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This paper aimed to examine the determinants affecting students’ Grade Point Average (GPA) at the
colleges of science in Prince Sattam Bin Abdul-Aziz University (PSAU). The study applied two ap-
proaches of Ordinary Least Square Method (OLS) and Quantile Regression (QR) to investigate the rela-
tionship between GPA and different factors; including secondary school rate, achievement test, gender,
and department. The data were collected from the Deanship of Admissions and Registration for the aca-
demic year (2018) at PSAU. The sample size included (175) students selected from four departments.
The data were analyzed using SAS and SPSS programs. The important results are: secondary school rate,

I]gsy :Vez’;ijn achievement test, and gender were revealed to be variables that significantly impact GPA at all quantile
In vge stigate levels. At 0.95 quantile the variable department has a significant effect on GPA. The OLS method re-
Factors vealed the significant effect of all four variables secondary school rate, achievement test, department,
Affected and gender on GPA. The study recommended that policy makers in higher education should think to add
GPA a new criterion for admission according to the privacy of every college or university.

© 2021 by the authors; licensee Growing Science, Canada

1. Introduction

Grade Point Average (GPA) is the sum of average of grade points used as a main standard for measuring students’ performance
at university level (Westrick, 2015). GPA has a variety of representations including employing numbers (1-5 scale), letters
(A, B, C, D, E), or on label of performance (Excellent, Good, Fair, Borderline or Poor) (Suendarti & Liberna, 2018). GPA is
obtained by university students after finishing the first semester or the first year. The performance accumulation is considered
the base of the GPA. GPA for students in Science colleges related to the Secondary school rate and achievement test, because
the criteria of admission in the colleges depend on the two variables (Secondary school rate and achievement test). This means
that student’s GPA in university could be affected by these two explanatory variables. Most of the scientific research was
concerned with the study of the predictive power and predictive honesty of secondary school tests, achievement test, and
general aptitude test, but the results of the research were contradicted. Most of them did not arrive at decisive decisions about
the ability of the criteria used to admit students to predict the cumulative average and confirm their predictability. Therefore,
this study attempts to examine the relation between the cumulative rate GPA and explanatory variables (the achievement test
and the secondary school rate) to continue the efforts of researchers to evaluate the efficiency of the admission criteria used
in science faculties at Prince Sattam Bin Abdul-Aziz University (PSAU), especially in scientific colleges. Regression has
been constructed to disclose the relation between response variable and explanatory variables for over 200 years. The old
regression is the most common technique to measure the impacts on the mean. These traditional regressions claim that the
coefficients of regression effects are fixed across the population. However, such average impacts do not always attract many
areas, and they are sometimes quite heterogeneous. For instance, Quantile regression (QR) with applications by exploring the
relation of the foreign direct investment and economic growth (Girma & Gorg, 2005; Zhou, 2011) and in “precision
health/medicine” (Collins & Varmus, 2015). Researchers in a variety of fields including, economy, finance, medicine and
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politics have shown an increase attention on group variations in all the population rather than the focus on the average. Mean
regression cannot necessarily meet all these requirements or needs.

2. Problem statement

The problem of the study is that when students enter the university in scientific colleges, this is in accordance with specific
admission criteria associated with their previous academic achievements in their secondary schools. This relationship needs
to track and study for students during their university studies and then obtain the cumulative average for graduation in the
final year, or it is possible to take the cumulative average for the first university year to know whether students’ performance
at the university is affected by their results in the achievement test and the secondary rate. The current study focuses on
identifying the relationship between the students' GPA and the variables that affect it (secondary school level and achievement
test).

3. Study significance

The importance of the research lies in the fact that it deals with a vital and important topic with regard to the explanatory
variables that affect students performance and to obtain a grade point average, as the cumulative average at the university
has to do with the student’s performance for the achievement test and the secondary rate since they are among the admission
criteria for students in colleges of science. In addition, the relationship between GPA and the variables (achievement test and
secondary school rate) could be investigated with regression models, especially the quantile regression model.

4. Study Objectives
This study attempts to achieve the following objectives

1. Apply regression models to investigate the factors affected on student’s GPA at Prince Sattam University.
2. Compare the results of the two models of regression.

