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Abstract

The objective of this research is to study the problem of late commercial and industrial profits

taxes on the economic units of the public sector, the mixed sector, and the business

administration sector, a practical study in Republic of Yemen, as there are a number of

problems related to tax arrears, the study tries to find appropriate solutions and remedies to

reduce these accumulated tax arrears, The study relied on the inductive approach, and the study

reached the most important results represented in allowing the tax administration to expand the

base of taxpayers through tax agreements, reconciliation and settlement, or by providing tax
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incentives and facilities to them. It leads to a request for forfeiture, or the possibility of
expiration of the tax debt, and based on these results, the study showed the most important
recommendations, such as the need to provide full policies and information on tax arrears in
the commercial and industrial profits tax by taking advantage of computer services, and

expanding the settlement of tax disputes through reconciliation and settlement of tax disputes.
Keywords: Commercial and Industrial Profits Taxes - Accumulated Tax Arrears - Tax Returns.
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Abstract

This study aims to explain the global carbon markets and the extent to which Egypt benefits
from them. To achieve the objectives of the study, the researcher used the deductive approach
and reliance on the comparative method, by analyzing data and figures on the size of carbon
markets and their economic impact. The study concluded that carbon markets are considered
one of the mechanisms for reducing emissions; Because it is one of the quick ways and means
to address the phenomenon of climate change in the world, that carbon markets work to
encourage, support and improve the efficiency of clean energy while canceling the support
provided for unclean energy, One of the goals of carbon markets in the long term is the
transition to a carbon-free economy, and the study recommends that carbon markets are

considered one of the promising markets, and this is due to the fact that they have become the
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main tool as a public policy to confront the phenomenon of climate change all over the world.
Egypt must take measures and methods to face the potential dangers of climate change on

various sectors, to which a carbon tax can be directed as the most harmful.

Keywords: Concepts of Carbon Markets, the Environment, Green economy, Climate Change,
Mitigation Policy, Adjustment Policy.
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Abstract

This research deals with the subject of correcting invalid procedural work due to its non-
observance of the formal and objective procedural rules required by the law for its health, so
invalid procedural work becomes valid by certain correction methods, some of which are
stipulated by the Libyan legislature like other legislators, and others have completed
jurisprudence and judiciary a valid and productive procedure for its effects in order to reduce
the negative effects of invalidity by prolonging litigation, but there are conditions that must be
met in Invalid procedural work for the possibility of correcting it despite a similar defect and
considering it a procedural work right. In this it differs from other invalidity reduction
procedures, which also legitimize the invalid procedural act.

Keywords: Correcting Procedural Work, Invalid Procedural.
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Abstract
The administrative system regulating public administration has expanded greatly, which has
led to state intervention in all its activities and facilities, especially after the state moved from

the guardian state to the intervening or producing state.
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Based on the importance of the state’s role, the principle of responsibility requires that the
administration be subject to accountability in accordance with the principle of legal
legitimacy.The general principle of administrative responsibility is that it is based on error, and
this is one of the matters that is recognized and undisputed in jurisprudence and jurisprudence.
Therefore, the exercise of judicial jurisdiction varies according to the perpetrator of the error.
Jurisdiction is vested in the administrative judiciary in the event that responsibility falls on an
obstacle to the public facility through the public employee as the person responsible for the
occurrence of the error or in his personal capacity. Administrative responsibility includes a large
and important area when applied in the field of medical facilities and works, and the topic of
administrative responsibility is among the topics of importance because it relates to the lives
of individuals.Medical facilities of all types, whether they are hospitals, medical centers, or
health units, are obligated to work day and night to receive sick cases at all times, work to
perform health aspects, and carry out their various tasks using modern, advanced health means,
which can cause these activities to involve many harms and risks, which As a result, those in
charge of the medical operation and those affiliated with the public facility may commit risks
that are sometimes serious .Given the seriousness of this matter and the complexity of its
relationships with regard to administrative responsibility for medical errors, this has led to the
difficulty of proving fault with any specific person.

Key words: Administrative responsibility, General medical facility, Country, Medical law,
Public employee.
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Abstract

This paper deals with a very important problem, which is occupational stability and its role
in stimulating the performance of workers in public occupations. This paper was divided into
a theoretical and a practical part, where in the theoretical part the problem was defined and the
objectives study were explained and the importance, and the hypotheses study were
established. In addition, some elements and topics related to the study problem have been taken
including the concept of job stability, performance, job, worker, and organization, adding the
determinants of job stability, its manifestations, its factors, and so its importance had been

studied, in addition to some other subjects related to job performance and the relationship
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between it and job stability. For the practical part, it included the mechanism of data collection
and the method for selecting the sample items. Where a questionnaire was designed and
distributed to the selected sample members. This form includes information about the sample
group and some of questions directed to the sample community, represented by the community

of workers at Zentan General Hospital.
Keywords: Occupational stability, Motivation, Performance, Employees.
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Abstract

The study aims to identify the role of strategic planning in facing crises among managers and
employees of the National Center for Diagnosis and Treatment of Diabetes in the Eastern
Province in Benghazi, where the researcher formulated one main hypothesis from which Three
sub-hypotheses and a set of questions to cover all aspects of the study. The study community
consisted of (senior management managers, middle management managers and workers)
within the National Center for Diagnosis and Treatment of Diabetes in the Eastern Province
(Benghazi). The study sample consists of a comprehensive survey of the study community,
which numbered (126) users, The field data for this study were collected through the
questionnaire form, and after distributing (126) questionnaire forms to the study population,
(100) valid forms for statistical analysis were retrieved, and to analyze the study data and
achieve its objectives, the Statistical Packages for Social Sciences (SPSS) program was used,
where arithmetic averages and percentages were used, and the correlation coefficient
(Pearson) was used to measure the relationship between strategic planning and crisis response
for managers and employees of the National Diabetes Center.

This study concluded a set of results, the most important of which is that the three elements of
strategic planning represented in (the objectives of the National Diabetes Center, the mission
of the National Diabetes Center and the vision of the National Diabetes Center) have a moral
impact when facing crises among managers and employees of the National Center for
Diagnosis and Treatment of Diabetes in Benghazi, and the results of the study showed that the
senior management is circulating the goals set for workers within the National Diabetes Center
under study, and also the results showed that there is an average interest in departments to
provide a suitable work environment to keep pace with Technological developments to reach

goals.
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Based on the results, the recommendations came to spread and raise awareness of the
importance of applying strategic planning among managers and employees of the National
Diabetes Center in Benghazi, as well as training courses must be held for managers and workers
at all levels to keep pace with technological developments that occur in the external
environment and the importance when applying strategic planning.

Keywords :strategic planning, crises, National Center for Diagnosis and Treatment of

Diabetes, Benghazi city.
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Abstract:
Background: The vital part of selecting the best ARIMA model that describes the historical

pattern in the data is directly related to whether modelling diagnostic checks are performed
well. In diagnosis checking, if the model fits well, the fundamental assumptions of the model
are satisfied; the residuals should be independent, homogeneous, and normally distributed.
Only if the estimated model passes all diagnostic checks should it be used for predicting and
interpreting the future. Methods: When evaluating the precision of fit for an ARIMA model,
statistical tests of the residuals are frequently performed to assess the residual assumption of
the fitted model. As a result, tests for independence, homogeneity, and normalcy should be
undertaken during diagnostic assessments. The purpose of this study is to investigate the
effectiveness of diagnostic checking in selecting an optimal ARIMA model from a set of
candidate models. A simulation examination was carried out in particular to analyze the
likelihood of the analysis of residuals picking up the real model using statistical tests.
Conclusion: Our simulation findings showed that the parsimony model was chosen among the
candidate models that met all of the diagnostic checks while taking into account the
significance of the model's coefficients and the minimum value of the Bayesian information
criterion BIC.

Keywords: Time Series Analysis, ARIMA models; Diagnostic checks; Residual Analysis;

Simulation
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1. Introduction

In statistics science, and in particular in the construction of statistical models for statistical
inference, model validity is critically important to ensure accurate and unbiased statistical
inferences. Having identified the functional relationship (model) among the variables under
study, the next stages are to estimate the parameters included in the model and evaluate the
adequacy of the estimated model (diagnosis checking). In diagnosis checking, if the model
fits well, the fundamental assumptions of error of a statistical model are satisfied: the error
should be uncorrelated (independent) with a constant variance (homogeneity) and also be
normally distributed. If the estimated model does not fulfill at least one of the assumptions, a
new model for the data must be specified, and the estimated and diagnosis checking cycle
must be repeated. Only if the estimated model passes all the diagnostic checks, it should be
used for interpretation and prediction purposes. In time series analysis, the Box-Jenkins
approach is one of the most methods that are widelyused for building a model time
series data, commonly known as autoregressive integrated moving average ARIMA
(p,d,q) model (Box et al., 2016), (Brocwell et al., 2016) and (Chatfield et al., 2019).
Many researchers have used this approach in many various scientific fields (for
example (Zhang 2003) & (Hipel et al., 1994). These models are generally derived
from three basic time series models: autoregressive AR (p), moving average MA (q)
and autoregressiveand moving average ARMA (p,q). In practical matters, the time
series required in models AR, MA, and ARMA are stationary processes. This
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means that the mean and the variance of thetime series data do not change with
time. Therefore the ARIMA model fits the time seriesdata generally can be
decomposed into two parts : The first component consists an integrated (I)
component (d) which represents the order of differencing to be performed on the
series totransform the nonstationary data into a stationary data by using a linear
difference equation. While the second component consists of an ARMA models
for the stationary time series.

To build an ARIMA model for a given time series there are three stages: model
identification, parameter estimation and diagnostic checking (Box et al., 2016). The
identification stage is the first stage of the construction model, which determines the
appropriate orders for both AR and MA terms, followed by the estimation of the
unknown parameters included in the model. Diagnostic checking is the last stage of
model building that consists of evaluating the adequacy of the estimated model to
fit historical data. If the fitted model is appropriate, thenthe residuals estimated
from this model should resemble that of a white noise process.

