
Chapter 5
Relation Between Parental Involvement
and Student Achievement in PIRLS-2011

5.1 Method and Rationale for Latent Regression Models

After modeling parental involvement, we investigated its relationship with reading
literacy using a three-level regression model in which students (level 1) were
clustered within schools (level 2) and schools were clustered within countries
(level 3). Although it is important to recognize that the countries participating in
PIRLS-2011 cannot necessarily be regarded as being representative of the whole
world, incorporating a country level in our analyses provides some indication
whether the parental involvement influences reading achievement in countries
worldwide. The majority of previous studies on parental involvement applied only
to the USA.

In our multilevel model, the dependent variable was the reading literacy variable
from the PIRLS dataset. To account for the unreliability of this outcome variable,
five plausible values are available in the PIRLS dataset. All analyses were repeated
for all five plausible values and then aggregated to overall estimates of fixed and
random factors, thus incorporating the differences in standard errors for the different
effect sizes (Von Davier et al. 2009). The sampling procedure was accounted for by
including a student-class weight at the student level and a school weight at the
school level. It is important to concurrently use school and student weights in the
analyses, because schools were sampled first and then students were sampled within
schools.

To assess the relationships between the components of interest and the reading
literacy outcome, important determinants of student achievement such as gender
and socioeconomic status (SES) were also included. The analytic framework
described in Chap. 3 included questions that could be regarded as proxies for SES,
such as “number of books in the home” and “highest educational level attained by
one of the parents”. Together with gender, these variables were added as control
variables.
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We evaluated the different multilevel models for each set of estimates resulting
from the measurement models described in Chap. 4. Having already compared the
outcomes for the means on the latent scales for the different corrections for CDIF,
comparing the results of the structural multilevel model reveals the extent to which
CDIF may influence the relationship between parental involvement and students’
reading literacy, and level of control provided by the measurement models.

The five variables for the five parental involvement components were generated
using the five IRT models considered in the previous chapter: the GPCM, the
GPCM with 10 and 20 % country-by-item interaction, the GPCM with random item
parameters and the bi-factor GPCM. We included the last four models to assess
whether taking potential CDIF into account would direct toward different conclu-
sions. For all five models, we obtained a posteriori estimates for the student
parameters and entered these estimates as independent variables into the multilevel
model.

For the GPCM, first an empty model (model 0) was estimated to see how the
variance in the outcome variable is distributed over the three levels. Subsequently,
control variables (student background characteristics) were added as fixed effects
(model 1). The resulting model can be seen as a baseline to which the models,
including the parental involvement variables of interest, can be compared. The
separate parental involvement components were added as fixed effects on either the
student level (i.e., components 1–4) or school level (component 5), resulting in
models 2A–2E. We also created a model that included all five components
simultaneously (model 3).

By entering the five components as fixed factors, the factor was assumed to have
the same effect across all countries. However, in the context of this study, we also
wanted to determine the extent of differences in the effects of parental involvement
across countries. Therefore, we also considered a model with random slopes at the
country level for the parental involvement components (model 4). A random slopes
model includes a variance component for the slope of one or more predictor
variables, while the other models may be considered special versions obtained by
fixing parameters. The full model, a random intercepts-and-slopes model, with one
component for parental involvement is given by:

Yijk ¼ b0jk þ b1Genderþ b2Booksþ b3Educþ b4jkConstructþ �ijk;

where �ijk is a normally distributed error term with variance VAR �ijk
� � ¼ r2 that is

independent over students i, schools j, and countries k. The first term on the
right-hand side is a random intercept, decomposed as

b0jk ¼ c000 þ u0jk þ vk;

where c000 is the grand mean, and the other two terms are independent normally
distributed error components with mean zero and variance VAR u0jk

� � ¼ n20 and
VAR vkð Þ ¼ s20. The regression coefficients b1; b2; and b3 pertain to gender, the

78 5 Relation Between Parental Involvement and Student Achievement …

http://dx.doi.org/10.1007/978-3-319-28064-6_4


number of books in the home, and the highest educational level attained by one of
the parents, respectively. The regression coefficient for the parental involvement
component is decomposed as

b4jk ¼ c400 þ u4jk þ u4k;

where c400 is the average slope for the component over all countries and schools,
and the two error terms have variances VAR u4jk

� � ¼ n24 and VARðuÞ ¼ s24,
respectively. Finally, random intercepts and random slopes are allowed to covary;
at the country level this leads to a parameter COV vk; u4kð Þ ¼ s204.