5. Method
5.1. Source of data

The data of the study were obtained from PSAU mainly through the Deanship of Admissions and Registration for the academic
year (2018). The collected data of the students included the achievement test, the secondary school rate, and the Average
Grade Point of students (GPA) of the colleges of science in the university.

5.2. Study Population Sample Size

The study population is the colleges of Prince Sattam University, and the study focuses on the colleges of Science since they
adopted the secondary school rate and the achievement test as a criterion of admission. The sample size was 175 students in
the final year.

5.3. Models

In this paper, two approaches of regression were applied; namely Ordinary Least Square Method (OLS) and Quantile Regres-
sion (QR) to investigate the relationship between GPA and (secondary school rate, achievement test, gender, and department),
and to decide on the independent variable impact power on the dependent variable. Regression might be utilized to predict
change impacts.

6. Literature review

Lotsi (2019) conducted a study to examine determinants significantly affecting GPA of Level 100 students of the University
of Ghana. The study adopted a questionnaire to collect data, and the regression method was used to analyses the data. The
results showed that gender, residential status, and previous high school did not significantly affect the students’ GPA. Hab-
tamu (2018) revealed that undergraduate students at an Ethiopian university academic performance was significantly associ-
ated with the students’ GPA and preparatory CGPA, gender, place of region, college of student, mismatch between teaching
and learning style and students’ expectation about future job opportunity. However, variables such as age, study hours, en-
trance exam result, participation in corporative learning program, mother education level, and department choice were insig-
nificant. Similarly, Erdem et al. (2007) aimed to determine which socioeconomic and demographic factors affected student’s
GPA. They conduct a survey at Gaziosmanpasa University with fourth grade students and Probit model was used to analyze
the data. The findings showed factors such as, sort of secondary school graduate, gender, family members attending school
numbers, parents’ educational level, expressing family expectations about school and study time had impact on the GPA.
(Abdullah, 2011). The study found that GPA of the students affected by nationality age, and the score of the high school.
Aleidi et al. (2020). The findings revealed that, age, part time employment, smoking, and short duration of studying was
statistically significantly associated with achieving good or below GPA. Ahmed (2006) attempted to investigate the socio-
economic affecting the student performance of the College of Business and Economics-UAEU. The sample size was 864
students; the study uses the regression method to analyses the data. The findings revealed that, the most important determi-
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nants impacting performance of the students include students’ proficiency in English and participation in classroom discus-
sion. Determinants that negatively impact students’ performance include being absent from lectures and living in crowded
houses. Alshammari et al. (2017) studied factors influencing the academic performance of nursing students in Saudi Arabia.
The study concluded that, marital status age, gender, socio-economic status and academic level, and previous school attended
by the students showed various influenced on the sample’s academic performance. Raneem (2013) found that factors such
as, motivation, gender, interest, marital status, and the transportation used to reach the faculty had significant effects on the
sample’s academic performance. Whereas, factors such as learning resources, age, motivation, study time and type of trans-
portation used have shown to create a significant difference in GPA between male and females. Raychaudhuri et al. (2010)
tried to discover factors impacting on students’ performance. The study employed regression as a methodology, and the ran-
dom sample survey was used. The finding revealed that the participant’s academic performance was positively influenced by
factors such as students’ attending classes, education of the mother and trained teacher presence in the school. Ibrahim, and
Yahaya (2015) conducted a study and concluded that Quantile regression was performed better than OLS. In the same line
John (2015), in his study revealed that, Quantile regression is more robust for outliers than OLS. Also,

7. Regression Models
7.1. Multiple Linear Regression Model

Multiple linear regression (MLR), is a tool in statistics that utilize several predictor variables to forecast the response of
outcome variable. The aim of ( MLR) is to study the linear_association between the independent variables and dependent
variable. The MLR model formula is

Vi=BotBixstBaXot e Bpxp te, @

where fori =1,2,...... ,M, Y; is the response variable , x; are explanatory variables, B, is the intercept of y, B, are slope
coefficients for each explanatory variables, and ¢ is the model error terms (residuals). In order to estimate the unknown pa-
rameters of the MLR model, Ordinary Least Square was used as follows:

B=(XX)"1Xy. 2)
The test of significance for the unknown parameters of the MLR is as
Hy=Bo=L1= eeeeeeeanann. =P,=0 vs Hy:B; #0, for at least one i. The statistics is also as follows:

_ SSR/P
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where SSp is the sum square of the regression, SSg, is the sum square of the residuals, p is the numbers of the model param-
eters, and 7 is the number of observations. For goodness of fit for the model R? and Adjusted R? will be used.