There are two typical methods for checking the model’s assumptions. Using
graphical approaches is the simplest method. Even while graphical approaches can
be a useful tool and are more flexible in terms of evaluating assumptions, they are
still difficult to interpret and donot provide clear evidence that the assumptions
are hold. As results, to support the graphical methods, more formal methods
which are the numerical methods (statistical tests) shouldbe performed before
making any conclusion about the model’s assumptions. Both types to check the
assumptions are typically based on an analysis of residuals which is a powerful
andan effective tool for detecting model misspecification, including assumption
violation.  There isa lot of available literature on diagnostic checks for ARMA
models (Jenkins). Diagnostic checks based on residual autocorrelation plots were
proposed by (Mcleod et al., 1983). If data is normally distributed, the graph of the
cumulative distribution for the data should appear as a straight line when plotted on
normal probability paper, according to (Chow et al., 1988). (Ben-farage 2004) who
using graphical methods to detecting the wrong model in time series data. (Ljung et
al., 1978) who examined the properties of Portmanteau statistic tests for testing non
significance of Autocorrelations between the residuals.

The main objective of the present paper is an attempt to answer the following

guestion: Is the model diagnostic check (analysis of residuals) decisive factor in
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selection an appropriate model or it should be supplemented by other criteria. In
other word, the objective is to evaluate the performance and efficiently of analysis
of residuals in selecting the true time series model based on a simulation. Hence,
this work focuses on using the various models (ARMA models) including the true
model and compare these models to obtain the model that best fit to thedata
by examining the residuals. This task may be helpful to known the reliability of
analysisof residuals in judging the aptness of the fitted statistical model to time
series data.

The organization of the rest of this paper is as follows Section 2 gives a brief
introduction to the basic concepts of time series modeling. In addition, discusses the
properties of the diagnostic statistics of the residuals that can be used to examine the
goodness the estimated model to the time series data. Section 3 presents the results
of the simulation study showing the efficiencyof the residual analysis in terms of
their ability to identify the true model among various the competing time series

models. Finally, the conclusions of the study are summarized in Section4.

2. METHODOLOGY OF RESEARCH

This section will provide the main concepts of time series analysis, which will be an important

tool for the analysis in this paper.

2.1 Time Series Model:
The Mixed Autoregressive and Moving Average Model (ARMA) is a combination
of AR and MA models, in which the current value X, of the time series is
expressed linearly in terms ofits previous values as well as current and a moving
average of the current and past white noise stochastic error terms €,. The notation
ARMA(p,q) refers to model with p order AR terms andqg order MA terms. Thus
an ARMA(p,q) model is written as:

p q
Xy = Z QX + & + Z 0j€c—; (1)
i=1 =1

The error terms ¢, are generally assumed to be independent identically distributed
random variables (white noise) from a normal distribution with mean zero and

. 5 .
constant variance o< . X_1,X_3, "', X¢—p, are past series values (lags) and

©1, P2, -+, Pp and 04, 0,, -+, B, are the corresponding parameters which are estimated
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using maximum likelihood and conditional Least Squares approaches.

Once the model of time series data and parameters have been estimated, the
next issue to our concern is how to select an adequate model which describes the
historical pattern in the time series data in order to be used for accurate forecasting.
Diagnostic checking is the most important stage of time series model building. In
examining the adequacy of the estimated model, an analysis of the residuals is often
performed. Time series analysis as in all other fields of statistics the objective is to
covert the series of data into a series of white noise (residuals), i.e.a sequence of
independent and identically distributed (i.i.d) random variables with zero meanand
a constant variance. If the estimation is determined to be inadequate for the data,
the methodology of Box Jenkins adopts returning to the model identification stage
to re-examinethe appropriateness of the fitted model that requires examining the
residuals.

2.2 Diagnostic checking
The appropriateness of the model is verified by employing white noise assumption
test to check whether residuals are independent, homogeneity and normally
distributed. To be able to see whether residual ¢, is white noise or not, it can be
done by performing several tests. In this section we present some of the commonly
applied tests to diagnostic checks for univariate andlinear time series model
extensively for this purpose.
Confirmation of independently Assumption. The essential assumption of the residuals
of an time series model are that they white noise. A white noise is a serially
uncorrelated variables. If a series has a white noise it indicates uncorrelated random
variable with a zero mean and a constant variance. In order to determine whether
residuals are independent (white noise), the residuals autocorrelation function
(RACF) is examined. If the RACF is significantly different from zero, this implies
that there is dependence between residuals. Although, RACF is a powerful
complementary tool for testing independence, there are several statistical tests used
for diagnostic checking of independence and randomness. In this study, the Ljung-
Box Q statistic and Runs tests are used. The null hypothesis for each of these tests
is that the residuals are independently distributed against the alternative
hypothesis the residuals are not independentlydistributed; they exhibit serial

correlation.
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The Ljung-Box test or Q(r) statistic suggested by (Ljung et al.,, 1978), is a
portmanteaulack of fit test for checking the independently assumption. The Q(r)

statistic is calculated bythe following equation:
ho 2
Q) = n(n + 2) 2L K@ @

where n is the sample size, ri (a) is the residual autocorrelation of order k and h is the
number of autocorrelation lags being tested. Under the null hypothesis the Q(r)
statistic asymptotically follows a chi-square distribution with h degrees of freedom.
The Q(r) is compared to critical values from chi-square distribution with h degree of
freedom. If the model correctly specified, the residuals should be uncorrelated and
Q(r) should be small and corresponding the probability should be large.

The Runs test, also known as the Wald-Wolfowitz test is an non-parametric test

(Siegel et al., 1988). Thistest is based on the order in which the residuals occur. A

run is a set of sequential values of residuals that are either all above or below the
median. To simplify computations, the residuals are first centered about their median.
To carry out the test, the total number of runs is computed along with the number of
positive and negative values. Let n be the number of residuals, n; bethe number of
residuals above their median, n, be the number below their median and R be the
observed number of runs. When n is relatively large the distribution of number of

run (R) is approximately asymptotically normally distributed.

Feal = v/ Var(R) ©)

The expected value E(R) and variance Var(R) of R are defined as:

n+ 2n4n 2n.n,(2n4n, — n
E(R) = 112 Var(R) = 1n2(2nyn, )
n n?(n—1)

(4)
The null hypothesis is rejected if the calculated Z., value is greater than the
selected criticalvalue obtained from the standard normal distribution table.

Confirmation of Normality Assumption. In statistic, to determine the white noise

assumption, residuals must also meet the normal distribution. Normal residual
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examination canbe done using QQ-plot. This graph should appear as a straight line
when it is plotted on normal probability paper. Therefore, to support the visual
methods, more formal normality tests which are the numerical approaches should be
performed before making any conclusion about the normality assumption. In this
paper, Shapiro and Wilk (SW) (Shapiro et al.,, 1965) and Lilliefors Kolmogorov-
Smirnov (Lilliefors, et al.,, 1967) tests were used as alternative approaches for
diagnostic checking for normality assumption. The null and alternative hypothesis for
each of these tests can be written as follows : Hy: The residuals of the fitted ARMA
model are normality distributed against H;: The residuals of the fitted ARMA model

are not normality distributed.

Shapiro and Wilk (SW) is test for normality, developed by (Shapiro et al., 1965),
has been found to be the most powerful and omnibus test in most situations. The

SW statistic is calculated as follows :

2

()

m
1
SW = D [z ai(Xm-i+1) — X))

i=1

where m = rl/2 if n is even while m = (n— 1)/2 if nisodd and D =
i=1

Yt o —%)? and xj)
represents the ith order statistic of the residuals in the sample, the constants a; are

given by

m'V-1

- (m’V‘1V‘1m)1/2

a

(6)

where m = (my, m, ---,m,)" are the expected values of the order statistics of
independent and identically distributed random variables sampled from the standard
normal distribution and V is the covariance matrix of those order statistics. The
values of W lie between 0 and 1 and small values of the statistic indicate departure
from normality under H,, thus, if the value oftest statistic W is less than the critical
value, null hypothesis of normality is accepted.

Lilliefors Kolmogorov-Smirnov (LF) test is a modification of the Kolmogorov-

Smimov test. Lilliefors test is based on the maximum vertical absolute difference
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between cumulative distribution and the Normal cumulative distribution curve (when
the null hypothesis is that the cumulative distribution demonstrates normality). Given

a sample of n residuals, Lilliefors statistic test is defined as (Lilliefors 1967):

D = max |F,(x) — S,(x, 1, 02)| (7)

Where F,(*) is the cumulative distribution function based on residuals, and S, (x, u, 6%)
is the theoretical cumulative (normal) distribution function with p and o2, where p and
o? are, respectively, the mean and variance of the residuals. The null hypothesis at the
level of significance a, can be rejected if the D test statistic is larger than the critical
value D(n, a) obtained from the K-S Test table.

Confirmation of Homogeneity Assumption. Homogeneity of variances is often a
reference to equal variances across groups. There are many statistical tests, such as the
analysis of variance, assume that variances are equal across groups. In this study, Bartlett
(Bartlett1937) and Levenes (Levene 1960) tests were used as alternative approaches for the
diagnostic checking of residuals for homogeneity. We want to know whether variances
are equal within the groups, that is to test hypothesis of variances homogeneity. Thus
the null for variances equality of g groups (here, g = 4) has the following form: Hy: 02 =

0% = = og and alternative hypothesis for each of these tests can be written as

follows : H;:0? = sz ,i # j where the inequality holds at least for one pair of i, j.

Bartlett test statistic test has been introduced by (Bartlett1937) to test homogeneity
of variances. the null hypothesis, H, that all g groups of residuals have equal
variances against the alternative hypothesis H; that at least the two are different. For
the test, the residuals from the fitted model to the data are divided into g groups
with size n;, sample variance of the ith group S? and S5 is the pooled variance,

then Equation (8) can be used to calculate the Bartlett test statistic :

g
Xeat = (0 — g)10g(53) = D (0 — DlogsH(1 ®)

g
1 1 1,
+3(g—1)(;ni—1_n—g))
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Where

n= Enl and S = X, —gl)S ®)

If the assumption of homogeneity is met; the distribution of statistic for Bartletts

test follows the Chi-squared distribution with degrees of freedom g — 1.