The fixed effects models are obtained by setting VARðuÞ ¼ s24 ¼ 0, and the
baseline models, model 0 and model 1, are obtained by removing the appropriate
predictors.

To keep the model interpretable and relevant, only the components showing a
meaningful effect in the fixed model were entered as covariates in the
random-intercepts-and-slopes model.

We conducted all analyses using the software package Mplus version 7.11
(Muthén and Muthén 1998–2012).

5.2 Results of Latent Regression Models

The effects on student reading literacy were first modelled using the GPCM without
correction for CDIF (Tables 5.1, 5.2, 5.3 and 5.4). Model 0 indicates that most of
the variance in student achievement in reading literacy was situated at the student
level (44 %; Table 5.1). Differences between countries were also considerable;
39 % of the variance could be accounted for by between-country differences. This
was to be expected based on the large range of average country scores reported in
the international report of PIRLS-2011 (Mullis et al. 2012).

As expected, model 1 indicated that gender and the two SES-indicators are
important predictors of reading literacy. On average, girls outperformed boys by
almost 13 points on the PIRLS-test. The number of books at home and the edu-
cational level of the parents are both positively related to reading achievement. The
three background variables explain a considerable amount of variance; 40 % at
school level and 62 % at country level. This suggests that a substantial part of the
differences in achievement scores between PIRLS countries can be attributed to
individual differences in student background characteristics.

In models 2A–2E, we explored the fixed effects of the different components of
parental involvement, taken into account the effect of the three background vari-
ables (Table 5.2). The effect sizes of the background variables did not change
noteworthy when the different components of parental involvement were included
in the model. Parental report of literacy activities before their child starts in first
grade, and helping with homework were both related to a student’s reading literacy,
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but each in a different way. Students of parents reporting spending more time on
early literacy activities with their child showed higher achievement levels than
those whose parents spent less time on these activities (the scale runs from high
involvement to low involvement, therefore the effect in Table 5.2 appears as a
negative score). This is in agreement with the results presented in the international
report (Mullis et al. 2012). With regard to helping with homework, there is a
negative relationship (this scale also runs from high involvement to low involve-
ment, therefore the effect in Table 5.2 appears as a positive). Because of the large
number of respondents recorded in the data (over 200,000 students), each rela-
tionship with achievement, even when very weak, is significant. Therefore, the
relevance of these relationships was assessed in terms of changes in the achieve-
ment score if the predictor increased by one standard deviation. The standard
deviation of early literacy activities was almost 1 (0.97, and thus excluded from this
report). If parents’ perceptions of the time they spent on early literacy activities
increased one point (i.e., from average to one standard deviation above the mean),
the score of the student on the PIRLS test increased by nine points. On a scale with
a mean of 500 and a standard deviation of 100, this could be considered a small
effect. This also applies to the negative association between helping with homework
and reading achievement. The standard deviation of this component was also 1, and
the reduction in student achievement was 9.3 if parents reported that they spent one
standard deviation more in time in helping their child.

