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/Abstract \

Background: In educational statistics, quantitative data is getting popular in the world. Although the use of such a
data set is increasing day by day in the educational statistics area in Bangladesh, the use of appropriate statistical
methodology is strongly recommended.

Objectives: Among the various statistical techniques, somewhat few of them are using correlation and regression
analysis from the educational perspective without following the proper methodologies which have been
producing misleading output. The current research focuses on such a basic part of the analysis for the proposed
educational data set. Specifically, regression analysis uses to check the percentage of variation in the dependent
variable explained by variation in the independent variables based on the coefficient of determination (R?).
But R? value does not give always a good measure due to the violation of different assumptions. As such R? may
mislead to judge the influence of independent variables on the dependent variable as a measure. Therefore, in
this study, the authors have been intended to focus on the major challenges and its remedies in educational data
research from statistical viewpoints.

Results: Simple correlation and regression method have used for the authors’ surveyed data following proper
assumptions and extreme observations have identified by examining the plot of Cook’s distance against centered
leverage value. Data analysis completed by IBM SPSS 21.0. The R? value computed as 0.792 indicating that there is
about 79.2% of total variation explained by the regression line but VIF for estimated coefficient bzis 10.2.
Together with the non-normal pattern of probability plot outlying observations numbered 11, 12, and 35 have
identified by scattered diagram between Cook’s distance and centered leverage values. The identified extreme
observations have removed from the data set and have reexamined. Finally, all sorts of assumptions together with
the normality of errors have been confirmed by the reduced data set.

Conclusion: The practitioners need to be careful about the outlying observation involved with their educational
data sets so that statistical methodologies would not be applied inappropriately. /

\_
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INTRODUCTION

Research methods in education and social sciences are mostly divided into two main types which are quantitative and
qualitative methods (Muijs, 2011). Statistical tests are using for getting more valid and reliable results. Uses of different types of
statistical analysis are spreading out day by day in the field of education of Bangladesh. Regression analysis is a conventional
method to analyze data sets and draw inference about the population parameters involved in the model in different research areas.
Sometimes educational researchers apply multiple regression incorrect way (Karpen, 2017). As a standard and easy method, its
application in educational research is also seen. Regression analysis is one of the most used methods in education in Bangladesh.
It was found that most of the researchers had used a regression method for their study directly. To observe the nature of
relationship between a dependent variable and one or more independent variables, generally, we use regression analysis. The idea
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about correlation and regression are available in Pandey (2020), Kumari and Yadav (2018). Not only for educational research but
also it is applied as a statistical method widely to conclude the idea or to draw inference about the population based on the sample
in the present times. Sometimes the practitioners do not follow the proper ways to apply different statistical methods and
techniques. As a result, they do not care about the violation and misinterpretation of the assumptions which may produce an
unreliable result. As a common measure for checking the validity or goodness of fit in the regression model, R? is used. Some
researches reflect that the fitted model is good enough for having its high value of R%. But for comparing different samples, low
value of R? cannot give any guarantee about the relationship that it is weak and in the same way, the high value cannot give
guarantee about the strong relationship (Achen, 1977). When the linearity assumption breaks, R? should not be employed
(Kavalseth, 1985). So in this paper, researchers concentrated on identifying the challenges of using primary data influencing
students’ academic performances within statistical methodologies. This research makes a noteworthy contribution to the current
use of the regression method and its proper uses in the field of educational research in Bangladesh. This study also makes open the
current situation of the researcher’s uses with its challenges of regression method. So, there is a great need of the study to
understand whether researchers use regression method properly with its assumption checking or not. Research is, therefore,
essential to see what challenges researchers are facing to use regression method in the field of educational research. Regarding the
outcome of this article, government, different development organizations, statisticians, education experts, education practitioners,
researchers and other concern stakeholders will get a clear idea, as well as they, can take the initial steps to overcome such
challenges.