Levenes Test (LV) has been proposed by (Levene 1960) to test homogeneity of
variances between groups. Levene’s test is an alternative to the Bartlett test. This test
is less sensitive than the Bartlett test to departures from normality than the Bartlett
test. The test statistic is defined as:

(n—g) X, (Y —Y)? Y. = X, — X (10)

TG-DyL oy —vyr T W

where Y; is the mean of Y;; for ith group and Y is the overall mean of the Yj;.

Levene’s original paper only proposed using the mean as the center. (Brown et al., 1974)
extended Levene’s (modified Levene’s) test to use either the median or the trimmed
mean to substitutefor the mean. In this paper modified Levene’s test is used.

Box and Jenkins (Box et al., 2016) recommended that the importance of
parsimony principle in selecting the appropriate model to the time series data. In
term of parsimony, they expressed the need to select the optimum model that has
fulfilled all the diagnostic checks (residuals analysis) and use as few number of
parameters as possible of estimated model. To evaluate the models in order to
select the best model that describes the data series adequately, the statistical criteria
for selecting the optimum model was used. These criteria were: kaike Information
criterion (AIC) [8], Corrected Akaike Information Criterion (AlCc) (Sugiura 1978)
and Schwarz Information Bayesian (BIC) (Schwarz 1978). The estimated model
with minimum of these criteria assumes to describethe data series adequately. A

brief description about the criteria for the selection of best modelis given below :

AIC = —2In(Lypay) + 2K (11)
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2K(K + 1)
AICe = =21n(Lmax) + 2K +———= (12)
BIC = —2In(Lyqx) + Kin(n) (13)

Where K is the number of parameters to be estimated and L,,,, is the maximized
value of the likelihood function of the fitted model. The minimum value of this

criterion is desirable for the adequacy of a model among all candidate models.

3. RESULTS AND DISCUSSION

Having broached the some basic concepts of time series analysis that will enable us
analyze the time series data and build the appropriate model. We now display an
important steps of analysis our dataset. The data were extracted from (Pristely 1981)
which was generated from AR(1),it is defined as : X; = 0.6X,_; +&. The
graphical plot of the data is given in Figure 1. It is observed that the series dose
not display considerable any fluctuations over time, where the lower values display
considerably the same variation as the higher values. We claim that the stationarity
behavior of the series and a stationary model seem to be reasonable. In this study,
we conducted simulation study to evaluate the efficiency and usefulness analysis of
residuals, in order to make a comparison for selecting the appropriate model that fits
the data well. The simulation

Simulated-values

T T T T T T
0 100 200 300 400 500

Time

Figure 1 :The Simulated data generated from AR(1)

study was conducted using the R packages. We are simulating different candidatemodels
with different orders including the true model. These models were AR(1), AR(2),
AR(3), AR(4), MA(1), MA(2), ARMA(1,1), ARMA(1,2), ARMA(2,1) and
ARMA(2,2).
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Table 1: Summary of the statistical parameters of the fitted models.

Model parameters Value S.E t-ratio Sig
AR(1) 1 0.5526 0.0372 14.841 0.000
AR(2) @4 0.5574 0.0447 12.465 0.000

©s -0.0086 0.0447 -0.192 0.848

AR(3) 01 0.5572 0.0447 12.463 0.000
®, 0.0036 0.0513 0.070 0.944

®s -0.0217 0.0448 -0.485 0.627

MA(1) 0, 0.4681 0.0340 13.780 0.000
MA(2) 6, 0.5371 0.0424 12.655 0.000

6, 0.2447 0.0420 5.825 0.000

MA(3) 6, 0.5522 0.0448 12.336 0.000

6, 0.2802 0.0452 6.196 0.000

64 0.1127 0.0449 2.511 0.012

ARMA(1,1) @1 0.5426 0.0663 8.189 0.000
6, 0.0145 0.0781 0.185 0.853

ARMA(1,2) P 0.5075 0.1143 4.442 0.000
6, 0.0489 0.1205 0.406 0.685

0, 0.0292 0.0722 0.405 0.686

ARMA(2,1) @1 -0.4283 0.0379 -11.298 0.000
©, 0.5339 0.0379 14.072 0.000

6, 1.0000 0.0061 165.216 0.000

ARMA(1,1) 01 1.1519 0.3182 3.621 0.000
®, -0.4043 0.1816 -2.226 0.026

6, -0.5933 0.3179 -1.866 0.062

0, 0.0851 0.0870 0.978 0.328

Figures in bold indicate to Critical values are at 5% significance level. ¢4, @, @,
are coefficients of autoregressive models; 8,, 8,, 65 are coefficients of moving-average

models.
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Table 2: Independence (randomness) test results of the residuals for each fitted model.

Ljung-Box statistic Run test
Model Decision Decision
Q(h) P value 4 P value
AR(1) 29.653 0.1965 R -0.58196 0.5606 R
AR(2) 23.5665 0.1697 R -0.6267 0.5308 R
AR(3) 28.85 0.2258 R -0.58196 0.5606 R
MA(1) 68.728 0.0000 NR -1.8354 0.06644 R
MA(2) 32.97 0.1047 R -0.4029 0.687 R
MA(3) 31.188 0.1484 R -1.1192 0.2631 R
ARMA(1,1) 29.353 0.2071 R -0.58196 0.5606 R
ARMA(1,2) 29.054 0.2181 R -0.76103 0.4466 R
ARMA(2,1) 28.866 0.2252 R -1.4773 0.1396 R
ARMA(2,2) 27.452 0.2838 R -0.58196 0.5606 R

R: Residuals are randomness. NR: Residuals are not randomness.

Table 1 display summary of results for the values of the parameters concerning with
the fitted models associated the standard errors (S.E), t-ratios and probabilities for the
standard errors. The results shown in Tables 1 indicate that all estimated coefficients
of estimated models AR(1), MA(1), MA(2) and ARMA(2,1) have P-value less than
a = 0.05. This implies that all the coefficients of these modelsare significant since the
null hypothesis Hy: @ = 0 for (AR) or Hy: 0 = 0 for (MA) can be rejected for the
significance level 5%. Other models tested resulted in coefficients with P-values
higher than 0.05 and these coefficients will have little effect (over-fitting) on model
description and prediction. Clearly, the models AR(2) and AR(3), ARMA(1,1),
ARMA(2,2) and ARMA(2,2) are over fitted from AR(1). Although the estimated
coefficients of these models are insignificant at the 5% significance level, and they
should be eliminated of models to avoid over-fitting, these models will be used as the

fitted model according to the purpose of study mentioned above.

In time series, the model building methodology requires examining the residuals of
the modelto verify that the models are adequate. The residuals are examined to
discover the residuals are white noise. Two tests, namely the Ljung-Box Q statistic
and Runs tests are applied for the critical independence assumption of residuals for

the best models. The results of these tests were presented in Table 2.
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For testing the independence based on the Run test, the results clearly showed that
the probabilities (p-values) associated of this test exceeds significance level 0.05,
thus indicating that the test is not significant and residuals appear to be uncorrelated.
This implies that for all the estimated models, the residual resembles random white
noise. In addition, Ljung-Box-Pierce statistic is employed to check the
independence of the residuals using the first 24 RACF from the fitted models. The
Ljung Box Statistic values of all the estimated models, except for MA(1) model; are
not significantly different from zero and associated P-value greater than 0.05, thus
failing to accept the null hypothesis of white noise. While, the estimated model
MA(1), the Ljung-Box Q-statistic value correspond to p-values less than 0.05
thus indicatingthat the test is significant and residuals appear to be correlated.
Therefore, since Q is unduly large and the evidence contradict the hypothesis of
white noise behaviour in the residuals, the model is not adequate and significantly
appropriate.
Figure 2 shows the ACF of the residuals of the true model AR(1) and candidate
modelMA(1) models. From Figure 2, these plots was examined, for MA(1) model,
it was clear that the ACF plot of residual shows that the residuals were not within
the confidence intervals at lags2 and 3 which is an indication of a misspecification of
the model. All of these results emphasize that the RACF of MA(1) model was
significantly different from zero. In other words, therewas

(@) VIA(1) (b) MA(1)

Figure 2: a) Autocorrelation function plot for the residual of AR(1) model and (b)
Autocorrelation function plot for the residual of MA(1) model.

A significant linear dependence between residuals, while, for AR(1) model, the
residuals fell within the confidence interval which is an indication of a good fit and

the adequacy of the AR(1)model. Also, this was an indication that they were not
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significant and that the residuals were independent and thus satisfying the residual
assumption.

Two approaches, namely the Lilliefors KS and Shapiro and Wilk (SW) tests,
are appliedfor the normality assumption of residuals for the fitted models. The
results of these tests are presented in Table (3). It is obvious from Table (3) that the
probabilities of the aforementioned tests are greater than 0.05 level of significant at
95% confidence interval. These results concerning the Lilliefors KS and SW tests

imply that the residuals of the fitted model are normality distributed.

Table 3: Normality test results of the residuals for each fitted model.

Model Lilliefors KS test Decision SW test Decision
KS P AD P value
AR(1) 0.0320 0.2429 ND 0.9976 0.7 ND
AR(2) 0.0324 0.2288 ND 0.99764 0.7099 ND
AR(3) 0.0368 0.1036 ND 0.9976 0.6884 ND
MA(1) 0.0279 0.4463 ND 0.99761 0.6998 ND
MA(2) 0.0308 0.2960 ND 0.99796 0.8166 ND
MA(3) 0.0314 0.2723 ND 0.99749 0.6594 ND
ARMA(1,1) 0.0324 0.2305 ND 0.99764 0.7089 ND
ARMAC(1,2) 0.032404 0.2286 ND 0.9976 0.698 ND
ARMA(2,1) 0.026789 0.5177 ND 0.9979 0.7967 ND
ARMA(2,2) 0.034437 0.1596 ND 0.99734 0.6038 ND

ND : Residuals are normality distributed.

