CHAPTER 4

MULTIPLE REGRESSION ANALYSIS

In Chaprer 3, the preliminary analysis presented the distribution of each variable
and indicated that gender, age group, family status, residence, faculty, cntrance mode,
university entrance examination score, and school GPA are statistically significantly
associated with achievement, and there may be an interaction between gender and age
group.

In this chapter we develop a predictive model for achievement, using multiple
regression analysis. The achievement scores from 627 students were investigated. The
determinants are (1) gender, (2) age group, (3) religion, {4) family status, (5} family
income, (6) father’s education, (7) father’s accupation, (8) mother’s education, (9)
mother’s occupation, (10) method of entrance, (11) university entrance examination
score. (12) type of school, (13) province of residence, (14) school GPA, (15) faculty,
and (16) type of basic education. The main determinants are (10}, (11), (12), and (14).

Tn Figure 9, the {ull mode} of multiple regression analyses with all the predictor
variables included gives a goodness-of-fit, measured by the r-squared statistic, of
22.5%, and the residual standard deviation is 0.3937. The model indicates that the
variables gender, family status, entrance, school GPA, and faculty are all statistically

significant.
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Figure 9: Full model of multiple reg?‘es.s'&;n analysis



After using a stepwise procedure to eliminale redundant predictors, the r-
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squared is 19 8%. The standard deviation is reduced from 0.3937 to 0.3935. The result

of fitting the model is shown in Figure 10,

linear regression analysis' responsa = GPA
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ligure 10: Multiple regression analysis of 627 Pattani undergraduates

in academic year {993




The plot of predicted values against residuals in the bottom left of Figure 10,
shows that the relationship between the outcome and determinants is linear, and that
the homogeneity assumption is reasonable. The normal scores plot (bottom right),
suggests that the normality assumption is reasonable for these data. This model has
statistically highly significant predictors. The regression coefficients of age group,
family status, and faculty arc negative. The coefficients for single parent and separated

familics are nearly the same. These two groups could be combined. So we repeat the

analysis with this combined group, and the printout is shown in Jiigure 11.
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Figure 11: Model for achievement with family status recoded
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Comparing the models in Figures 10 and 11, the r-squared does not change.
The standard errors, coefficients, and p-values of the predictor variables change
slightly. To check confounding, we need to compare the results before and after
omitting the possible confounder. In this model gender is a predictor variable and a

possible confounder If it is omitted, the printout is as indicated in L'igure 12.
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Figure 12: Model with gender omitted

The regression coefficients ali increase slightly when gender is omitted, but
these increases are not substantial. They are mostly less than 10%, so gender is not a
confounder.

In the preliminary results reported in Chapter 3, an interaction between gender
and age group was found. The joint effect of two variables can be modeled in two
ways, (a) as a main effect and interaction, (b) as all combinations of the two variables.

Models (a) and (b} are shown in Figure 13 and 14, respectively.
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Figure 13: Model with main effect and interaction
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The model shown in Figure |3 has a component for each combination of

gender and age group. Gender, age group, and the interaction terms in kigure 12 are

replaced by a set of cight interaction terms with girls aged 18 choscn as the reference

group because this group had the highest number of students (see Table 5 of Chapter
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3). The interaction terms in Figurc 14 are labeled so that g18 refers to females aged 18

years, m18 refers to males aged 18 years, etc.

ftnear regression analysis: response = gpa
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Figure 14: Model with all combinations of gender and age group
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The models in Figure 13 and 14 have identical results. The r-squared, residual
sum of squares, and residual degrecs of freedom are the same. They are simply
parameterised differently.

For males, the predicted takes the form:

Achievement — 2.651-02308 age 16-17 +0.0420 age 18 - 0.1164 age 19
- 0.3459 age 20" - 0.1312 single parert + 0.1533 dlirect enirance
+0.1049 schanl GPA 2-3 11} 468 school GPA >3
- 0.1378 humaniries - 0.1569 scrence&iechnology - 0.0496 islamic

for females:

Achievement = 2.651 +0.1078 age 16-17 + 0.02 age 19 + 0 0238 age 20"
- 1312 single parent + 0.1533 direct entrance
+ 01049 school (:PA 2-3 + 0.468 school GPA >3
- 0.1378 humarities - 0.1569 sciencedtechnology - 0.0496 islamic

The interpretation is as follows.