Re=Sn @
SSt
R? _SSr/(n—p-1) (5)

Adj s57/(n-1)
where SSt is the sum square for the total.
For testing individual regression coefficients, t-test is used as follows:
Hy:B=0 vs  Hi:B; #0.

The test statistics for the test is as follows,
Bi (6)
t = —— ~(ty¢,n-p-1
se(By) ( df» p )s
where se(f3;) is the square root of the i** a slope of the covariance matrix for the estimated parameter vector f3.

7.2. Quantile Regression (OR)

Quantiles defines as a cut points allocating the area of a probability distribution or observations of the sample into continuous
intervals with same probabilities. Quantile Regression (QR) was proposed by Koenker and Bassett (1978), extension of linear
regression was also used to model the conditional quantiles of the dependent variable like 25" percentiles, 50" percentiles,
and 90" percentiles or 0.90 quantile. As each quantile perhaps adopted, it is achievable to study several fixed points of the
distribution. QR is especially appropriate when the amount of variation in the conditional quantile, asserted by the regression
coefficients, relies on the quantile. Median regression is special case of quantile regression when the quantile is 0.50. The
basic superiority of QR compared to MLR is its resiliency for studying data with heterogeneous conditional distributions.
Data of this type appear in various fields, such as, econometrics, survival analysis, and ecology (Koenker & Hallock 2001).



640

QR brings accomplish illustrate of the variables effect when a group of percentiles is studied, and it assumes no distributional
assumption about the error term in the model.

Let y be a random variable with distribution function

F(y) =prob(Y =< y) )
The %" quantile of Y is define as the inverse function
Q) = inf{y:F(y) = 7} ®)
where 0 < T < 1, we consider the Median as special case Q(0.5). Also, Eq. (8) can be extended as follows:
Qy(T\x1, X2, ..... , xk)=ﬁér)+ﬁl(r)x1+ ....... +ﬁ,§r)xk ©))
T — (p(® p@ D)y ;
where 0 <7< 1,B% = (By By seevvnnennn By ) is the vector of the unknown parameters
Lety,,¥2,cnenen , Y be a random sample of Y, the sample median as known as the minimize of the sum of the absolute devia-
tions
n
mingeg ) 1y =]
i=1 (10)

Furthermore, the general t** sample quantile {(t) which is the analogue of Q(t), can be formulated for the optimization
solution

n
mingeg ) pelyi = ¢ (in
i=1

where p,(z) = z(t — (2 < 0)),0 <t < 1. Here I(0) represents the indictor function. Like the sample mean which mini-
mize the sum of the square residuals.

pA=argmin,ep Y (i — 1?2, (12)
could be expanded to the linear conditional mean function E(Y\X = x) = xJ.
p=argmingegp Ti-y (v — xB)° (13)

In the similar manner, linear conditional quantile function, Q (t\X = x) = xf(7) can be estimated via solving the following
equation

B(t)=argmingege Y1y pr (v — %), (14)

for any quantiles 0 < 7 < 1. The portion 3(7) is recognized as 7t" regression quantile, when T = 0.5 which minimize the
sum absolute residuals, coincides to median regression. The estimated model of the conditional quantile is given by

Q- (yi/x)=%: - (15)
The interpretation of the estimated parameters in QR has the same way of interpretation as those of OLS as rates of changes

(Buchinsky M, 1998). More details about QR can be found in different literatures (Koenker, 2005; Davino & Furno, 2013;
Weisberg, 2005; Neter et al., 1996; Sen & Srivastava, 2012; SAS, 2014).