For the selected best model, the results related to the homogeneity of variance
of the residuals using Bartlett and Levenes test statistics are also summarized in
Table (4). As the computed the probability values of the statistics test associated
with these tests was greater than significance level (o = 0.05), one cannot reject
the null hypothesis Ho (the variances equality of g groups of residuals). These
results concerning the Bartlett test and Levenes test statistic implythat the
residual variances are constant. Thus, these approaches satisfy condition the

related to homogeneity of residuals (variances are constant).

Efficiency of Analysis of Residuals for Selecting Time Series Models 160



JsY) aanll - (waldd) Alaall
02024 L\

(6 5k - A gikal) aalall Aualal) Al
Scientific Journal of Open University - Benghazi

Table 4: homogeneity test results of the residuals for each fitted model.

Model Bartlett test Decision Levene’s Test Decision
B P L P value
AR(1) 2.958 0.3981 cv 0.5645 0.6387 CcVv
AR(2) 2.9976 0.392 cv 0.5649 0.6384 CcVv
AR(3) 2.9566 0.3984 cv 0.5636 0.6392 CcVv
MA(1) 4.0449 0.2567 cv 1.2497 0.2911 CcVv
MA(2) 2.9209 0.404 cv 0.5496 0.6486 cv
MA(3) 3.3119 0.346 cv 0.6981 0.5535 cv
ARMA(1,1) 2.995 0.3924 cv 0.5649 0.6384 cv
ARMA(1,2) 2.9541 0.3988 cv 0.5621 0.6403 cv
ARMA(2,1) 3.2937 0.3485 cVv 0.5342 0.659 cv
ARMA(2,2) 3.2024 0.3615 cv 0.651 0.5826 cv

CV: Residuals have constant variances

Based on the diagnostic checks described in section 2.2, the selection of a best model

fit to data isdirectly related to whether residual analysis is performed well. From

results above, the analysis of residual chose several models as the appropriateness
models that fit the data well best. These models were AR(1), AR(2), AR(3), MA(2),
MA(@3), ARMA(1,1), ARMA(1,2), ARMA(2,1) and ARMA(2,2), since they

fulfilled the assumptions of being the residuals of the models were independent,

homogeneity and normally distributed.

In contract to the MA(1) model did not

fulfill at least one of the diagnostic checks, so it was eliminated of analysis.

Noticeably, from theresults, the residual analysis failed to pick up the true model
AR(1) correctly.

Table 5: Selection of Best fitted Model.

Model LogLik ME  ¢*(MSR) RMSE AIC AlCc BIC
AR(1) -704.005  -0.040 0.979 0.989 1412.010 1412.034  1420.439
AR(2) -703.987  -0.040 0.982 0.991 1413.973 1414.022  1426.617
AR(3) -703.869  -0.041 0.983 0.992 1415.738 1415818  1432.596
MA(L) 724197  -0.061 1.062 1.031 1452.395 1452.419  1460.824
MA(2) -708.511  -0.050 0.999 0.999 1423.023 1423.071  1435.666
MA(3) -705.357  -0.046 0.989 0.994 1418.714 1418.795 1435572
ARMA(L,1) -703.988  -0.040 0.982 0.991 1413.976 1414.024  1426.620
ARMA(1,2) -703.905  -0.041 0.983 0.992 1415.811 1415892  1432.669
ARMA(2,1) -701.822  -0.040 0.971 0.986 1411.643 1411.724 1428.50
ARMA(2,2) -703.560  -0.046 0.984 0.992 1417.121 1217.243  1438.195
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Although analysis of residuals can be used to compare the overall goodness and
adequacies offit of candidate models, it was unable to identify the true model AR(1)
correctly, assess the need for additional statistical criteria and selects the best
model among all the candidate models. In statistics, the models performance
efficiency is evaluated using five criteria. These criteria; namely, the Mean Square
Error (MSE), Root Mean Square Error (RMSE), the maximized value of the log
likelihood function of the estimated models (Loglik), the Akaike Information
criterion (AIC), Corrected Akaike Information Criterion (AlCc) and the Normalized
Bayesian information criterion (BIC), were taken into account for obtaining a
parsimonious model among these candidate models that fulfilling all the diagnostic
checks. The procedure for choosing between these candidate models relies on
choosing the model with the maximum value LogLik and minimum values of MSE,
RMSE, AIC, AICc and BIC. Comparison of the candidate models and their
corresponding values of these criteria are illustrated in Table (5).

The results presented in Table (5) indicate that AR(2,1) was chosen as the
appropriate model that fits the data well based on LogLiklood, MSE, RMSE, AIC,
AlCc, despite Bayesian information criterion (BIC) chose the model AR(1) as
suitable model. Thus, the results showed that the AR(1) model is superior to the
other candidate models; that fulfilled all the diagnostic checks, having the least BIC
value. Overall, BIC outperform other criteria having low value, thus it did not failed
to pick up the true model AR(1) correctly. Based on this model selection criteria
BIC and analysis of residuals, we also conclude from Table 1, that the coefficient of
the AR(1) modelis significantly different from zero at 5% significant level. Thus,
the selected parsimony model for any data set among the candidate models that
fulfilled the diagnostic checks considering the coefficients contained in the models
is significantly and the minimum value of Bayesian information criterion BIC.
Figure 3 shows the performance of different criteria for candidate models.
According to Figure 3, in general, we note that the criteria BIC is the best for

selecting a true time series model.
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Figure 3 the performance of different criteria for fitted time series models

4. Conclusion

This paper concerns the efficiency of the analysis of residuals in selecting an appropriate
statistical model that describes the historical pattern in the data in order to be used for accurate
forecasting of future data. In time series analysis, diagnostic checking (analysis of residuals)
in building models consists of evaluating the adequacy of the estimated model. The null
hypothesis assumes that the fitted model is an appropriate model and the residuals behave like
white noise series. It was found that the analysis of residuals should not be taken as a
final judgment about the adequacy of the estimated statistical model for the time
series data. This study reveals that when analysis of residuals was used as the main criterion
of diagnostic checking of the model in picking up the true model, many alternative models
were proposed for the data, which means that the residuals analysis alone is not enough as a
test for the goodness of the adequacy of the estimated model. In addition to that, it can be
concluded that the analysis of residuals alone was not able to detect the wrong model when

the order of the true model was lower than the order of the fitted model.

The study also found that when different class of models from the true class was fitted
to the data, analysis of residuals was not sharp enough to detect the wrong model. It
is obvious that when the fitted model was ARMA with fitted order is lower or higher
than the true order the analysis of residuals did not clearly to indicate wrong model.
The main findings from this work can be summarised as follows: the analysis of
residuals should not be the final word in examining the validity of the fitted model,
but it should be supplemented by significant parameters and other criteria such as

Bayesian information criteria.
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Abstract

In today’s competitive society, the needs to evaluate the quality of the educational organizations
outputs is vital whether it was governmental or private. Also, being able to evaluate students’ progress
is useful for any educational system. It gives a better understanding of how students resonates and it
can be used as support for important decisions and planning. In this article, an application of absorbing
Markov chain in the analysis of students’ performance at one of the engineering faculty departments
at Benghazi university. The study programme was modeled by a finite Markov chain with eight
transient and two absorbing states. The probability transition matrix was constructed and the students’
progression towards the next stage of the study programme was estimated. The expected time that a
student spends at a particular stage as well as the expected duration of the study is determined. From
any particular stage, the estimated fraction of students which will be dismissed or graduate can be
also obtained.

Key words: Markov Chain, Higher education, Students' performance
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Introduction:

To create a better future in our life, the education must have the higher priority. The greatest concern
in higher education these days are the student's academic performance and graduation rates.
Undoubtedly, the educational planning needs a practical tool to evaluate the current process in order
to improve it, for that, the creation and improving the mathematical models which will help in
educational process assessment continued since many years ago. Because of the continuous
increasing in the tertiary education the enrollment predicting is very important for the educational
planning. According to the World Bank, the tertiary education was increased by 19% during 17 years
(from 2000 to 2017) [Khairun and Husna, 2021].

The main property of a Markov chain is that, the estimated probabilities for the future events depend
only on the current state of the process, and it is independent of the history of the process. Markov
chain can be described as a mathematical model that simulating the dynamic behavior of special kinds

of processes.

The main properties of Markov chain are:

for a process that occur during periodical time interval;

a) The possible outcomes are finite and called states.

b) The probability of moving from one state to another called transition probability and it is fixed.

c) The probability of moving from one state to another state (even to the same state) is depends only

on the two states.

The states can be finite or infinite. When the states are finite the Markov process is a Markov chain.
The main objective of this study is to monitor the students’ performance and to observe their progress
towards a prefixed goal utilizing the absorbing Markov chain. The Markov chain will be applied to
evaluate students’ performance in one Of the departments in Engineering faculty at Benghazi
university. The students' transition information within the six semesters which constitute the
department program was collected from the registrar office for six consecutive semesters, starting
from the academic semester of Spring 2014/15 to Spring 2018/19. The progress of students was
tracked during this period of time considering the students' various changes in registering status. (i.e.,
withdrew, suspended, dismissed, and graduated). The students who did not pass the units that allow
them to transferring to the next semester level (based on the number of units allocated by the
department program for each semester) will be allocated at the same previous level. The number of

semesters required to graduate from the department program are six in addition to the two semesters
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in the general sciences department before students are assigned to departments. Based on these data,
the states of the process were defined. The data were then categorized according to the states and later

transformed into the transition probability matrix (PTM).

