that the Head of the Mathematics Department of the school
should give the examination classes to those teachers who have a history of improving the
pass rates whilst they encourage the other teachers to perform well in whichever classes
they are deployed.

d. The school should come up with a way of motivating the hardworking teachers by some
form of performance-based rewards which can be financial or non-financial.

e. By acknowledging the potential sampling biases and taking steps to mitigate them, the
study can provide a more comprehensive understanding of teachers’ perspectives on time
series analysis in mathematics education.

f. There is need for further research on the use of other times series analysis methods to
forecast and predict pass rates and on factors that may contribute to such rates.

g. There is a need to also spread the research to the districts and provinces as well so that a
meaningful contribution can be made to the education system of the country.
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