7.3. Advantage of QR compared to MLR
In this subsection we introduce the advantages of QR compared to MLR

1- QR grants for studying the association between variables beyond the mean of the data, composing it fruitful in
modeling reposes that are non-normally distributed and that have nonlinear association with explanatory variables.

2- QR are robust to outliers.

3- QR does not guess a distribution for the outcome, or assumes a constant variance for it, unlike MLR.

4- QR provides a lot of model robustness than MLR.

5- QR s adaptable, as it does not need a link function or distributional assumptions.

6- It provides comprehensive view of the association between the dependent variable and the explanatory variables, as
it grants us to model the effect of covariates on various quantiles of the dependent variable.
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8. Results
8.1. Descriptive statistics

This section presents QR findings of the 2018 student’s GPA data with four predictor variables. SAS QUANTERG procedure
is used to fit the model. Table 1 shows that, the median is the value as the 50" percent or the second quantile. Also, we notice
that GPA increased gradually from quantile 0.25 up to quantile 0.75.

Table 1
Results of Student GPA
Characteristic GPA
Median 2.81
25" percentile, the first quantile (Q1) 241
50" percentile, the first quantile (Q2) 2.95
75" percentile, the first quantile (Q3) 3.27

Fig. 1 shows characteristics for some independent variables. Gender variable shows that most of the sample members were
males 149(85.1%), and 26(14.9%) were females. the variable department reveals that 74(42.3%) of the participants were in
mathematics, 48(27.4%) attended in Biology, 30(17.1%) in physics, and 23(13.1%) in chemistry.

26, 15% 23,13%
' 74, 42%
48, 28% '
149, 85% 30 17%
= Male = Female = Mathematics = physics Biology = Chemistry
Gender Department

Fig. 1. characteristics of independent variables

Table 2 illustrates descriptive statistics for GPA, achievement test, and secondary school rate. The mean of GPA was 3.28
with standard deviation of 0.62. the average of achievement test was 63.5 with standard deviation 4.97. Secondary school rate
showed an average of 91.2 with standard deviation 6.26.

Table 2
Characteristics of independent variables
Variable minimum maximum Average Standard Deviation
GPA 2.30 4.97 3.28 0.62
Achievement Test 46 81 63.5 4.97
Secondary School Rate 72 100 91.2 6.26

8.2. Application of Quantile Regression

Table 3 presents the estimates and P-value of the parameters through quantile level. The result reveals that, the secondary
school rate, achievement test, and department have significant effects on GPA at 0.25 quantile.

Table 3

Quantile Regression Model
Parameter Estimate p-value Estimate p-value Estimate p-value Estimate p-value
Intercept -1.19 0.28 -1.97 0.012 -3.80 0.004 -3.68 0.0017
Quantile level 0.25 0.50 0.75 0.95
Secondary School rate ~ 0.014 0.035 0.356 0.0000 0.045 0.0000 0.059 0.0000
Achievement test 0.035 0.006 0.027 0.0142 0.044 0.0036 0.016 0.0289
Department -0.024 0.630 -0.0519 0.264 -0.0062 0.936 0.155 0.0397
Gender 0.3303 0.126 0.212 0.087 0.288 0.2246 0.608 0.00014