LITERATURE REVIEW

The absorbing Markov chain model which introduced by Khairun and Husna (2021) demonstrated its
ability to describing the students' enrollment behavior at School of Mathematical Sciences, University
Sains Malaysia. The model was applied for the academic programs and gender to study the
absorption, retention and repetitive rates of the students. The undergraduate student’s enrollment from
2016/2017 until 2018/2019 were their targeted population. In edition to the PTM, the fundamental
matrix (N) was determined as well to predict the expected duration of study until graduating and the
enrollment rates is also estimated. Aparna and Sarat (2017) used the absorbing Markov chain model
at Gauhati University for different six colleges. The proposed model was for analyzing the students’
performance in order to evaluating the education system in that district. Almost of the performance
measures in this study was same the introduced measures by the previous study and the different was
in the targeted population patterns. An absorbing finite Markov chain model with seven states (five
transient and two absorbing) introduced by Brezavscek, Bach and Baggia (2017). The aim was
monitoring the quality and effectiveness indicators for Slovenian higher education institution
programme. From 2008/09 until 2016/17 the data collected to construct the PTM and N. The expected
enrolment for the three years next was determined as well as the duration of time until graduate or
dismissed starting from any particular stage. Moreover, the period of time that will be spent at any
stage and the fraction of students those will graduate or leave the programme were estimated. The
using of absorbing Markov chain in analyzing the students' performance in higher education not
limited to the previous introduced studies where more studies could be find such as introduced by
Nyandwaki (2014), Adekele and Oguntuase (2014) , Amiens and Oisamoje (2016), Auwalu,
Mohammed, and Saliu (2013) and Rahim R., et al., (2013) . In this article a finite absorbing Markov

chain will be used to analyze the students' performance at a department in engineering faculty.

I. METHODOLOGY
A. Markov Chain

A Markov chain is a family of random variables {Xn | n > 0} indexed by discrete-time where each
Xn is an S-valued random variable for some finite state space S = {1, . . ., s} and satisfies the following

Markov property: for all positive integers n, and for all choices of i0, . . ., in—2, 1, j € S,
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Pr(X, = len—l =04, Xp 2 =lp_p . Xo= iO) =B Xy =jlXpo1 =1 1)

Equ. (1) demonstrates the main property of Markov chains that the present state is the only relevant
information for the future. The initial probability distribution Xo with the PTM P defines the

probabilities for transitions from any status to another in the Markov chain [Kemeny and Snell, 1960].

Theorem: Let X, be a Markov chain and S is the possible state space S = {1, . . ., s} and PTM P.

Then for all i, j € S and positive integers n, m,

1. Zf{:lpik = 1
2. B.(X,=jlXo=1) =P}

3. Chapman-Kolmogorov Equation:

Corollary: Let ™ be the initial probability of the initial state Xo of a Markov chain with PTM P.
Then the probability that the chain is in state i after n steps is the i" entry of the vector [Kemeny and
Snell, 1960]:

a®™ = gpn 2)

B. Absorbing Markov Chains

Definition: A state i of a Markov chain is called absorbing if it is impossible to leave it (Pii =1). A
Markov chain is absorbing if it has at least one absorbing state that is accessible from every other
state, while, the non-absorbing states in the chain are transient. [Kemeny and Snell, 1960].

The canonical form of the PTM is:

p=[5 1] ®

Where,

¢Q is t x ttransitions probability between the transient states

eR ist x r transition probability from the transient states to the absorbing states
eisr x t zero matrix

el isr x ridentity matrix
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e Definition: The matrix

N=(1-Q7" (4)

is called the fundamental matrix (N) for P.
Where | denote the identity matrix of size t xt. The n;; in N shows the average number of times a
Markov chain in the transient state j when it started in the transient state i.

The number of expected transitions until a Markov chain is absorbed into the absorbing states when
it started in the transient state i; denoted as the expected time until absorption (t4). It can be calculated

from:

p=N1 ()

Where 1 is the column identity vector [Brezavscek et al., 2017].

The probability to be in the absorption fij (in the absorbing state when starting from any transient

state) can be obtained from the matrix f as the follows:

f=NR (6)

Where R is the sub-matrix from the PTM P in (3).
At any given time n the distribution over states is a stochastic row vector and can be as follows:

p = p(© pn )

D)

P© s the initial vector (initial distribution) and each p;™ of p(™ denote the probabilities that the

chain is in the state i in time n [Brezavscek et al., 2017].

In this work, the students' transition movement within the department programme will be modeled
as an absorbing Markov chain. The chain contains eight transient statuses which the student can be
in any one of them, and two absorbing status representing graduation or dismissed events.

In the rest of this article, the chain for the considered case study will be designed as well as the

indicators that will be used to evaluate the performance of the students will be calculated.
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Il. THE CASE STUDY

The target department programme containing six academic semesters each of them representing a
transient state. In addition to the previous six transient states, there are two transient states the student
can be in one of them which are withdrawal (W) and freezing (F). finally, if the student not in one of
the above eight transient states then, he must be graduated (G) or dismissed (D). Depending on the

previous statuses the chain can be modeled as the following:

Fig.1 The department students’ transition chain

According to the previous chain in fig. 1; the PTM can be written as shown in fig. 2.

A. Data Collected
To apply the previous indicated model (absorbing Markov chain) the data were collected from the

students' records in the concerned department at faculty of engineering, university of Benghazi. The

frequency data during six consecutive academic semesters from spring 2014/15 to spring 2018/19 are listed in Table 1.

(I A R D A B

I S

U L R R I X P,Pm )
§ N A I

' bk B :

:q.¢=_-—.‘u._.=-;u.|‘....

Fig. 2 : PTM for the chain in Fig. 1.
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B. Construction of PTM

The frequency data from Table 1 were used to estimate the transition probabilities of the transition
matrix. First, we calculated "partial" transition probability matrices for a particular academic semester
separately. For example, "pzs" in the P1 matrix is calculated by dividing the value "59" in the transition
matrix on the sum of the row. We obtained the matrices in Fig. 2. The expected probability transition
matrix Pave (Fig.3) calculated as the average values considering all six academic semesters. In
calculating the expected transition probabilities, we took into consideration only these entries from

Table 1 where the frequency data are actually available.

C. Expected progression

Directly from the PTM (Pave) the progression between successive stages for the students can be
obtained. Particularly useful are the possibilities of moving from the third semester to the fourth
semester, from the fourth semester to the fifth semester and so forth, as well as from the eighth
semester to graduation within one academic semester. These probabilities represent the fraction of
students who progressed successfully during one semester. The results of our analysis are presented
in Table 2.

D. Expected time spends by students at the given level and estimated study period

Using the sub-matrices Q1-Q6 from the probability transitions matrices P1-P6 the fundamental
matrices N1-N6 were calculated. Also, the fundamental matrix N that correspond the expected
probability transitions matrix Pave is obtained. The elements of the fundamental matrices represent
the expected number of academic semesters when the student is enrolled in a particular stage of the
study. For example, let we assume an average student who is currently enrolled in the third semester.
During his enrolment in the study program, it is expected that he will spend 2.404 academic semester
for the third semester, 1.752 academic semester for the fourth semester, 1 academic semester for the
fifth semester, 1 academic semester for the sixth semester, 1 academic semester for the seventh
semester, 1 academic semester for the eighth semester, 0.263 academic semester he will be freeze,
while 0.084 academic semester he will be withdraw.

The row sum of the fundamental matrix’s entries represents the expected time until absorption from
a given transient state and can be interpreted as the expected duration of the study starting at specific
study stage (i.e., the expected enrolment in the study program until graduation or dismissal) (see Table
3). The sum of the diagonal elements of the fundamental matrix gives us the expected duration of the
study from the third semester until graduation. The results are shown in Table 4
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Table 1. Students' transitions through semesters 2014/15 TO 2018/1
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3 4 5 6 7 8 F w D G 3 4 5 6 7 8 F w D G
3 0.65 034 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 3 045 054 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
4 0.00 032 0.60 0.00 0.00 0.00 0.00 0.00 0.09 0.00 4 0.00 048 044 0.00 0.00 0.00 0.00 0.02 0.06 0.00
5 0.00 0.00 0.04 0.83 0.00 0.00 0.00 0.04 0.08 0.00 5 0.00 0.00 0.15 0.85 0.00 0.00 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 034 066 0.00 0.00 0.00 0.00 0.00 6 0.00 0.00 0.00 0.27 0.71 0.00 0.00 0.02 0.00 0.00
Pl1= 7 0.00 0.00 0.00 0.00 0.33 0.58 0.00 0.00 0.09 0.00 P4 = 7 0.00 0.00 0.00 0.00 039 0.52 0.02 0.02 0.05 0.00
8 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.75 8 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.88
F 048 0.10 0.14 0.10 0.05 0.05 0.10 0.00 0.00 0.00 F 0.00 050 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00
w 0.24 0.20 0.20 0.12 0.16 0.08 0.00 0.00 0.00 0.00 w 0.50 0.07 0.07 0.14 0.07 0.07 0.00 0.07 0.00 0.00
D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00
G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
3 4 5 6 7 8 F w D G 3 4 5 6 7 8 F w D G
3 046 0.29 0.00 0.00 0.00 0.00 0.23 0.02 0.00 0.00 3 0.47 053 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 036 051 0.00 0.00 0.00 0.09 0.02 0.02 0.00 4 0.00 0.40 052 0.00 0.00 0.00 0.02 0.01 0.04 0.00
5 0.00 0.00 0.27 057 0.00 0.00 0.16 0.00 0.00 0.00 5 0.00 0.00 0.26 0.69 0.00 0.00 0.03 0.00 0.03 0.00
6 0.00 0.00 0.00 033 053 0.00 0.14 0.00 0.00 0.00 6 0.00 0.00 0.00 031 0.67 0.00 0.00 0.02 0.00 0.00
P2 = 7 0.00 0.00 0.00 0.00 0.19 0.65 0.11 0.00 0.05 0.00 P5 = 7 0.00 0.00 0.00 0.00 050 0.44 0.00 0.00 0.06 0.00
8 0.00 0.00 0.00 0.00 0.00 0.38 0.07 0.00 0.00 0.55 8 0.00 0.00 0.00 0.00 0.00 0.35 0.00 0.00 0.04 0.62
F 0.79 0.06 0.06 0.09 0.00 0.00 0.00 0.00 0.00 0.00 F 0.50 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
w 0.53 0.07 0.07 0.20 0.00 0.13 0.00 0.00 0.00 0.00 w 0.50 036 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00
D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00
G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
3 4 5 6 7 8 F w D G 3 4 5 6 7 8 F w D G
3 0.57 042 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 3 0.57 0.40 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
4 0.00 0.25 0.65 0.00 0.00 0.00 0.02 0.00 0.08 0.00 4 0.00 053 043 0.00 0.00 0.00 0.00 0.01 0.03 0.00
5 0.00 0.00 0.03 090 0.00 0.00 0.00 0.03 0.05 0.00 5 0.00 0.00 0.25 0.69 0.00 0.00 0.04 0.00 0.02 0.00
6 0.00 0.00 0.00 0.15 0.85 0.00 0.00 0.00 0.00 0.00 6 0.00 0.00 0.00 041 0.51 0.00 0.03 0.05 0.00 0.00
P3 = 7 0.00 0.00 0.00 0.00 038 0.54 0.00 0.00 0.08 0.00 P6 = 7 0.00 0.00 0.00 0.00 040 0.57 0.00 0.00 0.04 0.00
8 0.00 0.00 0.00 0.00 0.00 0.1 0.00 0.00 0.00 0.89 8 0.00 0.00 0.00 0.00 0.00 045 0.00 0.00 0.00 0.55
F 0.00 0.17 0.00 0.17 0.17 0.50 0.00 0.00 0.00 0.00 F 0.60 0.20 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00
w 0.39 0.22 0.06 0.11 0.00 0.22 0.00 0.00 0.00 0.00 w 0.00 020 0.40 0.00 040 0.00 0.00 0.00 0.00 0.00
D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00
G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Fig.2 PTM for each semester