Table 5.1 Effects of student background characteristics and components of parental involvement
on reading literacy achievement of grade 4 students in 41 PIRLS countries, using a random
intercept model, without correction for cultural differences

Effects Model 0 Model 1

Empty model Student background
characteristics

Effect SE Effect SE

Fixed effects

Intercept c000 525.49 7.12 541.75 6.30

Male difference b1 −12.83 0.85

Books at home (low-high) b2 8.55 0.49

Parental education (high-low) b3 −13.50 0.77

Random effects

Variance between students r2 4305.31 (44 %) 168.27 3878.90 (61 %) 165.14

Variance between schools n20 1658.19 (17 %) 269.24 1001.59 (16 %) 177.31

Variance between countries s20 3887.53 (39 %) 0.30 1497.43 (23 %) 327.48

Explained by predictors

At student level 10 %

At school level 40 %

At country level 62 %
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Table 5.3 Effects of student background characteristics and parental involvement on reading
literacy achievement of grade 4 students in 41 PIRLS countries, random intercept model, without
correction for cultural differences

Effects Model 0 Model 1 Model 3

Empty model Student
background
characteristics

Parental
involvement

Effect SE Effect SE Effect SE

Fixed effects

Intercept c000 525.49 7.12 541.75 6.30 541.82 5.46

Male difference b1 −12.83 0.85 −10.45 0.81

Books at home
(low-high) b2

8.55 0.49 6.60 0.48

Parental education
(high-low) b3

−13.50 0.77 −12.15 0.70

Early literacy activities
before primary school
(high-low) c400

−12.91 0.56

Help with homework
(high-low) c500

13.08 1.14

Parent’s view of school
practices on parental
involvement
(high-low) c600

4.12 1.50

Student’s perception of
parental involvement
(high-low) c700

−4.09 0.49

School’s perception of
parental involvement
(high-low) c800

2.7 0.75

Random effects

Variance between
students r2

4305.31
(44 %)

168.27 3878.90 165.14 3675.41 163.91

Variance between
schools n20

1658.19
(17 %)

269.24 1001.59 177.31 888.24 153.69

Variance between
countries s20

3887.53
(39 %)

0.30 1497.43 327.48 1190.78 346.23

Explained variance by predictors

At student level 11 % 15 %

At school level 41 % 46 %

At country level 64 % 69 %
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At first glance, it seems that students whose parents had less positive views
about school practices outperformed the classmates whose parents held more
positive views. However, as the standard deviation of this scale was 1.6 and the
effect size 5.1, the increase in scores was only three points. The same was true for
students’ perception of parental involvement (decrease of almost three points) and
school perception of parental involvement (increase of three points). These are very
small effects.

Table 5.4 Effects of student background characteristics and parental involvement on reading
literacy achievement of grade 4 students in 41 PIRLS countries, random slopes model, without
correction for cultural differences

Effects Component 1 Component 2 Component 1 + 2

Early literacy
activities

Help with
homework

Estimate SE Estimate SE Estimate SE

Fixed effects

Intercept c000 542.01 6.42 538.54 5.99 538.67 5.78

Male difference b1 −11.72 0.84 −12.52 0.84 −10.93 0.83

Books at home
(low-high) b2

7.19 0.51 8.45 0.45 6.58 0.45

Parental education
(high-low) b3

−12.76 0.72 −12.96 0.78 −11.97 0.72

Early literacy
activities c400

−8.67 0.57 −12.66 0.68

Help with homework
c500

11.75 1.38 15.15 1.40

Random effects

Students r2 3789.18 160.03 3741.12 171.88 3618.13 16.048

Variance intercepts
schools n20

960.26 170.61 979.91 180.05 930.05 171.372

Variance slopes
schools n24

33.62 6.04 30.86 5.57

Variance slopes
schools n25

33.47 6.79 22.74 4.86

Variance intercepts
countries s20

1386.39 292.43 1402.06 321.18 1447.48 371.59

Variance slopes
countries s24

14.57 3.80 20.09 5.59

Covariance intercepts
and slopes s204

27.25 28.10 41.40 30.56

Variance slopes
countries s25

74.42 14.32 73.96 14.25

Covariance intercepts
and slopes s205

109.23 47.79 134.36 48.19
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Models 2A–2E revealed that for each of the five components, the percentages
suggested hardly any alteration in the variance, as compared with model 1. Thus, in
model 3, we entered the fixed effects for all components of parental involvement
simultaneously (Table 5.3). The influence of early literacy activities and helping
with homework increased slightly when the effects of the other components were
held constant; variance increased to 15 % at student level, 46 % at school level, and
69 % at country level.