1.1 Research Questions
The main objective of this study is to identify the key challenges of using educational data of students’ academic
performances in the higher secondary education level of Bangladesh.
The specific research questions are:
a) What are the responsible challenges in analyzing the educational data influencing students’ academic performances with basic
statistical analysis?
b) What are the suggestions to overcome the challenges of analyzing educational data from a statistical point of view?

2. MATERIALS AND METHODS

Conduct of descriptive and interpretative analysis is more important (Marshall and Rossman, 1999) and the researchers need
to pay attention to the data collection technique according to the nature of the study (Creswel, 2012). In this research data have
collected from different colleges in Dhaka city based on a structured questionnaire. Firstly, 5 colleges selected and 10 students are
taking from each college for an interview. Colleges and students have selected based on Simple Random Sampling (SRS).
Researchers have followed the ethical guidelines during data collection and other research activities strictly in this study. Due to
limitation of time and budget allocation, the researchers were confined only in Dhaka city for data collection. Data analysis
conducted by IBM SPSS 21.0 version.

2.1 Statistical Methods and Diagnostics
2.1.1 Correlation Analysis

Correlation and regression analysis are common and widely used tools in statistical data analyses. Interpretation of correlation
and regression results is relatively hard for non-statistician under the theoretical and practical assumptions. The properties,
correlation focuses on the cause-and-effect relationship may misguide the researchers (Ludbrook, 2002). Actually, correlation
measures the association or strength of linear relationship among two or more variables (Lind at el., 2010).

Karl Pearson (1890) defined the coefficient of correlation as the strength of the relationship between two sets of ratio or
interval-scaled variables. Sometimes it is referred to as the Pearson’s r. Followed by scatter diagram (Bewick et al., 2003) the
strength of linear relationship may be measured by the statistic,

Cov(xy)

rxy_ JVvar(x)var(y)

This coefficient of correlation ranges from —1 to 1. In short,

e requalsto +1 indicates a perfect positive linear relationship between variables.

e requalsto -1 indicates a perfect negative linear relationship between variables.

e requals to 0 indicates no such linear relationship between variables, sometimes it may caused to the existence of the non-
linear relationship.

2.1.2 Regression Analysis

Regression measures the relationship of a set of independent variables with the assigned dependent variable. It especially
recognizes the number of changes independent due to unit changes of an independent variable(s). The main purpose of regression
analysis is to predict and interpret the amount of changes of the response variable in terms of the predictor(s). In this study the
academic performance of students is considered as a dependent variable, y and the independent variables or explanatory variables
are students Study Time, Play Time and TV Watching Time will regress by the linear regression model
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Yi= B+ BiXy +5X; +5X3 + g

Where Y; = Academic performance of students; f = the intercept of the line on the Y axis; g; = the slope of the line indicating
the change in Y; for each unit change in x; (linear regression co-efficient), i = 1, 2, 3; X; = study time; X, = play time; X3 = TV
watching time.

The errors, e; are independently normally distributed with the same variance ¢° and the assumptions are as-
i. Normality

Residuals are the difference between observed value of dependent variable and the predicted value of the regression. To draw
valid conclusion about the data sets verification of normal predicted probability plot (P-P) plot is expected where some little dot
points will be surrounded to the diagonal line. Although some fluctuations may consider extreme deviation arises due to violet of
such assumption will indicate the non-normality of data. When data do not follow normality assumption of regression, then the
necessary and sufficient conditions such that the estimates of the parameters are asymptotically normal is difficult (see Huber
(1973). In such a case misleading results may produce and the detailed of normality assumption with its test can be found in
several studies like, Judge et al. (1985); Das and Imon (2016), etc.

ii. Linearity

Linearity means the straight line relationship in the regression. The relationship between dependent and independent variables
need to be linear. To test the linearity, scatter plot is one solution. Also, scatter diagram between residuals and Y values shows the
pattern whether the linearity assumption is met or not. When scatter diagram shows a linear pattern, it depicts the assumption is
followed. If residuals follow normal distribution as well as homoscedasticity then also the linearity assumption followed. It is also
necessary to examine for outliers as outlier effects is a matter for linear regression.