3 4 5 6 7 8 F w D G

3 0.53 042 0.00 0.00 0.00 0.00 0.04 0.01 0.00 0.00

4 0.00 039 0.52 0.00 0.00 0.00 0.02 0.01 0.05 0.00

5 0.00 0.00 0.17 0.75 0.00 0.00 0.04 0.01 0.03 o0.00

6 0.00 0.00 0.00 030 0.5 0.00 0.03 0.02 0.00 0.00

Pave = 7 0.00 0.00 0.00 0.00 036 055 0.02 0.00 0.06 0.00

8 0.00 0.00 0.00 0.00 0.00 0.28 0.01 0.00 0.01 0.71

F 040 0.25 0.03 0.09 0.04 0.09 0.10 0.00 0.00 0.00

w 036 0.19 0.13 0.10 0.11 0.11 0.00 0.01 0.00 0.00

D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00

G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

Fig.3 Expected PTM
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Table 2. Prob. of the students' progression to the next study stage during one academic semester

Fraction of
students progressed| 3—4 45 5—6 6—7 7—8 8—G
to higher stage

Spring 2014/15 0.341 0.596 0.833 0.656 0.576 0.75
Spring 2016/17 0.286 0.509 0.568 0.528 0.649 0.552
Fall 2017/18 0.415 0.646 0.9 0.846 0.538 0.892
Spring 2017/18 0.538 0.439 0.848 0.711 0.523 0.88
Fall 2018/19 0.531 0.517 0.686 0.667 0.44 0.615

Spring 2018/19 0.402 0.434 0.691 0.514 0.566 0.545

EXPECTED 0.419 0.524 0.754 0.654 0.549 0.706

Table 3. The expected enrolment (to graduation or dismiss) from a particular study stage

Study Tl
Stage H He He H He W Expected
3 8.7 18.8 7.8 8.8 9.6 11.1 9.3
4 5.8 15.7 55 7.0 1.7 8.9 7.2
5 4.9 13.8 4.7 5.6 6.3 7.2 6.0
6 4.2 10.6 3.8 4.4 5.0 5.7 4.8
7 2.7 6.7 2.6 2.9 3.3 34 3.1
8 1.3 3.7 11 1.1 1.5 1.8 15
F 7.7 18.6 35 1.0 9.6 10.6 6.9
W 6.3 15.6 6.2 7.8 8.7 7.0 7.5

Table 4: The expected duration of the study from the third semester to graduation

Acad. Semester Esc
Spring 2014/15 11.983
Spring 2016/17 21.489
Fall 2017/18 10.705
Spring 2017/18 11.638
Fall 2018/19 12.469
Spring 2018/19 13.816
EXPECTED IN LAST 6 SEMESTERS 12.37
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E. The graduation -Dismissal probability

The Graduation — Dismissal probabilities are calculated as the absorption probabilities from
a given transient state. For this purpose, the fundamental matrices, as well as submatrices R,
gathered from the probability transition matrices were used. The results are presented in Table
5.

F. Predicting the future enrolment of students

Let we assume the initial state in the academic semester Spring 2018/19. Using the frequency
data from Table 1 the initial vector p© is estimated:

P© =[0.200 0.203 0.132 0.146 0.114 0.122 0.008 0.014 0.014 0.049] If we want to
predict the enrolment of students for the following three academic semesters then, we
calculated the vectors P®, P@ and P® according to equation 7 and using the expected
probability transition matrix P. Then, the calculated probabilities are transformed into the
absolute number of students. In calculations, we assumed that every academic semester 34 new
student are entered to the study programme. According to the average number of students who

entered in the last two semesters of the study period. The results are given in Table 6.

Table 5: The graduation — dismissal probability from a particular study stage.

F1 F2 F3 F4 F5 F6 F
] . . ] Expected
Spring Spring Fall Spring Fall Spring .
t in Last 6

2014/2015 | 2016/2017 | 2017/2018 | 2017/2018 | 2018/2019 | 2018/2019
Semesters

G D G D G D G D G D G D G D
0.69 031|087 |013|0.74|0.26 | 0.78 | 0.22 | 0.73 | 0.27 | 0.86 | 0.14 | 0.74 | 0.26
0.69 031|086 |0.14|074|0.26|0.78|0.22|0.73 | 027|086 | 0.14 | 0.75 | 0.25
0791021089 |011083|0.17|0.88|0.12|0.79 021|091 |0.09)0.83|0.17
0.86 | 0.14 | 0.90 | 0.10 | 0.88 | 0.13 | 0.88 | 0.02 | 0.83 | 0.17 | 0.93 | 0.07 | 0.87 | 0.13
0.86 | 0.14 | 091 | 0.10 | 0.88 | 0.13 | 0.92 | 0.08 | 0.83 | 0.17 | 0.94 | 0.06 | 0.88 | 0.12
1.00 | 0.00 | 0.99 | 0.01 | 1.00 | 0.00 | 1.00 | 0.00 | 0.94 | 0.06 | 1.00 | 0.00 | 0.99 | 0.01
0.25|0.75|0.87 | 0.13 | 092 | 0.09 | 0.00 | 0.00 | 0.73 | 0.27 | 0.87 | 0.13 | 0.66 | 0.34
022078 | 089011082 |0.18|0.83|0.18 | 0.76 | 0.24 | 0.91 | 0.09 | 0.81 | 0.19
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Table 6: Predicting of the future enrolment in the study programme.

YEAR Semesters 3 4 5 6 7 8 F W D G >
Eall p® 0.1 |0.17 | 013|015 | 0.14 | 0.1 | 0.03 | 001|004 | 013 1
19120 | No. of Students | 76 | 62 | 48 | 54 | 51 [ 36 | 10 | 3 | 13 | 50 | 403
Spring P@) 0.1 | 0.14 | 0.10 | 0.13 | 0.14 | 0.1 | 0.03 | 0.01 | 0.05 | 0.19 | 1
19120 | No.ofStudents | 79 | 58 | 41 | 54 | 55 | 30 | 11 | 3 | 21 | 76 | 437
Eall P® 0.1 | 0.13 | 0.09 | 0.11 | 0.13 | 0.1 | 0.03 | 0.01 | 0.07 | 0.24 | 1
20/21

NO. of Students 81 59 38 49 56 | 42 | 11 3 29 | 103 | 471

I11. CONCLUSION

From a theoretical perspective, the study underscores the importance of using an absorbing
Markov chain theory to study the pattern of students’ enrolment and their academic
performance within one of the engineering departments at engineering faculty in University of
Benghazi. As for the study programme under consideration, the quantitative indicators
calculated in previous sections provide some useful information to the programme manager.
Results in Table 2 showed that in the average the fraction of students, who succeeded to moving
from fifth to sixth semester was the best (75.4%) and then the fraction of students which
succeeded to graduate (70.6%) (from eighth semester). Also, we can observe that the fraction
of students which was succeeded to move to the next stage is decreased in the last two
considered semesters. Furthermore, the findings of this study (as demonstrated in Table 2)
indicate that the probability of progression from the third to the fourth semester is always lower
than the probability of progression in the other semesters. This is quite an expected result since
the experiences from the class show that the students become more serious and ambitious
during their progression in the study. We can see from Table 3 that a student, who is currently
enrolled in the third semester, needs on average 9.265 semesters to finish the study (graduation
or dismissed). The results in Table 5 show that about 74.2% of these students will actually
graduate, while the dismissed probability is about (25.8%).

Results in Table 5 indicated that the probability of graduation increases with increasing the

level of study. furthermore, about 34% (on average) of students which froze their study
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programme will be dismissed and expected to leave the programme after 6.88 semesters (see
table 3), while the expected duration of the study from the first semester in the department until
graduation is 12.37 semesters (Table 4). Results in Table 4 also showed that the expected time
to graduation is a rather constant and the values do not differ substantially during the semesters
analyzed except in spring 2016/2017. Nevertheless, the numbers are quite high, considering
the fact that the study programme lasts six semesters.

However, we can see from Table 5 that the probability of graduation increases with student’s
progression over the study stages, and analogous, the probability of dismissed decreases. Such
result was quite expected. It may indicate that when getting older, the students become more
aware of their responsibilities and therefore become more successful with their study.

Finally, we can predict the future enrollment of students, it can be expected through P
which represents the fraction of students in a particular academic stage. Through the analysis,
we observed that the number of students enrolled during the next three semesters will be
increasing each semester. Thus, the analysis of students' performance using absorbing Markov

chain provides a clear picture of education in the concerned department.
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Abstract

In the current study, 37 samples were collected from different ages, ranging from 20-60 were
during May, 2023. The samples were examined in the laboratory of the National Center in
Misurata. Bacteria were detected using a direct examination, and using agricultural media and
some biochemical tests. The study indicated that, the presence of 20 people carrying bacteria
(S. aureus). Moreover, age groups have an effect on the sensitivity of bacteria to antibiotics.
The sensitivity of bacteria to antibiotics was arranged according to age groups as follows 30-
40, 50-60, 40-50 and 20-30. Conclude that, the study may help to alert to the presence of a type
of bacteria that are resistant to antibiotics.