At 0.5 quantile achievement test and department were found to have significant effect on students’ GPA in science colleges.
Similarly, at 0.75 quantile secondary school rate, achievement test, and department were found significantly affecting student
GPA whereas at 0.95 quantile level secondary school, achievement test, department, and gender showed a significant effect
on students’ GPA. At quantile 0.25, catch =-1.19, which is the predicted value of 0.25 quantile GPA when all the independents
variables are zero. The predicted value (8=0.014) shows the value of alternate of the 0.25 quantile (Q,) of the response variable
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allotment for each entity alternate in the rate of the initial descriptive variable (secondary school rate), maintaining other
predictor variables fixed. Particularly, the Q, regression coefficient demonstrates that 25% of GPA was declined by 0.014 for
each one-entity alternate in secondary school rate, putting other predictor variables fixed. Q, is a rate which obtains 25% of
the cases lesser than it. At 0.5 quantile, intercept = -1.97 that is the forecasted level of the 0.5 quantile GPA when all the
predictor variables are zero. Predicted value 0.356 denotes the rate of change of 0.5 quantile (Q,) of the response variable
allotment for each entity alternate in the rate of the initial regressor (secondary school rate), putting other predictor variables
fixed. Particularly, the Q, regression coefficient denotes that 50% of the GPA will increase by 0.356 for every one-unit alter-
nate in secondary school rate, putting other predictor variables fixed. Q. is a rate obtaining 50% of the cases lesser or similar
to it. At 0.75 quantile, attract = -3.80, that is the forecasted level of 0.75 quantile of students’ GPA when all the predictor
variables are zero. Predicted value 0.045 denotes the rate of change of 0.75 quantile (Q3) of the response variable allotment
for each entity alternate in the value of the secondary school rate, and the other predictor variables remained fixed. Particularly,
Qs regression coefficient means that 75% of the GPA will decline by 0.045 for a single entity alternate in secondary school
rate, putting other predictor variables consistent. Qs is a rate having 75% of the cases lesser or similar to it; specifically, 25%
of cases are greater than it. At 0.95 quantile, catch = -3.68, that is the forecasted rate of 0.95 quantile of students’ GPA when
all the predictor variables are zero. Predicted value of 0.608 expresses the level of alternate of 0.75 quantile(Q4) of the response
variable allotment for each entity alternate in the rate of gender, put all the other predictor variables constant. That is, Q4
regression coefficient reveals that 95% of the students’ GPA will decrease by 0.608 for each single unit alternate in gender,
setting the other predictor variables fixed. Q4is a rate obtaining 95% of the cases that are less or similar to it.

8.3 Graphical Interpretation of the Predictor Covariates

This section shows a brief summary of the QR findings of the present research covariates. All charts display one coefficient
in the QR model, the highlighted space displaying the 0.95% confidence interval band. The intercept of the model in Fig. 2
can be explained as the expected limited quantile function of the GPA through levels of quantile. It has a negative impact in
the top quantiles rather than the bottom quantile; the chart reveals a negatively toward inclined line through the quantiles. The
second chart illustrates the impact of the achievement test on GPA that was positive, particularly in the lower rather than
upper quantiles. The third chart reveals that the secondary school rate has a positive impact on GPA in the upper quantiles.
The third chart in Fig. 3 displays the positive influence gender on the GPA in the upper quantiles; the graph expresses a
positively upward sloped line through the quantiles.

Estimated Parameter by Quantile Level for GPA Estimated Parameter by Quantile Level for GPA
With §5% Confidence Limits With 95% Confidence Limits

=

Intercept

szcandary schoal rate
department Chemistry

004 \/ /—\\

achievementtest
Gender Female

depantment Mathematics

department Biology

03 04 0s 05 o7 03 04 05 06 07 03 04 05 06 07 03 04 05 06 or
Quantilz Level Quantile Lavel Quantile Level Quantils Lsvsl

Fig. 2. Quantile processes with 95% band for secondary Fig. 3. Quantile processes with 95% band for department of
school rate, achievement test, and department of Biology Chemistry, department of mathematics, and Gender

8.4. Multiple Linear Regression Results

Table 4 shows the results of fitting MLR model to examine the relation between participants’ GPA in the Colleges of Science
at PSAU and the explanatory variables secondary school rate, achievement test, department, and gender. The findings showed
a statistically significant relation between GPA and explanatory variables secondary school rate, achievement test, and gender.
Whereas the variable department showed an insignificant effect on GPA. The OLS R? statistic indicates that 25% of the
variation in GPA is due to the change in the explanatory variables.

Table 4
MLR Model
parameter Estimate Standard Error t-test p-value R-square Adjusted R-square
Constant -2.45 0.768 -3.06 0.003 0.25 0.23
Secondary School rate 0.035 0.007 5.13 0.0001
Achievement test 0.030 0.009 3.52 0.001
Department -0.027 0.039 -0.68 0.498

Gender 0.342 0.121 2.83 0.005
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8.5. The Significant of OLS Model

Analysis of variance (ANOVA) was utilized to test the importance of the overall model. The result is shown in Table 5
indicates the model is significant at a 5% level of significance. In other words, the three explanatory variables of the secondary
school rate, achievement test, and gender affected the students’ GPA positively.