iii. Homoscedasticity

It means the residuals are distributed with equal variances. If data are not homoscedastic, then it turns as heteroscedastic. This
assumption can be checked by the scatter diagram of the residuals against the predicted values. If it shows that the dots are
distributed uniformly from the zero pointed line then data are homoscedastic.

iv. Multicollinearity

The problem arises due to the high correlation among the independent variables are known as multicollinearity. It is
applicable for multiple linear regression where more than one independent variables involves. Variance Inflation Factor (VIF) is
used to check this assumption. Although the value of VIF is less than or equals to 5 is considered as no multicollinearity problem
in the dataset, sometimes its level are extended to below 10. A helpful guide about this assumption is presented in Daoud (2017),
Kim (2019).

2.1.3 Coefficient of determination (R?)
Coefficient of determination, R? explains the percentage of variation of the dependent variable by the variation in the
independent variables (Kennedy, 2008) is defined as

2 _ Explained Variance

R %100

Total Variance

3. RESULTS AND DISCUSSION

In this research correlation and multiple linear regression analysis were employed to know the academic performance of
achieving the students GPA (in the scale of 5) as a response to the variables, Study Time (x;), Play time (x,), TV watching time
(X3). A brief discussion of the findings followed by authors’ surveyed data are given in this section accordingly.

The scatter diagram in Figure 1 shows the irregular behaviour of the data.
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Figure 1: Scatter Diagram between GPA and Study Time
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Table. 1: Coefficient of Correlation (r) Values Among GPA, Study Time, Play Time and Spending Time by Watching Television

GPA Study Time Play time TV Watching Time
GPA 1.000
Study Time 0.874* (0.01) 1.000
Play Time -0.533** (0.000) | -0.080 (0.218) 1.000
TV Watching Time | -0.949** (0.001) | -0.838** (0.001) | -0.733 (0.464) 1.000

From Table 1, the correlation coefficient between GPA and study time is 0.874, which indicates a positive correlation and p-
value is 0.01, which is significant. In the same way, it shows a negative correlation between GPA and playtime and also for GPA
and spending time watching television. Also, it discloses a negative relationship between study time and playtime, study time and
spending time watching television, playtime and spending time watching television. From this table also we can see independent
variables are correlated with each other, which is a sign for multicollinearity.

Table 2: Regression Output and Other Statistics

Subject Result
Constant Value (a) 4.7** (0.0001)
by 0.084** (0.002)
VIF 4.25
b, -0.017 (0.200)
VIF 1.30
bs -0.040** (0.001)
VIF 10.20
R’ 0.792
Adjusted R* 0.688
DW 0.560

Table 2 shows the fitted regression line is academic performance GPA = 4.7 + 0.084*Study time — 0.017*Playtime —
0.040*TV watching time. The R? value is also looking high and it may be said that the fitted model is good enough. Some
research revealed high R? value indicates good model fitting and it finishes in this point. But regression model needs to be checked
assumptions whether R? value is high or low other than it will be faulty. This is our main issue in this article. Now we want to
check some statistic through R? value is 0.792. Variance inflation factor (VIF) tells us about multicollinearity, which we
mentioned above. Multicollinearity can be assessed by VIF and the detection of multicollinearity with its exclusion of
multicollinear explanatory variables make a good multiple linear regression model (Kim, 2019). From table 2, VIF shows the
independent variables are correlated, that means multicollinearity arises here. For the regression coefficient (bs) VIF is very high
and it is 10.20. This VIF for the predictor of spending time by watching television shows us the variance of the estimated
coefficient of b; is inflated by a factor of 10.20 due to television watching time is highly correlated with at least one of the other
independent variables in the model. Now, what should we do? Here the solution is to delete predictor or predictors which are
affected by multicollinearity from the model. Now if we have a look on pairwise correlation values from table 1 then we can see
that the independent variable of times (in hours) spending by watching television (x3) and study time (x;) are highly correlated (r =
-0.838). We can choose any independent variables and remove one of them X; or x3 from the model. It depends on the researcher
and the purpose of research. In this case, study time is more important than television watching time for students result. So
researcher can omit x; variable and needs to fit a regression model again with other independent variables. Then it will be more
reliable model in statistical perspective.