Keywords: Bacteria, S. aureus, Resistance, Sensitivity .
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Heat Transfer in Copper Using COMSOL Multiphysics
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Abstract

This study aims to simulate the heat transfer process in copper. The software used is COMSOL.
The simulation using COMSOL software took the least time. The simulation process displays
the heat transfer model, including the temperature distribution from 275 to 316 K across the
model, by solving the temperature equation pCpu. VT + V. g = Q + Qted for conductive heat
transfer in COMSOL. Between simulation and measurement, the design is optimized based on
the calculations. The parameters used are assumed and not too far from the actual parameters.
The length and width of the model were chosen and the corresponding temperature was
determined. This test was performed on copper as a better conductor of heat compared to other
metals. Copper is highly ductile, thin, and lightweight, making it easy to mold it into a variety
of sizes and shapes .

Keywords: copper, heating process .
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INTRODUCTION

Unit heat transfer is a type of energy that moves within a system or from one system to another.
This energy is stored in the atom and heat is immediately transferred to the other end (1). When
a free electron in the lattice of a cooler atom collides with an ion at the hot end, it rapidly gains
kinetic energy and accelerates towards the cold end. In this way, the heat is transmitted quickly
and the temperature ranged from 275 to 316 K is used in this study. Heat transfer units describe
the transfer of heat in systems where the thermal conductivity is constant or varies with
temperature. There are many other reasons why copper conducts heat better than silver and
other metals. Because they conduct heat and electricity very well and can be drawn into wires.
They are also used in construction (roofs, plumbing, etc.) and industrial machinery (heat
exchangers, etc.). Copper is highly ductile, thin, and lightweight, making it easy to form into a

wide variety of sizes and shapes (2).

In this paper, we have considered describing research methodologies for COMSOL problems.
This section also describes body heat transfer in this simulation. Simulation results and

explanation of results using the program COMSOL Multiphysics.

MATHEMATICAL MODELING

The effects of heat on copper are the quantities you want to calculate and analyze in this
paper in accordance with this the equations are solved. Equations are accepted by the COMSOL

Multiphysics program. The dimensional geometry of the block was as shown in Figl.

Figure 1 (a). 3D geometry of block
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Figure 1 (b). Meshed block

Heat balance in copper equation General heat transfer equation was used in this model

(3).

pCpu. VT +V.q=Q + Qted (1)
q=-kVT (2)

The different quantities involved here are recalled below:

p is the density (SI unit: kg/m3)
Cp is the specific heat capacity at constant stress (SI unit: J/(kg - K))

T is the temperature (ST unit: K)
utrans is the velocity vector of translational motion (ST unit: m/s)

q is the heat flux by conduction (ST unit:
Wim2)

Q contains additional heat sources (SI

unit: Wim3)

Heat Transfer in Copper Using COMSOL Multiphysics 187



I a3l - ualdl) alaal) 6 S - Aa gidal) daalall dzalal) dlaall
22024 Scientific Journal of Open University - Benghazi

For a steady-state problem the temperature does not change with time and the terms with
time derivatives disappear. The first term on the right-hand side of Equation 1 is the

thermoelastic damping and accounts for thermoelastic effects in copper (4).

as

Qted — T3 3)

It should be noted that the d / dt operator is the material derivative, as described in the Time

Derivative subsection of Material and Spatial Frames.

Thermal Insulation

Equation Thermal Insulation (5).

—n.q=0 (4)

RESULTS

Basically, three significant values in each scenario were used to validate the simulations against
the measurement results. Copper use in several areas is represented in this section of the form
in the COMSOL program. This method allows very fast calculations, but its accuracy depends
on heat transfer. Clearly indicates that the simulation was in good agreement with the heat
transfer in copper.

Fig2 (a). Data set: Study /Solution 1s Fig 2(b). Data set: Cut Line 3D

Heat Transfer in Copper Using COMSOL Multiphysics 188



I a3l - ualdl) alaal) 6 S - Aa gidal) daalall dzalal) dlaall
22024 Scientific Journal of Open University - Benghazi

The image above shows in fig 2(a,b) ,a solution to interrogate a dataset data set: Study solution

and Cut Line 3D by temperature change during heat transfer in a copper block.

Plot Groups
COMSOL generates several plots, which are graphs of the heat transfer in copper

process’s results. These findings are divided into sections below.
Temperature (Ht)

Final drawing duration, temperature 275-315 K, lift simulation process in 3D mode shown
below red denotes areas with low temperatures, while white denotes areas with high
temperatures. This is the last stage of Duration. As shown in the figure below, the

temperature distribution showed a wide spread across the copper mass in fig 3.

Isosurface: Temperature (K)

Fq 316
1 311
1 307
1 302
1 298
1 293
289
284

280

275

Fig3.Temperature (K) Max/Min Volume: Temperature (degC)

3.2-ISOTHERMAL CONTOURS (HT)

This section shows Isothermal Contours in the temperature distribution through heat
transfer, which is the same as for the other parts. It was also shown that the red flakes represent
high temperatures while the blue lines represent low temperatures. The temperatures are shown

in the chart below.
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Surface: Temperature (K) Max/Min Volume: Temperature (degC)
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Fig4.1sosurface: Temperature (K)

3.4- 1D PLOT GROUP

This graph shows the relationship between arc length and temperature, which was linear.

Line Graph: Temperature (degC)
45 fF T T T
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35|
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o 0.5 1.5 2

5
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Fig 5. Line Graph: Temperature (degC)

CONCLUSION

This study aims to simulate the heat transfer process in copper. The software used is
COMSOL. A 3D finite element model of the heat transfer process was developed using
COMSOL. The model's predictions were validated using empirical measurement. The
simulation process displays the heat transfer model, including the temperature distribution from
275 to 316 K across the model over time, by solving the temperature equation for heat transfer
by conduction. This test was performed on copper as a better conductor of heat compared to
other metals. Copper is highly ductile, thin, and lightweight, making it easy to model into a
variety of shapes.
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Abstract

Augmented and virtual reality (AR/VR) technologies are transforming the way education and
training are delivered. AR/VR provides an immersive experience that engages students and
allows them to interact with digital content in a way that feels real. The use of AR/VR in
education and training offers a wide range of benefits, including enhanced learning
experiences, visualization of complex ideas, interactive and engaging teaching, virtual field
trips and simulations, gamification of learning, and improved accessibility for differently-abled
students. AR/VR can also break down language and cultural barriers and promote collaborative
learning, personalized and customized education. With the growing availability of AR/VR
technologies and advancements in hardware and software, the use of AR/VR for education and
training is likely to become increasingly widespread in the coming years.

Keyword: Augmented Reality, Virtual Reality, Education.
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1. Introduction

Augmented Reality (AR) and Virtual Reality (VR) are two of the most innovative technologies
that have the potential to revolutionize the way education and training is delivered. (Al-Ansi,
Abdullah M., et al., 2023).

AR adds digital elements to the real world, while VR creates a completely immersive and
interactive digital environment. Both AR and VR provide new opportunities for students to
interact with and understand complex concepts, allowing them to engage with learning

materials in new and exciting ways.

In education and training, AR/VR can be used to provide hands-on, interactive experiences that
foster greater understanding of difficult topics, making learning more engaging, memorable,
and effective. It also enables teachers and trainers to create immersive simulations and virtual
field trips, providing students with experiences that may be difficult or impossible to replicate
in the real world. With AR/VR, education and training can become more accessible, inclusive,
and personalized, breaking down traditional barriers and allowing for greater student
engagement and collaboration. The technology is still in its early stages, but its potential for
transforming education and training is vast, and its use is likely to become increasingly

widespread in the future.

Milgram P, et al, 1995 as shown in Figure 1, introduced the concept of the Reality-Virtuality
Continuum, wherein conventional reality occupies one end, and entirely computer-generated
or VR-based virtual environments occupy the opposite end. Transitioning from the reality side
to the VR side involves passing through augmented reality (AR), and moving from VR towards
reality situates us in augmented virtuality (AV). The spectrum between AR and AV is referred
to as mixed reality (MR). MR not only facilitates user interaction with virtual environments
but also enables physical objects from the user's immediate surroundings to become elements
for interaction with the virtual environment. MR encompasses applications that go beyond both
VR and AR, such as those designed to present a virtual scene for broadcasting the weather

forecast, featuring a real human within it.

Augmented and Virtual Reality (AR/VR) for Education... 193



I a3l - ualdl) alaal) 6 S - Aa gidal) daalall dzalal) dlaall
22024 Scientific Journal of Open University - Benghazi

Mixed Reality |

Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment

Fig. 1 Virtuality continuum [Milgram P, et al, 1995]

Augmented reality (AR) is an emerging technology that integrates digital information, such as
text, images, videos, and 3D objects, into the real world. The term “Augmented Reality” was

first proposed by Boeing employees in 1990 (Akgayir, 2017).

Until 1997, Azuma published the first report about AR and proposed a definition of AR which
was widely cited (Akbulut, et al, 2018).

The definition of AR in the report included three elements (Figure 2):
(a) A connection between the virtual world and the real world;
(b) real-time interaction; and

(c) 3D-based tracking and positioning. Since then, AR started its explosive development.

w

Fig. 2 Three elements of AR summarized from the studies of Azuma [Akbulut, et al, 2018].
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Table 1 Augmented Reality vs Virtual Reality

Categories

Augmented Reality (AR)

Virtual Reality (VR)

Definition

Technology that overlays virtual
objects onto the real world

Technology that immerses users in a
completely virtual environment

User experience

Users see virtual objects overlaid
on top of the real world

Users are fully immersed in a virtual
environment and cannot see the real
world

AR can be used on smartphones,

VR requires specialized hardware

marketing, gaming, and
manufacturing

Hardware tablets, smart glasses, and other
devi such as headsets or goggles
evices
AR can be used in a wide range of
applications including education, VR is mainly used for gaming,
Use cases

entertainment, and training

Interactivity

AR can be interactive and
responsive to the real world, and
can include real-time data and
information

VR can be interactive, but is limited
to the virtual environment

AR is less immersive than VR, as it

VR can be highly immersive and

that students will, therefore,
perform better.