(a) The strongest predictor of university achievement is school GPA. Students
with a school GPA of 3 or more achieve a score of 0.47 greater than those
with school GPAs below 2, and 0.11 greater than those with school GPAs
between 2 and 3.

(b) Students entering by the direct method achieve a score 0.16 greater than
other students.

(c) The effects of age at entry and gender are not independent, and can be

described in Table 7.



Table 7: The Coefficients of gender and age group

Agegfgﬂp Gender
male female
T Age 1617 -0.23 0.11
Age 18 0.04 0
Age 19 -0.12 00z
Age 20+ -0.35 0.02

From this table, female students entering university at age 16 or 17 gain an
achievement score of 0.11 greater than males entering at the same age Male
students entering university at age 20 or more do worse. llowever, therc 1s
no substantial diffcrence between males and females entering universily at
age 18,

(d) Students whose parents are single or separatcd achieve a score 0.13 less
than other students.

() Students studying in the faculties of Science and Technology and
Humanitics and Social Science achieve scores 0.16 and 0.13, respectively
below students enrolled in the Faculty of Education. However, there is no
substantial difference between the scores of students enrolled in the College
of Isfamic Studies and thosc in the faculty of Education.

Tahles 8 and 9 show the predicted values for achievement separately for males

and females in the Faculty of Science and Technology. The maximum and minimum

mean achicvement scores in this faculty are 2.99 and 2.13, respectively.
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Table 8: Mean achievement score for males of the Faculty of Science and Technology

Gender male
School GPA Agc group 16-17 years 18 years 19 vears 20+ years
Entrance pooled direct pooled direct poolcd dircct pooled direct
Family status: |
couple 226 242 226 242 226 242 226 2.42’
<2 single parent | 2,13 229 213 229 213 229 213 229
couple 237 252 237 252 237 252 237 252
2-3 singlcparent | 224 239 224 239 224 239 224 239
o couple 273 288 273 288 273 288 273 288
3t singie parcnt 260 276 260 276 260 276 260 276
{able 9: Mean achievement score for females of the Faculty of Science and
Technology
Gender female
School GPA Age group 16-17 years 18 years 19 years 20+ years

Entrance pooled direct pooled direct pooled direct pooled direct
Family status:
couple 226 242 237 252 228 244 229 244
<2 single parent | 2.13 229 224 240 215 231 216 231
couple 237 252 248 263 239 254 239 155
2-3 single parent 224 239 235 250 226 241 226 242
couple 273 288 284 299 275 290 275 291
3+ single parent | 260 276 271 286 262 278 263 278

schoul GPA, and faculty. Figure 15 shows histograms and numerical sumnaries of

predicted data. The total number of cases is 384. The outcome vartable is mean

The predictive variables are gender, age group, family status, entrance mode,

achievement. The maximum mean and minimum means are 3.39 and 2,03, respectively.
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variable  sizeé mean stdev min  max
1 gender| 384 1.5 0.501 1 2
2 age group | 384 15]1.119 0 3
3 family status | 384 1.6 0.501 1 2
4 | entrance mode | 384 1.6 0.501 1 2
5 school GPA| 384 210818 1 3
6 faculty 384 | 38.75| 18.52 15 65
7 achievement [ 384 2.691| 0.275 21 337

Predicted GPA of students in PSU Pattani

Figure 15: Histograms and numerical summaries of predicied data

Figure 16 shows the effects of age, gender and school GPA on achievement.

The mean achievement scores tend to decrease with age. At 18 years of age, males

have mean achievement scores higher than females while the rest females have mean

achievement scores higher than males. Thus the gender effect also depends on age.
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Figure 17 shows that gender differcnce is the same for each faculty. The faculty

of Science and Technology has an average mean achievement lower than the other

faculties.

Predicted GPA of students in PSU Pattani: ave achievement vs school GPA by faculty & g'énder
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Figure 17: The predictive data adjusted by faculty and gender

The following figure shows a plot of actual score against predicted score for

the 627 students in Prince of Songklz University Pattani Campus. The data from the

predictive model are used.

Plot of actual score vs predicted score at academic year 1993
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Figure 18: Plot of actual score against predicted score