Table 5

ANOVA Result
Model Sum of square df Mean square F p-value
Regression 16.447 4 4.112 14.07 0.0002
Residuals 49.697 170 0.292
Total 66.144 174

8.6 Comparison between quantile regression and OLS models

Table 6 illustrates the results of fitting the OLS regression and QR model to investigate the relationship between GPA and
predictors variables. The independent variable secondary school rate, achievement test, and gender showed significance effect
in the OLS regression. At 0.25,0.5, 0.75 quantiles the explanatory variable department has an insignificant effect on GPA,
while at quantile 0.95 showed a significant association with GPA in science colleges.

Table 6
Results of OLS and Quantile Regression Model
OLS Q(0.25) Q(0.5) Q(0.25) Q(0.95)

Parameter Estimate p-value Estimate  p-value  Estimate p-value  Estimate p-value  Estimate p-value
Intercept -2.45 0.003 -1.19 0.28 -1.97 0.012 -3.80 0.004 -3.68 0.0017
Secondary 0.035 0.0001 0.014 0.035 0.356 0.0000 0.045 0.0000 0.059 0.0000
School rate
Achievement 0.030 0.001 0.035 0.006 0.027 0.0142 0.044 0.0036 0.016 0.0289
test
Department -0.027 0.498 -0.024 0.630 -0.0519 0.264 -0.0062 0.936 0.155 0.0397
Gender 0.342 0.005 0.3303 0.126 0.212 0.087 0.288 0.2246 0.608 0.00014

9. Discussion

This study has used QR and OLS regression models for study students’ GPA in science colleges. The estimates through
quantile rates permit us to examine the effect of predictors on various quantiles of the dependent variable, and thus add a
perfect image of the relationship between the response variable (GPA) and predictor variables (secondary school, achievement
test, department, and gender). It has also been observed that secondary school rate, achievement test, and gender were revealed
to be variables of importance which significantly affect GPA at all quantile levels. This result agrees with Abdullah (2011)
and Raneem (2013). At 0.95 quantile the variable department has a significant effect on GPA beside the other three independ-
ent variables. This indicates that, QR is performed better in upper quantiles levels than lower quantiles. The findings show
that, QR is performing better compared to OLS, and this agreed with previous study such as (Ibrahim & Yahaya, 2015). QR
has many advantages compared to OLS, (John, 2015). In addition, QR may lead to better understanding and inference. QR
has no assumptions around the distribution of the residuals. It also allows to explore different aspects of the association be-
tween the dependent variable and the predictors variables. The findings agree with others results in literature and could be
used in the future studies to investigate the factors effected on the student’s GPA.

10. Conclusion

This study used two approaches, OLS and QR to investigate factors effect on student’s GPA. The results of this study have
illustrated that investigating GPA was a critical problem among all university colleges and not just science colleges, since the
criteria of admission to university colleges depend on these factors in the admission process. Furthermore, the results have
revealed that, not only these three factors affected GPA, there are other factors such as department and gender. This indicates
that in the future researchers should focus on all variables which could also affect GPA. University criteria for admission
should concentrate on the impact of important determinants through all quantile rates to establish policies of admission to
science colleges or to introduce a new criterion for admission and add them to the admission requirements for admission. The
study has a limitation in terms of data in explanatory variables, such as, the students’ attendance, study hours, place of resi-
dence, mother education, age, and teaching methods.

11. Recommendations
Based on the study results, some suggested recommendations are:

1. Apply the regression methods to all colleges in the university,
2. Think to add a new criterion for admission according to the privacy of every college or university,
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3. The government, the concerned bodies, and policy makers need to work together to enhance the achievement of
students,

4. Accessibility and quality of learning facilities to the students need to be provided by the university in order to increase
the academic achievement of students.