According to Durbin Watson DW statistics gives us the idea of autocorrelation in the residuals from a statistical regression
analysis. Its range is O to 4 and the value of 2 indicates that there is no autocorrelation. In this case, DW is 0.560 which focuses
autocorrelation present here.

Together with these characteristics, one more test, Dickey Fuller (DF) have been used to check the stationarity of the data set.
By such stationarity test the null hypothesis, the data is non-stationary against the stationary of the data have used following the
DF test statistic. The DF test statistics for y, x;, X, and x3 are —2.8041, —5.5849, —2.9913 and —4.2959 respectively. The critical
value of the tests are —2.57, indicating that the hypothesis, the data is non stationary is accepted for all the variables indicating
that all the data sets are non-stationary.
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Figure 3: Scatter Diagram between Residuals and Predicted Values

Figure 2 shows the violation of normality for the data. Also, the scatter diagram of residuals and predicted values (in Figure
3) shows some heteroscedastic pattern for residuals. As such, there may be some extreme values in the data set. Observations are
statistical outliers that deviate abnormally from the overall shape of data (Jones, 2019). The plot of Cook’s Distance against
Centered Leverage Value given in Figure 4, indicating having outliers in the data set. The data in the position 11, 12 and 35 are
identified as the extreme/outlying observations.
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Now, after deleting extreme values (serial no. is 11, 12 and 35) again, we fit a multiple regression line. The following table
gives coefficient values and R®.

Table 3: Regression Output after Deleting Outlier

Statistic Result
Constant (a) | 2.898** (0.0002)
b, 0.165** (0.001)
VIF 1.003
b, -0.020** (0.0004)
VIF 1.02
R’ 0.780
DW 1.720

Finally the fitted regression line is GPA (y) = 2.898 + 0.165 (Study time) — 0.020 (Play time). Here R? value is also high but
slightly differ from observation with extreme values. Again Durbin Watson (DW) statistic is near to 2, which is an indication of a
good result. Also if we compare the normal probability plot of outliers in figure 1 with removing outliers in figure 5, which shows
that data without outliers follows normal distribution which is a very common and important condition. If we check assumptions
carefully and take the necessary steps by controlling statistical diagnosis, then it will be more accurate.
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Figure 5: Normal Probability Plot after Deleting Outliers
4. CONCLUSION

This study aims to identify the challenges of using primary data of students’ academic performances based on the proper
application of statistical techniques. From the statistical viewpoint, some simple mistakes and misuses in regression analysis are
noticed following primary data in educational research. As the non-stationary problem infects the data set, it is mandatory to
check the necessary diagnostic tools before confirming the fitted model. As faulty and unreliable results may happen without
ensuring the recommended assumptions properly, the researchers focus on such problems following its step by step solutions.

Since the data possess a severe outlying problem, the main challenge of the current research is to draw a substantial conclusion.
Hence the extreme values (serial no. is 11, 12, 35) in the data set have discovered with the help of Cook’s Distance and Centered
Leverage Value and VIF. Finally, the R?diagnostics, DW statistics have been re6calculated with the help of modified data set
where identified outliers were deleted. All the problems involved with the data set are now dissolved, which have confirmed by
the existence of non-autocorrelation and the normality of errors. Therefore, the findings are now reliable and a message of
knowing the potentiality and limitations of methodological choice is remarkable for the practitioners.
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