The next step was to estimate two models with random slopes at country level
for early literacy activities and helping with homework, to determine whether the
effects of components of parental involvement differed across countries. While
recognizing this is still open for discussion, we considered these two components as
showing a small, but meaningful relation with reading achievement. We included
the three background variables as fixed effects in the random model (Table 5.4).

For early literacy activities we see a very small increase in the average overall
effect, from –9.0 in model 2A to –8.7 in model 4. The variance over countries is
14.57; relative to the total variance in the outcome variable this is very small, but
relative to the effect of early literacy activities, the effect is clearly larger.
Ninety-five percent of the range of the slope over countries lay roughly between
–37.5 and 20.5. A covariance of 27.25 indicated there was a relationship between
the intercept of a country and the steepness of the slope within a country. A positive
covariance means that the relationship between parental involvement and reading
achievement is stronger in countries that performed strongly in the PIRLS test; a
negative covariance means that the association between the predictor and dependent
variable becomes stronger as the country average of reading achievement decreases.
The standard error of the covariance for early literacy activities was larger than the
covariance, indicating that there was no relation between the intercept and slope.
From the variance components and the covariance, we obtained a correlation of
0.07, which must be considered small.

For helping with homework, the average effect size increased from 9.3 to 11.8.
The variance of the slope over countries was 74.42; 95 % of the range of the slope
over countries lay between –134.0 and 159.5, which can be considered substantial.
Further, a positive covariance of 109.23 led to a correlation of 0.34, which is also
substantial. As this scale runs from high involvement to low involvement, although
the effect reported was positive, in truth it is a negative effect (more help = lower
achievement). The positive covariance suggests that this negative association of
helping with homework with achievement was stronger in high-performing
countries.

To assess the impact of CDIF, we replicated the last analysis (Table 5.4) with the
a posteriori estimates of the latent student parameters from all five IRT models
(Table 5.5). Estimates from all models were very close and never more than one
standard deviation away from the estimates under the GPCM. We conclude that
CDIF did not bias the inferences.
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Table 5.5 Random-intercepts-and-slopes model for effects of student background characteristics
and parental involvement on reading literacy achievement, without and with correction for cultural
differences

Effects GPCM GPCM
10 %
Split

GPCM
20 %
Split

Random
GPCM

Bi-factor
GPCM

Estimate SE Estimate Estimate Estimate Estimate

Fixed effects

Intercept c000 538.67 5.78 539.01 539.31 539.39 538.27

Male difference
b1

−10.93 0.83 −10.91 −10.90 −10.92 −11.11

Books at home
(low-high) b2

6.58 0.45 6.59 6.58 6.58 6.74

Parental
education
(high-low) b3

−11.97 0.72 −11.99 −11.98 −11.98 −12.10

Early literacy
activities c400

−12.66 0.68 −12.58 −12.56 −12.52 −12.106

Help with
homework c500

15.15 1.40 15.05 15.51 15.59 13.084

Random effects

Students r2 3618.13 16.048 3619.85 3615.16 3621.08 3628.78

Variance
intercepts
schools n20

930.05 171.372 927.67 928.90 928.49 931.63

Variance slopes
schools n24

30.86 5.57 30.36 30.91 29.84 29.07

Variance slopes
schools n25

22.74 4.86 25.34 26.09 24.91 23.49

Variance
intercepts
countries s20

1447.48 371.59 1469.70 1418.14 1463.75 1347.119

Variance slopes
countries s24

20.09 5.59 20.47 20.52 21.49 25.418

Covariance
intercepts and
slopes s204

41.40 30.56 40.32 32.40 40.43 21.73

Variance slopes
countries s25

73.96 14.25 72.36 82.66 85.51 47.521

Covariance
intercepts and
slopes s205

134.36 48.19 138.30 132.56 145.50 101.94
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