Acknowledgement

This publication was supported by Deanship of Scientific Research, Prince Sattam Bin Abdul-Aziz University, Alkharj, Saudi
Arabia. Our special thanks for their encouragement and supporting this research.

References

Abdullah, A. M. (2011). Factors affecting business students' performance in Arab Open University: The case of Kuwait.
International Journal of Business and Management, 6(5), 146.

Aleidi, S. M., Elayah, E., Zraiqat, D., Abdallah, R., & AL-Iede, M. (2020). Factors affecting the academic performance of
medical, dental, and pharmacy students in Jordan. Jordan Journal of Pharmaceutical Sciences, 13(2).

Alshammari, F., Saguban, R., Pasay-an, E., Altheban, A., & Al-Shammari, L. (2017). Factors affecting the academic perfor-
mance of student nurses: A cross-sectional study. Journal of Nursing Education and Practice, 8(1), 60.

Buchinsky, M. (1998). Recent advances in quantile regression models: a practical guideline for empirical research. Journal
of Human Resources, 33(1), 88-126.

Collins, F. S., & Varmus, H. (2015). A new initiative on precision medicine. New England journal of medicine, 372(9), 793-
795.

Davino C, Furno M, Vistocco D. (2013). Quantile regression: Theory and applications. USA: John Wiley & Sons 2013.

Erdem, C., Senturk, I., & Arslan, C. K. (2007). Factors affecting grade point average of university students. The Empirical
Economics Letters, 6(5), 360-368.

Girma, S., & Gorg, H. (2005). Foreign direct investment, spillovers and absorptive capacity: Evidence from quantile regres-
sions.

Habtamu, L. (2018). Factors affecting the academic performance of undergraduate students. Journal of Education and Prac-
tice, 9(31).

Ibrahim, A., & Yahaya, A. (2015). Analysis of quantile regression as alternative to ordinary least squares. /nternational Jour-
nal of Advanced Statistics and Probability, 3(2), 138-145.

John, O. O. (2015). Robustness of quantile regression to outliers. American Journal of Applied Mathematics and Statistics,
3(2), 86-88.

Koenker, R., & Bassett Jr, G. (1978). Regression quantiles. Econometrica: Journal of the Econometric Society, 46(1), 33-50.

Koenker, R., & Hallock, K. F. (2001). Quantile regression. Journal of economic perspectives, 15(4), 143-156.

Koenker R. (2005). Quantile regression. New York, NK, USA: Cambridge University Press.

Lotsi, A. (2019). Statistical Analysis of Factors Affecting Grade Point Average of Level 100 Students: A Case Study of
University of Ghana Legon Campus. Journal of Mathematics Education, 4(2), 87-96.

Neter, J., Kutner, M. H., Nachtsheim, C. J., & Wasserman, W. (1996). Applied linear statistical models.

Raychaudhuri, A., Debnath, M., Sen, S., & Majumder, B. G. (2010). Factors affecting students’ academic performance: A
case study in Agartala municipal council area. Bangladesh. e-Journal of Sociology, 7(2), 34-41.

Suendarti, M., & Liberna, H. (2018). The Effect of I-CARE Learning Model on the Students’ Metacognition. Journal of
Mathematics Education, 3(2), 40-46.

Sen, A., & Srivastava, M. (2012). Regression analysis: theory, methods, and applications. Springer Science & Business Me-
dia.

SAS, I. (2014). Sas/stat r 13.2 users guide. Cary, North Carolina: SAS Institute Inc.

Weisberg, S. (2005). Applied linear regression. USA: John Wiley & Sons 2005.

Westrick, P. A., Le, H., Robbins, S. B., Radunzel, J. M., & Schmidt, F. L. (2015). College performance and retention: A meta-
analysis of the predictive validities of ACT® scores, high school grades, and SES. Educational Assessment, 20(1), 23-45.

Zhou, C. (2011). A quantile regression analysis on the relations between foreign direct investment and technological innova-
tion in china. International Conference of Information Technology Computer Engineering and Management Sciences, 4,
28-41.

© 2020 by the authors; licensee Growing Science, Canada. This is an open access article
@ distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) license
(http://creativecommons.org/licenses/by/4.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