Realism still allows users to see the real can simulate a wide range of
world experiences
AR technology is often more
Cost affordable and _accessible, asitcan | VR hardware_ can be expensive and
be used on devices that users requires specialized equipment
already own
Potential AR can be distracting and may not | VR can cause motion sickness and
drawbacks be suitable for all applications may not be suitable for all users
Enhancing enjoyment, raising the Increase in user skills and increase
. level of engagement and the in engagement/motivation. Small
Learning S . g . -
OULCOMes learning interest, which suggests effect: Game-based instruction has

more impact than simulation-based
instruction.

Table 1 shows some differences between Augmented reality and Virtual reality with main

subject of categories. In summary, while both AR and VR provide users with a unique and

immersive experience, they differ in their approach and application. AR is designed to enhance

the real world by overlaying virtual objects and information, while VR is designed to provide

a fully immersive and virtual experience. The choice between AR and VR depends on the

specific use case and the desired user experience.
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2. Related Works:

Table 2 contains examples of prior studies exploring various facets of virtual and augmented
reality. This study distinguishes itself from earlier research by conducting a thorough
examination of research articles cataloged in the Scopus some database from 2008 to 2022. It
specifically focuses on investigating trends, recent developments, and research related to
virtual and augmented reality in education, with an emphasis on the period encompassing the
Covid-19 pandemic and beyond.

Table 2 Related works to VR & AR in Education in some recent years

Reference Subject Method Findings
Coffin et al. VR in Education  Software Provide instructors with a way to strengthen students’
(2008) Analysis understanding in the classroom by
augmenting physical props with virtual annotations and
illustrations
Rafat Supported learning Experimental ~ The use of AR environments during lessons could
Wojciechowski et approaches Study provide extra motivation to learn for young students
al (2013)
Boyles (2017) VR & AR in Review Describing usage of AR & AR in enhancing learning and
Education reviewing advantages and disadvantages.
Nguyen and Dang Settingup VR &  Designing Designing 3D framework for curriculum based on VR
(2017) AR learning Model &AR presetting real-world objects
environment
Rau et al. (2018) Speed reading on  Survey Exploring performance on VR & AR where response
VR & AR time was longer on VR and AR than desktop
Beck (2019) Immersive Special issue  Integration of technologies including AR & VR to
learning enhance learning environments.
Huang et al. AR & VRin Exploratory Virtual reality is more inclusive of spatial presence while
(2019) Education Study augmented reality is more effective in dealing with
auditory information
Pellas, N., etal STEM education  Scoping The findings demonstrated the feasibility of employing
(2020) reviews various devices capable of creating virtual reality
applications to enhance instructional design settings.
Sirohi et al. Augmented & Survey An interdisciplinary review of integration of VR & AR
(2020) Virtual Reality in different area and directions.
applications
Patel et al. (2020) VR, AR & mixed  Survey Overview VR, AR and Mixed Reality in education and
Reality in ability of people adaptation of these technologies.
education

Rashid, S., etal.  Higher education  Bibliometric ~ The research ends by asserting that virtual reality is no
(2021) analysis longer a fanciful or hypothetical technology; rather, it is
highly practical and an essential component of the
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Reference Subject Method Findings

present era. The study highlights the considerable
untapped potential of VR for exploration,
comprehension, and experimentation.

Cierietal (2021) Visual and Descriptive &  Describing recent VR/AR software, hardware and
Augmented case studies techniques in pedagogy.
Reality
Remolar et al. Learning Several Supporting gameplay and attractiveness and increasing
(2021) throughout VR &  Experiments  student’s interest to learn.
AR
Scavarelli et al. VR and AR in Literature Exploring the recent developments of VR & AR in
(2021) Social Learning Review Social space and several learning theories.
Guoetal. (2021) Extended Reality  bibliometric Exploring the overall productivity of XR and recent
(XR) in Education analysis development and trends in educational field.
Zwolinski etal. ~ Extended reality in Case Studies  Creating a modal for XR-based educational environment
(2022) management by utilizing different XR technologies
education
Solmaz and Van  Integration of Architecture Proposing a component-oriented system architecture and
Gerven (2022) extract-based CFD Modal Data simulation with AR/VR
of AR & VR
Olbina and Glick Integration of AR  Physical model Improving visualization, improvement in understanding
(2023). & VRin of construction material and improved student
Construction communications skills
Management

3. Augmented Reality objectives

The objectives of Augmented Reality (AR) vary depending on the context in which it is used.

However, some common objectives of using AR technology include:

1. Enhancing the user experience: AR is used to enhance the user's experience by providing a
more interactive and immersive experience. By overlaying virtual information onto the real
world, AR can provide a more engaging way to interact with the world around us. (Senthilvel
S., etal, 2019).

2. Improving learning outcomes: AR can be used in education to improve learning outcomes
by providing a more interactive and engaging learning experience. By using AR, students can
explore and understand complex concepts in a more tangible and relevant way. (Koparan T.,
et al, 2023).
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3. Increasing sales and marketing: AR can be used in sales and marketing to provide a more
engaging and interactive way for customers to interact with products and services. By using
AR, companies can create a more memorable and personalized experience for their customers.
(Tan, Y. C,, etal, 2022).

4. Enhancing safety and training: AR can be used in safety and training to provide a more
realistic and immersive training experience. By using AR, trainees can practice and learn in a
safe and controlled environment, reducing the risk of injury or mistakes in high-risk situations.
(Kamal A., et al, 2021).

5. Improving productivity: AR can be used in manufacturing and other industries to improve
productivity by providing workers with real-time information and instructions. By using AR,
workers can access information hands-free and improve their accuracy and efficiency. In
general, the objectives of using AR technology are to enhance the user experience, improve
learning outcomes, increase sales and marketing, enhance safety and training, and improve
productivity. By achieving these objectives, AR has the potential to revolutionize the way we
interact with the world around us and provide a more immersive and engaging experience.
(Sitompul, T. A, et al, 2019).

4. Benefits of using VR/AR in Education

To recognize the benefits of incorporating VR/AR technologies in education, we turn to the
wisdom of a Chinese Proverb: "Tell me, I'll forget; show me, I'll remember; involve me, I'll
understand." Unlike traditional education methods that lean toward "telling" learners rather
than "involving" them, educational VR/AR applications offer significant advantages by
allowing learners to visualize and interact with objects, thereby engaging them in the learning
process. According to Siegle (2019), VR and AR offer students the opportunity to explore and
learn in environments beyond their physical reach. These technologies allow access to world-
famous museums, virtually bringing dangerous or extinct animals into students' surroundings
for examination, and facilitating safe conduct of hazardous science experiments without any
real-life risks. Pantelidis (2010) outlined various advantages of using VR (and, by extension,
AR) in education, such as heightened motivation, improved attention retention, the ability to
closely examine digital objects, and fostering active participation rather than passivity. Overall,
VR and AR foster a constructivist approach to learning, enabling learners to learn by actively
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doing and experiencing. However, despite these advantages, several issues hinder the full

exploitation of these technologies in teaching and learning.

5. Barriers in using AR/VR in Educational Settings
In 2019, EImgaddem pointed out that Virtual Reality (VR) and Augmented Reality (AR) are

not novel technologies, but their widespread adoption has been hindered by various constraints.
One major obstacle, as highlighted by Boyles in 2017, has been the high cost of these
technologies, which has limited their use in education to mainly experimental studies.
Pantelidis (2010) also acknowledged that there are challenges associated with using VR,
including the costs involved, the time required for users to learn how to use the hardware and
software, potential health and safety concerns, and the reluctance of some educators to integrate
new technology into their courses. However, Pantelidis further suggested that like any
emerging technology, these challenges might diminish with time, leading to the integration of
VR/AR becoming more commonplace in education. A decade has passed since Pantelidis made
this observation, and it would be interesting to examine recent research over the last five years
to identify any trends in the effectiveness of VR/AR for education. This analysis could also

shed light on whether certain challenges have persisted or gradually been overcome.

6. Summary and Remarks

Augmented Reality (AR) and Virtual Reality (VR) have the capacity to transform the realm of
education and offer students a more immersive and captivating learning encounter, potentially
changing the way we learn. The potential of these technologies has the power to reshape the
landscape of education, ushering in greater advantages for students, educators, and educational

institutions.

Augmented Reality (AR) has great potential as an educational tool that can enhance the
learning experience and engage students in a more interactive and immersive way. By
overlaying virtual information onto the real-world environment, AR can provide students with
a more engaging and interactive way to explore and understand complex concepts. AR can be
used in a variety of educational contexts, such as in science, history, art, and geography, to
provide students with virtual field trips, simulations, and experiments that are difficult or
impossible to experience in the real world. It can also help to bridge the gap between abstract

concepts and real-world examples, making learning more tangible and relevant. However, the
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successful integration of AR in education depends on several factors, including the availability
of AR technology, access to quality AR content, teacher training and support, and careful
consideration of the learning objectives and pedagogical approaches used. Therefore, it is
important to approach the use of AR in education with a well-planned strategy that considers
the needs of students and the educational context. Overall, AR has the potential to revolutionize
education by providing a more engaging and interactive learning experience that enhances
student understanding and retention of complex concepts. As AR technology continues to
advance and become more widely available, it is likely that we will see more and more

educational applications of this exciting technology.

we can anticipate a sustained surge in enthusiasm for integrating augmented reality (AR) and
virtual reality (VR) systems into education, particularly in the context of teaching and learning
at higher education institutions. This trend is likely to persist, given that these systems can
effectively enhance students' skill development for future employment and contribute to the

facilitation of remote communication, control, and management systems.
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